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Dear colleagues,
it’s a great pleasure for me to welcome all of you at FisMat 2015, the Italian conference on
condensed matter physics and related fields. After the first edition in Milan two years ago
this year the conference is held at the University of Palermo.
The first edition, after ten years, gathered the whole Italian community working in the
field of condensed matter physics and related fields. The initiative demonstrated the
relevance of organizing an event like this and the strong need to have such an inclusive
meeting.
This year the conference takes place in Sicily, in the beautiful city of Palermo. It will be a
great event as testified by the large number of oral contributions received, larger compared
to the previous edition.
Ezio Puppin and Corrado Spinella (Conference Chairmen)
Scientific Committee

Local Committee
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Francesco Priolo (University of Catania)
Giacomo Ghiringhelli (Politecnico di Milano)
Stefano Atzeni (University “La Sapienza“)
Lucia Sorba (CNR)
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Valter Bonvicini (INFN)
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Plenary sessions
Monday, September 28
11:00-12:00 John Rogers

University of Illinois, Urbana Champaign (USA)
“Semiconductor Nanomaterials for 3D Bioresorbable
Electronics”

12:30-13:00 Lydèric Bocquet

Ecole Normale Supérieure (France)
“Flow and friction inside individual nanotubes: fast and curious”

17:00-18:00 Michele Parrinello ETH, Zurich (Switzerland)
“Atomistic Modeling of Crystal Nucleation and Growth”

Tuesday, September 29
09:00-10:00 George Sawatsky

University of British Columbia (Canada)
“Explicit role of O 2p states in high oxidation state (transition
metal) Oxides”

14:00-15:00 Alexei Ivlev

Max Planck Institute, Garching (Germany)
“Two-dimensional complex plasmas: Equilibrium and nonequilibrium phenomena”

15:00-16:00 Leo Kouwenhoven QuTech, TUDelft (The Netherlands)
“Experimental progress on Majoranas in semiconductors”

Wednesday, September 30
09:00-10:00 Daniel Shechtman

Technion, Haifa (Israel)
“Quasiperiodic crystals: a paradigm shift in crystallography “

16:30-17:30 Albert Polman

FOM Institute AMOLF, Amsterdam (The Netherlands)
“Plasmonic optical metamaterials”

Thursday, October 1
09:00-10:00 Giorgio Parisi

Università “La Sapienza”, Rome (Italy)
“On the physics of jamming”

17:30-18:00 Enrico Gratton

University of California, Irvine (USA)
“Chromatin structure and dynamics”
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Plenary lectures abstracts
Semiconductor Nanomaterials for 3D Bioresorbable Electronics
John A. Rogers
University of Illinois, Urbana Champaign (USA)
Recent advances in semiconductor nanomaterials and deterministic assembly techniques enable the
construction of high performance electronic and optoelectronic systems with 3D layouts and in
bioresorbable forms. Potential applications range from temporary biomedical implants to active
tissue scaffolds. This talk describes the key concepts in materials, physics and mechanics for (1)
3D mesoscale electronic networks as bio-interfaces, and (2) bioresorbable intracranial monitors and
nerve stimulators.

Flow and friction inside individual nanotubes: fast and curious
Lydéric Bocquet
Laboratoire de Physique Statistique, Ecole Normale Supérieure
Fluid transport at the nanoscales is one of the remaining virgin territory in fluid dynamics, in spite
of hydrodynamics being a very old and established domain. A major challenge to adress the
fundamental properties at the nanoscales lies in building distinct and well-controlled nanosystems,
amenable to the systematic exploration of their properties. To this end, we have developed new
methods based on the manipulation of nano-objects, displacing, cutting, and glueing these
elementary building blocks. This allows us to fabricate original fluidic and mechanical systems
involving single (carbon and boron-nitride) nanotubes.
I will first discuss fluidic transport inside single nanotubes. Putting osmotic transport and its
fundamental origins into perspective, I will show how to harvest this powerful mechanism beyond
the classical van’t Hoff law. Experiments of osmotic transport across boron-nitride show
unprecedented energy conversion from salt concentration gradients. This points to new avenues in
the field of osmotic energy harvesting from salinity gradient. These results will be then compared to
those obtained with carbon nanotubes. They point to some key differences between these two
materials which exhibit the same crystallography, but very different electronic properties.
Then I will explore the friction properties between the layers of boron-nitride and carbon nanotubes
in a christmas-cracker geometry, in which a multiwalled nanotube is torn apart between a
nanomanipulator and a quartz-tuning-fork-based atomic force microscope. We measure a huge
viscous-like interlayer friction for BNNTs, whereas for the CNTs the sliding friction vanishes
within experimental uncertainty. I will discuss possible mechanisms at the origin of the contrasting
behaviors of CNTs and BNNTs.
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Atomistic Modeling of Crystal Nucleation and Growth
Michele Parrinello
ETH Zurich, Department of Chemistry and Applied Sciences and Università della Svizzera italiana,
Informatica, ICS, Via G.Buffi 13, 6904 Lugano, Switzerland
Understanding crystal growth on nucleation is crucial for controlling crystal properties. Nucleation
however takes place on a time scale that exceeds our ability to simulate this phenomena by
straightforward atomistic molecular dynamics simulation. To this effect, we have developed
metadynamics as very successful enhanced sampling method. We apply this approach to the study
of nucleation from solution. We unveil the complex nature of this process and its deviation from
standard theories. Finally, by taking advantage of recent development we are able to compute
nucleation rates.

Explicit role of O 2p states in high oxidation state (transition metal) Oxides
G.A.Sawatzky
University of British Columbia
For late 3d transition metal oxide with formally high oxidation states like Cu3+, Ni3+, Co4+, Fe4+,
5+, Mn 4+, and on a different but it turns out similar note Bi4+, the charge transfer energy for
transferring electrons from O to the transition metal may be negative resulting in a formally more
correct starting point in which the oxidation state is lowered and holes in the O 2p orbitals are
introduced. In this talk we present experimental evidence for this in a number of systems of present
day importance and discuss the consequences in terms of magnetic properties and issues such as
potential charge disproportionation. We use x ray spectroscopies and especially resonant inelastic x
ray scattering (RIXS) and model cluster like calculations and variational approaches as well as
density functional theory where applicable (SrBiO3) to demonstrate the importance of considering
the hole occupation of the O 2p states explicitly and discuss some popular materials like the
Cuprates, Nickelates, Cobaltates and SrBiO3, from this rather different starting point. I will start
with the cuprates and some new exact diagonalization and variational method calculations
applicable for the cuprates including also the ARPES spectral function calculations. Here we
demonstrate that it is of great importance to explicitly include the O 2p bands resulting in 3 spin
polaron like quasiparticle states rather than the conventionally mostly used Zhang Rice singlet
single band description. In this relatively new approach we can also explain the "effective" charge
disproportionation observed with only very small actual charge motion as well as the charge and
magnetic super lattice structure in the insulating rare earth Nickelates. We demonstrate that the low
energy scale charge degrees of freedom are mainly of O 2p hole character with very strong electron
phonon coupling forming O Octahedra molecular orbital like states in the low temperature phases.
Recent RIXS results strongly support this negative change transfer gap scenario. I will present
arguments that actually these ideas are rather generally applicable to a very wide range of systems
of compounds involving high cation oxidation states including systems like Ba(Sr)BiO3 which
when doped with K are fairly high temperature superconductors preceding the cuprate era.
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Two-dimensional complex plasmas: Equilibrium and non-equilibrium phenomena
Alexei Ivlev
Max Planck Institute for Extraterrestrial Physics, Garching, Germany
Complex plasmas are often employed as experimental model systems where charged microparticles
play the role of “proxy atoms”. Two-dimensional (2D) complex plasmas, routinely obtained in
laboratories, allow us to conduct particle-resolved studies of classical generic phenomena occurring
in liquids and solids. In this talk I will summarize recent experimental and theoretical progress in
investigating these systems.
I will start with the discussion of some generic mechanisms governing non-equilibrium melting and
re-crystallization in 2D systems – such dynamical phenomena can be studied with 2D complex
plasma at the individual-particle level. Furthermore, I will present the dominant plasma-specific
mechanism of melting operating in 2D plasma crystals, the so-called “mode-coupling instability”,
which is characterized by a well-defined threshold. The onset of the instability identifies the
“dividing line” between the regimes where the melting is triggered by specific plasma processes,
and where 2D complex plasmas act as a true model system.
Finally, I will focus on binary complex plasmas, where the interactions between different species
can be made essentially nonreciprocal. This enables us to investigate general properties of various
soft-matter systems where Newton’s third law is broken for the interparticle forces. In particular, we
rigorously show that in certain cases such systems, being intrinsically non-equilibrium, can
nevertheless be described in terms of equilibrium statistical mechanics and exhibit detailed balance
with distinct temperatures for each species.

Experimental progress on Majoranas in semiconductors
Leo Kouwenhoven
QuTech, TUDelft, The Netherlands
Majoranas in semiconductor nanowires can be probed via various electrical measurements. Tunnel
spectroscopy reveals zero-bias peaks in the differential conductance. These zero-bias peaks have a
particular dependence on magnetic field (amplitude and direction) and electron density. This
dependence allows to falsify many alternative theories for the observations. New challenges include
a direct demonstration of topological protection, which is provided by a parity protection: How
stable is the system's occupation in terms of an even or an odd number of quasi-particles? We
demonstrate that the quasi-particle parity in a superconducting Cooperpair box can be stable over
timescales of minutes. To demonstrate this protection for Majoranas it is crucial that the induced
superconducting gap has negligible sub-gap states. To obtain such hard gaps under Majorana
conditions currently forms the most important challenge. We report on progress in optimizing
materials and measurement techniques.
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Quasi-periodic crystals – a paradigm shift in crystallography
D. Shechtman
Technion, Haifa, Israel and ISU, Ames, Iowa, USA
Crystallography has been one of the mature sciences. Over the years, the modern science of
crystallography that started by experimenting with x-ray diffraction from crystals in 1912, has
developed a major paradigm – that all crystals are ordered and periodic. Indeed, this was the basis
for the definition of “crystal” in textbooks of crystallography and x-ray diffraction. Based upon a
vast number of experimental data, constantly improving research tools, and deepening theoretical
understanding of the structure of crystalline materials no revolution was anticipated in our
understanding the atomic order of solids.
However, such revolution did happen with the discovery of the Icosahedral phase, the first quasiperiodic crystal (QC) in 1982, and its announcement in 1984 [1, 2]. QCs are ordered materials, but
their atomic order is quasiperiodic rather than periodic, enabling formation of crystal symmetries,
such as icosahedral symmetry, which cannot exist in periodic materials. The discovery created deep
cracks in this paradigm, but the acceptance by the crystallographers' community of the new class of
ordered crystals did not happen in one day. In fact it took almost a decade for QC order to be
accepted by most crystallographers. The official stamp of approval came in a form of a new
definition of “Crystal” by the International Union of Crystallographers. The paradigm that all
crystals are periodic has thus been changed. It is clear now that although most crystals are ordered
and periodic, a good number of them are ordered and quasi-periodic.
While believers and nonbelievers were debating, a large volume of experimental and theoretical
studies was published, a result of a relentless effort of many groups around the world. Quasiperiodic materials have developed into an exciting interdisciplinary science.
This talk will outline the discovery of QCs and describe the important role of electron microscopy
as an enabling discovery tool.
[1] D. Shechtman, I. Blech, Met. Trans. 16A (June 1985) 1005-1012.
[2] D. Shechtman, I. Blech, D. Gratias, J.W. Cahn, Phys. Rev. Letters, Vol 53, No. 20 (1984) 19511953.

Plasmonic optical metamaterials
Albert Polman
Center for Nanophotonics, FOM Institute AMOLF, Amsterdam, The Netherlands
Optical metamaterials are materials with a subwavelength architecture that have optical properties
that do not exist in natural materials. We present metallo-dielectric metamaterials, based on 2D and
3D nanoscale assemblies of noble metals and dielectrics that show a negative refractive index.
These unusual characteristics are used to realize a flat lens with unique features such as a submicron
thickness, the absence of an optical axis and a lens-image separation of only 350 nm. The image is
formed by the coherent superposition of negatively refracted light from multiple harmonics in the
metamaterial. Metallodielectric nanostructures can also serve as transparent contacts on solar cells,
as we will demonstrate. Finally, we demonstrate a new thermodynamically driven plasmo-electric
effect that generates a photovoltage under off-resonant excitation of a plasmonic metasurface.
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On the physics of jamming
Giorgio Parisi
Università di Roma “La Sapienza”
Jamming is a well know phenomenon that you have experienced when the traffic if very heavy.
You cannot move because your neighbors block you and your neighbors cannot move because you
block them. Jamming is a collective phenomenon. Marble pebbles on the beach are one example of
jamming. However also for well-levigated pebbles, friction will plays an important role.
Equilibrium statistical mechanics may be used to study the case of systems without friction. The
most studied case is the hard sphere gas where the jamming point is reached in the limit of infinite
pressure. In the case of frictionless jamming long-range correlations are present: we have a new
kind of critical system.
Recently the properties of the hard sphere gas have been analytically computed in the framework of
the mean field approximation. Non-trivial critical exponents have been found.The behavior of the
correlation functions at large distances has not yet computed (it is technically very challenging): at
the end one should find a new scaling invariant field theory.

Chromatin structure and dynamics
Enrico Gratton and Paolo Annibale
Laboratory for Fluorescence Dynamics, Department of Biomedical Engineering, University of
California, Irvine
Chromatin structure, compaction and remodeling at the micro and nanometer scale have
fundamental roles in many biological events. Chromatin compaction produces heterogeneity of the
cell nucleus which results in structural and transport properties which have been only partially
studied. Although the nucleosome structure has been in part deciphered, the topology of chromatin
structure at the micron scale remains unresolved. In this work, we studied chromatin organization
using the orbital 3D tracking technique. This method provides insight of local structure and
transport properties at the nano scale by following the trajectories of molecules during gene
expression.
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Parallel sessions
28 Sept - PM
Computational Biophysics I
Cultural Heritage
Simulations of Materials for ICT
Plasma Physics I
Magnetism and spin related phenomena I
Cuprates and Mechanisms for Superconductivity 28 Sept
Optical feedback and metamaterials in mid-IR and THz
Sustainable Nanotechnologies I
Nanophotonics I
Laser-Matter Interaction: from Atoms to Nano-Particles
29 Sept - AM
Computational Biophysics II
Interdisciplinary statistical physics
From nanoparticles to nanostructured surfaces
Plasma Physics II
Magnetism and Spin related phenomena II
Iron Based Superconductorst
Oxide Films and Interfaces
Sustainable Nanotechnologies II
Quantum Fluctuations and Casimir Forces
2D emerging materials I
Nanophotonics II
THz and Quantum Cascade Lasers
29 sep - PM
Computational Biophysics III
Diffusion and reaction in complex systems
Noncovalent interactions: advances in Computer Simulations
Plasma Physics III
Magnetism and Spin related phenomena IV
Optical bio-sensing
3d and 5d TM systems
Sustainable Nanotechnologies III
Photovoltaic materials and devices
2D emerging materials II
Optofluidics
30 Sept - AM
Molecular Biophysics I
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Statistical Mechanics of Active Matter
Light Manipulation
Plasma Physics IV
Magnetism and Spin related Phenomena III
Thin films, Devices, Weak Superconductivity and Applications
Topological Insulators
Non Linear Optics
Photonic and plasmonic materials and devices
1 Oct - AM
Biophysical Models I
Correlated electrons and cold atoms
Imaging and non-destructive analysis
New physics with ultrashort light and x-ray pulses I
Quantum Optics and Coherent Manipulation
Organic on Substrates I
Gas Sensors and Biosensors for Health and Wealth
Advanced Optical Materials I
Electronic and optical properties of low dimensional systems I
Soft Matter I 1 Oct
Advanced materials for energy applications I
1 Oct - PM
Biophysical Models II
Transport and anomalous dynamics
Molecular liquids in equilibrium and non-equilibrium regimes
Geophysics
New physics with ultrashort light and x-ray pulses II
Quantum thermodynamics and quantum technologies 1
Organic on Substrates II
Nanomaterials and Nanotechnology: carbon nanotubes
Advanced Optical Materials II
Electronic and optical properties of low dimensional systems II
Soft Matter II 1 Oct
Advanced materials for energy applications II
2 Oct - AM
Advanced Microscopy Techniques
Out of Equilibrium Statistical Mechanics I
Econophysics
Environmental Physics and Pollution
Dosimetry
Quantum thermodynamics and quantum technologies 2
Diamond-based substrates and Memristors for Brain sensing
Metrology
Fiber and Miniaturized Optical Sensors
Electronical and optical properties of low dimensional systems III
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Synchrotron radiation and material science I
Advanced materials for energy applications III
2 Oct - PM
Molecular Biophysics II
Out of Equlibrium Statistical Mechanics II
Complex Networks in Economy, Biology, ...
Physical Processes in Volcanic Eruptions
Biomedical Applications
Complexity in the brain
Nanomaterials and Nanotechnology: Graphene
Advanced optical characterization techniques
Synchrotron radiation and material science II
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September 28
Computational Biophysics I

Leonardo Guidoni

Cultural Heritage

Maria Brai

Simulations of Materials for ICT

Riccardo Ferrando

Plasma Physics I

Stefano Atzeni

Magnetism and spin related phenomena I

Riccardo Bertacco

Cuprates and Mechanisms for Superconductivity

Giacomo Ghiringhelli

Optical feedback and metamaterials in mid-IR and THz

Sukhdeep Dillon

Sustainable Nanotechnologies I

Stefania Milioto

Nanophotonics I

Miriam Vitiello

Laser – Matter Interaction: from Atoms to Nano - Particles

Emilio Fiordilino
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Computational Biophysics I

28 Sept

#001 - Computational approaches to RNA unzipping dynamics
Giovanni Bussi (I) - Scuola Internazionale Superiore di Studi Avanzati
RNA is acquiring a large importance in cell biology, as more functions that it accomplishes are discovered. However,
experimental characterization of RNAs dynamical behavior at atomistic level is difficult. Explicit solvent and structure
based molecular dynamics, in combination with state-of-the-art free-energy techniques and advanced analysis
protocols, can bridge the gap providing an unparalleled perspective on the mechanism and dynamics of RNA folding
and conformational transitions.
In this talk I will give an overview of our applications on the intrinsic and helicase-dependent RNA unzipping dynamics.
I will discuss a model for RNA unzipping that reconciles otherwise puzzling biochemical data and offers an intuitive
understanding of the mechanisms underlying the directionality of helicases [1,2]. Moreover, I will show how explicit
solvent molecular dynamics in combination with enhanced sampling techniques can be used to characterize the
translocation intermediates of a prototypical RNA helicase [3].
[1] Colizzi and Bussi, J. Am. Chem. Soc. 134, 5173 (2012)
[2] Colizzi and Bussi, Asymmetric double helix opening drives helicases unwinding dynamics, submitted (2015)
[3] Perez-Villa, Darvas, and Bussi, Nucleic Acids Res. doi: 10.1093/nar/gkv872 (2015)

#002 - Computational studies on efflux pumps of the RND superfamily
Paolo Ruggerone (I) - University of Cagliari
Other Authors: Attilio V. Vargiu (Department of Physics, University of Cagliari, Cittadella Universitaria, S.P. Monserrato-Sestu km 0.700, I-09042
Monserrato (CA), Italy), Pierpaolo Cacciotto (Department of Physics, University of Cagliari, Cittadella Universitaria, S.P. Monserrato-Sestu km
0.700, I-09042 Monserrato (CA), Italy)

In this talk I will give a summary of the work performed in our group on the efflux pumps AcrAB-TolC of E. coli and MexAB-OprM of
P. aeruginosa, including recent unpublished data. The first part will focus on the RND transporters MexB and AcrB, namely on the
mechanisms of uptake, recognition and extrusion of substrates by this protein. The second part will focus on assessing the role of
MexA multimerization for the assembly of the MexAB-OprM pump.

#003 - Molecular dynamics (MD) study of the human adenosine receptor type 2A in complex with caffeine
Giulia Rossetti - IAS-5/INM-9: Computational Biomedicine - Institute for Advanced Simulation (IAS)/Institute of
Neuroscience and Medicine (INM)
Other Authors: Ruyin Cao (1), Andreas Bauer (2), Paolo CarIoni (1, 2) (1) German Research School for Simulation Sciences (joint venture of RWTH
Aachen University and Forschungszentrum Jülich), D-52425 Jülich, Germany and Computational Biomedicine, Institute for Advanced Simulation
(IAS-5), Forschungszentrum Jülich, D-52425 Jülich, Germany (2) Institute of Neuroscience and Medicine (INM-9), Forschungszentrum Jülich, D52425 Jülich, Germany

Lipid composition may significantly affect membrane proteins function, yet its impact on the protein structural determinants is not
well understood. Here we present a comparative molecular dynamics (MD) study of the human adenosine receptor type 2A (hA2AR)
in complex with caffeine – a systemof high neuro-pharmacological relevance – within different membrane types. These are POPC,
mixed POPC/POPE and cholesterol-rich membranes. 0.8-μs MD simulations unambiguously show that the helical folding of the
amphipathic helix 8 depends on membrane contents. Most importantly, the distinct cholesterol binding into the cleft between helix
1 and 2 stabilizes a specific caffeine binding pose against others visited during the simulation. Hence, cholesterol presence (~33%50% in synaptic membrane in central nervous system), often neglected in X-ray determination of membrane proteins, affects the
population of the ligand binding poses. We conclude that including a correct description of neuronal membranes may be very
important for computer-aided design of ligands targeting hA2AR and possibly other GPCRs.

#004 - Bitter taste perception: Insights from multiscale computational approaches
Alejandro Giorgetti - Dept. of Biochemistry, University of Verona
Bitter taste perception: Insights from multiscale computational approaches
Giorgetti, Alejandro
Department of Biotechnology, University of Verona, Verona, Italy and Computational Biophysics, German Research School for
Simulation Sciences, Juelich, Germany
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Computational Biophysics I

28 Sept

Sensing chemicals present in the food is of fundamental importance for the survival of the species. Life evolved a host of
mechanisms to communicate chemical information from the environment to elicit cellular responses that provide an advantage in
avoiding or seeking the chemical signatures of foods, mates, toxins, etc. In particular, mammals during evolution have been
prevented from ingesting toxic compounds because of their strong bitter taste. This protection mechanism has been carried out by
a family of 25 bitter taste receptors (TAS2Rs). A characterization of the mechanisms underlying their function is lacking. Here I will
present our studies on the interaction of TAS2R38 with two of its agonists. Indeed, by using a combination of homology models
together with docking, molecular mechanics/coarse-grained (MM/CG) simulations and experimental data, we were able to provide
a detailed description of the ligand-binding site in the receptors, satisfying site-directed mutagenesis experiments. Our approach
could be used for other GPCRs with direct applications in drug design.

#005 - Multiscale molecular simulations to investigate pharmaceutically relevant metalloenzymes
Marco De Vivo - Laboratory of Molecular Modeling and Drug Discovery - Istituto Italiano di Tecnologia
Multiscale molecular simulations, covering broad temporal and spatial scales, is critical for understanding both physical and
chemical steps of enzymatic catalysis and disclose mechanistic insights potentially useful for designing better drugs. Here, I will
present a few representative examples where multiscale molecular simulations based on classical molecular dynamics (MD)
coupled with quantum mechanics/molecular mechanics (QM/MM) simulations have been used to investigate enzymes that are
important targets for drug discovery. In particular, I will focus on MD and QM/MM studies that address the role of catalytic metal
ions for enzymatic processing of DNA and RNA. Ultimately, through a series of examples, I aim to demonstrate that multiscale
simulations is an effective means to envision and dissect new mechanistic hypotheses that involve a larger and more flexible metalcentered structural architecture in important metalloenzymes. Although the impact of MD and QM/MM simulations on practical
drug discovery is still limited, these once prohibitive methods for effective drug design are now increasingly used for structurebased discovery. Findings from these studies, for example, might be of practical interest for the design of potent inhibitors that
resemble the enzymatic transition state.

#006 - A database of force-field parameters, dynamics, and properties of antimicrobial compounds
Giuliano Malloci - Department of Physics - University of Cagliari
Other Authors: Attilio Vittorio Vargiu (Department of Physics - University of Cagliari), Giovanni Serra (Department of Physics - University of
Cagliari), Andrea Bosin (Department of Physics - University of Cagliari), Paolo Ruggerone (Department of Physics - University of Cagliari), Matteo
Ceccarelli (Department of Physics - University of Cagliari)

We present an on-line database of all-atom force-field parameters and molecular properties of compounds with antimicrobial
activity (mostly antibiotics and some beta-lactamase inhibitors). For each compound, we provide the General Amber Force Field
parameters for the major species at physiological pH, together with an analysis of properties of interest as extracted from
microsecond-long molecular dynamics simulations in water and counter ions. The properties include number and population of
structural clusters, molecular flexibility, hydrophobic and hydrophilic molecular surfaces, the statistics of intra- and inter-molecular
H-bonds, as well as structural and dynamical properties of solvent molecules within first and second solvation shells. In addition,
the database contains several key molecular parameters, such as energy of the frontier molecular orbitals, vibrational properties,
rotational constants, atomic partial charges and electric dipole moment, computed by Density Functional Theory. The present
database (to our knowledge the first extensive one including dynamical properties) is part of a wider project aiming to build-up a
database containing structural, physico-chemical and dynamical properties of medicinal compounds using different force-field
parameters with increasing level of complexity and reliability.

#007 - Local electric field in general porins of Gram-negative bacteria from all-atom simulations
Igor Bodrenko - Department of Physics, University of Cagliari
Other Authors: S. Acosta Gutierrez (Department of Physics, University of Cagliari, Italy), M.A. Scorciapino (Department of Biomedical Sciences,
University of Cagliari, Italy; Istituto Officina dei Materiali del Consiglio Nazionale delle Ricerche (IOM-CNR), UOS, Cagliari, Italy), M. Ceccarelli
(Department of Physics, University of Cagliari, Italy; Istituto Officina dei Materiali del Consiglio Nazionale delle Ricerche (IOM-CNR), UOS,
Cagliari, Italy)

Non-specific water-filled protein channels (porins) modulate the passive diffusion of nutrients in the outer membrane of Gramnegative bacteria. Also, polar antibiotics enter through this pathway and down-regulation and/or mutation of porins are very
common in drug resistant strains. The profile of the local electric field along the channel together with the channel cross section
profile play the key role in the translocation mechanism of polar molecules through a porin and in the filtering of molecules by
porins.
We present a computational protocol to determine the local electric field in a porin by analyzing the ordering of water molecules
inside the channel in the course of an all-atom molecular dynamics simulation.
In the application of the method to the OmpC porins from a series of clinical strains of E.coli, we demonstrate a significant change
of the electric field profile in the antibiotic-resistant mutations while the channel cross section profile is well conserved within the
series of the porins. Thus, the mutation leading to the specific modification of the local electric field on the porin is one of the
mechanisms of developing resistance to antibiotics by suppressing their penetration into the bacteria.
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Computational Biophysics I

28 Sept
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Cultural Heritage

28 Sept

#008 - New perspectives in luminescence dating
Marco Martini (I) - Università di Milano-Bicocca
In recent years, the application of physical techniques to the Cultural Heritage has experienced extraordinary developments and
improvements, due to the wide spectrum of available scientific methodologies which support the traditional philological approach.
Specifically looking at chronological aspects, most of the materials found on the field or in architectural structures can now be
dated, or at least useful chronological indications can be reached, by the use of scientific techniques: in fact, besides radiocarbon
14
mass spectrometry ( C-AMS), used for organic materials, thermoluminescence (TL) and optically stimulated luminescence (OSL)
are used to date ceramics and bricks. However, uncertainties in the interpretation of the results still exist. For example, the routine
TL dating technique is widely used to assess specific chronologies to parts of a building, in order to assess construction sequences,
and eventually to highlight restoration and modern remakes. However the obtained date refers to the making of the bricks rather
than to the building construction. New perspectives toward the solution of such ambiguities are coming from techniques
developed for the study of mortar and from the possibility of surface dating. This last is based on the OSL signal, which is bleached
by the last exposure to sunlight. The same principle has been exploited in order to date the last exposure to the light of stone
artifacts.
The main troubles derive from the evaluation of the initial erasure of the accumulated OSL signal, which is generally bleached with
more than a single mechanism. An accurate study of the interaction of light with electron levels in the material is a fundamental
requirement for understanding the bleaching process which is the basis of the application. Preliminary results on OSL dating of
brick samples will be presented.

#009 - Scientific and technical assistance in cultural heritage restoration projects
Monica Alvarez de Buergo (I) - Instituto de Geociencias IGEO (CSIC, UCM)
Several real case studies will be shown in which scientific and technical assistance has been definitive and essential to plan
conservation-restoration interventions, before, during and after the projects execution, as well as some recommendations for an
effective preventive conservation.
The combination of traditional or laboratory techniques and equipments together with non destructive and portable techniques
results very effective and helpful for the knowledge of the properties of cultural materials, the diagnosis (causes and processes of
decay) and the assessment of the best, most adequate, effective and suitable conservation and restoration techniques and
methods, with the possibility of monitoring the interventions in a short and medium term. Monitoring of environmental conditions
are also considered to provide the clue of many decay processes
In the examples of cultural heritage in which scientific knowledge contributed to its conservation and restoration, the methodology
followed and the techniques used for will be shown, such as for assessing the best cleaning method - and what is necessary to be
removed and what not -, how to evaluate consolidant and hydrophobing products in each case, if the desalation method to be used
to removing salts is efficient or not, if the raw materials that are to be used for restoration materials are the adequate or not, to
locate the original quarries from which the element or structure was used, etc.
Examples from all over the world will be shown in a variety of building materials used in buildings, sculptures and archaeological
sites, trying to transfer the methodology that the research group Petrology Applied to Heritage performs, together with the
Petrophysics Laboratory, a laboratory coordinated by the group and one of the most specialized in cultural heritage research.
A review of the standardarization in cultural heritage will be also done, together with the most relevant scientific reviews in stone
conservation.
Last, but not least, the importance in transfering this scientific and technical knowledge to the society will be exposed.

#010 - Elemental, molecular mapping and reflectance imaging for the characterisation of paintings
Sara Mosca - Politecnico di Milano/Dipartimento di fisica /Fotonica per i beni culturali
Other Authors: Valentina Capogrosso (Politecnico di Milano), Sara Bellei (IFN-CNR), Austin Nevin (IFN-CNR), Gianluca Valentini (Politecnico di
Milano), Roberto Albert i(XGLab Srl), Luca Bombelli(XGLab Srl), Tommaso Frizzi(XGLab Srl), Marzia Pontone(Archivio Storico Civico e
Biblioteca Trivulziana), Isabella Fiorentini(Archivio Storico Civico e Biblioteca Trivulziana), Daniela Comelli(Politecnico di Milano)

We propose a completely non-invasive approach based on the combination of different imaging techniques: X-Ray Fluorescence
(XRF) mapping, Raman mapping, visible multispectral imaging and near-infrared (NIR) reflectography, aimed at identifying and
mapping pigments in paintings. XRF mapping is performed through a new portable scanning device developed by XGLab SRL. The
compact XRF head is driven by two light linear motors. The excitation, which is not guided by any X-ray optics, allows the
acquisition of the fluorescence spectrum emitted with a good sensitivity also to lighter elements. The maximum scan-area depends
2
on the tripod and motor arrangements, with typical values of 10 cm . The remote Raman spectrometer is a custom-made
transportable system based on a 785 nm diode laser, a pair of galvanometric mirrors and a custom optical system. The device can
easily map a surface of 9 cm in diameter at a working distance of 30 cm. It is also possible to acquire Raman spectra of a single
point of interest with a standard diffusive micro-probe at a shorter working distance of about 5 mm, and can reach the inelastic
scattered signal with higher spatial and spectra resolution. The two complementary mapping techniques allow the acquisition of
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elemental and molecular data, providing pigment identification with a high degree of confidence. Moreover, XRF spectra can allow
the mapping of the sub-layer distribution of elements complementing data regarding the presence of hidden painted layers
provided by NIR-reflectography. In the proposed approach, visible multispectral imaging, combined with novel methods of cluster
analysis of multivariate spectral data makes it possible to map areas of paintings with similar spectral features and color properties,
which correlate with the presence of the same pigment or mixture of pigments. Examples of applications on model paintings and in
situ case studies will be discussed. In particular in-situ analysis on two 15-16th C illuminated manuscripts highlight the approach in
the characterization of the color palette thedetection of hidden paint layers and anachronistic pigments, which yielded valuable
information for identifying the original owners and the history and trade of the artworks. Advantages of this image-based multianalytical approach will be discussed, thus informing future analysis on other heterogeneous works of art.

#011 - LIBS analysis for a stratigraphic study on Cultural Heritage materials
Maria Francesca Aleberghina - Dipartimento di Fisica e Chimica, Università di Palermo
Other Authors: Maria Brai (1 Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy; 2
Laboratorio di Fisica e Tecnologie Relative–UniNetLab, Università degli Studi di Palermo), Dorotea Fontana (1 Dipartimento di Fisica e Chimica,
Università di Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy), Luigi Tranchina (2 Laboratorio di Fisica e Tecnologie Relative–
UniNetLab, Università degli Studi di Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy)

Among the possible analytical approaches for Cultural Heritage studies, the Laser-Induced Breakdown Spectroscopy (LIBS) allows
deep profile analysis with high spatial resolution enough to discriminate different layers in the typical complex structures [1, 2].
LIBS, based on the principles of laser ablation, allows a detailed stratigraphic analysis on the basis of spectra recorded from
successive laser pulses delivered onto the same sample point. This technique has significant advantages, even if the assessment of
potentialities in the quantitative analyses are object of several works. It is well-known that performance of LIBS in qualitative and
quantitative analysis is affected by many factors related to plasma formation and evolution, still now under investigation.
The aim of this work is to show the importance of finding the optimum parameters for different material typologies in order to
acquire the maximum information with the least damage to the works of art.
The results concern mainly the comparison between the identification of the chemical elements by using the more traditional X-Ray
fluorescence technique and the study of their distribution along the thicknesses of the layers from the Laser-Induced Breakdown
Spectroscopy analyses.
The collected data have demonstrated the usefulness of the Laser-Induced Breakdown Spectroscopy investigation, through which it
has been possible to reveal chemical elements undetectable by X-ray Fluorescence spectroscopy [3, 4], and to analyse the
stratigraphic sequence of archaeological corroded bronzes, salt efflorescence on mural paintings and paint layers from the surface
up to the bulk.
This methodological approach through the LIBS analysis, although micro - destructive, avoids the sampling, allowing a stratigraphic
analysis with high spatial resolution and accuracy of the sample point localization.
References
[1] Giakoumaki A., Melessanaki K., Anglos, D. (2007). Laser-induced breakdown spectroscopy (LIBS) in archaeological science—
applications and prospects. Analytical and bioanalytical chemistry, 387(3), 749-760.
[2] Alberghina M.F., Barraco R., Brai M., Schillaci T. and Tranchina L. (2011a) - Integrated analytical methodologies for the study of
corrosion processes in archaeological bronzes. Spectrochimica Acta Part B: Atomic Spectroscopy, 66, 129-137.
[3] Alberghina M.F., Barraco R., Brai M., Schillaci T. and Tranchina L. (2011b) - Comparison of LIBS and m-XRF measurements on
bronze alloy for monitoring plasma effects. Journal of Physics: Conference Series, 275, 1- 11.
[4] Alberghina M.F., Barraco R., Brai M., Schillaci T. and Tranchina L. Double laser LIBS and micro-XRF spectroscopy applied to
characterize materials coming from the Greek-Roman theater of Taormina. Proceedings of SPIE - The International Society for
Optical Engineering 7391- 7397.

#012 - XRF and LIBS integrated analysis to identify the chemical composition and the conservation state of
photographic and paper materials
Aurora Modica - Dipartimento di Scienze e Tecnologie Biologiche Chimiche e Farmaceutiche (STEBICEF), Università
di Palermo
Other Authors: M. F. Alberghina (Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy), M.
Brai (Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy, Laboratorio di Fisica e Tecnologie
Relative, UniNetLab - Sistema di Laboratori di Ateneo-Università di Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy), M. Bruno
(Dipartimento di Scienze e Tecnologie Biologiche Chimiche e Farmaceutiche (STEBICEF), Università di Palermo, Viale delle Scienze, Ed. 17, 90128
Palermo, Italy), M. Di Bella (Restauratore, Corso di Laurea in Conservazione e Restauro dei Beni Culturali (PFP 5) – Università di Palermo), D.
Fontana (Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy), L. Tranchina (Laboratorio di
Fisica e Tecnologie Relative, UniNetLab - Sistema di Laboratori di Ateneo-Università di Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy)

In the early period, even though professional photographers worked with similar techniques and products, their artistic and
commercial aims determined different choices and lead them to follow different, often personal, recipes. For this reason,
identification of the techniques through date and name of the photographer or some visual features like colour, tonality and
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surface of the image layer, often needs further investigation to be proved. Chemical characterization, carried out in a non o micro
invasive way, can be crucial to provide useful information about original composition, degradation process, realisation technique
and conservative treatments. In this case, X Ray Fluorescence (XRF) analysis was used to confirm the chemical composition of
eleven historical photographs (nine silver gelatine prints and two albumen prints) dated between the end of the 19th century and
the beginning of the 20th, shot in Palermo (Sicily) by a popular photographer of the time, and pasted on their original cardboards.
The elemental identification showing important information on different photographic realization techniques in terms of
distribution of main chemical elements in the photographic film. Inappropriate storage caused severe degradation on both the
prints and the backing boards that show physical, biological and chemical damages. An integrated approach based on XRF and Laser
Breakdown Spectroscopy (LIBS) allowed to verify the spatial distribution of constituting chemical element on a typical chromatic
alteration of paper, the so called foxing, a quite complex phenomenon, not yet well understood, which deserves further
investigation. In particular, the variation of calcium and iron peak intensity signal from not degraded paper to foxing stains center
has been monitored.
References
- B. Bicchieri, S. Ronconi, F.P. Romano, L. Pappalardo, M. Corsi, G. Cristoforetti, S. Legnaioli, V. Palleschi, A. Salvetti, E. Tognoni.
Study of foxing stains on paper by chemical methods, infrared spectroscopy, micro-X ray fluorescence spectrometry and laser
induced breakdown spectroscopy. Spectrochimica Acta Part B 57 (2002) 1235-1249.

#013 - Use of holographic projections for the fruition and valorisation of cultural heritage
Giovanni Arena - Istituto di Scienze Applicate e Sistemi Intelligenti (ISASI) CNR
Other Authors: Melania Paturzo (ISASI - CNR), PIetro Ferraro (ISASI - CNR), Andrea Finizio (ISASI - CNR).

In recent years is growing the interest in using multimedia supports to enhance the communication and educational aspect in the
museums. The unique feature of Digital Holography in creating real 3D images, pave a way towards the future. Applications of
holography to museum practice seem to be rather promising. Holographic methods may be a means capable of appreciably raising
and improving the state of technical equipment of present-day museums, being able to create “real 3D” images. Nowadays, in a
number of museums, are presented projections incorrectly labeled as “holographic”, being instead 2D images displayed onto
special semitransparent screens. To achieve real 3D-display, the emerging digital holography techniques offer new perspectives for
future museum applications, in combination with multimedia systems.
The Istituto di Scienze Applicate e Sistemi Intelligenti has been active obtaining valuable results in registration, numerical
elaboration and optical reconstruction of digital holograms, as well as in developing a new method for Infrared Digital Holography.
The latter allows for very noticeable results in recording holographic images of large sized objects (up to human height) thus
overcoming the previous limits. The holograms are recorded by a CCD camera, stored by a PC and sent to a Spatial Light Modulator
(SLM), a special micro-device capable to display holograms at high frame rate allowing for holographic dynamic scene. In this case,
a sequence of holograms was acquired, by using Infrared light. The SLM performs a fast sequence of optical reconstructions of
them, with visible light.
The possibility of numerical handling holograms allows for any type of image elaboration on single holograms: changes in size
and/or position in the space of the holographic reconstructed images, changes of focus plane, etc. The ability to merge distinct
holograms of individual objects, each numerically elaborated, allows for optical projection of 3D holographic dynamic sequences.
Modern museum tasks include not only conservation and preservation of material items, but also educational activities,
implemented by using a number of multimedia systems. We showed how digital holography, for display use, could play an
important role in this field, thanks to its unique ability in generating “Real 3D” scenes. Some results of current researches at Istituto
di Scienze Applicate e Sistemi Intelligenti They will be presented.

#014 - RADIOCARBON DATING OF MORTAR
Carmine Lubritto - Dep. Environmental Science and Technology - II° University of Naples
Other Authors: Marta Caroselli - Dipartimento di Scienze Chimiche e Geologiche, Università di Modena e Reggio Emilia I- 41100 Modena, Italy.
14

The carbon dioxide contributing to binder formation during the set of a lime mortar reflects the atmospheric C content at the time
14
of construction of a building. For this reason, the C dating of mortars is used with increasing frequencies in archaeological and
architectural research. Mortars, however, may also contain carbonaceous contaminants potentially affecting radiocarbon dating.
Recently has been obtained some promising results in mortar radiocarbon dating, thanks to the development of a procedure (i.e.
CryoSoniC/Cryo2SoniC) aiming to eliminate exogenous C contamination that may occur in a mortar. In particular a novel physical
14
pre-treatment for the isolation of the atmospheric CO2 signal absorbed by the mortars during their setting, has been proposed.
The protocol allows suppression of the fossil carbon (C) contamination originating from the incomplete burning of the limestone
during the quick lime (CaO) production, providing unbiased dating for the mortar or lime lumps contained in the mortar. Moreover,
a detailed petrographic characterization of mortars was used both as a preliminary tool for the choice of samples and to infer about
the lack of accuracy (when verified) of the applied mortar 14C dating procedure.
In the present talk, we present AMS Radiocarbon dates performed on lime lumps with the aim to:
i) verify procedure accuracy by a comparison of the results obtainable from lime lumps dated after different treatments (i.e. bulk
lime lumps vs CryoSoniC purified lime lumps);
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ii) compare different building phases absolute chronology for the medieval UNESCO site of Modena, with that assumed by
14
historical sources in order to assess preliminary the Cdating feasibility for of the site.

#015 - Colour degradation of artwork: An ab initio study of the adsorption of oxygen and water on the surface of
CdS pigment
Laura Giacopetti - CNR-IOM UOS Cagliari c/o Dipartimento di Fisica/ Dipartimento di Fisica, Università degli Studi
di Cagliari
Other Authors: Alessandra Satta (CNR-IOM UOS Cagliari c/o Dipartimento di Fisica, Università degli Studi di Cagliari, Italy )

The cadmium yellow paints (CdS) used in impressionist and modernist paintings in early 1900s are undergoing several deterioration
processes whitening and discoloration. This discolored crusts at the surface of the paintings is formed mainly by white globular
hydrated cadmium sulfate (CdSO4*nH2O) and cadmium carbonate (CdCO3).The input for the formation of such whitish compounds
is generally ascribed to an initial photo-oxidation process of Cd-yellow or to products used during the syntheses of CdS. [1,2]. Also,
structural defects in CdS (deep traps) may play a role in the pigment alteration process [3].
In order to understand the oxidation and hydration mechanisms of the whitish globules, at atomic level, we present a theoretical
study of points defects, namely Cd- and S- vacancies, both in the bulk and in the hexagonal non-polar {10.0} surface. The interaction
between the {10.0} defective surface of CdS and O2 and H2O molecules in then studied to simulate the combined effects of
exposure to air and humidity. To this end the surface of CdS containing Cd- and S- vacancies was simulated according to the slab
geometry and was next covered by oxygen, a water molecule and a combination of O2 + H2O. More specifically, we determined the
favorite adsorption sites and calculated the adsorption energies of the different molecules on top of the surface. The details of the
electronic structure of the interactions are given via the bonding charge analysis along with a thorough description of the
geometry. Also, For this purpose, we adopted a first principles method within the framework of the Density Functional Theory
(DFT) in the Generalized Gradient Approximation (GGA-PBE) with the use of ultrasoft pseudopotentials as implemented in the
quantum-ESPRESSO package [4].
[1] J. L. Mass, R. Opila, B. Buckley, M. Cotte, J. Church, A. Mehta, Appl Phys A (111), 2013, 59-68
[2] G. Van der Snickt, J. Dik, M.Cotte, K. Janssens, J. Jaroszewicz, W. De Nolf, J. Groenewegen, L. Van der Loeff, Anal. Chem (81),
2009, , 2600-2610
[3]Cesaratto A. ,C. D’Andrea ,et al, Anal. Methods (6), 2014, 130–138
[4] P. Giannozzi . et al., Journal of Physics: Condensed Matter (21), 2009, , 395502 www.quantum-espresso.org
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#016 - Exotisms in layered perovskites: multiferroics, magnetoelectrics and a ferroelectric metal
Vincenzo Fiorentini (I) - Università di Cagliari
Other Authors: A. Filippetti (CNR-IOM), J. Iniguez (Luxembourg IST), M. Scarrozza (CNR-SPIN, F. Ricci (U of CA), M. B. Maccioni (U of CA), P.
Delugas (IIT)

Just as their standard counterpart, layered perovskite are emerging as an interesting player in the field of multiferroicity and
beyond. I will discuss examples of exotic behavior in the family AnXnO3n+2, and showcase the first known native ferroelectric metal,
Bi5Ti5O17, exhibiting the coexistence of metallicity and spontaneous polarization, as well as (with some tweaking) depolarizing fields
in a finite system. Time permitting, I will address the insulating n=4 case, where the highlights are the weak ferromagnet
La2Mn2O7 with its anomalously large linear magnetoelectric coupling, and V-doped La2Ti2O7, a ferroelectric ferromagnet
exhibiting the quintessential magnetoelectric effect, i.e. magnetization inversion upon polarization inversion.

#017 - Atomistic simulations of phase change materials for non-volatile memories
Marco Bernasconi (I) - University of Milano-Bicocca
Chalcogenide phase change alloys are attracting an increasing interest because of their use in optical digital versatile disc, DVD)
and electronic (phase change memories, PCM) data storage devices. Both applications rest on the fast (10 ns) and reversible
transformation between the crystalline and amorphous phases induced by heating either via laser irradiation (DVD) or Joule effect
(PCM). The two states of the memory can be discriminated thanks to the large difference in optical reflectivity and electronic
conductivity of the two phases.
In this seminar, I will review the insights gained from atomistic simulations on the structural and functional properties of the
prototypical Ge2Sb2Te5 and GeTe phase change compounds. Molecular dynamics simulations based on Density Functional Theory
revealed a complex structure of the amorphous phase which displays a coexistence of tetrahedral and octahedral-like local
geometries [1]. Calculations of the electronic properties of the crystalline and amorphous models provided a microscopic
understanding of the origin of the electronic contrast between the two phases exploited in the devices [2]. Finally, the microscopic
origin of the fast crystallization speed has been addressed by large scale simulations (tens of thousand atoms for tens of ns) based
on an interatomic potential generated by fitting a DFT database with a Neural Network method [3]. Direct molecular dynamics
simulations of the crystallization kinetics [3] revealed that the high crystal growth velocity is due to the persistence of a high atomic
mobility in the liquid at high undercooling which is in turn the result of the fragility of the liquid and the appearance of dynamical
heterogeneities.
[1] S. Caravati et al., Appl. Phys. Lett. 91, 171906 (2007); R. Mazzarello et al., Phys. Rev. Lett. 104, 085503 (2010).
[2] S. Caravati, et al., J. Phys. Condensed Matter 21, 255501 (2009); G. C. Sosso et al., Phys. Rev. B 83, 134201 (2011).
[3] G. C. Sosso et al., Phys. Rev. B 85, 174103 (2012); J. Phys. Chem. Lett. 4, 4241 (2013); J. Phys. Chem. B 118, 13621 (2014).

#018 - Continuum modeling of heteroepitaxial growth: elastic relaxation, surface-energy minimization, misfit
dislocations and intermixing.
Francesco Montalenti - Università di Milano Bicocca
Other Authors: Roberto Bergamaschini (1), Marco Salvalaglio (1), Rainer Backofen (2), Fabrizio Rovaris (1), Marco Albani (1), Anna Marzegalli
(1), Axel Voigt (2), and Leo Miglio (1) (1) L-N ESS and Dipartimento di Scienza dei Materiali, Via R. Cozzi 55, 20126 Milano (Italy) (2) Institut fur
Wissenschaftliches Rechnen, Technische Universitat Dresden, 01062 Dresden (Germany)

Lattice-mismatched heteroepitaxial growth is nowadays a key step involved in the fabrication of a multitude of
devices. However, full control over the different, sometimes competing phenomena taking place during deposition [1] has yet to
be reached. Simulations can be precious in limiting the growth-parameter space to be sampled in actual experiments when
searching for the desired system morphology.
In this work we present a continuum approach able to tackle heteroepitaxy while matching typical experimental sizes and time
scales. Starting from a suitable free-energy functional describing both elastic and surface energy , evolution is described based on a
surface-diffusion model including an external flux. A convenient and general description of surface-energy anisotropy (allowing us
to simulate faceting also in the “strong anisotropy” regime) is introduced [2] and several illustrative applications to semiconductors
are described, exploiting both Phase-Field and sharp-interface approaches. Successful comparison with experiments is
demonstrated for qualitatively different systems.
We also discuss our attempt to simultaneously tackle elastic and plastic relaxation. In particular, we show how the stress field
associated with an assigned distribution of misfit dislocations can be computed on the fly, its contribution to the surface chemical
potential deeply influencing the growth mode.
It must be noted that for miscible systems, such as Ge/Si, the above set of phenomena is not yet sufficient to yield a realistic
description of the growth process. At high growth temperatures, indeed, entropy of mixing can lead to significant surface
exchanges between deposited and surface atoms. Tackling intermixing is possible, but it requires for a considerable extension of
the formalism [3,4].
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[1] F. Montalenti, D. Scopece, and Leo Miglio, Comptes Rendus Physique 14 (7), 542-552 (2013).
[2] M. Salvalaglio , R. Backofen , R. Bergamaschini , F. Montalenti , and Axel Voigt, Faceting of equilibrium and metastable
nanostructures: a Phase-Field model of surface diffusion tackling realistic shapes, accepted for publication on Cryst. Growth Des.
(2015); (DOI:10.1021/acs.cgd.5b00165)
[3] R. Bergamaschini, J. Tersoff, Y. Tu, J. J. Zhang, G. Bauer, and F. Montalenti. Phys. Rev. Lett. 109, 156101 (2012)
[4] R. Backofen, R. Bergamaschini, and A. Voigt. Philosophical Magazine 94, 2162 (2014).

#019 - Ab initio electronic structure, optical, and magneto-optical properties of MnGaAs digital ferromagnetic
heterostructures
Patrizia Rosa - Dipartimento di Fisica dell'Universita' degli Studi di Milano
Other Authors: Giovanni Onida (Dipartimento di Fisica dell'Universita' degli Studi di Milano), Davide Sangalli (ISM-CNR, Via Salaria Km 29.3, CP
10, 00016 Monterotondo Stazione, Italy), and Alberto Debernardi (Laboratorio MDM, IMM-CNR via Olivetti 2, 20041 Agrate Brianza, Italy).

We report on a theoretical study of the electronic, optical, and magneto-optical properties of digital ferromagnetic
heterostructures based on Mn δ -doped GaAs. We consider different structures corresponding to Mn contents within the range
12%–50% and we study how the system changes as a function of the doping concentration. Our first-principles approach includes
the spin-orbitinteraction in a fully relativistic pseudopotential scheme and the local-field effect in the description of the optical
absorption. We show that Mn δ -doped GaAs shares many properties with the uniformly doped Ga 1−x Mn x As system, i.e., halfmetallicity, similar absorption spectra, and moderate Kerr rotation angles in the visible spectral region.

#020 - Inhomogeneous electron gas in nanowire-based radial heterostructures.
Guido Goldoni - University of Modena and Reggio Emilia
Other Authors: Miguel Royo Walls (Universitat Jaume I, E-12080 Castellon, Spain), Andrea Bertoni (CNR-NANO S3, Modena, Italy)

Radial heterostructures, based on the lateral overgrowth of free-standing nanowires constitute a flexible new class of
multi-layered nanomaterials, where engineering of extended quantum states in the radial direction is possible, which
are not strictly 1D or 2D. Similarly to traditional planar multilayers, but with the additional complexity of the polygonal
symmetry inherited from the nanowire substrate, such core-shell nanowires may host wrapped heterojunctions or
(multi-)quantum wells with remote doping, forming an electron gas which is naturally inhomogeneous, with coexisting
coupled quasi-1D and quasi-2D channels.
Traditional methodologies for probing quantum states, such as transport in strong magnetic fields and inelastic light
scattering, may be applied to radial heterostructures, but with additional complexities due to the peculiar symmetry.
Furthermore, complex composition modulations over tens of nanometers, discrete symmetry of typical samples and
self-consistent formation of the electron gas should be included in any computational model with predictive quality. In
this talk, I will discuss recent theoretical predictions for the electron gas excitations in GaAs/AlGaAs radial
heterostructures, the formation of magnetic states in the quantum Hall regime, and their spectroscopic signatures, in
connection with recent intra- and inter-band spectroscopic investigations.
References
G Ferrari, G Goldoni, A Bertoni, et al. Nano Letters 9, 1631 (2009)
A Bertoni, M Royo, F Mahawish, G Goldoni Phys. Rev. B 84, 205323 (2011)
M Royo, A Bertoni, G Goldoni Phys. Rev. B 87, 115316 (2013)
A Funk, M Royo, I Zardo, et al Nano Letters 13, 6189 (2013)
M Royo, A Bertoni, G Goldoni Phys. Rev. B 89, 155416 (2014)
J Jadczak, P Plochocka, C A Mitioglu, et al. Nano Letters 14, 2807 (2014)
M Royo, C Segarra, A Bertoni, G Goldoni, J Planelles, Phys Rev B 91, 115440 (2015)

#021 - Local vs. macroscopic properties in semiconductors; the role of atomic hydrogen
Francesco Filippone - CNR - Istituto di Struttura della Materia
In GaAsN dilute alloys, small contents of the iso-electronic N impurity
induce striking effects on the GaAs energy gap. This phenomenon has been
explained in terms of a band anti-crossing interaction between electronic
levels induced by the N impurity in the conduction band (CB) and GaAs
levels at the CB bottom. On the other hand, there was a scarce knowledge
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about the local properties of the N impurity, like the local electronic
properties and chemical bonding, as well as on their relationships with
the N effects on the GaAs band structure. In the present work, we will
address such an issue by focusing on the role played by atomic hydrogen
in the investigation of the N local properties.[1] Hydrogen binds indeed
to impurities and modifies their local environment.[2] Here, we will discuss
how this modification may be interpreted in terms of mutation of the
impurity chemical environment by approaching this phenomenon on the side
of theory.
Moreover, we will discuss as a parallel case, the effects of the introduction
of atomic H in InGaN alloys. In these materials, indeed, a significant
change of the host band structure is accompanied by the formation of
multi-hydrogen complexes. [3]
In detail, we shall mainly present results from DFT calculations, with plain
GGA, hybrid and GGA+U functionals (set up similar to ref. [4]), to be
connected with relevant results from X-ray absorption and X-ray emission
spectroscopies, as well as from photoluminescence spectroscopies.
The hydrogen complexes here proposed are analyzed both in their structural
and electronic properties. A look at the most recent findings in the topic
is given.

[1] L. Amidani et al., Phys. Rev. B 89, 085301 (2014)
[2] A. Amore Bonapasta et al., Phys. Rev. Lett. 98, 206403 (2007)
[3] M. De Luca et al., Phys. Rev. B 86, 201202(R) (2012)
[4] F. Filippone et al., Phys. Rev. Lett. 107, 196401 (2011)

#022 - Ab initio analysis of hyperfine structure in chalcogen-doped silicon and germanium nanowires: a route
trough a spin based quantum computer
Alberto Debernardi - CNR-IMM, uos Agrate Brianza
Other Authors: Guido Petretto [1,2,3], Andrea Masse' [1,2], Marco Fanciulli [1,2] [1] Laboratorio MDM, IMM - CNR via C. Olivetti, 2 20864
Agrate Brianza (MB), Italy; [2] Dipartimento di Scienza dei Materiali, Universit`a degli Studi di Milano- Bicocca, via Cozzi 53, 20125 Milano, Italy;
[3] Institute of Condensed Matter and Nanosciences, Universit ́e catholique de Louvain, Chemin des e ́ toiles 8, bte L7.03.01,

The localization of the donor electron wave function can be of key importance in various semiconductor application, since it
determines the interactions between neighboring donors and influences the charge density close to the donor atom. These
properties are important in light of applications like nuclear spin qubits [1] based on the hyperfine interaction between electron
and nuclear spin [2]. In particular the delocalization is a critical feature when dealing with nanostructures, where the confinement
induces a squeezing of the donor wave function.
In this contribution we employ ab initio density functional calculations with projector augmented-wave method (PAW) [3,4] to
explore the hyperfine structure of S and Se substitutional defects in silicon and germanium nanowires. We show that, if the
tetrahedral symmetry is preserved, the hyperfine contact term is only marginally dependent on the nanowire orientation, while it
can undergo drastic changes if the symmetry is lost. In addition, we present a detailed analysis of the effect of compressive and
tensile strain on the hyperfine parameters for Se doped Silicon nanowires, highlighting common features and differences among
the three orientations considered. Based on our results, we demonstrate the [011] oriented nanowires as promising candidates for
spin qubits applications, in particular if strain manipulation is considered.
[1] B. E. Kane, Nature 393, 133 (1998).
[2] G. P. Berman et al., Phys. Rev. B 86, 2894 (2001).
[3] G. Petretto, A. Debernardi, M. Fanciulli, Nano Letters 11, 4509 (2011).
[4] G. Petretto, A.Debernardi, and M.Fanciulli, Nano Letters 13, 4963 (2013).

#023 - Kinetic Lattice Monte Carlo simulations and electronic transport of graphene with hydrogen
Luca Parisi - Dipartimento di Fisica e Astronomia, Universit`a di Catania
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Other Authors: R. Di Giugno, Distretto Tecnologico Micro e Nano Sistemi S.c.a.r.l., Z. I. VIII Strada 5, 95121 Catania, Italy I. Deretzis c, Istituto per
la Microelettronica e Microsistemi (CNR-IMM), VIII Strada 5, 95121 Catania, Italy A. La Magna, Istituto per la Microelettronica e Microsistemi
(CNR-IMM), VIII Strada 5, 95121 Catania, Italy

The electronic structure of graphene can be greatly modified by hydrogen absorption, leading to modified electronic transport
properties.
We simulate the dynamics of hydrogen adatoms absorbed on top of of graphene, using the Kinetic Lattice Monte Carlo approach,
which allows us to stochastically study large time and space scales. We model diffusion, as a thermally activated process, which
needs to overcame an energy barrier given by the sum of a migration energy and a short-ranged hydrogen adatoms interaction
energy, accounting for the stability of the local configuration. This interaction energy is made do depend only on the coordination
of the adatoms, according to an Ising-like model, extending up to third nearest neighbors and is tested against Density Function
Theory (DFT) results. Atomic and associative desorption of hydrogen adatoms are also considered and corresponding energy
barriers are also estimated based on DFT computations, while atomic absorption occurs at a constant rate, fixed by an effective
external atomic flux. The effect of different calibration choices are also shown.
Finally,the obtained structures are discussed and their electronic transport properties are investigated.
Computations are carried out for various temperatures and fluxes.
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#024 - Transport processes in chaotic magnetic field configuration: the Quasi-Single-Helicity states in RFX-mod
Daniela Grasso (I) - Istituto dei Sistemi Complessi-CNR and Politecnico di Torino
Other Authors: D. Bonfiglio2, D.Borgogno3, S. Cappello 2, G. Rubino 2, M. Veranda 2 2 Consorzio RFX, Associazione Euratom-ENEA sulla
Fusione, 35127 Padova, Italy 3 Universite de Nice-Sophia Antipolis, CNRS, Observatoire de la Cote d'Azur, BP 4229, 04304 Nice Cedex 04, France

Magnetic field lines embedded in a plasma confinement system are often characterized by a chaotic motion, that can lead to the degradation of the confinement
properties of the system. However, even in case of chaotic domains, magnetic barriers can emerge and limit the field line motion itself.
Recently a fluid dynamical approach for the detection of these barriers hase been developed [1, 2]. The method relies on the behavior of the Finte Time Lyapunov
Exponent (FTLE) field, associated to the magnetic configuration. This FTLE field
shows the presence of ridges, that can be recognized as Lagrangian Coherent Structures (LCSs) for the magnetic field, and act as barriers for the transport of magnetic
field lines across them.
Here we provide the first application of this method to a real magnetic configuration
[3]. We consider the magnetic field characterizing the emergence of self-organized
quasi-helical states [4], predicted by magnetohydrodynamic (MHD) simulations [5]
and observed in high current experiments in the reversed field pinch configurations.
We show that the LCSs we find actually limit the field lines motion and provide a
chaos
healing
ffect, by influencing the transport properties of the system.
References
[1] D. Borgogno et al., Phys. Plasmas 18 102307 (2011)
[2] D. Borgogno et al., Phys. Plasmas 18 102308 (2011)
[3] G. Rubino et al., submitted to Plasma Phys. Control. Fusion.
[4] Lorenzini R. et al. Nature Physics, 14 June 2009.
[5] D. Bonglio, M. Veranda, S. Capello, L. Chacon, G. Spizzo, Journal of Phys.:
Conf. Series 260 012003 (2010)

e

#025 - Neutron and gamma ray spectroscopy for diagnosing fast ions in burning plasmas
Marco Tardocchi (I) - IFP-CNR
In thermonuclear fusion experiments devoted to study high power Deuterium (D) and Deuterium-Tritium (DT) plasmas the fuel ions
are central for achieving high fusion powers. In the road towards the goal of a DT burning plasma one would like to achieve a
Maxwellian thermal population of confined deuterons and tritons with high ion temperatures in the range 15 to 20 keV.
Measurement of the D an T fuel ion energy distribution are important in order to assess the amount of thermal to suprathermal ion
fraction, the latter created by the presence of external heating in the form of Ion Cyclotron Resonance Heating or Neutral
Beam injection. At the same time, in today’s fusion experiments investigation of fast ions is carried on and motivated by the need
to understand and eventually control the instability associated to the shear Alfvén wave driven by suprathermal ions.
As the energy of the fast ions is increased towards the MeV range, such as that expected in next step fusion devices devoted to
study DT burning plasmas, many of the techniques used today present principle and technical limitations which limit their
applicability and nuclear diagnostics must be instead employed. Interesting candidates are represented by high resolution neutron
(NES) and gamma ray emission spectroscopy (GRS), as demonstrated in recent experiments at the Joint European Torus (JET). In
this talk the state of the art of NES and GRS instrumentation will be presented together with a review of the most recent results on
JET plasmas.
A high resolution measurement of the neutron spectrum can provide insights on the fuel ion distributions. Through suitable
modelling the bulk ion temperature and the high energy tail temperature can be extracted. Due to the enhanced fusion reactivity,
NES measurements diagnose well a minority fraction of fuel fast ions, and in certain case, also the presence of the energetic fusion
products (such as He3 or He4) via the so called “knock-on” secondary processes. GRS measurements with high energy resolution of
fusion plasmas are recent and several nuclear reactions resulting in measurable levels of gamma ray emission have been observed
in JET. The most common reactions occur between fast ions accelerated by ICRH and light plasma impurities, e.g. reactions
3
4
involving fast H, D, He and He ions and Carbon or Beryllium impurities. Each reaction emits characteristics gamma rays with
different energies; the intensities of the gamma peaks are related to the energy distribution of the fast ions, weighted by the
underlying cross sections. GRS will be important on ITER for the diagnose of confined fusion alpha particles via the detection of 4.5
9
12
MeV gamma rays emitted from the reaction Be(α, nγ) C .
Finally, the status of the NES and GRS measurements planned for ITER will be reviewed.
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#026 - The coupling impedance as a tool for describing the self-consistent local and nonlocal effects induced by a
relativistic driving beam in plasmas
Renato Fedele - Università di Napoli Federico II, Dipartimento di Fisica
Other Authors: T. Akhter1,2, S. De Nicola3,2, M. Migliorati1,2, A. Marocchino4,5, F. Massimo,4,5, L. Palumbo4,5 1 Dipartimento di Fisica,
Università di Napoli Federico II, Napoli, Italy 2 INFN Sezione di Napoli, Napoli, Italy 3 CNR-SPIN, Napoli, Italy 4 Dip. di Scienze di Base e
Applicate per l’Ingegneria, Sapienza Università di Roma, Roma, Italy 5 INFN Sezione di Roma, Roma, Italy

We describe the self-consistent interaction of a relativistic charged-particle beam with the surroundings while propagating through
a plasma-based acceleration device. This is accomplished within the framework of the Vlasov-Maxwell system of equations for the
system “plasma + beam”. In full analogy with the conventional accelerators, here the interaction with the beam and the
surrounding plasma is schematized in terms of the so-called “beam coupling impedance” (both longitudinal and transverse) which
seems a very useful tool for the Nyquist-type stability analysis. Examples of specific physical situations are suitably illustrated.

#027 - Turbulence in magnetized non-neutral plasmas
Massimiliano Romé - INFN Sezione di Milano and Università degli Studi di Milano
Other Authors: Shi Chen (INFN Sezione di Milano and Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang, Sichuan,
China), Giancarlo Maero (INFN Sezione di Milano and Università degli Studi di Milano).

Magnetically confined electron plasmas evolve as essentially inviscid, incompressible two-dimensional (2D) fluids with a single sign
of vorticity, allowing a quantitative study of shear flow instabilities, vortex formation and dynamics, turbulence and selforganization [1]. The dynamics of a pure electron plasma has been investigated both experimentally with the Penning-Malmberg
trap ELTRAP [2] and numerically with two-dimensional (2D) particle-in-cell (PIC) simulations [3]. The analysis of the experimental
and numerical data is based on the use of advanced techniques like wavelets and Proper Orthogonal Decomposition and on the
determination of the statistical scaling properties of the electron density fluctuations [4, 5]. In particular, these studies highlight the
role played by the initial conditions and by the density fluctuations on the early dynamics of the flow [6], leading eventually to the
persistence of coherent structures and to the formation of vortex crystal-like states. Another factor of influence on both the
dynamics and final state of the flow is the presence of a second species of charged particles. In particular, the contamination of the
electron sample by micrometric-sized dust featuring an extremely large mass-to-charge ratio (complex plasma) is currently being
investigated with 2D PIC simulations where the electron-dust system is described with a fluid-kinetic treatment. The effects of dust
on the stability, insurgence of diocotron modes and fluid turbulence properties of the electron component are compared to the
case of a pure electron plasma. Perspectives for the experimental investigation of the complex non-neutral plasmas are given.
[1] M. Romé and F. Lepreti, Eur. Phys. J. Plus 126, 38 (2011).
[2] M. Amoretti, G. Bettega, F. Cavaliere, M. Cavenago, F. De Luca, R. Pozzoli and M. Romé, Rev. Sci. Instrum. 74, 3991 (2003).
[3] G. Maero, M. Romé, F. Lepreti, and M. Cavenago, Eur. Phys. J. D 68, 277 (2014).
[4] G. Bettega, R. Pozzoli, and M. Romé, New J. Phys. 11, 053006 (2009).
[5] F. Lepreti, M. Romé, G. Maero, B. Paroli, R. Pozzoli and V. Carbone, Phys. Rev. E 87, 063110 (2013).
[6] S. Chen, G. Maero, and M. Romé, accepted for publication in J. Plasma Phys. (2015).

#028 - Plasmonics effects in relativisitic High Field regime: from electron acceleration to High Harmonics
Generation
Luca Fedeli - University of Pisa
Other Authors: Andrea Macchi (CNR-INO), Andrea Sgattoni (CNR-INO), Giada Cantono (CEA/DSM/IRAMIS/LIDYL), Tiberio Ceccotti
(CEA/DSM/IRAMIS/LIDYL)

Fine control of Electromagnetic Field coupling with structured metal surfaces is a vibrant research field (Plasmonics), with several
interesting applications and a well developed theory. Plasmonics experiments are usually performed with low-intensity laser
pulses. In this contribution we discuss the observation of plasmonics effects in ultra-high intensity laser-plasma interaction (peak
18
2
intensity greater than 10 W/cm ). This regime, where relativistic, strongly non-linear effects are expected to take place, is
essentially unexplored.
In a recent experiment performed at CEA-Saclay (France) we demonstrated for the first time electron acceleration by relativistic
19
2
surface plasmons driven on a grating target at laser intensities greater than 10 W/cm (fully relativistic). We observed a strong
enhancement of both energy and flux of electron emission from grating targets compared to simple flat targets. Moreover,
electrons were emitted within a narrow cone along the grating target surface. 3D Particle-In-Cell simulations performed with the
open-source Particle-In-Cell code PICCANTE reproduce the experimental results with excellent agreement and provide useful
insights to understand the physical processes at play.
In this contribution we discuss also the effect of the field enhancement associated with the excitation of a Surface Plasmon on High
Harmonic Generation from gratings via particle-in-cell simulations performed with PICCANTE code .
The results we present may open the way for the extension of other plasmonics schemes into the ultra-high intensity regime,
potentially with a broad range of interesting developments.
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#029 - Advanced active feedback schemes for MHD studies in hot magnetized plasmas
Tommaso Bolzonella - Consorzio RFX
Other Authors: Matteo Baruzzo (Consorzio RFX), Paolo Bettini (Universita' di Padova e Consorzio RFX), Giuseppe Marchiori (Consorzio RFX),
Leonardo Pigatto (Universita' di Padova e Consorzio RFX), Fabio Villone (Universita' di Cassino)

Magnetized plasmas represent a very good example of macroscopic complex systems where long and small range dynamics typical
of neutral fluids are further complicated by electro-magnetic interactions. Increasing our understanding of laboratory based
magnetized plasmas within the magneto-hydrodynamic (MHD) framework is important also to advance our knowledge on some
basic phenomena of astrophysical plasmas such as ideal MHD, resistive reconnection and magnetic dynamo.
RFX-mod is a toroidal experimental facility operated by Consorzio RFX in Padova, capable of confining hot (Te>1keV) hydrogen,
deuterium or helium plasmas by the application of magnetic fields up to 0.6 T. The plasma is confined in toroidal geometry with
major radius R=2m and minor radius a=0.46m. Thanks to its flexibility, RFX-mod can explore different magnetic configurations
including the so called tokamak, Reversed Field Pinch, low-q and ultra low-q, each of which exhibits specific MHD stability
properties. A peculiar feature of RFX-mod is the additional presence of a set of 192 active coils entirely covering the toroidal outer
surface of the plasma [1]. These coils can be independently fed and are controlled by a fast (duty cycle of few ms) real time control
software where different external “reactions” to plasma MHD activity can be implemented. This allows a unique flexibility in
imposing different boundary conditions to MHD dynamics and in studying how to optimize the magnetic field properties in view of
improving the MHD stability margins of the configuration confining the plasma [2,3].
Purpose of the present work is to present recent experimental results obtained in RFX-mod that significantly contribute to the
wider effort of efficiently confine a fusion relevant plasma. In particular we will show detailed experiments where the intrinsic 3D
nature of the stability problem is highlighted by properly manipulating the structure of the magnetic field produced by the 192
external coils [4]. The definition of the so-called “mode rigidity” will be critically reinterpreted for the case of the ideal kink
instability developing in the presence of resistive passive and active magnetic boundaries. In the final discussion we will explain
how these investigations not only allow a deeper understanding of the physics mechanisms underlying MHD stability in RFX-mod
plasmas, but also constitute a subject where Consorzio RFX is providing an important support to the design and realization of new
international magnetic fusion facilities such as JT-60SA in Japan and ITER in France.
[1] P. Sonato et al, Fusion Eng. Des. 66–68 (2003) 161
[2] R. Paccagnella et al, Phys. Rev. Lett. 97 (2006) 075001
[3] T. Bolzonella et al, Phys. Rev. Lett. 101 (2008) 165003
[4] T. Bolzonella et al, 41st EPS Conference on Plasma Physics, oral presentation O4.132, Berlin (2014)
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#030 - Molecular spin in a quantum box
Marco Affronte (I) - università di Modena e Reggio Emilia & CNR NANO
Other Authors: claudio bonizzoni, alberto ghirri

Molecular spins have demonstrated to be additional resources for encoding (quantum) bits [1]. This knowledge can now be
exploited to fabricate quantum devices where functionalities of molecular spins are combined with other active nano-systems [2].
Here, we focus on the case in which molecular spin ensemble is in resonance with photons in a quantum box and eventually enter
in a strong coupling regime, as described in the Tavis-Cummings model. To this end, I shall first illustrate our design and fabrication
of microwave planar resonators operating as quantum box in a simple and cryogenic set up. X-band EPR spectra acquired at low
temperatures allow us to extract the essential parameters of the low-lying energy levels of Cr3 and demonstrate that our set up is
particularly suitable to study small crystals of molecular nanomagnets [3]. Secondly, I shall present the realization of YBCO
microstrip resonators. The high quality factor (Q up to 30000) measured at high temperature (up to 70K) and in strong magnetic
field (up to 7T) allow us to couple resonant photons (at 7.6GHz in our case) with several molecular spins including Cu and Co
monomer or ErPc2 double decker. To prove that strong coupling regime can be achieved in these conditions, the evolution of
frequency detuning and split of the resonant peak is reported as a function of temperature and magnetic field by using spin
ensemble of DPPH organic radical [4].

References:
[1] Molecular Spins for Quantum Information Technologies. F. Troiani, M. Affronte Chemical Society Reviews40, 3119-3129 (2011)
DOI: 10.1039/C0CS00158A.
[2]Quantum Computation with Molecular Nanomagnets: achivements, challenges and new trends. A. Ghirri, F. Troiani and M.
Affronte in press Molecular Nanomagnets and Related Phenomena - Structure and BondingEd. Song Gao Springer (2015). DOI:
10.1007/430_2014_145
[3] Microstrip Resonators and Broadband Lines for X-band EPR Spectroscopy of Molecular Nanomagnets A. Ghirri, C. Bonizzoni, M.
Righi, F. Fedele, G. Timco, R. E. P. Winpenny and M. Affronte, Applied Magnetic Resonance (2015); doi: 10.1007/s00723-015-06725
[4]YBCO microwave resonators for strong collective coupling with spin ensembleA. Ghirri, C. Bonizzoni, D. Gerace, S. Sanna, A.
Cassinese, and M. Affronte Applied Physics Letters106, 184101 (2015); doi: 10.1063/1.4920930

#031 - Spotting X-ray light on molecular magnets: from bistability to magnetochirality
Roberta Sessoli (I) - Università degli Studi di Firenze & INST, Dept. of Chemistry
Other Authors: Matteo Mannini

Molecules showing slow relaxation of the magnetisation, known as single molecule magnets (SMMs), have attracted significant
interest as model systems in nanomagnetism, in particular for their rich quantum behaviour. Despite the difficulties hampering a
significant increase of the operational temperatures these systems are nowadays investigated as new active units in molecular
spintronics. The integration of SMMs in this type of devices requires that these molecules are either deposited on a substrate or
inserted in nanogaps between electrodes. The intrinsic fragility of coordination compounds, combined with the elusive character of
the molecular magnetic bistability, has limited the investigation to a few classes of molecules. We have obtained interesting results
on a family of tetranuclear iron-based star-shaped clusters that can be either functionalized to be grafted on metallic surfaces or
evaporated to be also embedded in vertical architectures behaving like spin-valves. Networks of gold nanoparticles bridged by Fe4
SMMs have also been obtained. The SMM behaviour and quantum features are retained also in these nanostructures.
The key tool for this type of research has been the use of synchrotron radiation, and in particular X-ray Magnetic Circular
Dichroism, which has been employed at very low temperatures to evidence surface and element selective magnetic hysteresis in
monolayers of molecules.
Hard X-rays have instead been employed to investigate molecular magnetic helices belonging to the class of compounds known or
Single Chain Magnets (SCMs), i.e. one-dimensional structures showing magnetic hysteresis. Chiral magnetic structures have been
recently the focus of intense research because they offer the possibility to store information in topological protected structures like
skyrmions. Chirality and magnetism are also directly connected in the interaction between matter and electromagnetic radiation
through the magneto-chiral dichroism and birefringence. A detailed synchrotron investigation at the 3d-metal K edge in two
isostructural molecular helices comprising either isotropic Manganese(II) or anisotropic Cobalt(II) bridged by stable organic radicals
has revealed a strong magneto-chiral dichroism associated with the non-collinear spin structure of the Co derivative, which is also
the archetype of Single-Chain Magnets.
*) The financial support of the European Research Council is acknowledged.
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#032 - Interface-driven effects in organic spintronic devices
Ilaria Bergenti (I) - ISMN CNR
Other Authors: V. Dediu (ISMN-CNR), A. Riminucci (ISMN-CNR), P. Graziosi (ISMN-CNR),M. Calbucci (ISMN-CNR), R. Cecchini (MDM-CNR), K.
O'Shea (University of Glasgow)

The driving force of inclusion of organic materials in spintronics is based on their longer spin lifetime of charge carrier with respect
to conventional inorganic ones. Recently magnetoresistive device have been obtained both in transport (long range) and tunneling
(few nm) regimes [1,2]. Nevertheless these results need additional proofs than magnetoresistance to overcome the skepticism
generated by the technological issues, like the poor definition of interfaces that is the main reason for the large variability of results
in literature. Typical methods for measurement of spin transport in inorganic spintronic devices like measurements of spin
precession of charges by Hanle effect do not succeed in having a clear response to this issue[3]. On the other hand, improvement
of interface quality between organics and ferromagnets allowed to identify the primary role of interfacial hybridization in spin
injection as well as allow to detect a series of effects able to give rise to possible new applications: between them bistability a non
volatile memory effect[4].
[1] Dediu V. et al., Nat.Mater. (2010) 8 707
[2]Barraud C. et al., Nat. Phys. (2011)6 615
[3] Riminucci A. et al., Appl. Phys. Lett (2013) 102 092407
[4] Prezioso M. et al., Adv. Mat (2013) 25 534

#033 - The route towards interface-assisted molecular spintronics: from ferromagnetic metals to spin-textured
materials
Mirko Cinchetti (I) - University of Kaiserslautern
One very efficient route to tailor the spin properties of surfaces and interfaces, which was so far only applied to ferromagnetic
metals, is the creation of customized hybrid interfaces between inorganic and organic materials. The interest in the spin properties
of such systems was originally stimulated by the observation of magneto-resistive effects in spin-valve structures prepared with an
organic-based spacer layer [1, 2]. Today, it is known that the performance of such organic spintronics devices is mostly determined
by the spin-dependent properties of the hybrid interface formed between the organic molecules and the ferromagnetic electrodes:
the so-called spinterface [3]. Crucially, the spin properties of a specific spinterface such as spin polarization, spin filtering, and
coercive field can be in principle tuned by any external stimulus that will either modify the electronic structure of the organic
molecules forming the spinterface, or change the strength of the interaction between the molecules and the ferromagnetic
substrate. This concept was demonstrated, for example, for doping of the organic molecules with electron donors [4] and for
chemical synthesis of tailored molecules [5, 6].
In this talk I will show that the extreme multi-functionality of organic molecules can be used to functionalize the spin properties of
the more general class of spin-textured materials, opening new and exciting routes for controlling spin at the atomic scale [7]. In
particular, I will present a rational design approach to customize the spin-texture of surface states of the prototypical topological
insulator (TI) Bi2Se3 [8]. For the rational design we use theoretical calculations to guide the choice and chemical synthesis of
appropriate molecules that customize the spin-texture of Bi2Se3. The theoretical predictions are then verified in angular-resolved
photoemission experiments. We show that by tuning the strength of molecule-TI interaction, the surface of the TI can be
passivated, the Dirac point can energetically be shifted at will, and Rashba-split quantum-well interface states can be created.
These tailored interface properties lay a solid foundation for interface-assisted molecular spintronics in spin-textured materials.
[1] V. A. Dediu, L. E. Hueso, I. Bergenti, and C. Taliani, Nature Mater. 8, 707 (2009);
[2] M. Cinchetti et al., Nature Mater. 8, 115 (2009);
[3] S. Steil, ..., M. Cinchetti, and M. Aeschlimann, Nature Phys. 9, 242 (2013);
[4] M. Cinchetti, et al., Phys. Rev. Lett. 104, 217602 (2010);
[5] A. Droghetti, ..., S. Sanvito, and M. Cinchetti, Phys. Rev. B 89, 094412 (2014);
[6] S. Müller, ..., M. Ruben, M. Cinchetti, and M. Aeschlimann, New J. Phys. 15, 113054 (2013);
[7] M. Cinchetti, Nature Nanotech. 9, 965 (2014);
[8] S. Jakobs, ..., O. Monti, M. Aeschlimann, R. J. Cava, M. Ruben, S. Mathias, S. Sanvito, and M. Cinchetti, under review (2015).

#034 - Looking Inside the Paramagnetism of Perchlorinated Trityl Radical/Metal Spinterface through
Spectroscopy
Maddalena Pedio - CNR IOM/TASC
Other Authors: Veronica Mugnaini,(Materials Science of Barcelona (ICMAB-CSIC)/CIBER-BBN, Cerdanyola, Spain) Albano Cossaro (CNR-IOM,
TASC Area Science Park, Basovizza, Trieste, Italy), Cinzia Cepek (CNR-IOM, TASC Area Science Park, Basovizza, Trieste, Italy), Mathieu Gonidec
(Materials Science of Barcelona (ICMAB-CSIC)/CIBER-BBN, Cerdanyola, Spain), Isaac Alcon (Materials Science of Barcelona (ICMABCSIC)/CIBER-BBN, Cerdanyola, Spain), Ruslan Ovsyannikov (Helmholtz Zentrum Berlin für Materialien und Energie, BESSY II, Berlin, Germany),
Antje Vollmer (Helmholtz Zentrum Berlin für Materialien und Energie, BESSY II, Berlin, Germany), Arrigo Calzolari (CNR-NANO Istituto
Nanoscienze S3 National Center, Modena, Italy), Jaume Veciana (Materials Science of Barcelona (ICMAB-CSIC)/CIBER-BBN, Cerdanyola, Spain),
Manvendra Kumar (CNR-IOM, TASC Area Science Park, Basovizza, Trieste, Italy),
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Persistent and stable organic molecules with an open-shell electronic configuration have long been known and extensively studied
mainly in solution. Only recent is instead the study of organic radicals as laterally self-assembled monolayers immobilized on
substrates towards their application in devices, e.g. in organic spintronics [1,2]. To exploit this latter field of applied research, the
knowledge of the electronic properties of the organic side of the organic radical/metal interface is of primary importance. We
report on a spectroscopic multitechnique approach (photoemission spectroscopy, inverse photoemission spectroscopy and nearedge X-ray absorption fine structure spectroscopy) to study the metal/radical spinterface formed by a perchlorinated trityl radical
derivative and either gold or silver. The spectroscopic fingerprint of their paramagnetic properties could be determined by
comparison with their diamagnetic precursor and by DFT calculations. Thanks to the presented approach, we could gain
unprecedented insight into the radical−metal interac on and how this la er perturbs the spin polariza on and consequently the
magnetoelectronic properties of the radical adlayer. Knowledge of the factors influencing the spinterface is an essential tool
toward the tailoring of the properties of spin-based electronic devices. References [1] J. Liu, H. Isshiki, K. Katoh, T. Morita, B- K.
Breedlove, M. Yamashita, T. Komeda, J. Am. Chem. Soc. 2013, 135, 651−658; S. Sanvito, Chem. Soc. Rev. 40 (2011) 3336-3355. [2]
Veronica Mugnaini, Arrigo Calzolari, Ruslan Ovsyannikov, Antje Vollmer, Mathieu Gonidec, Isaac Alcon,† Jaume Veciana,
Maddalena Pedio J. Phys. Chem. Lett., 6 (2015) 2101−2106
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#035 - Soft electronic matter in underdoped cuprates
Sergio Caprara (I) - Sapienza Università di Roma - Dipartimento di Fisica
Other Authors: Matteo Capati (Sapienza Università di Roma - DIpartimento di Fisica, piazzale Aldo Moro 5, 00185 Roma, Italy), Carlo Di Castro
(Sapienza Università di Roma - DIpartimento di Fisica, piazzale Aldo Moro 5, 00185 Roma, Italy), Marco Grilli (Sapienza Università di Roma DIpartimento di Fisica, piazzale Aldo Moro 5, 00185 Roma, Italy), Goetz Seibold (Institut fur Physik - BTU Cottbus - Senftenberg, PBox 101344,
03013 Cottbus, Germany), José Lorenzana (ISC-CNR, Via dei Taurini 19, 00185 Roma, Italy)

Empirical evidence in heavy-fermion materials, pnictides, and other systems suggests that unconventional superconductivity
appears associated to some form of real-space electronic order. For the high-Tc superconducting cuprates, despite several
proposals, the emergence of order in the region of the phase diagram between the commensurate antiferromagnetic state and the
superconducting state is not well understood. We show that in this regime the doped holes assemble in “electronic polymers”.
Within a Monte Carlo study we find that in clean systems by lowering the temperature the polymer melt condenses first in a
smectic state and then in a Wigner crystal both with the addition of inversion symmetry breaking. Disorder blurs the positional
order leaving a robust inversion symmetry breaking and a nematic order, accompanied by vector chiral spin order and with the
persistence of a thermodynamic transition. Such electronic phases, whose properties are reminiscent of soft-matter systems,
produce charge and spin responses in good agreement with experiments.

#036 - Ultrafast snapshots of the fundamental interactions in cuprates
Claudio Giannetti (I) - Università Cattolica del Sacro Cuore
Time-resolved techniques have opened a new window on the ultrafast microscopic processes in high-temperature superconductors
and strongly-correlated materials. The ultimate goal of this real-time approach is the clarification of the pairing mechanism in hightemperature superconductors [1], as well as the development of new tools to manipulate the fundamental interactions by means
of ultrashort light pulses.
Here we present some recent time-domain results on superconducting copper oxides. By simultaneously pushing the time
resolution and frequency range of transient reflectivity measurements, we directly observed the ∼16 fs build-up of the effective
electron–boson interaction [2]. This extremely fast timescale strongly points to magnetic excitations as the fundamental mediators
of the electronic processes in cuprates.
Furthermore, we investigated the dynamics of the high-energy (∼2 eV) charge-transfer process in the single-layer Bi2Sr2-xLaxCuO6+δ
cuprate. We demonstrated that there is a critical doping, pcr=0.16, which marks a transition in the nature of the Cu-O
wavefunctions, that evolve with doping from localized, as in a Mott insulator, to delocalized, as in a conventional metal. Since this
phenomenon is observed at room temperature, we conclude that there exists a common correlated state, characterized by the
freezing of the local O-2p→Cu-3d charge fluctuations, which is precursor to the symmetry-broken instabilities, such as chargeordering, that develop at low doping and temperature.
[1] S. Dal Conte et al. Snapshots of the retarded interaction of charge carriers with ultrafast fluctuations in cuprates . Nat. Phys. 11,
421 (2015).

[2] S. Dal Conte et al. Disentangling the electronic and phononic glue in a high-T c superconductor. Science 335, 1600–1603 (2012).

#037 - Charge order in Cuprates from strongly correlated Fermi Liquid to low doped anti-ferromagnet
Carlo Di Castro (I) - Universita' di Roma Sapienza
Other Authors: M. Capati, Dipartimento di Fisica Universita' di Roma Sapienza Piazzale Aldo Moro 5, I-00185 Roma Italy ISC-CNR, Via dei Taurini
19, I-00185 Roma, Italy, S. Caprara, C. Di Castro, M. Grilli, Dipartimento di Fisica Universita' di Roma Sapienza Piazzale Aldo Moro 5, I-00185
Roma Italy, ISC-CNR Via dei Taurini 19 I-00185 Roma, Italy, CNISM Unita' di Roma Sapienza Piazzale Aldo Moro 5 I-00185 Roma Italy, G. Seibold
Institut fur Physik, BTU Cottbus - Senftenberg PBox 101344 03013 Cottbus Germany, J. Lorenzana Dipartimento di Fisica Universita' di Roma
Sapienza, Piazzale Aldo Moro 5, I-00185 Roma Italy ISC-CNR Via dei Taurini 19, I-00185 Roma Italy

Charge order in Cuprates from strongly correlated Fermi Liquid to low doped anti-ferromagnet
Carlo Di Castro
Dipartimento di Fisica Università di Roma “La Sapienza”
Collaborators: Capati, Caprara, Grilli, Lorenzana, Seibold.
I will outline how heterogeneous states in the entire pseudogap region form a bridge between highly-doped Fermi-Liquid and lowdoped anti-ferromagnet. Quasi-critical fluctuations of various nature mark the evolution of the heterogeneous state with specific
signatures in the spectroscopic properties (Arpes, Raman).
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Charge order, elusive until 2012, is now ubiquitously observed in cuprates. Theoretically, an incommensurte charge density wave
instability of the strongly correlated Fermi-Liquid is marked by a critical line, which ends in a hidden quantum critical point at T=0
and closely tracks the pseudogap temperature T* as the onset of heterogeneity.
Crossover from charge to spin promoted order by lowering the doping is well accounted for by a phenomenological Fermion-Boson
model for fitting Arpes and Raman experiments.
At very low doping, the doped charges aggregate in polarized segments precursors of stripes. In clean systems by lowering the
temperature these “electronic polymers” condense in a smectic state and then in a Wigner crystal phases both with inversion
symmetry breaking. Disordrer smears the positional order and leaves a polarized nematic phase with a vector chiral spin order, well
reproducing neutron scattering experiments.
G. Seibold et al, PRB 87, 035138 (2013); M. Capati et al, Nature Comm. July (2015); S. Caprara et al, Phys. Rev. B 84, 054508 (2011).
G. Mazza et al, Phs. Rev. B 87, 014511 (2013).

#038 - Magnetic excitations and phonons simultaneously studied by resonant inelastic x-ray scattering in
optimally doped Bi1.5Pb0.55Sr1.6La0.4CuO6δ
Yingying Peng - Politecnico di Milano
Other Authors: M. Hashimoto,2 M. Moretti Sala,3 A. Amorese,1, N. B. Brookes,3 G. Dellea,1 W.-S. Lee,4 M. Minola,1, T. Schmitt,5 Y. Yoshida,6 K.J. Zhou,5, H. Eisaki,6 T. P. Devereaux,4 Z.-X. Shen,4, 7 L. Braicovich,1, 8 and G. Ghiringhelli1, 8. 1-Dipartimento di Fisica, Politecnico di Milano,
Piazza Leonardo da Vinci 32, I-20133 Milano, Italy. 2-Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator Laboratory,2575,
Sand Hill Road, Menlo Park, California 94025, USA. 3-European Synchrotron Radiation Facility (ESRF), BP 220, F-38043 Grenoble Cedex,
France. 4-Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, CA
94025, USA. 5-Swiss Light Source, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland. 6-Nanoelectronics Research Institute, AIST, Ibaraki
305-8568, Japan. 7-Geballe Laboratory for Advanced Materials, Departments of Physics and Applied Physics, Stanford University, CA 94305, USA.
8-CNR-SPIN, CNISM, Politecnico di Milano, Piazza Leonardo da Vinci 32, I-20133 Milano, Italy.

Understanding the unusual physical properties of high temperature superconductors, and superconductivity mechanisms therein,
remains one of the main challenges in condensed matter physics. Recently, resonant inelastic x-ray scattering (RIXS) at the Cu L3
edge, which provides a direct access to spin-flip excitations, has become a powerful tool, complementary to neutron inelastic
scattering, for the determination of the magnetic-excitation dispersion in cuprates. Magnetic excitations have thus been observed
from undoped antiferromagnetic insulators to overdoped superconductors for hole- and electron-doped compounds,
demonstrating the robustness of magnetic fluctuation across the superconducting phase diagram. Moreover, Cu L3 resonant soft xray scattering has decisively contributed to reveal a charge order that competes with superconductivity: initially seen in
(Y,Nd)Ba2Cu3O6+x charge order is now considered ubiquitous in cuprate superconductors. The interest of RIXS can be further
extended, because in correlated solids almost all types of excitation (charge, spin, orbital and lattice) can be probed by RIXS. As
some (if not all) of these excitations are commonly believed to play a significant role in the superconductivity of cuprates, the
investigation on whether and how they mutually interact and mix can be of highest importance.
Here we study, by high resolution Cu L3 RIXS, the magnetic excitations in the optimally doped high-Tc superconductor
Bi1.5Pb0.55Sr1.6La0.4CuO6+d (OP-Bi2201, Tc≈34 K), below and above the pseudogap opening temperature. At both temperatures the
broad spectral distribution disperses along the (1,0) direction up to ~350 meV at zone boundary, similarly to other hole-doped
cuprates. However, above ~0.22 reciprocal lattice units, we observe a concurrent intensity decrease for magnetic excitations and
quasi-elastic signals with weak temperature dependence. This anomaly seems to indicate a coupling between magnetic, lattice and
charge modes in this compound. We also compare the magnetic excitation spectra near the anti-nodal zone boundary in the single
layer OP-Bi2201 and in the bi-layer optimally doped Bi1.5Pb0.6Sr1.54CaCu2O8+d (OP-Bi2212, Tc≈96 K). The strong similarities in the
paramagnon dispersion and in their energy at zone boundary indicate that the strength of the super-exchange interaction and the
short-range magnetic correlation cannot be directly related to Tc, not even within the same family of cuprates.

#039 - Optical and transport properties of epitaxial Nd1.85Ce0.15CuO4 thin films
Anita Guarino - CNR-SPIN Salerno and Dipartimento di Fisica ’E R Caianiello’
Other Authors: A. Avella1, C. Bonavolontà2 , M. Valentino2, C. de Lisio2, L. Parlato2, A. Leo1, G. Grimaldi1, S. Pace1, G. Pepe2, A. Vecchione1, A.
Nigro1 1. CNR-SPIN Salerno and Dipartimento di Fisica ’E R Caianiello’, Università di Salerno, Via Ponte Don Melillo, 84084, Fisciano (SA), Italy
2. CNR-SPIN Napoli and Dipartimento di Fisica Università “Federico II” di Napoli, Dipartimento Scienze Fisiche, via Cinthia, 80126 Napoli, Italy

Electrical transport measurements and transient optical pump-probe experiments have been performed on epitaxial films of the
electron doped Nd1.85Ce0.15CuO4 compound for studying the non-equilibrium carrier dynamics in this material. In particular, the
value of the quasiparticle relaxation time has been estimated in order to investigate the possible use of this compound as base
material for superconducting optical detectors. Samples have been grown on (001)-oriented SrTiO3 substrates by dc sputtering in a
mixed atmosphere of both Ar and O2. X-ray diffraction analysis and Scanning Electron Microscope equipped with a wavelength
dispersive spectroscopy detector have been used to characterize the structure and the morphology and composition of the thin
films. Time-solved femtosecond pump-and-probe spectroscopy has been also carried out on our samples in the temperature range
4.2K-300 K. The data demonstrate a clear correlation between electrical and optical features.
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#040 - Multiband BCS superconductivity at low density
Davide Filippo Valentinis - Department of Quantum Matter Physics, University of Geneva/ CERN
Other Authors: Christophe Berthod (DQMP, University of Geneva) Dirk van der Marel (DQMP, University of Geneva) Jean-Marc Triscone (DQMP,
University of Geneva)

The interplay between electronic density and critical properties assumes a fundamental role in the understanding of many recently
discovered superconductors. In turn, geometry, dimensionality, quantum confinement, multiband effects, are all factors that
contribute to the modulation of the critical temperature Tc as a function of carrier density. This dependences are particularly
relevant for low-density systems, characterized by a chemical potential that approaches the electronic band edge; such materials
include SrTiO3, thin superconducting films, the LaAlO3/SrTiO3 interface. In this work, we explore the consequences of band-edge
effects in the framework of BCS theory, developing a formalism for different dimensionality, and multiband configurations. The
model is subsequently applied to superconducting thin films, within the context of shape resonances and shell effects; we show
that the inclusion of low density effects ensures the continuity of Tc curves, that are significantly modified as a function of density
and confinement length. Furthermore, the simultaneous characteristics of multiple bands and low density are investigated for the
LaAlO3/SrTiO3 interface, allowing for a comparison of interface superconductivity with respect to bulk SrTiO3.

#041 - Local lattice displacements and superconductivity in BiS2-based layered materials
Eugenio Paris - Dipartimento di Fisica, Università "La Sapienza" di Roma & Center for Life NanoScience@Sapienza,
Istituto Italiano di Tecnologia
Other Authors: Takuya Sugimoto (Department of Complexity Science and Engineering, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa 277-8561,
Japan). Yoshikazu Mizuguchi (Department of Electrical and Electronic Engineering, Tokyo Metropolitan University, 1-1 Minami-osawa, Hachioji
192-0397, Japan). Boby Joseph (Elettra, Strada Statale 14, Km 163.5, Basovizza, Trieste, Italy). Antonella Iadecola (European Synchrotron
Radiation Facility, BP220, F-38043 Grenoble Cedex, France). Takashi Mizokawa (Department of Complexity Science and Engineering, University of
Tokyo, 5-1-5 Kashiwanoha, Chiba 277-8561, Japan). Naurang L. Saini (Dipartimento di Fisica, Universit´ a di Roma “La Sapienza,” Piazzale Aldo
Moro 2, 00185 Roma, Italy).

The recent discovery of superconductivity in RE(O/F)BiS2 (RE = rare earth) has triggered theoretical and experimental efforts to
understand the pairing mechanism. These materials show a layered structure with BiS2 layers, which becomes superconducting
after electron doping, alternated with rare-earth oxide layers which act as a charge reservoir. These properties are shared by
unconventional superconductors like the cuprates and the iron based family. The analogy with these materials is enriched by the
multiband nature of the Fermi surface, the indication of nesting and the coexistence of superconductivity and magnetism which are
peculiar characteristics of iron based superconductors. Despite the relatively low Tc (maximum at 10.6 K) the debate between
conventional and non-conventional pairing is still unsettled. A peculiar feature of the superconducting state is the high sensitivity to
external pressure, chemical pressure and high pressure sample synthesis. This is a clear indication of a strong interplay between
structural distortions and the transport and electronic properties in this class of materials. We have used X-ray absorption
spectroscopy to study the effects of doping in the local structure and the valence electronic states in CeO1-xFxBiS2. We find that Bi-S
local correlations evolve systematically with fluorine substitution bringing the system to a decoupling between the BiS2 and CeO
layer, hence coexistence of superconductivity and ferromagnetism [1,2]. Results will be discussed in the frame of an interplay
between local structural deformations and electronic properties in CeO1-xFxBiS2. In addition, we have also investigated the effect of
chemical pressure, which is known to dramatically affect superconductivity, by changing mean rare earth size. In particular the local
effect of substitution of the rare-earth with Ce, Nd, Sm encompassing a wide range of ionic radius will be discussed [3].
[1] T. Sugimoto, B. Joseph, E. Paris, A. Iadecola, T. Mizokawa, S. Demura, Y. Mizuguchi, Y. Takano and N. L. Saini, Phys. Rev. B 89,
201117 (R) (2014).
[2] E. Paris, B. Joseph, A. Iadecola, T. Sugimoto, L. Olivi, S. Demura, Y. Mizuguchi, Y. Takano, T. Mizokawa & N. L.Saini, J. Phys.
Condens. Matter 26, 435701 (2014).
[3] Y. Mizuguchi, E. Paris, T. Sugimoto, A. Iadecola, J. Kajitani, O. Miura, T. Mizokawa, N. L. Saini, to be published (2015).

#042 - The Hubbard model beyond the two-pole approximation: a Composite Operator Method study
Adolfo Avella - Università degli Studi di Salerno
Within the framework of the Composite Operator Method, a three-pole solution for the two- dimensional Hubbard model is
presented and analyzed in detail. In addition to the two Hubbard opera- tors, the operatorial basis comprises a third operator
describing electronic transitions dressed by nearest- neighbor spin fluctuations. These latter, compared to charge and pair
fluctuations, are assumed to be preeminent in the region of model-parameter space – small doping, low temperature and large onsite Coulomb repulsion – where one expects strong electronic correlations to dominate the physics of the system. This assumption
and the consequent choice for the basic field, as well as the whole analytical approximation framework, have been validated
through a comprehensive comparison with data for local and single-particle properties obtained by different numerical methods on
varying all model parameters. The results systematically agree, both quantitatively and qualitatively, up to coincide in many cases.
Many relevant features of the model, reflected by the numerical data, are exactly caught by the proposed solution and, in
particular, the crossover between weak and intermediate-strong correlations as well as the shape of the occupied portion of the
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dispersion. A comprehensive comparison with other n-pole solutions is also reported in order to explore and possibly understand
the reasons of such good performance.
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#043 - Optical feedback interferometry in THz quantum cascade lasers: Imaging of free carriers and all-optical
metamaterials
Gaetano Scamarcio (I) - Dipartimento Interateneo di Fisica, Università di Bari e CNR-IFN
Other Authors: F. P. Mezzapesa, 1,2 M. Dabbicco, 1,2 L. L. Columbo, 1,2 M. Brambilla, 1,2 M. S. Vitiello, 3 C. Rizza, 4,5 A. Ciattoni 5 1Dipart.
Interateneo di Fisica, Univ. degli Studi e Politecnico di Bari, 70126 Bari, Italy 2CNR-Istituto di Fotonica e nanotecnologie-UOS Bari, 70126 Bari,
Italy 3NEST, CNR - Istituto Nanoscienze and Scuola Normale Superiore, 56127 Pisa, Italy 4Dipart. di Scienza ed Alta Tecnologia, Università
dell’Insubria, 22100 Como, Italy 5CNR-SPIN, 67100 L’Aquila, Italy

We will review our recent results on a novel detectorless contact-free imaging method based on the use of THz quantum cascade
lasers operating under optical feedback (self-mixing) to monitor the dielectric response and the free electron plasma photogenerated in a semiconductor surface, will be reviewed. This demonstration has paved the way to the use of periodic patterns of
photo-excited carriers on a semiconductor surface to modify the effective permittivity and create all-optical quasi-metallic
metamaterials. Intriguingly, one can artifically tailor the meta-material birefringence to modulate with unprecedented degrees of
freedom both the amplitude and phase of a laser subject to optical feedback from such a reconfigurable anisotropic reflector.

#044 - Photo-generated THz plasmonic antennas and metamaterials
Jaime Gomez Rivas (I) - FOM Institute AMOLF
Other Authors: George Georgiou, Arkabrata Bhattacharya

Optical illumination of semiconductors leads to photoinduced doping. When the illumination is local and intense, the
semiconductor transitions from a dielectric to a metallic behavior at THz frequencies only at the illuminated area. We have used
this concept to demonstrate experimentally the photo-excitation of THz localized surface plasmon polaritons (LSPPs) in flat
semiconductor layers [1]. This demonstration is realized by a patterned optical excitation of free charge carriers in thin films of
GaAs using a spatial light modulator, which enables full spatial and temporal control of plasmonic resonances without the need of
physically structuring the sample. This approach is also used to excite capacitively and inductively coupled LSPPs in loaded
plasmonic antennas [2]. We also propose the spatially structured photoinduced doping of semiconductors to dynamically generate
plasmonic waveguides and circuits [3]. Structured illumination also enables active beaming of THz radiation with planar structures
[4].
[1] G. Georgiou, H.K. Tyagi, P. Mulder, G. Bauhuis, J. Schermer and J. Gómez Rivas, Photo-generated THz antennas, Sci. Rep. 4, 3584
1-5 (2014).
[2] G. Georgiou, C. Tserkezis, M.C. Schaafsma, J. Aizpurua and J. Gómez Rivas, Active loaded plasmonic antennas at terahertz
frequencies : Optical control of their capacitive-inductive coupling, Phys. Rev. B 91, 125443 1-7 (2015)
[3] H.K. Tyagi and J. Gómez Rivas, Photo-generated THz plasmonic waveguides, J. Opt. 16, 094011 1-7 (2014).
[4] T.P. Steinbusch, H.K. Tyagi, M.C. Schaafsma, G. Georgiou and J. Gómez Rivas, Active terahertz beam steering by photogenerated graded index gratings in thin semiconductor films, Opt. Express 22, 26559-26571 (2014).

#045 - Optical control of comb emission in mid infrared quantum cascade lasers
Francesco Cappelli - CNR-INO
Other Authors: Iacopo Galli, Giulio Campo, Simone Borri, Davide Mazzotti, Saverio Bartalini, Giovanni Giusfredi, Pablo Cancio, Paolo De Natale
(CNR-INO, Via Nello Carrara 1, 50019 Sesto Fiorentino FI, Italy), Borislav Hinkov, Jérôme Faist (Institute for Quantum Electronics, ETH Zurich,
8093 Zürich, Switzerland)

Optical feedback and injection locking are two well established techniques allowing for the control of mid infrared quantum
cascade lasers (QCLs) emission. The first one, with the laser mounted in an external cavity configuration [1], enables wide tunability
of the source. On the other hand, the second one, implemented using a metrological-grade radiation as master [2], enables the
transfer of the phase stability of the master oscillator to the QCL radiation.
Recently, comb operation in QCLs has been demonstrated [3]. Although a phase relation between the modes has been
demonstrated, the comb emission has to be stabilized to be used for high-resolution spectroscopy applications. Optical techniques
seem to be good candidates to this task. This aspect will be discussed in detail.

[1] A. Hugi, R. Maulini and J. Faist, "External cavity quantum cascade laser," Semicond. Sci. Technol. 25, 083001 (2010).
[2] S. Borri, I. Galli, F. Cappelli, A. Bismuto, S. Bartalini, P. Cancio, G. Giusfredi, D. Mazzotti, J. Faist, and P. De Natale, "Direct link of a
mid-infrared QCL to a frequency comb by optical injection," Opt. Lett. 37, 1011-1013 (2012).
[3] A. Hugi, G. Villares, S. Blaser, H. C. Liu, and J. Faist, "Mid-infrared frequency comb based on a quantum cascade laser," Nature
492, 229-233 (2012).
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#046 - First-principles nonlocal homogenization theory for metamaterials
Carlo Rizza - University of Insubria
Other Authors: Alessandro Ciattoni (Consiglio Nazionale delle Ricerche, CNR-SPIN, via Vetoio 10, L’Aquila, I-67100, Italy)

We discuss a simple first-principles homogenization theory for describing, in the long-wavelength limit, the effective bianisotropic
response of a periodic metamaterial composite without intrinsic chiral and magnetic inclusions. Specifically, by resorting to a
suitable multiscale technique, we show that medium effective permittivity tensor and the first and second order tensors describing
spatial dispersion can be evaluated by averaging suitable spatially rapidly-varying fields each satysifing electrostatic-like equations
within the metamaterial unit cell. As a leading example admitting full analytical description, we consider a simple multilayered
periodic structure characterized by one-dimensional geometric chirality, i.e. its mirror image can not be superposed onto it by using
translations without resorting to rotations. We show that the considered one-dimensional metamaterials are characterized by a
bianisotropic response and support strong optical activity.

#047 - Photo-generated THz plasmonic antennas and metamaterials
Arkabrata Bhattacharya - 1Photonics for Energy group, Dutch Institute for Fundamental Energy Research DIFFER
Other Authors: Giorgos Georgiou, Photonics for Energy group, DIFFER, Eindhoven, The Netherlands Jaime Gómez Rivas, Photonics for Energy
group, DIFFER, Eindhoven, The Netherlands and Cobra Research Institute, Eindhoven University of Technology, Eindhoven, The Netherlands

Optical illumination of semiconductors leads to photoinduced doping. When the illumination is local and intense, the
semiconductor transitions from a dielectric to a metallic behavior at THz frequencies only at the illuminated area. We have used
this concept to demonstrate experimentally the photo-excitation of THz localized surface plasmon polaritons (LSPPs) in flat
semiconductor layers [1]. This demonstration is realized by a patterned optical excitation of free charge carriers in thin films of
GaAs using a spatial light modulator, which enables full spatial and temporal control of plasmonic resonances without the need of
physically structuring the sample. This approach is also used to excite capacitively and inductively coupled LSPPs in loaded
plasmonic antennas [2]. We also propose the spatially structured photoinduced doping of semiconductors to dynamically generate
plasmonic waveguides and circuits [3]. Structured illumination also enables active beaming of THz radiation with planar structures
[4].
[1] G. Georgiou, H.K. Tyagi, P. Mulder, G. Bauhuis, J. Schermer and J. Gómez Rivas, Photo-generated THz antennas, Sci. Rep. 4, 3584
1-5 (2014).
[2] G. Georgiou, C. Tserkezis, M.C. Schaafsma, J. Aizpurua and J. Gómez Rivas, Active loaded plasmonic antennas at terahertz
frequencies : Optical control of their capacitive-inductive coupling, Phys. Rev. B 91, 125443 1-7 (2015)
[3] H.K. Tyagi and J. Gómez Rivas, Photo-generated THz plasmonic waveguides, J. Opt. 16, 094011 1-7 (2014).
[4] T.P. Steinbusch, H.K. Tyagi, M.C. Schaafsma, G. Georgiou and J. Gómez Rivas, Active terahertz beam steering by photogenerated graded index gratings in thin semiconductor films, Opt. Express 22, 26559-26571 (2014).
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#048 - Self-assembled Nanoparticles - Characterization and Application
Michael Gradzielski (I) - Technische Universität Berlin
A rather flexible way to obtain functional, soft nanoparticles of various size and shape is via ionic assembly, for instance by
employing charged (co)polymers and oppositely charged surfactants. Depending on the detailed molecular architecture of the
polymers and the surfactants and their mixing ratio quite differently structured assemblies can be formed, where the local
structure is typically dominated by the smaller surfactant molecules, while the overall structure and the stability depend strongly
on the polymer.
By tuning the composition one then is able to obtain anything from densely arrranged spherical micelles glue together by
oppositely charged polyelectrolyte, over more extended rod-like structures up to rather loose complexes. Particularly interesting
are in that respect biocompatible polymers such as chitosan or modified cellulose in combination with mild surfactants, such as
alkylethoxy carboxylates or phospholipids. The formed complexes have mainly been characterized structurally by means of light
and neutron scattering which yields a structural phase diagram. Depending on composition and pH one then has the option to vary
the structures in a systematic way and also to control the flow properties over an extended range.
Finally we also give some examples how such systems may be employed for purposes of sequestration of organic compounds or
metal ions. Accordingly such systems are promision candidates for developing nanostructured systems that are based biologically
benign compounds and useful for a variety of applications.

#049 - TIO2 AND C BASED PHOTOCATALYTIC NANOMATERIALS FOR WATER PURIFICATION
Vittorio Privitera (I) - CNR-IMM
The focus of the presentation is on the application of nanotechnology to water treatment [1, 2]. Worldwide 1.2 billion people suffer
inadequate access to clean water. Nanotechnology is expected to improve the water purification with lower cost and energy. These
were the major motivations for undertaking the initiative of the EU project WATER www.water.imm.cnr.it , coordinated by CNRIMM, that aims to develop novel applications attracting industrial and service assets. The mineralization of organic compounds and
the antibacterial efficiency of several nanomaterials and nanocomposites are reviewed, along with an evaluation of the
nanotoxicology aspects related to the use of nanomaterials in the environment. Some examples are shown about TiO2
nanoparticles, nanowires, nanotubes combined with metals, C or sensitizing molecules to increase the photocatalytic efficiency and
modulate the range of light absorption [3-6] . Nanotech filtration up-scalable to industrial production might determine an impact
on the economy and society through technology innovation. 1. Hu A. and Apblett A.; Nanotechnology for Water Treatment and
Purification; Lecture Notes in Nanoscale Science and Technology 22; Springer 2014. 2. Savage N. et al.; Journal of Nanoparticle
Research; 7, 331-342, 2005 Li Q. et al., Water Research; 42, 4591-4602, 2008. 3. G. Impellizzeri, V. Scuderi, L. Romano, P. Sberna, E.
Arcadipane, R. Sanz, F. Simone, and V. Privitera. "Fe ion-implanted TiO2 thin film for efficient visible-light photocatalysis", Journal of
Applied Physics, Vol. 116, pp. 173507, 2014. 4. V. Scuderi, G. Impellizzeri, L. Romano, M. Scuderi, G. Nicotra, K. Bergum, A. Irrera, B.
G. Svensson and V. Privitera. "TiO2-coated nanostructures for dye photo-degradation in water", Nanoscale Research Letters, Vol. 9,
pp. 458, 2014. 5. R. Sanz Gonzàlez, L. Romano, M. Zimbone, M. A. Buccheri, V. Scuderi, G. Impellizzeri, M. Scuderi, G. Nicotra, J.
Jensen and V. Privitera. "UV-black rutile TiO2: An antireflective photocatalytic nanostructure", Journal of Applied Physics, Vol. 117,
pp. 074903, 2015. 6. V. Scuderi, G. Impellizzeri, L. Romano, M. Scuderi, M. V. Brundo, K. Bergum, M. Zimbone, R. Sanz Gonzàlez, M.
A. Buccheri, F. Simone, G. Nicotra, B. G. Svensson, M. G. Grimaldi and V. Privitera. "An enhanced photocatalytic response of
nanometric TiO2 wrapping of Au nanoparticles for eco-friendly water applications", Nanoscale, Vol. 6, pp. 11189, 2014.

#050 - Ion irradiation of frozen gases and astrophysical applications
Riccardo Giovanni Urso - Dipartimento di Scienze Chimiche - Università degli Studi di Catania; INAF - Osservatorio
Astrofisico di Catania
Other Authors: Giuseppe A. Baratta (INAF, Osservatorio Astrofisico di Catania), Giuseppe Compagnini (Dipartimento di Scienze Chimiche –
Università degli Studi di Catania), Maria Elisabetta Palumbo (INAF, Osservatorio Astrofisico di Catania), Giovanni Strazzulla (INAF, Osservatorio
Astrofisico di Catania)

Infrared observations allowed the detection of molecules in the solid phase as icy mantles on dust grains along the line of sight of
quiescent molecular clouds and star forming regions. About 10 molecular species have been firmly identified in icy grain mantles
and it is largely believed that many others, also complex species cannot be detected because of instrumental detection limits. Some
of the observed species (such as CO) freeze out from the gas phase on the cold surface (4-100 K) of the dust grains, while others
(such as H2O and CH3OH) are formed on grains after surface reactions. Other molecules (such as CO2, OCS) are not expected to
freeze out from the gas phase and grain surface models do not account for their observed abundance. It has been suggested that
this molecules, along with other more complex species, are products of the interaction between icy mantles and low-energy cosmic
rays and UV photons. If the temperature increases, all these species are released to the gas phase after desorption of icy mantles
and can be detected by radio astronomical techniques. Most of our knowledge on the physical and chemical properties of ices in
star forming regions is based on the comparison between observations and laboratory experiments. In this work we report on
some recent results obtained by irradiating frozen gases at low temperature (10-100 K) with energetic ions (keV-MeV, simulating
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cosmic ions). Energetic ions passing through molecular solids release their energy to the target along the ion track. As a
consequence chemical bonds are broken, rearranging the molecular and crystalline structure of the original sample. We used
infrared and Raman spectroscopy to characterize the effects of irradiation. By means of infrared spectroscopy it is possible to
identify molecular groups and specific molecules, while Raman spectroscopy gives further information about the structural
properties of the samples and it is often used to study the effect of ion induced damage in carbonaceous solids. Some specific
results obtained after ion bombardment of frozen CO, N2, CH3OH and their mixtures will be presented in light to their relevance to
the astrochemical evolution of ices in star forming regions.

#051 - Modification of graphene oxide and graphene oxide-TiO2 solutions by pulsed laser irradiation for dye
degradation
Simona Filice - IMM CNR Catania - Università degli Studi di Catania
Other Authors: D. D’Angelo1, S.F. Spanò2, G. Compagnini2, Marco Sinatra2, Enza Fazio4, V. Privitera3 and S. Scalese1 1 CNR-IMM Zona
Industriale Strada VIII n.5, I-95121 Catania, Italy 2 Dip. di Scienze Chimiche, Universita` di Catania, viale A. Doria 6, 95125 Catania, Italy 3 CNRIMM via Santa Sofia n.64 I-95123 Catania, Italy 4 Dipartimento di Fisica e Scienze della Terra, Viale F. Stagno d'Alcontres 31, I-98166 Messina

Carbon nanostructures have been already used as high-capacity and selective sorbents for organic solutes in aqueous solutions. In
particular, graphene oxide (GO) and reduced graphene oxide (RGO) have been used as scaffold materials for photocatalytic
nanoparticles showing higher binding capacity for different water contaminants than free nanoparticles. Furthermore, GO has
shown photocatalytic properties and the ability of enhancing the activity of known photocatalyst as TiO2.This work reports the
preparation of RGO by pulsed laser irradiation starting from commercial GO prepared by the modified Hummers method, in order
to investigate any modifications of the photocatalytic properties after the reduction. Pulsed laser with visible wavelength (532 nm)
is suitable to finely tune the degree of reduction and tailor both the hydrophilicity and the spectroscopic features of the final GO
suspension. In addition, in this work pulsed laser irradiation is also used for producing mixed solution of GO and RGO with P25
titania. The produced materials are characterized by scanning electron microscopy (SEM), infrared, Raman and x-ray spectroscopy
(XPS). The photocatalytic activity is investigated by studying the decolorization of methylene blue solution under UVA-visible and
visible irradiation. Furthermore, the absorption of methylene blue and its aggregation on graphene layers is a direct measure of GO
reduction and of its layer properties. The role of P25 titania in enhancing GO reduction under laser irradiation is suggested by XPS
analysis and It will be investigated in more detail.

#052 - Efficient photocatalysis by polymeric nanocomposites for water purification
Maria Cantarella - CNR-IMM and University of Catania
Other Authors: Lucia Romano (University of Catania) Silvia Scalese, Giuliana Impellizzeri, Ruy Sanz, Maria Antonietta Buccheri, Vittorio Privitera
(CNR IMM)

In this work, we present TiO2 based polymeric nanocomposites, combined with electron scavengers or sensitizers, as valid tools for
water purification. Such nanocomposites have high photocatalytic and antibacterial activity; they were synthesized using poly
(methyl methacrylate) as polymer matrix. These PMMA based materials are stable, harmless and cheap and they overcome many
of the current issues that prevent the real application of the nanomaterials for water treatments, such as their dispersion in water
and the consequent related toxicology aspects. We combined titanium dioxide with carbon nanotubes, as acceptor systems of
electrons, and obtained a significantly higher photocatalytic efficiency under UV light for the activation of the degradation
processes, compared to the efficiency of the systems with TiO2 only. Furthermore, we synthesized operative materials even under
visible light thanks to the functionalization of TiO2 surface with sensitizers, such as porphyrins. This aspect is crucial for the
application of TiO2 as photocatalyst in the visible range, transferable to the industrial scale. We realized these polymeric
nanocomposites by sonication and solution casting method. We evaluated their photocatalytic activity by degradation of dyes in an
aqueous medium and we tested the antibacterial activity through CFU count using Escherichia coli as a model organism.

#053 - Electron energy-loss spectra of graphene oxide for the determination of oxygen functionalities
Daniele D'Angelo - CNR-IMM
Other Authors: Corrado Bongiorno (CNR-IMM), Massimiliano Amato (Distretto Tecnologico Sicilia Micro e Nano Sistemi S.c.a.r.l.), Ioannis
Deretzis (CNR-IMM), Antonino La Magna (CNR-IMM), Giuseppe Compagnini (Dip. di Scienze Chimiche, Università di Catania). Simon F. Spanò
(Dip. di Scienze Chimiche, Università di Catania), Silvia Scalese (CNR-IMM)

Graphene based materials for large-scale production can be obtained starting from graphene oxide (GO) by means of suitable
treatments, like thermal processes, chemical treatments or UV irradiation, in order to reduce the number of oxygen functional
groups.
The presence of C-O bonds opens an electron energy gap that can be modulated between the insulating and the conductive
behavior. Furthermore, the polar oxygen functional groups of GO render it strongly hydrophilic. Therefore, GO is highly dispersible
in many solvents and it can be easily deposited by spraying, drop-casting or spin-coating for use in cheap technological applications.
In addition, using well-known chemistry strategies, the oxygen functionalities can be utilized as sites for easy chemical modification
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or functionalization of GO. All these aspects suggest the importanceof the study and the individuation of the different oxygen
functionalities of GO.
The composition and the structure of GO and reduced GO depend on the synthesis and reduction methodologies. In this work, GO
was prepared by a modified Hummers method and reduced by pulsed laser irradiation using visible wavelength (532 nm).
Transmission electron microscopy analyses were performed and dual electron energy-loss spectra were acquired in different
regions of GO and reduced GO flakes. Experimental results show a series of characteristic peaks related to C and O K-edge shells.
Density functional theory calculations of the high-loss region of the electron energy loss spectra at atomic level enable a reliable
correlation between the observed experimental peaks and the presence of different oxygen functional groups (C-O-C, C-OH, O in
vacancies) on the graphene surface.

#054 - MW-Assisted synthesis of Ag nanoparticles using rosemary essential oil and their use to prepare silverhydrogel nanocomposites
José González Rivera - Dipartimento di Chimica e Chimica Industriale, Università di Pisa
Other Authors: Celia Duce (Dipartimento di Chimica e Chimica Industriale, Università di Pisa) Carlo Ferrari (INO-CNR area di Pisa) Lisa Guezzi
(Dipartimento di Chimica e Chimica Industriale, Università di Pisa) Vincenzo Ierardi (NanoMed Labs, Dipartamento di Fisica (DIFI), Università di
Genova) Alessio Spepi (Dipartimento di Chimica e Chimica Industriale, Università di Pisa) Maria Rosaria Tine´ (Dipartimento di Chimica e
Chimica Industriale, Università di Pisa)

The synthesis and characterization of acrylamide based hydrogel loaded with silver nanoparticles by a two step methodology is
shown in this work. First, silver nanoparticles (AgNPs) were synthesized using rosemary essential oil (EO) as renewable reducing
agent in a green and fast microwave (MW) assisted process. Then, the in-situ free radical polymerization reaction of well-dispersed
crosslinked acrylamide-based composite hydrogel containing the AgNPs was performed.This methodology is aimed by an
innovative approach using a coaxial dipole antenna to apply the electromagnetic energy inside the aqueous medium in both: i)
rosemary EO extraction by hydrodistillation and ii) silver nanoparticles synthesis at atmospheric pressure.
Nanoparticles formation was followed by UV-vis spectroscopy and SEM imaging. Silver nanoparticles with a tunable particle size
(from 7 to 18 nm) were obtained. The polymeric nanocomposites, obtained by free radical polymerization process, were highly
random materials built up by a main acrylamide backbone unit and partially crosslinked with methylene bis acrylamide (MBA). The
nanocomposites properties were investigated by studying the swelling, rheological and thermogravimetric behaviour. Swelling
capacity, viscoelastic properties and thermal stability were dependent on the dispersed AgNPs concentration into the polymeric
network. These nanocomposites, which involve the use of green synthesis, are economically convenient and easily manipulated
materials that can be used as carrier to apply the silver nanoparticles properties in very different applications.
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#055 - Infrared-Spectroscopic Nanoscopy of Solids
Fritz Keilmann (I) - Ludwig-Maximilians-Universität and Neaspec GmbH
Near-field optical microscopy by scattering from an AFM tip, s-SNOM, returns local optical constants from a tiny volume of only (20
3
nm) under the tip apex.[1] This enables an extraordinarily high 20-nm optical resolution mapping at any frequency in the VIS, IR,
and even THz spectral regions.
The mid-infrared is ideal for nanoscale chemical recognition by vibrational and phonon contrasts. Highlights will be presented of
finding and characterizing natural nanoscale inhomogeneities, chemical as well as structural, in organic solar-conversion film,[2] in
bone/shell biomineral matter,[3] and in slices through a cometary dust particle.[4]
In solid-state physics, the infrared scattering from the tip can contribute high momenta needed for the excitation of slow surface
waves. This unique ability has made s-SNOM surface-plasmon interferometry a unique characterization method of mobile carriers
in graphene[5] and BN.[6]
Our development of a coherent IR continuum source[7] has enabled to observe broadband infrared spectra at each image pixel, a
method named nano-FTIR. Note both amplitude and phase spectra are recorded. Because the technique uses 100-fs pulses the
extension to perform s-SNOM and nano-FTIR with ultrafast time resolution has been straightforward; it has allowed the pumpprobe determination of hot carrier dynamics of graphene as well as of bulk semiconductors.[8]
[1] F. Keilmann and R. Hillenbrand, “Near-field nanoscopy by elastic light scattering from a tip,” in Nano-Optics and Near-Field
Optical Microscopy, ed. by A. Zayats and D. Richard, Artech House, pp. 235-265 (2009).
[2] C. Westermeier, A. Cernescu, S. Amarie, C. Liewald, F. Keilmann, and B. Nickel, Nature Commun. 5,
doi:10.1038/ncomms51014101 (2014).
[3] S. Amarie, P. Zaslansky, Y. Kajihara, E. Griesshaber, W. W. Schmahl, and F. Keilmann, Beilstein J. Nanotech. 3, 312 (2012).
[4] G. Dominguez, A.S. Mcleod, Z. Gainsforth, P. Kelly, H.A. Bechtel, F. Keilmann, A. Westphal, M. Thiemens, and D.N. Basov, Nature
Commun. 5, 5445, doi:10.1038/ncomms6445 (2014).
[5] M. Wagner, Z. Fei, A.S. McLeod, A.S. Rodin, W. Bao, E.G. Iwinski, Z. Zao, M. Goldflam, M. Liu, G. Dominguez, M. Thiemens, M.M.
Fogler, A.H. Castro Neto, C. N. Lau, S. Amarie, F. Keilmann, and D.N. Basov, NanoLetters 14, 894 (2014).
[6] S. Dai, Z. Fei, Q. Ma, A.S. Rodin, M. Wagner, A.S. McLeod, M.K. Liu, W. Gannett, W. Regan, K. Watanabe, T. Taniguchi, M.
Thiemens, G. Dominguez, A. H. Castro Neto, A. Zettl, F. Keilmann, P. Jarillo-Herrero, M.M. Fogler, D.N. Basov, Science 343, 1125
(2014).
[7] F. Keilmann and S. Amarie, J. of Infrared, Millimeter, and Terahertz Waves 33, 479 (2012).
[8] M. Wagner, A. S. McLeod, S.J. Madox, Z. Fei, M. Liu, R. D. Averitt, M.M. Fogler, S.R. Bank, F. Keilmann, and D.N. Basov,
NanoLetters 14, 4529 (2014); M. Eisele, T.L. Cocker, M.A. Huber, M. Plankl, L. Viti, D. Ercolani, L. Sorba, M.S. Vitello, and R. Huber,
Nature Phot., doi: 10.1038/nphoton225 (2014).

#056 - Ultrafast nanoscopy of nanowire surfaces with sub-cycle temporal resolution
Tyler Cocker (I) - University of Regensburg
Other Authors: Max Eisele (University of Regensburg), Markus A. Huber (University of Regensburg), Markus Plankl (University of Regensburg),
Leonardo Viti (NEST, CNR), Daniele Ercolani (NEST, CNR), Lucia Sorba (NEST, CNR), Miriam S. Vitiello (NEST, CNR), Rupert Huber (University
of Regensburg)

Ultrafast spectroscopy of materials in the terahertz to multi-terahertz range provides the unique opportunity to study
photoinduced dynamics on the sub-cycle time scale. Moreover, this spectral range contains a host of important collective
excitations in condensed matter systems, including plasmons, phonons and magnons. Both the dynamics and character of these
low-energy excitations can change significantly as the dimensions of a system are reduced to the nanoscale. Their properties can
also vary between different nanoparticles in an ensemble, as nanoparticle size, structure, and orientation is often heterogeneous.
Direct, ultrafast measurements within single nanoparticles are thus of great interest. Infrared microscopy of surfaces based on
near-field scattering can provide a window into this drastically subwavelength world, enabling access to nanoparticle surfaces with
10 nm spatial resolution. Ultrafast, and even sub-cycle, nanoscopy can thus be achieved by combining cutting edge ultrafast and
imaging technologies.
Here, we demonstrate a unique combination of ultrafast multi-terahertz spectroscopy with scattering-type near-field scanning
optical microscopy (s-NSOM). Phase-stable multi-terahertz pulses are coupled to the tip of an s-NSOM and the scattered radiation
is detected by electro-optic sampling. We record the oscillating electric near field with a time resolution given by the duration of
the electro-optic gate pulse (10 fs, sub-cycle), while the radius of curvature of the s-NSOM tip apex defines our nano-spectroscopy
spatial resolution (10 nm in all three spatial dimensions).
We have applied our novel microscope to the study of ultrafast local carrier dynamics at the surface of an indium arsenide
nanowire. Ultrafast imaging of the scattered near-field intensity provides a map of the photoinduced carrier density, while fieldresolved nano-spectroscopy reveals its local evolution with sub-cycle time resolution. Tuning our probing depth, we also perform
femtosecond tomography and directly resolve the ultrafast (<50 fs) formation of a carrier depletion layer. Finally, as an outlook,
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recent measurements on nanowires made of a correlated electron material will be presented to highlight the unique insight that
can be gained from ultrafast multi-terahertz nanoscopy.

#057 - Localized Surface Polaritons in J-Aggregate Nanostructures
Salvatore Savasta - Università di Messina
Other Authors: C. Triolo1, A. Cacciola1, A. Genco2,3, M. Mazzeo3,4, R. Saija1, S. Patanè1, S. Savasta1, O. Di Stefano1 1Università di Messina,
Messina - Italy 2CBN, Istituto Italiano di Tecnologia, Lecce -Italy 3Università del Salento, Lecce - Italy 4 CNR NANOTEC - Istituto di
Nanotecnologia, lecce - Italy

When light interacts with metal nanoparticles and nanostructures, it can excite collective oscillations known as localized surface
plasmons (LSPs) which provide the opportunity to confine light to very small dimensions below the diffraction limit [1].
This high confinement can lead to a striking near-field enhancement which can be exploited in sensing and nanophotonics.
Only materials with a negative real part of the dielectric function and moderate losses, are able to excite localized surface waves
and hence to confine light to very small dimensions below the diffraction limit. Collective oscillations of free electrons are not the
only way a negative permittivity may arise. It may also occurs in the high energy tail of a strong absorption resonance [2,3].
We present accurate scattering calculations showing that nanostructures obtained from thin films of J-aggregate dyes [4], despite
their insulating behavior, are able to concentrate the electromagnetic field at optical frequencies below the diffraction limit,
analogously to metallic nanoparticles. These results, in view also of the huge variety of organic dyes that can aggregate and their
chemical flexibility, hold the promise to greatly enlarge the availability of plasmonic materials with different properties with respect
to noble metals. For example J-aggregates display attractive nonlinear optical properties which could be exploited for the
realization of switchable LSRs for nanophotonic devices.
Specifically we investigate ultrathin nanodisks and nanodisk dimers which can be obtained by nanolitography and nanopatterning
techniques. J-aggregate nanoantennas can represent a low-cost solution for improving photovoltaic devices and for the realization
of efficient artificial photosynthetic light-harvesting antennas.
[1] S. A. Maier, Plasmonics: fundamentals and applications: fundamentals and applications (Springer Science & Business Media,
2007)
[2] A. V. Shchegrov, K. Joulain, R. Carminati, J.-J. Greet, Phys. Rev. Lett. 85, 1548 (2000).
[3] N. Ocelic, R. Hillenbrand, Nat. Mater. 3, 606-609 (2004).
[4] M. S. Bradley, J. R. Tischler, V. Bulovic, Adv. Mater. 17, 1881-1886 (2005).

#058 - Room temperature Terahertz detection with 1D and 2D nanomaterials
Leonardo Viti - NEST, Istituto Nanoscienze − CNR
Other Authors: Daniele Ercolani. NEST, Scuola Normale Superiore and Istituto Nanoscienze − CNR, Piazza San Silvestro 12, Pisa, I-56127 Italy
Lucia Sorba. NEST, Scuola Normale Superiore and Istituto Nanoscienze − CNR, Piazza San Silvestro 12, Pisa, I-56127 Italy Miriam Serena Vitiello
NEST, Scuola Normale Superiore and Istituto Nanoscienze − CNR, Piazza San Silvestro 12, Pisa, I-56127 Italy

We report on the development of one dimensional (1D) or bi-dimensional (2D) field effect transistors (FETs) based on
semiconductor nanowires (NWs) or 2D nanomaterials, as a low-noise, high speed, and high efficiency detection technology across
the terahertz (THz) band. Our strategy is based on the possibility to exploit the rectification of the incoming electromagnetic field
by hydrodynamic nonlinearities in the FET channel. Terahertz radiation, coupled between the gate (G) and source (S) electrodes,
1
induces an AC field, exciting carrier density oscillations. These oscillations, referred to as plasma-waves, generate a driving
longitudinal electric field through the channel. If this simultaneous modulation of carrier density and drift velocity occurs in an
asymmetric structure, a DC voltage signal, whose amplitude is proportional to the intensity of the incoming radiation, results at the
2
drain (D) electrode. The required asymmetry can be provided by shaping the S (source) and D electrodes differently, by driving a
current through the device, or by realizing an inherently asymmetric channel playing with material morphology, composition, or
3
doping.
A semiconductor NW is ideal to build specific functionalities in a FET: NWs can be assembled with specific compositions,
heterojunctions and architectures, promising advanced performance at dimensions compatible with on-chip technologies. Here we
report on our recent progresses in the development of 1D InAs or InAs/InSb NW-based FETs exploiting novel morphologies and/or
4
material combinations.
By employing homogeneous InAs NWs we have demonstrated THz detection in the 0.3 THz – 3 THz range with noise equivalent
power (NEP) as low as 100 pW/√Hz. Moreover, exploiting the axial asymmetries of tapered gradient-doped InAs NWs and
heterostructured InAs/InSb NWs, we developed detectors that can be operated in a gateless configuration, with only a single
terminal for the rectified signal readout. This opens a promising possibility for the realization of a compact, multiple-pixel,
detection and imaging system.
Furthermore, we have recently studied the application of plasma-wave FET THz detectors based on novel intriguing 2D materials,
like exfoliated black phosphorus and three-dimensional topological insulators (TIs) exploiting bismuth compounds. These materials
have achieved good detection performances in the 0.26 THz – 0.38 THz range and have been already exploited in a realistic setting
for imaging applications.
References
1.M. Dyakonov and M. Shur. IEEE Trans. Electron. Dev. 43(3), 380–387 (1996).
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2. M. S. Vitiello, et al. Nano Lett. 12, 96–101, (2012).
3. L. Romeo, et al. Appl. Phys. Lett.105, 231112, (2014).
4. M. S. Vitiello, et al. APL Materials 3, 026104, (2015).
5. M. S. Vitiello, et al. Appl. Phys. Lett.100, 241101 (2012).
6. M. Ravaro, et al. Appl. Phys. Lett. 104, 083116 (2014).

#059 - Core/shell dielectric colloids and metal/dielectric nanostructures: multi-purpose platforms for photon
management at the nanoscale
Costantino De Angelis - University of Brescia
Other Authors: I. Alessandri (INSTM and Chemistry for Technologies Laboratory, Mechanical and Industrial Engineering Dept. University of
Brescia), N. Bontempi (INSTM and Chemistry for Technologies Laboratory, Mechanical and Industrial Engineering Dept. University of Brescia), L.
Carletti (CNISM - Department of Information Engineering University of Brescia), C. De Angelis (CNISM - Department of Information Engineering
University of Brescia)

Core/shell nanostructures are intensively investigated for broadband light trapping and management, because they can play as
optical cavities and directly take advantage of morphology dependent resonances. The same properties can be exploited in imaging
and vibrational spectroscopy (Raman, IR), in order to enhance their analytical sensitivity. [1-3] Moreover, the synergistic
combination of plasmonic nanoantennas and dielectric core/shell colloids allows the fabrication of near-field optical light
concentrators. These structures hold great promise in a variety of applications, which can take advantage from a carefully
engineered photon management. [4]
This presentation will review some applications of core/shell light nanoconcentrators as non-plasmonic Raman enhancers, which
have been used to investigate biochemical reactions, and their coupling to plasmonic nanoantennas for promoting light-assisted
chemical reactions.[1-6] Using both approximated analytical models and full wave numerical simulations, the role of morphology
dependent optical resonances in driving the spectral response of different systems will be discussed. Finally, the influence of the
nonlinear optical properties of the metallic nanostructures on the system optical response is analysed. [7-8]
References
1) I. Alessandri, J. Am. Chem. Soc. (2013) 135(15), 5541-5544.
2) I. Alessandri et al., RSC Adv. (2014) 4, 38152-38158
3) I. Alessandri et al., Small (2014) 10, 1294-1298.
4) S. Jeong et al., J. Vac. Sci. Technol. A (2012) 30, 060801.
5) M. Salmistraro et al., Small (2013) 9, 3301-3307.
6) G. Sinha et al., ACS-Appl. Mater. Interf. (2011) 3, 2557-2563.
7) M. Celebrano et al., Nature Nanotechnology (2015) 10, 412–417.
8) D. de Ceglia et al., Optics Express (2015) 2, 1715-1729.

#060 - Gate-controlled plasmonics in single nanostructures
Andrea Arcangeli - NEST, Scuola Normale Superiore & Istituto Nanoscienze-CNR
Other Authors: Francesco Rossella, Daniele Ercolani, Lucia Sorba, Fabio Beltram, Stefano Roddaro (NEST, Scuola Normale Superiore & Istituto
Nanoscienze-CNR) Alessandro Tredicucci (NEST, Scuola Normale Superiore & Istituto Nanoscienze-CNR ; Dipartimento di Fisica, Università di
Pisa)

Nanoplasmonics is emerging as a powerful tool for modern information and communication technologies, as suggested by the
recent realization of gate-tunable plasmons in graphene nanostructures [1].
Here we demonstrate that a similar approach can be also very useful for the spatially resolved investigation of fundamental
properties of nanostructures. In the present implementation we achieve field-effect control of the plasma resonance in InAs
nanowire (NW) devices, detected by scattering-type scanning near-field optical microscopy (s-SNOM) in the mid-infrared region
(λ~10.5 μm) [2].
The NWs are grown with a linearly graded doping which modulates the free carrier axial density, and are deposited on a substrate
consisting of 300 nm thick thermal SiO2 grown on top of bulk n-doped silicon. Optical nano-imaging of individual NWs shows a
typical resonant feature that mirrors the axial doping profile. Electrical contacts are fabricated on the NWs while the doped silicon
acts as a back gate.
Keeping the NW grounded by the contact electrode, we apply a dc voltage to the substrate and simultaneously probe the plasma
resonance along the NW. Using a back-gate voltage in the range (-100,+100)V we detect a 0.75nm/V shift of the axial position of
the plasma resonance, induced by the modification of the free carrier density in the NW due to the field effect. Moreover, we
implement a setup for low-noise local measurements of the field effect on the carrier density in the NW. From the analysis of our
results we are able to extract quantitative information on the electron mobility around the plasma resonance. Our approach leads
to the experimental evaluation of key electrical parameters with 20 nm spatial resolution using a non-invasive, all-optical method.
References
[1] J.Chen, et al., Nature 487, 77 (2012)
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[2] J.M Stiegler, et al., Nano Lett. 10,1387 (2010)

#061 - Three-Dimensional Nanohelices for Chiral Photonics at Visible Frequencies
Marco Esposito - CNR-NANOTEC
Other Authors: Vittorianna Tasco (CNR-NANOTEC), Francesco Todisco (CNR-NANOTEC), Alessandro Benedetti (Università di Roma La SapienzaSBAI), Massimo Cuscunà (CNR-NANOTEC), Adriana Passaseo (CNR-NANOTEC)
1

2

Chiral Photonics and Chiral Plasmonics are recently emerging fields of research, based on the study and the tailoring of optical
effects in chiral metamaterials where incident light and dielectric or metallic structures are arranged in a geometrical configuration
lacking of mirror symmetry. The optical response of these systems shows large sensitivity to the circular polarization state of
incident light, and this feature can be exploited for applications in optoelectronic devices, integrated quantum optics, or circular
dichroism spectroscopy for bio-detection. In this work, we will focus on our recent results about the nanoscale fabrication and the
3-5
optical investigation of helical metamaterials , where extrusion along the vertical dimension and controllable geometrical
parameter shrinkage allow the observation of a number of pronounced chiroptical effects in the optical frequency range.
Here we will discuss chiral metamaterials consisting of arrays of three-dimensional helicoidal nanostructures realized by platinum
deposition induced by focused ion beam or focused electron beam. The capabilities of this technology have been investigated, with
respect to resolution limits, 3D growth control in complex geometries and 3D proximity effects as a function of the interactions
3-4
between writing beam and deposition environment . Arrays of helical nanowires can be accurately engineered to get circular
dichroism in different spectral ranges, from NIR to VIS, with highly selective transmission of light handedness. By suitably exploiting
the insight in the technological issues affecting the growth of 3D nanohelices, complex intertwined chiral structures, such as Triple5
Helical Nanowires, have been realized , allowing the simultaneous observation of multiple chiroptical effects, namely, strong
broadband circular dichroism, high circular polarization conversion purity and optical activity, all in the visible range of the
electromagnetic spectrum. These three dimensional nanostructures show up to 37% of circular dichroism in a broad range (500–
1,000 nm), with a high signal-to-noise ratio (up to 24 dB). Optical activity of up to 8° only due to the circular birefringence is also
shown, tracing the way towards chiral photonic devices that can be integrated in optical nanocircuits to modulate the visible light
polarization. The experimental results are interpreted as a results of the mutual interaction between surface plasmon modes
excited by incident light in individual helical nanowires arranged in close proximity (~100 nm), leading to coupling and hybridization
between the plasmon modes, in turn responsible for the broader region of circular dichroism selectivity in the transmission spectra.

#062 - Pushing the high-energy limit of plasmonics
Francesco Bisio - CNR-SPIN
Other Authors: G. Maidecchi (Dipartimento di Fisica, Università di Genova, Genova, Italy), R. Proietti Zaccaria (Istituto Italiano di Tecnologia,
Genova, Italy), A. Alabastri (Istituto Italiano di Tecnologia, Genova, Italy), R. Moroni (CNR-SPIN, Genova, Italy), G. Gonella (Max-Planck-Institut
für Polymerforschung, Mainz, Germany), A. Giglia (CNR-IOM, Trieste, Italy), L. Mattera (Dipartimento di Fisica, Università di Genova, Genova,
Italy), M. Canepa (Dipartimento di Fisica, Università di Genova, Genova, Italy)

The localized surface plasmon (LSP) resonance of metal nanoparticles allows confining the electromagnetic field in nanosized
volumes, creating high-field "hot spots", most useful for a huge variety of applications in optics and photonics.
The most commonly employed plasmonic metals, Au and Ag, are upward limited in their LSP energy below the near-UV, due to the
strong damping exerted by interband transitions. Pushing the high energy limit of plasmonics to the deep-ultraviolet therefore
requires the exploitation of different metals. Without resorting to exotic or expensive materials, it was shown that it is theoretically
possible to achieve deep-ultraviolet (DUV) LSP resonances employing one of the cheapest and most abundant materials available
on earth: aluminum [1].
Whereas this material would represent a breakthrough in terms costs, two main disrupting factors have stood in the way of
practically exploiting Al and achieving the ultimate DUV limit: the first is the strong size-dependence of Al plasmons, calling for
ultrafine particles, and the second is the notorious reactivity of Al, leading to its fast oxidation and consequent LSP redshift. These
obstacles, though hard, can be however circumvented, employing careful nanofabrication methods and operating under ultracontrolled environment.
In this contribution, we report the successful realization Al NPs with ultrafine size (diameter D<20 nm) and completely free from
superficial oxide. Such particles exhibit indeed a striking high-energy plasmon resonance at 6.8 eV photon energy, the highest
energy reported for a LSP [2], that finally approaches the theoretical highest energy.
Since ultra-controlled environments hardly suit applications, we then monitored the effects of a realistic operating environment on
the LSP resonance. Controlled exposure of the nanoparticles to a reactive atmosphere showed a gradual surface oxidation and the
formation of the well-known passivating oxide layer, causing a general redshit of the LSP to 5.8 eV, still within the DUV range.
However, whereas aluminum nanoparticles of sufficiently large size successfully preserved a sizeable DUV plasmon response when
exposed to atmosphere [3], the smallest particles (D<10 nm) suffered an apparent loss of plasmonic functionality. High-resolution
electron spectroscopy investigations allowed to ascribe this effect to a disruption of the metal core occurring during the oxide
formation, as the different mobility of anions and cations in the surface region leaves behind vacancy clusters at the oxide-metal
interface that eventually coalesce to form hollow nanoparticles for the smallest metal cores [4]. This might represent an intrinsic
upward limit for Al plasmonics under atmospheric operating conditions.
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[1] Jinlian Hu, Lu Chen, Zichao Lian, Min Cao, Haijin Li, Wenbin Sun, Niuliu Tong, and Haibo Zeng, J. Phys. Chem. C 116 (2012) 15584
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[4] R. Nakamura, D. Tokozakura, H. Nakajima, J.-G. Lee, and H. Mori, J. Appl. Phys.101 (2007) 074303
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#063 - High-order harmonic generation in intense laser field and Fano resonances
Vasily Strelkov (I) - A.M.Prokhorov General Physics Institute of RAS
Other Authors: M. Khokhlova (M.V. Lomonosov Moscow State University, Moscow, Russia)

Using the resonances of the generating medium is a natural way to boost the high-order harmonic generation (HHG) efficiency.
Generation of high harmonics with frequencies close to that of the transition from the ground to an autoionizing state (AIS) of the
generating particle were experimentally investigated in plasma media [1] and in noble gases.
A number of HHG theories based on the specific properties of AIS were developed. These theories involve three-step rescattering
model [2] in which the HHG is described as a result of tunneling ionization, classical free electronic motion in the laser field, and
recombination accompanied by the XUV emission upon the electron's return to the parent ion. In particular, in Ref. [3] one of us
suggested a four-step resonant HHG model. The first two steps are the same as in the three-step model, but instead of the last step
(radiative recombination from the continuum to the ground state) the free electron is trapped by the parent ion, so that the system
(parent ion + electron) lands in the AIS, and then it relaxes to the ground state emitting XUV.
We develop the HHG theory considering AIS in addition to the ground state and free continuum treated in the theory [4] for the
non-resonant case. We show that such accurate consideration verifies the model [3]. The details of our approach are presented in
[5]. We find that the spectrum of the dipole moment of the system is the product of the Fano-like factor and the harmonic line
which would be emitted in the absence of the AIS. Our theory allows calculating not only the resonant harmonic intensity, but also
its phase. We show that there is a rapid variation of the phase in the vicinity of the resonance. Our calculations reasonably agree
with recent harmonic phase measurements [6].
[1] R. A. Ganeev, High-Order Harmonic Generation in Laser Plasma Plumes (Imperial College Press, London, 2012).
[2] P. B. Corkum, Phys. Rev. Lett., 71, 1994 (1993); K. J. Schafer et al., Phys. Rev. Lett., 70, 1599 (1993)
[3] V. V. Strelkov, Phys. Rev. Lett., 104, 123901 (2010)
[4] M. Lewenstein et al., Phys. Rev. A 49, 2117 (1994)
[5] V. V. Strelkov, M. A. Khokhlova, N. Yu. Shubin, Phys. Rev. A 89, 053833 (2014)
[6] S. Haessler et al., New Journal of Physics, 15, 013051 (2013)

#064 - Ultrafast photo-physics and photo-chemistry for model systems of biomolecule interactions
Carlo Altucci (I) - Dept. of Physics, Università degli Studi di Napoli "Federico II"
Other Authors: M. Valadan (Physics Dept. U. Federico II of Napoli), R. Velotta (Physics Dept. U. Federico II of Napoli), R. Improta (Istituto di
Biostrutture e Bioimmagini, CNR Napoli), E. Pomarico (LSU, EPFL Lausanne, Switzerland), and Chergui (LSU, EPFL Lausanne, Switzerland)

Understading and tagging interactions between biomolecules has become one of the most crucial tasks of modern life sciences
with enormous fallouts in all scientific fields. To this end a number of models have been proposed in a reductionist approach, to
mimic a simplified "hot core" of an interaction between molecules having very complicated structures. 5 Benzyl Uracil (5BU) was
originally proposed as a model system for the nucleic acid – protein interactions at a molecular level.In particular, it was selected as
a model for better understanding the interaction between nucleic acid and proteins in a reductionist view as containing functional
group analogs of nucleic acids and/or amino acids identified as photo-reactive in the literature. Additionally, 5BU undergoes clean
intramolecular photo-cyclization when irradiated with UV light (250 – 260 nm). Studying the rich ultrafast photo-physics and photochemistry of this model system retrieved by an accurate spectroscopic investigation, can lead to gain insights both in the ultrafast
processes involved in the photo-cyclization process and in nucleic acid - protein interactions. Moreover, since for 5BU the presence
or absence of oxygen does not modify the photo-cyclization quantum yield, this suggests that the occurring crosslinking reaction
involves singlet state chemistry and their ultrafast dynamics.
Excited states decay times of 5BU are estimated in the tens of picoseconds timescale and, since 5BU photochemistry involves the
dynamics of a ring closure which is investigated to realize molecular switches, studying the ultrafast processes triggered in such a
system promises to imply great progresses with noticeable practical applications. In particular, we report the ultrafast fluorescence
decay investigation of the molecule in response to a femtosecond UV exciting pulse, obtained by means of a fluorescence upconversion setup with high temporal resolution and with a spetral response extended down to the deep UV range.
5BU dynamics is expected to be considerably affected by the solvent, as observed for the nucleobases and in particular for Uracil,
which was found to have a different decay when passing from gas phase to methanol. Thus, we also carried on an investigation of
the role played by the solvent by characterizing the different steady-state absorption spectrum of the photo-cyclized product in
water and methanol. Being this response very much different we can, then, infer that water is favoring photo-cyclization, what
could have very crucial consequences also in better understanding the role played by the water molecule present in the
intracellular medium when looking at 5BU as a model of nucleic acid protein interactions.

#065 - High-energy recollision processes in strong-field QED
Antonino Di Piazza - Max Planck Institute for Nuclear Physics
Two oppositely charged particles created within a microscopic space-time region
can be separated, accelerated over a much larger distance, and brought to a

48

Laser-Matter Interaction: from Atoms to Nano-Particles

28 Sept

recollision by a laser field. Consequently, new reactions become feasible, where
the energy absorbed by the particles is efficiently released. By investigating the
laser-dressed polarization operator, we identify a new contribution describing
high-energy recollisions experienced by an electron-positron pair generated by
pure light when a gamma photon impinges on an intense, linearly polarized laser
pulse [1]. The energy absorbed in the recollision process over the macroscopic
laser wavelength corresponds to a large number of laser photons and can be
exploited to prime high-energy reactions. Thus, the recollision contribution to
the polarization operator differs qualitatively and quantitatively from the wellknown one, describing the annihilation of an electron-positron pair within the
microscopic formation region [2].
[1] S. Meuren, K. Z. Hatsagortsyan, C. H. Keitel, and A. Di Piazza, Phys. Rev.
Lett. 114, 143201 (2015).
[2] A. Di Piazza, C. Müller, K. Z. Hatsagortsyan, and C. H. Keitel, Rev. Mod. Phys. 84, 1177 (2012).

#066 - Controlling photoemission from laser-driven quantum rings
Pietro Paolo Corso - Università degli Studi di Palermo - Dipartimento di Fisica e Chimica
The diffused radiation from planar and structured quantum rings driven by an intense laser field is investigated.
Adopting all the possible simplifications that do not hide the essential effects, the time dependent Schroedinger equation is
numerically solved by considering a single active electron. We investigate the characterization of the emitted radiation as a
function of some parameters concerning the geometry of the system and the laser polarization. The results show that manipulation
of these parameters provides important handles to control the emitted spectrum indicating that the investigated systems are
efficient sources of radiation.

#067 - Angular-resolved photoelectron spectroscopy of many-electron systems from a time-dependent densityfunctional theory perspective
Umberto De Giovannini - University of the Basque Country EHU/UPV
Photoelectron spectroscopy is a technique widely used to study the electronic properties of a large variety of physical systems
ranging from atoms and molecules to solids and surfaces. Electrons ejected form these systems carry a wealth of information on
the parent ions and the ionization process which is encoded in the angular distribution of their velocities. Analyzing the data to
extract physical information with simple analytical tools is only possible under very specific conditions. Recent advances in the
development of intense and/or ultra-short light sources offer new opportunities to study exotic and highly excited states also as a
function of time [1] whose analysis require theoretical tools way beyond the simple analytical ones. Building an ab-initio approach
to model these kind of process is a difficult task since it requires to deal with infinitely extended states of many-electron systems in
the presence of time-dependent external fields.
Time-dependent density functional theory (TDDFT) offers a simple yet powerful framework to describe many-electron systems
interacting with external electromagnetic fields. The simplicity resides in the mapping of the complicated many-body problem onto
a problem of non-interacting electrons in the presence of an effective time-dependent single-particle potential. The theory is
formally exact and in principle can give access to the exact time-dependent density of an interacting system.
We present a method, based on a geometrical partitioning scheme that efficiently can gives access to momentum-resolved
photoelectron spectra of multi-electron systems within TDDFT [2]. We introduce the theory and illustrate the core algorithms
applicable to real-space real-time formulations. We show how this techniques can be easily extended to study time-resolved pumpprobe experiments in which a system response (electron emission) to a probe pulse, is measured in an excited state [3]. This
simulation tool can help to interpret attosecond time-resolved spectroscopic experiments, where the electronic motion must be
followed at its natural time-scale. Further, by including the ionic motion, we show how this approach can provide direct insight into
molecular photochemical reactions [4] and discuss under which conditions it is possible to reconstruct the molecular orbitals from
the photoelectron angular distribution [5].
[1] G. Wu, P. Hockett, and A. Stolow, Phys. Chem. Chem. Phys. 13, 18447 (2011).
[2] U. De Giovannini, D. Varsano, M. A. L. Marques, H. Appel, E. K. U. Gross, and A. Rubio,
Phys. Rev. A 85, 062515 (2012).
[3] U. De Giovannini, G. Brunetto, A. Castro, J. Walkenhorst, and A. Rubio, Chemphyschem
14, 1363 (2013).
[4] A. Crawford-Uranga, U. De Giovannini, D. J. Mowbray, S. Kurth, and A. Rubio, J. Phys.
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B: Atom. Mol. Optical Physics 47, 124018 (2014).
[5] U. De Giovannini, Q. Zheng, A. Rubio, in preparation (2015).

#068 - Quantum breathing frequency of a harmonically trapped quantum gas
Gianfranco Orlando - University College London
Other Authors: C. R. McDonald (University of Ottawa, Ottawa, Ontario K1N6N5, Canada), T. Brabec (University of Ottawa, Ottawa, Ontario
K1N6N5, Canada) J. W. Abraham (Institut fu ̈r Theoretische Physik und Astrophysik, Christian-Albrechts-Universita ̈t zu Kiel, D-24098 Kiel,
Germany ), D. Hochstuhl (Institut fu ̈r Theoretische Physik und Astrophysik, Christian-Albrechts-Universita ẗ zu Kiel, D-24098 Kiel, Germany ), M.
Bonitz (Institut fu ̈r Theoretische Physik und Astrophysik, Christian-Albrechts-Universita ẗ zu Kiel, D-24098 Kiel, Germany )

We present an explicit formula for the quantum breathing frequency $\omega_b$ of a harmonically trapped quantum gas with
inverse power-law repulsion. We show how it is possible to express the average values of some important observables of the
trapped quantum gas as a function of the breathing frequency. It is therefore argued that measurements of $\omega_b$ can
accurately describe the state of harmonically trapped interacting particles. The formula for $omega_b$ is confirmed by numerical
calculations for a system of electrons confined in a lateral (2D) quantum dot.

#069 - Efficient attosecond pulse generation from HHG spectra
Giuseppe Castiglia - Università degli Studi di Palermo - Dipartimento di Fisica e Chimica
Other Authors: Pietro Paolo Corso (Università degli Studi di Palermo - Dipartimento di Fisica e Chimica - Via Archirafi 36 - 90123 Palermo Italy), Emilio Fiordilino (Università degli Studi di Palermo - Dipartimento di Fisica e Chimica - Via Archirafi 36 - 90123 Palermo - Italy)

In this work we propose a method to obtain a single attosecond pulse through the manipulation of the HHG spectra emitted from
simple systems driven by an intense laser field. In particular, by means of suitable frequency shift of the emitted radiation followed
by subsequent pulses recombination, we show that it is possible the generation of ultrabroadband "quasi-continua" spectra leading
to an isolated attosecond pulse. The importance of this technique lies in the possibility of using laser sources which are commonly
available in most laboratories.
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#070 - Clustering by search-and-find of density peak: a cheap and unsupervised approach to map complex data
landscapes.
Alessandro Laio (I) - SISSA
Other Authors: Alex Rodriguez, SISSA, via Bonomea 265, trieste, Italy

Cluster analysis is aimed at classifying elements into categories on the basis of their similarity. Its applications range from
astronomy to bioinformatics, bibliometrics, and pattern recognition. We propose an approach based on the idea that cluster
centers are characterized by a higher density than their neighbors and by a relatively large distance from points with higher
densities. This idea forms the basis of a clustering procedure in which the number of clusters arises intuitively, outliers are
automatically spotted and excluded from the analysis, and clusters are recognized regardless of their shape and of the
dimensionality of the space in which they are embedded [Science, vol 344, p. 1492 (2014)]. We will describe applications of this
approach to molecular modeling, bioinformatics and neuroimaging.

#071 - Exploring the Molecular Mechanisms of Photosynthesis by Ab Initio Molecular Dynamics
Leonardo Guidoni (I) - Università dell'Aquila
The understanding of the molecular mechanisms and the catalytic strategies photosynthetic proteins in plants, algae and
cyanobacteria offers many challenges to theoretical biophysicists. These mechanisms include the capture of light by antenna
systems, the primary charge separation that convert the photon energy into chemical energy, and the subsequent cascade of
biochemical processes leading to the formation of stable high-energy organic products that can be stored in the living organisms.
One fundamental step of such mechanisms is the conversion of the electronic excitations into chemical energy used to perform the
light-driven transformation of water molecules into molecular oxygen and hydrogen equivalents, i.e. water splitting. This reaction
occurs through a series of intermediate steps S0-S4 of the so-called Kok-Joliot's cyle in the Oxygen Evolving Center of Photosystem
II (PSII), recently crystallised at atomic resolution [1]. Beyond their interests in biophysics, the comprehension of photosynthetic
water splitting mechanisms may also inspire artificial devices [2,3].
By means of Quantum Mechanics / Molecular Mechanics (QM/MM) calculations, we were able to rationalize previously puzzling
experiment [4,5] and to understand the complex proton-coupled-electron-transfer mechanisms along the way to water spitting [6].
In the present contribution I will focus mainly on the very early events following the first charge separation which is occurring in the
so-called P680 complex, a tetramer of four chlorophylls having a twofold pseudo-symmetry. The photo-induced electron transfer is
supposed to leave an oxidising hole shared between two particular chlorophylls, PD1 and PD2, which form the so-called “special pair”
of chlorophylls of PSII. This oxidised, charged, pair of chlorophylls is known to be stable for about a hundred of ns before in turn it
oxidizes in normal conditions one of the two pseudo-symmetric tyrosines nearby, TyrZ[7]. Using QM/MM ab initio molecular
dynamics we have detected an asymmetry in the charge distribution of the oxidised special pair, in agreement with several
experiments. We have also characterised the origin and the dynamics of this asymmetry, pointing out the key role of the mutual
orientation of the chlorophylls and of the protein environment.
[1] Y. Umena, et al. Nature 473, 55 – 60 (2011). [2] D. Nocera, Acc.Chem.Res. 45, 767- 776 (2012). [3] G. Mattioli, P. Giannozzi, A.
Amore Bonapasta, L. Guidoni, JACS 35, 15353–15363 (2013). [4] D. Bovi, D. Narzi, L. Guidoni, Angewandte Chemie 52, 11744–11749
(2013). [5] D. Bovi, D. Narzi, L. Guidoni, New Journal of Physics, 16, 015020 (2014). [6] D. Narzi, D. Bovi, L. Guidoni,
Proc.Nat.Acad.Sci., 111, 8723–8728 (2014). [7] S. Styring et al. BBA 1817, 76-87 (2012).

#072 - Step by step: gold nanoparticles enter biomembranes
Giulia Rossi - Physics Department, University of Genoa, Italy
Other Authors: Federica Simonelli, Davide Bochicchio and Riccardo Ferrando Physics Department, University of Genoa, Italy

Metal nanoparticles (NP) play more and more important roles in pharmaceutical and medical technology as diagnostic or
therapeutic devices. Metal NPs can nowadays be engineered in a multitude of shapes, sizes and compositions, and they can be
decorated with an almost infinite variety of functionalities. Despite such technological advances, there is still poor understanding of
the molecular processes that drive the interactions of metal NPs with cells. Cell membranes are the first barrier encountered by
NPs entering living organisms. The understanding and control of the interaction of nanoparticles with biological membranes is
therefore of paramount importance to understand the molecular basis of the NP biological effects.
Here we address, by means of coarse-grained Molecular Dynamics simulations, the interaction of ligand-protected Au NPs with
model phospholipid membranes. We elucidate the molecular mechanisms involved during the passive membrane permeation and
identify the most favorable structural arrangements of the NP-membrane complex. We compare NPs with different ligand
compositions, and study their interaction with lipid membranes as varying their degree of hydrophobicity, surface pattern and
surface charge.
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#073 - Designing highly specific probes with tunable affinity
Francesca Nerattini - Computational Physics Group, University of Vienna
Other Authors: Luca Tubiana (University of Vienna), Ivan Coluzza (University of Vienna)

Finding ligands able to bind with high specificity and tunable affinity to a target protein is one of the major challenges in medical
research[1]. To this aim we develop a computational protocol based on the coarse-grained protein model "Caterpillar" [2] that has
proven to be quantitative for design and folding simulations. We apply the model to design proteins that bind specifically to a
simple pocket. The generated pocket specific sequences can be tuned with different biding free energies, computed using the
Caterpillar and verified with all atom MD simulations.
[1] PNAS, 112(18), 5579-5584. (2015)
[2] PloS one, 6(7), e20853. (2011)

#074 - Multiple binding modes of ibuprofen in human serum albumin identified by alchemical free energy
calculations
Bruno Rizzuti - CNR-NANOTEC UOS Cosenza, LiCryL and CEMIF.Cal, University of Calabria, Rende, Italy
Other Authors: Stefania Evoli (Department of Physics, University of Calabria, Rende, Italy), Rita Guzzi (Department of Physics and CNISM Unit,
University of Calabria, Rende, Italy), David L. Mobley (Departments of Pharmaceutical Sciences and Chemistry, University of California, Irvine,
United States of America)

Human serum albumin (HSA) is the most abundant protein in blood plasma, where it transports a wide range of ligands including
fatty acids, drugs and metabolites. Ibuprofen is a pharmaceutical compound widely used for its anti-inflammatory effects and to
control or reduce pain and fever. It is almost insoluble in water and, when administered in ordinary quantities, is almost entirely
carried by albumin in the blood. A complete map of the binding of ibuprofen to HSA is complicated to obtain in ‘wet lab’
experiments, for at least two reasons. First, albumin has multiple binding sites available to accommodate small ligands. Second,
ibuprofen may occur either in a charged or neutral form, as well as in two enantiomers with different therapeutic activity.
In this work, by using a combination of molecular docking, molecular dynamics (MD) simulations and alchemical free energy
calculations, we report an accurate prediction of the geometry, protonation state and affinity of binding for the pharmaceutically
most active form of ibuprofen to HSA. In particular, molecular docking was employed for a large screen of the protein surface in
search of binding poses, which were subsequently simulated in conventional MD runs. Binding modes showing a stable placement
were selected by using clustering analysis techniques, on the basis of their position, interaction energy and other factors. Finally,
absolute binding free energy calculations were used to estimate the binding affinity.
The results show that Sudlow’s drug site 2 (DS2) is the preferred binding site for the charged S– enantiomer of ibuprofen in HSA,
with a very favorable binding free energy, –18.0 ± 0.6 kcal/mol. Two other high affinity sites are predicted to correspond to
Sudlow’s drug site 1 (DS1) and the fatty acid site 6 (FA6), with binding affinities in the range from –10.4 to –15.4 kcal/mol. In
contrast, less favorable values of the binding free energy were found for ibuprofen bound in the other fatty acid sites, as well as in
the protein cleft in between subdomains IB-IIIA. For ibuprofen in neutral form, the free energy of binding is drastically less
favorable (by at least 4.0 kcal/mol), ruling out the possibility that the ligand is protonated within the protein matrix.
These findings provide a detailed description of the binding of ibuprofen in HSA, and may help to explain a wide range of
experimental results reported in the literature and obtained with several different techniques.

#075 - Minimum Valence Principle. Design of natural, artificial and bionic proteins
Ivan Coluzza - University of Vienna
Other Authors: Cardelli C. (1) Nerattini F. (1) Bianco V. (1) Capone B. (1) Tubiana L. (1) van Oostrum P. (2) Dellago C. (1) \underline(Coluzza I.}
(1) Affiliations: Computational Physics, Faculty of Physics, University of Vienna Institute of Biological Inspired Materials, University of Natural
Resources and Life Sciences, Vienna

Self-assembling is the process by which a substance spontaneously reaches a specific long-lived configuration with a well-defined
structure. Such structures may be highly inhomogeneous but still strongly differ from random amorphous materials, which are
typically dynamically arrested. In fact by having an easily accessible ground state, self-assembling materials have the property of
forming structures characterized by few defects, and they often have the capacity to adapt to changes in the environment. In
nature proteins are an extraordinary example of self-assembling material. Proteins have two key features: they are all made of
sequences of only 20 chemically different blocks, their functions and structures are precisely controlled by the sequence of amino
acids. All life that we know of is built upon these elements. In this presentation I will show two breakthrough results that sprouted
from the understanding of how the protein features can be transferred to an artificial system that we refer to as Bionic Proteins [12].
The Caterpillar protein model [3-4] demonstrated that quantitative protein design and folding could be achieved with a model that
qualitatively captured the valence of the protein backbone interactions. Many examples demonstrated the power of the model to
predict the folded structures of natural proteins as well as produce realistic completely artificial sequences for again natural
proteins.
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Bionic proteins are chains of colloidal particles each covered by a chemical layer that gives them different flavors mimicking the
amino acids. In addition to the layer each particle is decorated with spots that create a strong preference for specific particleparticle relative orientations. These two elements where enough to allow the design sequences that would self-assemble in a large
spectrum of target structures including knotted chains which have important application for drug design.
[1]. Coluzza, I., & Dellago, C. (2012). J. of Phys: Cond. Matt, 24(28), 284111.
[2]. Coluzza, I., van Oostrum, P., Capone, B., Reimhult, E., & Dellago, C. (2013). PRL, 110(7), 075501.
[3]. Coluzza, I. (2011). PloS One, 6(7), e20853.
[4]. Coluzza, I. (2014). PloS One, 9(12), e112852.

#076 - Intermolecular interaction and diffusion in fibril-forming protein solution: Beyond the colloidal approach
Mauro Manno - National Research Council of Italy, Institute of Biophysics
Other Authors: Samuele Raccosta,1 Marco Blanco,2 Christopher J. Roberts,2 Rosina Noto,1 Vincenzo Martorana,1 Mauro Manno,1 1. Inst. of
Biophysics, Natl. Res. Council of Italy , via Ugo La Malfa 153, 90146 Palermo, Italy; 2. Dept. Chemical and Biomolecular Engineering, University of
Delaware, Newark, Delaware 19716, USA.

The role of intermolecular interaction in fibril-forming protein solutions and its relation with molecular conformation is a crucial
aspect for the control and inhibition of amyloid structures. We have investigated protein−protein interac ons for diﬀerent ﬁbrilforming proteins (lysozyme, insulin, α-chymotrypsinogen) by small-angle neutron and x-ray scattering, measuring the static
structure factor, and by static and dynamic light scattering, measuring the second virial coefficient and the Kirkwood−Buﬀ integral.
The latter allowed us to take into account the role of density fluctuations even at high concentrations and to show that
electrostatic interactions are the dominant contribution for colloidal interactions in the studied protein solutions. As protein
concentration increases, the strength of protein−protein interac ons decreases, with a more pronounced decrease at low salt
concentrations. Such effective “crowding” is due to the long-ranged electrostatic repulsions that are prominent even at moderate
protein concentrations (Blanco et al. J. Phys. Chem. B 2014, 118, 5817-5831, Blanco et al. in preparation). The crowding effects
were confirmed and quantified by assessing the hydrodynamic factor and the protein collective and self-diffusion by using photon
and fluorescence correlation spectroscopy. Both techniques evidence how an increase of concentration hinders protein selfdiffusion, likely due to both hydrodynamics and crowding effect (Raccosta et al. in preparation). Moreover, we have investigated
the relation between intermolecular interaction and protein conformational stability. In the case of lysozyme, proteins are driven
out of metastability through conformational sub-states, which are kinetically populated and experience lower activation energy for
fibril formation. This explains how electrostatic repulsion may act as a gatekeeper in selecting the appropriate pathway to
fibrillation (Raccosta et al. J. Phys. Chem. B 2012, 116, 12078-12087).
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#077 - Quasi-stationary states in particle systems with power law interactions
Michael Joyce (I) - Université Pierre et Marie Curie - Paris 6
Quasi-stationary states” are very long lived non-equilibrium stationary
states which have been observed in numerous classical many body systems
with long-range interactions. I will first review review the nature of these
states and their theoretical interpretation within the framework of the
Vlasov equation. In the rest of the talk I will address the question of how
their existence is tied to the nature of the underlying interaction, and
in particular to its properties at large and small scales.
Two quite different approaches to the question lead to the conclusion, born
out by numerical study, that the existence of these states is a robust property
only for interactions for which the pair force is non-integrable at large
separation. This motivates a natural classification of interactions
into “"dynamically" long/short range which is distinct from the
usual thermodynamic classification.

#078 - Estimating topological properties of weighted networks from limited information: applications to socioeconomic field
Andrea Gabrielli (I) - Istituto dei Sistemi Complessi (ISC) - CNR
Other Authors: Giulio Cimini (ISC - CNR, Rome, Italy) Diego Garlaschelli (Lorentz Institute, Leiden University, Netherland) Tiziano Squartini (ISC CNR, Rome, Italy)

A problem typically encountered when studying complex systems is the limitedness of the information available on their topology, which hinders our understanding of their structure and of the
dynamical processes taking place on them. A paramount example is provided by financial networks,
whose data are privacy-protected: banks publicly disclose only their aggregate exposure towards
other banks, keeping individual exposures towards each single bank secret. Yet, the estimation of
systemic risk strongly depends on the detailed structure of the interbank network. The resulting
challenge is that of using aggregate information to statistically reconstruct a network and correctly
predict its higher-order properties. Standard approaches either generate unrealistically dense networks, or fail to reproduce the observed topology by assigning homogeneous link weights. Here we
develop an improved reconstruction method based on statistical mechanics concepts, that makes
use of the empirical link density in a highly nontrivial way. Technically, the novelty of our approach
lies in the preliminary estimation of node degrees from empirical node strengths and link density,
followed by a maximum-entropy inference based on the combination of empirical strengths and
estimated degrees. Our method is successfully tested on the international trade network and the
interbank money market, and represents a valuable tool for gaining insights on privacy-protected or
partially-accessible systems.

#079 - Kuramoto model of synchronization: equilibrium and nonequilibrium aspects
Stefano Ruffo (I) - Dipartimento di Fisica e Astronomia Università degli Studi di Firenze
Other Authors: Alessandro Campa, ISS Rome; Shamik Gupta, MPIPKS, Dresden

Recently, there has been considerable interest in the study of spontaneous synchronization, particularly within the framework of
the Kuramoto model. The model comprises oscillators with distributed natural frequencies interacting through a mean-field
coupling, and serves as a paradigm to study synchronization. In this talk, I will describe the model from a different point of view,
emphasizing the equilibrium and nonequilibrium aspects of its dynamics from a statistical physics perspective.I will discuss in a
unified way known results with more recent developments obtained for a generalized Kuramoto model that includes inertial effects
and noise.

#080 - The Scientific Competitiveness of Nations
Giulio Cimini (I) - Istituto dei Sistemi Complessi (ISC-CNR) UoS "Sapienza" Uinversità di Roma
Other Authors: Andrea Gabrielli (Istituto dei Sistemi Complessi (ISC-CNR) UoS Università "Sapienza" di Roma, e IMT Institute for Advanced
Studies, Lucca), Francesco Sylos Labini (Istituto dei Sistemi Complessi (ISC-CNR), e Centro Studi e Ricerche Enrico Fermi, Compendio del
Viminale, Roma)

We use citation data of scientific articles produced by individual nations in different scientific domains to determine the structure
and efficiency of national research systems. We characterize the scientific fitness of each nation---that is, the competitiveness of its
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research system---and the complexity of each scientific domain by means of a non-linear iterative algorithm able to assess
quantitatively the advantage of scientific diversification. We find that technological leading nations, beyond having the largest
production of scientific papers and the largest number of citations, do not specialize in a few scientific domains. Rather, they
diversify as much as possible their research system. On the other side, less developed nations are competitive only in scientific
domains where also many other nations are present. Diversification thus represents the key element that correlates with scientific
and technological competitiveness. A remarkable implication of this structure of the scientific competition is that the scientific
domains playing the role of "markers" of national scientific competitiveness are those not necessarily of high technological
requirements, but rather addressing the most "sophisticated" needs of the society.

#081 - Glassy photonics: statistical mechanics and replica symmetry breaking in lasing in random media
Luca Leuzzi - CNR-NANOTEC, Soft and Living Matter Lab., Rome
Other Authors: Fabrizio Antenucci, CNR-NANOTEC, Soft and Living Matter Lab., Rome; Andrea Crisanti, Sapienza University, Rome

The behavior of a newly introduced overlap parameter is analyzed, measuring the correlation between intensity fluctuations of
waves in random media in different physical regimes, with varying amount of disorder and non-linearity. Its relationship is
established to the standard Parisi overlap order parameter in replica theory for spin-glasses. In the complex spherical spin-glass
model, describing the onset and behavior of random lasers, replica symmetry breaking in the intensity fluctuation overlap is
shown to occur at high pumping or low temperature. This order parameter identifies the laser transition in random media
and describes its glassy nature in terms of emission spectra data, the only data so far accessible in random laser measurements.
The theoretical analysis is, eventually, compared to recent intensity fluctuation overlap measurements demonstrating the validity
of the theory and providing a straightforward interpretation of different spectral behaviors in different random lasers.
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#082 - Symmetry breaking in core-shell nanoalloys
Riccardo Ferrando (I) - Dipartimento di Chimica e Chimica Industriale dell'Università di Genova
Nanoalloys are bi- or multi-component metallic particles in the size range between 1 and 100 nm. Nanoalloys present a wide
variety of structures and properties, which make them suitable for many applications in catalysis, optics, magnetism and
biomedicine. Nanoalloys of weakly miscible metals present core-shell and Janus structures as preferential arrangements. Size- and
composition-dependent transitions between these arrangements can be rationalized by a unifying concept, that is symmetry
breaking, caused by the accumulation of strain at the atomic level and its subsequent release. Several binary metallic systems, such
as Ag–Cu, Ag–Co, Ag–Ni, Au–Co, and Cu-Ni are treated, comparing computational results to experimental observations.

#083 - From size-selected gold nanoclusters to nanostructured surfaces: solving the atomic structure of model
nanoparticles with multiple applications
Richard E Palmer (I) - University of Birmingham
The controlled deposition of beams of size-selected nanoclusters (nanoparticles), assembled from atoms in the gas phase and
mass-selected before deposition, is a novel [1] but increasingly popular route to the fabrication of functional surfaces structured on
the sub-10nm scale, with applications in catalysis, coatings, radio-sensitizers and biochips [2]. These systems also have the potential
to serve as model, ultraprecise reference materials for bio-imaging and metrology (e.g. cryo-electron tomography) and
nanotoxicology. Efforts to scale-up the rate of cluster generation thus promise significant future impact and will be summarised.
However fundamental questions remain over the equilibrium atomic structures of the clusters themselves, since direct gas phase
structural studies have been limited and new techniques like aberration-corrected scanning transmission electron microscopy (acSTEM) are only now being applied to soft-landed, size-selected clusters.
I will survey our recently published [2-8] and latest systematic ac-STEM experiments which address the atomic structure of sizeselected “magic number” gold clusters – Au20, Au55, Au309, Au561, and Au923 – including dynamical manipulation experiments [6],
which probe the transformation of metastable isomers into more stable configurations, and reaction-exposure experiments, which
probe the stability of the nanocluster structures under real catalytic conditions. The results distinguish the hierarchy of competing
isomers as a function of cluster size, expose concepts such as templated-growth, provide a body of data to stimulate and constrain
computational models and are readily extendable to other sizes and cluster materials including binary systems. The image shows
one frame from a dynamical STEM video of an Au923±23 cluster.
1. R.E. Palmer, S. Pratontep and H.-G. Boyen, Nature Materials 2 443 (2003).
2. R.E. Palmer and C. Leung, Trends in Biotechnology 25 48 (2007).
3. Z.W. Wang and R.E. Palmer, Nano Lett. 12 91 (2012).
4. Z.W. Wang and R.E. Palmer, Nanoscale 4 4947 (2012) [Cover].
5. Z.W. Wang and R.E. Palmer, Nano Lett. 12 5510 (2012).
6. Z.W. Wang and R.E. Palmer, Phys. Rev. Lett. 108 245502 (2012).
7. S.R. Plant, L. Cao, F. Yin, Z.W. Wang and R.E. Palmer, Nanoscale 6 1258 (2014) [Cover]; S.R. Plant, L. Cao and R.E. Palmer, JACS
136 7559 (2014).
8. D.M. Wells, G. Rossi, R. Ferrando and R.E. Palmer, Nanoscale, Advance Article (2015): DOI 10.1039/C4NR05811A.

#084 - Simulating friction of well-characterized deposited 'nano'-systems: from metallic clusters and rare-gas
islands to colloidal monolayers
Andrea Vanossi (I) - CNR-IOM DEMOCRITOS & SISSA
The high complexity of dealing with systems with many degrees of freedom under a strict size confinement arises especially in
sliding friction phenomena, where the key mechanisms take place at a buried interface.
In the last three decades, developments in nanotechnology have extended the experimental study of friction, permitting the
analysis on well-characterized materials and surfaces at the nano and mesoscale.
Here, by presenting three case studies related to the frictional properties of deposited metallic clusters[1,2], physisorbed rare-gas
islands[3,4] and driven colloidal monolayers[5,6], we show how modeling and molecular dynamics simulations may help in
advancing our theoretical understanding in the field of nanotribology.
[1] R. Guerra, U. Tartaglino, A. Vanossi, and E. Tosatti, 'Ballistic nanofriction', Nature Materials 9, 634 (2010).
[2] R. Guerra, E. Tosatti, and A. Vanossi, 'Slider Thickness Promotes Lubricity: from 2D Islands to 3D Clusters', submitted.
[3] N. Varini, A. Vanossi, R. Guerra, D. Mandelli, R. Capozza, and E. Tosatti, 'Static friction scaling of physisorbed islands: the key is in
the edge', Nanoscale 7, 2093 (2015).
[4] M. Pierno, L. Bruschi, G. Mistura, G. Paolicelli, A. di Bona, S. Valeri, R. Guerra, A. Vanossi, and E. Tosatti, 'Frictional transition
from superlubric islands to pinned monolayers', Nature Nanotechnology (2015)
[5] A. Vanossi, N. Manini, and E. Tosatti, 'Static and dynamic friction in sliding colloidal monolayers, PNAS 109, 16429 (2012).
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[6] D. Mandelli, A. Vanossi, N.Manini, and E. Tosatti, 'Friction boosted by equilibrium misalignment of incommensurate twodimensional colloid monolayers', Phys. Rev. Lett. 114, 108302 (2015).

#085 - Au-based molecule-like clusters for enhanced quantum efficiency emission of Er3+ ions in silica
Giovanni Mattei - University of Padova
Other Authors: Tiziana Cesca (University of Padova, Dept. of Physics and Astronomy, Padova, Italy), Boris Kalinic (University of Padova, Dept. of
Physics and Astronomy, Padova, Italy), Chiara Maurizio (University of Padova, Dept. of Physics and Astronomy, Padova, Italy), Angela Trapananti
(CNR-IOM c/o ESRF, Grenoble, France), Carlo Scian (University of Padova, Dept. of Physics and Astronomy, Padova, Italy), P. Mazzoldi
(University of Padova, Dept. of Physics and Astronomy, Padova, Italy)

Visible and infrared luminescence from rare earth ions (Er, Eu) finds a variety of technological applications, spanning from optical
telecommunications, to solar cells and light emitting devices. The excitation cross section is intrinsically low due to the parityforbidden character of the involved f-f transitions. Our group recently demonstrated that AuN clusters (with N=5-20 atoms) are able
3+
to boost the photoluminescence (PL) of Er located in close proximity (few nm) by a non-resonant broad-band pumping scheme,
with a resulting enhancement of their effective excitation cross section by 2-3 orders of magnitude with respect to the same
system without metal clusters [1].
This paper reports the formation by sequential ion implantation of Au or Au-Ag sub-nanometer alloy clusters in silica and Er-doped
3+
silica, and on the effect of their optical properties on the enhanced quantum efficiency of the Er PL. This energy transfer process is
demonstrated to depend on the clusters size (as obtained by EXAFS analysis), but also on cluster composition, since it is triggered by
the cluster electronic energy level structure. As shown in Fig. 1, with respect to AuN , we found that (AuxAg1-x)N are remarkably
3+
more effective in promoting the Er emission enhancement. This will be correlated in a Förster-type energy transfer scheme to a
recently demonstrated PL emission from the metallic nanoclusters themselves [2,3].
____________
3+
[1] Cesca, T. et al. Interatomic Coupling of Au Molecular Clusters and Er Ions in Silica. ACS Photonics 2, 96–104 (2015).
[2] Maurizio, C. et al. Core–shell-like Au sub-nanometer clusters in Er-implanted silica. Nanoscale 7, 8968–8977 (2015).
[3] Cesca, T. et al. Au–Ag nanoalloy molecule-like clusters for enhanced quantum efficiency emission of Er3+ ions in silica. Phys.
Chem. Chem. Phys. (2015). doi:10.1039/C5CP01084E

#086 - Understanding the catalytic activity of large polyhedral nanoparticles from first-principles
Gian Giacomo Asara - Department of Physics, King's College London
Other Authors: Lauro O. Paz-Borbon, Istituto de Fisica (Universidad Nacional Autonoma de Mexico (UNAM)), Francesca Baletto (Department of
Physics, King's College London)

In the endless search of new green alternatives for energy conversion other than fossil fuels burning, proton exchange membranes
fuel cell (PEMFC) play a major role, converting chemical energy into electricity with extremely high efficiency and small impact on
the environment. [1] Notwithstanding that platinum is one of the best materials for electrodes, its high price and its low resistance
to poisoning motivate the efforts of researchers worldwide in finding possible cheaper substitutes. One way is lessening the
amount of Pt reducing its size and mixing it with other elements. Computational modelling can aid experimentalists in
understanding at molecular level the processes occurring at the interface between reactants and electrodes. [2] Unfortunately
theory and experiments cannot easily find a connection due to the “size gap”, where nanocatalysts of 1-100 nm are synthesized in
the laboratory, while numerical simulations model nanoparticles in the sub-nm regime and rarely larger than 3 nm. The size gap
might be overcome following the roadmap presented here. It implies (i) the recognition of all inequivalent adsorption sites
characterizing the real nanocatalysts; (ii) the prediction of how their number varies against nanoparticle size, (iii) the identification
of the smallest cluster with all the relevant sites on which perform the study of the reaction profile, and finally (iv) the
extrapolation of the behaviour at experimental relevant sizes. Density-functional results obtained on several Pt, Ni and Pt-Ni
nanomorphologies, either in the gas phase or deposited on MgO, are reported as a paradigmatic example [3].
[1] B. Roldan Cuenya, F. Behafarid, Surface Science Reports 70 (2015) 135; V. R. Stamenkovic, et al., Science, 2007, 315, 493; V. R.
Stamenkovic, et al., Nat. Mater., 2007, 6, 241.
[2] J.K. Norskov, T. Bligaard, J. Rossmeisl, C.H. Christensen, Nat. Chem., 2009, 1, 37; M. Shao et al. Chem Comm., 2014, 50, 2173;
[3] G.G. Asara et al., in preparation

#087 - Clusters, Surfaces, Defects in Metal-Ceramic Systems with DFT and Variable Charge Classical Molecular
Dynamics
Daniele Scopece - Empa, nanotech@surfaces group
Other Authors: Carlo A. Pignedoli (Empa, nanotech@surfaces), Daniele Passerone (Empa, nanotech@surfaces)

The study of metal/ceramic interfaces is crucial for the understanding of complex processes such as
corrosion and oxidation as well as for applications such as thermal barrier coatings.
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At present, the understanding of such processes at an atomistic level, that would be beneficial for different technological
applications, is limited to structural analysis.
Atomistic simulations aimed at the investigation of metal/ceramic interfaces face two main problems:
i) large scale of models needed for a realistic representation of an interface,
ii) relevance of non-equilibrium processes that require access to long time scales for the simulation of dynamical processes.
Despite ab initio simulations at the DFT level already proved to be successful in this context,
to gain insight into the non-equilibrium effects an approach relying on empirical potentials is mandatory.
However, the availability of reliable empirical potentials for motel/ceramic systems is restricted to few case
studies.
The main problem is that an accurate description of a metal/ceramic interface requires a potential able to account for charge
equilibration at the interface and according to the neighbours of each atom.
Recently generic formulations for metallic, ionic and covalent bonding fulfilling the requirement of
charge equilibration have been introduced and subject to continuous extensions [1].
Following this trend, we study metal-ceramic systems by means of recently developed potentials [2, 3].
In this work we present preliminary results with focus on AlxOy.
Selection of ad hoc structures will allow us to assess the validity of the novel potentials by means of comparison with results based
on ab initio simulations.
References:
[1] Tao Liang et al, Materials Science and Engineering R 64, 255 (2013)
[2] F. Sen et al, Appl. Phys. Lett. 102, 051912 (2013)
[3] I. Lazic and B. Thijsse, Comput. Mat. Sci. 53, 483 (2012)

#088 - Spontaneous oxidation of Ni nanoclusters on MgO monolayers induced by segregation of interfacial
oxygen.
Letizia Savio - Consiglio Nazionale delle Ricerche, Istituto dei Materiali per l'Elettronica e il Magnetismo U.O.S.
Genova
Other Authors: Jagriti Pal (1,2), Marco Smerieri (1), Edvige Celasco (1,2), Luca Vattuone (1,2,), Riccardo Ferrando (1,3), Sergio Tosoni (4), Livia
Giordano (4), Gianfranco Pacchioni (4) and Mario Rocca (1,2) (1) Istituto dei Materiali per l’Elettronica e il Magnetismo del Consiglio Nazionale
delle Ricerche, U.O.S. Genova. (2) Dipartimento di Fisica, Università degli Studi di Genova. (3) Dipartimento di Chimica e Chimica Industriale,
Università degli Studi di Genova. (4) Dipartimento di Scienza dei Materiali, Università Milano Bicocca, via R. Cozzi 55, 20125 Milano, IT

Metal nanoparticles (NP) dispersed or supported on oxide substrates have important applications ranging from nanoelectronics to
magnetism, pharmaceutics (e.g. for biological labeling) and catalysis. It is now well established that the NPs’ properties depend
critically on their size and shape [1,2]. However, in spite of the large literature on the topic, most of the attention has concentrated
so far on metal NP made of a few tens of atoms or more [2]. Relatively few studies, both experimental [3,4] and theoretical [5],
have been performed on single atoms or groups of very few atoms supported on insulating surfaces. In these cases, the catalytic
activity was shown to be size-dependent and directly related to the intrinsic electronic and geometric properties of the NP.
Considering the technological relevance of these nano-objects, a clear description of their properties also in the very low size limit
is important. This is particularly true in the case of Ni, which combines its magnetic nature to a strong catalytic activity.
We show here the results of a combined LT-STM and DFT investigation of the Ni/MgO/Ag(100) system. We take advantage of our
ability to grow perfectly flat and extended MgO monolayer films on Ag(100) [6,7], which are an optimal substrate for the deposition
of NP. We focus our attention on the smallest Ni NP, up to six Ni atoms in size, and we demonstrate that, at low Ni coverage and
100 K<T<250 K, flat structures completely different from the 3D clusters predicted for Ni4, Ni5 and Ni6 clusters form [8]. By
combining the morphological information deduced by STM images with the outcome of density functional theory calculations, we
demonstrate that they consist of NiyOx, aggregates. We interpret this result as a consequence of the presence of interface oxygen
available immediately below the MgO layer, which segregates to the surface and binds to the reactive Ni atoms. Thus, the latter
ones act as pumps to extract oxygen from the substrate. Besides being of interest in view of the different catalytic properties of Ni
and NiOx, our results demonstrate once more the peculiarity of ultrathin oxide films with respect to the corresponding bulk
materials and suggest that the physics of these systems is still far from being completely understood.
[1] S. Schauermann et al., Accounts of Chemical Research 46, 1673 (2013).
[2] C.R. Henry, Progress in Surface Science 80, 92 (2005).
[3] U. Heiz et al., Journal of the American Chemical Society 121, 3214 (1999).
[4] S. Abbet et al., Journal of the American Chemical Society 122, 3453 (2000).
[5] G. Pacchioni, Physical Chemistry Chemical Physics 15, 1737 (2013).
[6] Jagriti Pal et al., Phys. Rev. Lett. 112, 126102 (2014).
[7] Jagriti Pal et al., Journal of Physical Chemistry C118, 26091 (2014).
[8] L. Giordano et al., Surface Science 473, 213 (2001).
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#089 - Stochastic Resonance in a Surface Dipole
Marco Patriarca - NICPB - National Institute of Chemical Physics and Biophysics
Other Authors: Els Heinsalu (NICPB - National Institute of Chemical Physics and Biophysics, Rävala 10, 15042 Tallinn, Estonia), Fabio Marchesoni
(Dipartimento di Fisica, Università di Camerino, I-62032 Camerino, Italy)

In the case of a neutral dipole, made up of two bound equal pointlike masses (monomers) carrying opposite charges, an external
electric field pulls the monomers to opposite directions. The field, no matter whether dc or ac, cannot induce a net dipole current,
since the total force applied to the neutral dipole center of mass is zero. As a consequence, the motion of the center of mass on a
symmetric substrate is purely diffusive. However, the internal degree of freedom of a dipole, when constrained to 1D and
subjected to an oscillating field of force, exhibits interesting properties, which result from the interplay of monomer–substrate and
monomer–monomer interactions [1]. Namely, it is observed that the amplitude of the forced oscillations of the dipole can be
enhanced by tuning the noise strength, i.e., the substrate temperature. Such a manifestation of stochastic resonance turns out to
be extremely sensitive to the mechanical properties of the dipole, i.e., to the length and elasticity of the dipole (see also Ref. [2]),
having immediate applications to surface physics and nanotechnology.
[1] E. Heinsalu, M. Patriarca, F. Marchesoni, "Stochastic resonance in a surface dipole", Chemical Physics 375, 410 (2010).
[2] E. Heinsalu, M. Patriarca, F. Marchesoni, "Stochastic resonance in bistable confining potentials", European Physical Journal B 69,
19 (2009).
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#090 - Advanced plasma ion sources and beam formation
Marco Cavenago (I) - INFN-LNL
35+

Ion sources are a basic part of many accelerator systems, with emphasis on different goals, ranging from ion charge state (say Xe
at a current of almost 0.1 mA for Electron Cyclotron Resonance Ion Sources ECRIS) to large currents for the applications of
+
accelerator based neutron production (say 100 mA of H or D with a single beam extraction aperture) or of tokamak plasma
+
heating (say 50 A of D or D with a necessarily multi-aperture extraction). In most cases, ions are produced into plasmas and diffuse
to extraction; so the optimal ion confinement time is a compromise between needs of sustaining the plasma discharge and of
increasing current. While quasi-neutrality holds inside plasmas, at their surfaces the formation of sheaths, that are charged plasma
layers with the thickness of few Debye lengths, and of presheaths, must be included in any accurate model [Forrester, 1996]. The
structure of a sheath depends on the applied magnetic field and the kind of walls, insulating (so that local balance of ion and
electron currents to wall is required) or conducting, so only global balance is required [Drentje, 2002]. In any case cold plasma
sheath layers follow wall shapes, where wall exists, and form an approximately round shape called ''meniscus'' at beam extraction
aperture. A satisfying focusing of the extracted beam depends on meniscus shape, and it is experimentally obtained by regulating
adjustable parameters as the extraction voltage. Ion production optimization depends from the source, and often requires careful
engineering to achieve required levels of magnetic fields for confinement, of heating power density and of wall conditioning.
In this presentation only two kinds of plasma ion sources (with microwave or radiofrequency heating) are taken as examples,
namely the ECRIS [Geller, 1998] and the radiofrequency heated NIS (Negative Ion Sources) [Fantz, 2008], outlining some of the
optimization and technical issues. In the former, the need to achieve a relatively large electron temperature (Te >1 keV) at a
necessarily low gas pressure (<0.0001 Pa) has promoted a quest for ever increasing magnetic fields (many T), with a minimum B
linear trap configuration, and for UHV conditions. In NIS for fusion application a low electron temperature (Te about 1 eV) is
required for reducing H ionization, while a larger temperature (about 4 eV) is required for dissociation of H2 and efficient plasma
18
-3
production at reasonable gas pressures (order of 1 Pa and preferably less) and moderate electron densities (order of ne = 10 m ).
Plasma cavity is consequently divided into two volumes by a filter magnetic field. Its optimization represents an open issue both for
theory and for the engineering, here discussed by simple models. Optimal values usually found in experiments are in the 0.005 T
order of size. Other elaborate magnetic field and accelerator electrode configurations needed for electron beam dumping and
accurate aiming of the ion beamlets are also noted.
References:
A. T. Forrester, Large Ion Beams, John Wiley, NY (1996);
A. G. Drentje et al., Rev. Sci. Instrum. 73, 516 (2002);
R. Geller, Rev. Sci. Instrum. 69, 1302 (1998);
U. Fantz et al., Rev. Sci. Instrum. 79, 02A511 (2008).

#091 - SUPERINTENSE LASER-DRIVEN ION ACCELERATION WITH NANOSTRUCTURED TARGETS
Matteo Passoni (I) - Politecnico di Milano
Superintense laser-driven ion acceleration represents today a research topic of unique interest, both for fundamental reasons and
for its potential towards future applications [1, 2]. Great efforts are devoted in finding suitable ways to meet specific requirements
in terms of ion properties. Further developments in laser technology, which will guarantee laser pulses with unprecedented
parameters in the next future, should open the possibility to achieve so far unexplored regimes. However, the development of
solutions based on sufficiently robust target concepts to provide, at the same time, a major improvement in the laser-to-ion
conversion efficiency, increasing the coupling of the laser pulse with the target, and to relax the technological constrains preventing
their use at high repetition rate, is of paramount importance to demonstrate that laser-driven ion acceleration may really become
useful in the next future for at least some of the conceived scientific and technological applications.
This talk will provide a concise review of the relevant state of the art and then will focus on an example of novel multi-layered
target concept, in which an ultra-low density nanostructured material (“foam”) is superimposed on the surface of a thin Al foil [35]. In particular, production methods of such targets and recent laser-driven ion acceleration experiments performed at the Ultrashort Quantum Beam Facility of the GIST Institute (South Korea) will be presented and discussed, also thanks to the support of
dedicated particle-in-cell numerical simulations. It will be shown that a significant enhancement in the maximum energy of
accelerated ions is achieved for foam-attached targets with optimized parameters, with respect to the case of Al foils.
[1]
[2]
[3]
[4]
[5]

A. Macchi, M. Borghesi, M. Passoni, Reviews of Modern Physics 85, 751-793 (2013)
H. Daido, M. Nishiuchi, A. S. Pirozhkov, Reports on Progress in Physics 75, 056401 (2012)
A. Sgattoni, P. Londrillo, A. Macchi, M. Passoni, Phys. Rev. E 85, 036405 (2012)
A. Zani, D. Dellasega, V. Russo, M. Passoni, Carbon 56, 358 (2013)
M. Passoni et al, Plasma Phys. Contr. Fusion 56, 045001 (2014)

#092 - Asymptotic Expansion of the Fluid-Maxwell’s equations system in magnetized plasmas
Alessandro Cardinali (I) - ENEA
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The propagation of the electromagnetic modes from low (Radio Waves) to high frequencies (TeraHertz) in a magnetized plasma is
described by means of the Maxwell’s equation system coupled to the plasma dynamics that can be modeled by a fluid description
of the plasma. In some relevant conditions, after linearizing the fluid equations for both plasma species, an asymptotic treatment of
the problem can be given in terms WKB [1] expansion of the fields. At the lowest order a non linear first order partial differential
equation for the Phase Integral, formally equivalent to the Hamilton-Jacobi equation in classical mechanics, can be obtained and
solved in terms of the ray trajectories, while at the next order a transport equation for the slowly varying wave energy density can
be obtained and solved, thus allowing to reconstruct the electric field inside the plasma. Examples of solution for the propagation
of the Lower Hybrid Waves, relevant in the heating and current drive of laboratory plasmas confined in toroidal devices (tokamak)
oriented to the research on thermonuclear fusion, and the propagation of Whistler Radio Signal in the upper ionosphere will be
shown and discussed.
[1] N. Fröman, P.O. Fröman, JWBK Approximation, North-Holland 1965.

#093 - Turbulence, transport and structure properties in the simply magnetised toroidal plasma device
THORELLO
Ruggero Barni - Universita' degli Studi di Milano-Bicocca/Dipartimento di Fisica Occhialini
Other Authors: Stefano Caldirola (Dipartimento di Fisica Occhialini, Universita' degli Studi di Milano-Bicocca), Claudia Riccardi (Dipartimento di
Fisica Occhialini, Universita' degli Studi di Milano-Bicocca)

Turbulence, transport and structure properties
in the simply magnetised toroidal plasma device THORELLO
1

1

R. Barni , S. Caldirola, C. Riccardi ,
1
Dipartimento di Fisica Occhialini, Universita' degli Studi di Milano-Bicocca,
p.za della Scienza, 3 I-20216 Milano, Italy
Experimental investigation of magnetised plasma turbulence is actively pursued in fusion aimed as well as in basic plasma physics
toroidal devices. In particular the understanding of turbulent transport mechanisms has a great interest for the improvement of the
magnetic confinement. Here we report the results of an experimental investigation of plasma parameters fluctuations of a
turbulent, low beta, low temperatureplasma with a simply magnetised torus configuration. Experiments have been performed in
the Thorello device, operating at the University of Milano-Bicocca. There a low temperature, high density plasma can be produced
in a steady configuration for long times in a hydrogen low pressure discharge. Plasma parameters have been studied by means of
multiple pin electrostatic probes and fairly long time series of fluctuations have been obtained and correlated.
At the edge of magnetic confinement devices, a large fraction of anomalous particles and energy transport is attributed to the
propagation of density blobs [1]. These are isolated and intermittent structures, with density and temperature above the
surrounding plasma, extending along field lines and propagating away from the bulk.In this contribution we discuss some
properties of plasma structures that develops and propagates in the edge region. In particular we assess the role of transport flux
events, defined by the simultaneous enhancement of plasma density and radial ExB velocity. Effects of such events on plasma
transport (particle flux) has been analyzed for different scenarios.
Turbulence can be characterized also through the nonlinear interaction between Fourier components, which leads to a nonlinear
energy transfer that moves the energy to different spatio-temporal ranges. Multispectral analysis is one of the techniques suitable
to investigate the wave–wave couplings. Here we report results concerning the nonlinear spectral transfer function [2]. Evidence of
the presence of an inverse energy cascade of the spectral energy is obtained in regions at the edge of the plasma column. These
findings are compared with the spatiotemporal evolution of density structures observed in the device.
[1] G.R. Tynan, A. Fujisawa, G. McKee, Plasma Phys.& Contr. Fusion 51 (2009) 113001
[2] H. Xia, M.G. Shats, Phys. of Plasmas 11 (2004) 561

#094 - Time-resolved emission from bright hot pixels of an active region observed in the EUV band with
SDO/AIA and multi strand loop modeling
Edris Tajfirouze - university of palermo
Other Authors: Fabio Reale, Antonino Petralia, Paola Testa

Evidence for small amounts of very hot plasma has been found in active regions and might be the indication of an impulsive
heating, released at spatial scales that are smaller than the cross section of a single loop. We investigate the heating and
substructure of coronal loops by analyzing the light curves in the smallest resolution elements of solar observations in two EUV
channels (94~\AA\ and 335~\AA) from the Atmospheric Imaging Assembly on-board the Solar Dynamics Observatory. We model
the evolution of a bundle of pulse-heated strands by means of a hydrodynamic 0D loop model.
The light curves obtained from the random combination of those of single strands are compared to the observed light curves either
in a single pixel or in a row of pixels, simultaneously in the two channels and using two independent methods: one is an artificial
intelligent system and the other is a simple cross-correlation technique.
We explore the space of the parameters to constrain the distribution of the heating events, their duration and their spatial size,
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and, as a feedback on the data, their signatures on the light curves.
Both comparison methods are unanimous in an individual set of parameter related to a particular set of realizations to reproduce
the observed feature of single pixel and a row of pixels. The best agreement is obtained with a relatively shallow distribution of
events (power law with index 1.5), that can be expected for a homogeneous region, a short duration of the events (less than 1 min)
and a relatively large number of events (1000) inside a pixel. The feedback on the data indicates that bumps in the light curves,
especially in the 94~\AA\ channels, are signatures of a heating excess with a delay of a few minutes.

#095 - Neutron emission from beam-target reactions studied at the ELISE neutral beam test facility
Massimo Nocente - Università di Milano-Bicocca
Other Authors: F. Bonomo (Max-Planck-Institut für Plasmaphysik, Garching, Germany) U. Fantz (Max-Planck-Institut für Plasmaphysik, Garching,
Germany) B. Heinemann (Max-Planck-Institut für Plasmaphysik, Garching, Germany) W. Kraus (Max-Planck-Institut fürPlasmaphysik, Garching,
Germany) R. Pasqualotto (Consorzio RFX, Padova, Italy) M. Tardocchi (Istituto di Fisica del Plasma “P. Caldirola”, Milano, Italy) D. Wünderlich
(Max-Planck-Institut fürPlasmaphysik, Garching, Germany) G. Gorini (Università di Milano-Bicocca)

Neutron measurements are proposed for the SPIDER and MITICA Neutral Beam Injection (NBI) prototypes in Padua as a means to
diagnose the footprint of the deuterium beam when it hits the beam calorimeter. Neutron emission is here due to reactions
between the beam and the adsorbed deuterons in the target and thus depends on the deuteron absorption level in the beam
calorimeter.
We have investigated such process at the ELISE facility of the Max Planck Institut für Plasmaphysik in Garching. ELISE is a “half size”
ITER NBI test facility capable to accelerate negative hydrogen and deuterium ions up to 60 kV and to perform plasma operations of
the radio frequency ion source for up to 1 hour.
A first measurement campaign was carried out in 2014 during the initial deuterium operations of ELISE with a liquid scintillator
detector installed in vicinity of the dump and that was used as global neutron monitor. The detector had standard neutron/gammaray discrimination capabilities and known response function obtained from a dedicated calibration at a neutron generator in Peking
University. The collected data showed an increasing neutron rate as a function of time, until a saturation level is reached, and were
generally in agreement with calculations based on local mixing model of deuterium deposition in the target up to a concentration
of 20% of the copper atoms. Deviations up to 40% from the predicted neutron yield were however observed at the highest beam
currents (10 A). These could be either due to neglected spatial profile variations of the beam power deposited on the target or
indicate physics mechanism beyond the local mixing model, such as diffusion of deuterium at saturation due to temperature
effects.
A new, dedicated experiment is presently ongoing at ELISE to understand neutron emission at the highest beam currents, which are
of special relevance to validate calculations for SPIDER/MITICA and, more generally, to predict neutron emission from beam target
reactions, such as in compact neutron sources. The experiment makes use of detailed beam diagnostic data from calorimetry and
infra-red systems, which can be combined to track changes in the beam power deposition profile on the dump. Preliminary results
from the new experiments will be presented and compared with data at low beam currents.
This work was set up in collaboration and financial support of F4E.

#096 - A quantitative modeling of the “slingshot” laser-driven acceleration of plasma electrons
Gaetano Fiore - Università Federico II, and INFN, Napoli
Other Authors: Renato Fedele (Università Federico II and INFN, Napoli), Sergio De Nicola (Spin-CNR, Napoli), Leonida Antonio Gizzi (INO-CNR
and INFN, Pisa)

We have recently proposed [1-3] a new laser-driven acceleration mechanism based on the violent impact of an ultra-short and
ultra-intense laser pulse against the electrons belonging to a superficial thin layer of a low-density plasma (or gas, provided the
pulse is sufficiently intense to locally cause its complete ionization). The interplay among the strong ponderomotive effect, the
excited restoring electric field (originated by charge separation) and the finite size of the laser spot causes the expulsion of
electrons from the plasma surface with high energy in the direction opposite to that of the pulse propagation (“slingshot effect”).
We now reduce [4] the relevant magnetohydrodynamical equations to a pair of first order differential equations (or a collection of)
and thus give a reliable quantitative description of the effect for a broad range of intensities and initial densities, both smooth and
step-shaped. Its experimental verification seems to be feasible and, if confirmed, would provide a new laser-driven acceleration
mechanism for electrons.
[1] G. Fiore, R. Fedele, U. De Angelis, Phys. Plasmas 21 (2014), 113105.
[2] G. Fiore, J. Phys. A47 (2014), 225501; Acta Appl. Math. 132 (2014), 261-271.
[4] G. Fiore, S. De Nicola, in preparation.
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#097 - Ferroelectric and hybrid magnetic-ferroelectric tunneling junctions based on BaTiO3 barriers
Riccardo Bertacco (I) - Dipartimento di Fisica, Politecnico di Milano and IFN-CNR
Other Authors: G. Radaelli, C. Rinaldi, D. Petti, L. Baldrati, M. Asa, M. Cantoni, Department of Physics - Politecnico di Milano, Milano, Italy; P.
Torelli and G. Panaccione, TASC Laboratory - Elettra Synchrotron IOM-CNR, Trieste, Italy E. Plekhanov and S. Picozzi, CNR-SPIN, L'Aquila, Italy;
I. Fina, D. Gutiérrez and J. Fontcuberta, Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus UAB, Bellaterra 08193, Catalonia,
Spain M. Varela, Materials Science & Technology Division, Oak Ridge National Laboratory, Oak Ridge,TN 37830, USA; Dpto. Fisica Aplicada III,
Universidad Complutense de Madrid. 28040 Madrid, Spain

Tunnelling junctions with ferroelectric barriers are currently under investigation for different applications, including ferroelectric
memories [1] and memristive devices [2]. Both are based on the large values of the tunnelling electro resistance (TER), i.e. the
normalized variation of the tunnelling resistance upon reversal of the ferroelectric polarization, which represents the stored
information. Another state variable can be introduced if the electrodes are ferromagnetic, in the so called “hybrid magneticferroelectric tunnelling junctions”, where at least four distinct memory states can be found, depending on the configuration of the
ferroelectric polarization and electrodes magnetization. [3]
In this paper we present some recent results obtained on tunnelling junctions involving epitaxial BaTiO3 (BTO) barriers. First we
report on TER of Pt/BaTiO 3/La0.7Sr0.3MnO3 (Pt/BTO/LSMO) purely ferroelectric tunnel junctions. [4] Record values of TER, up to 3 x
4
2
10 %, have been found at room-temperature on large-area junctions (A = 4 to 900 µm ), made using standard lithography
techniques. Beyond this, a radically new experimental observation is made. It is found that the capacitance of the junctions is biasvoltage and frequency dependent, due to the modification of the barrier thickness arising from the modulation of a depletion layer
existing close to the BTO/LSMO interface.
Then we discuss the case of fully epitaxial Co(6ML)/Fe(2ML)/BTO/LSMO hybrid tunnelling junctions. By XMCD measurements on
patterned Co(6ML)/Fe(2ML)/BTO/LSMO micro-capacitors, we found that, at RT, the average magnetization of the FeOx interfacial
layer disappears for the dielectric polarization vector of BTO pointing outwards from the FeOx layer. [5] A “giant” interface inverse
magnetoelectric effect results, which has been exploited in micron sized hybrid magnetic-ferroelectric tunneling junctions, based
on the same stack used for XMCD. We found an intriguing behavior of the bias dependence of the tunneling magnetoresistance
(TMR), which can be explained in terms of symmetry based spin filtering of Fe states through the BTO epitaxial barrier.
Furthermore, 100% modulation of the TMR has been found upon reversal of the BTO polarization, with a huge suppression of the
TMR for the BTO polarization pointing outwards from the Fe layer, in full agreement with XMCD measurements.
[1] D. Pantel et al., Nature Mater. 2012, 11, 289.
[2] A. Chanthbouala et al. , Nature Materials 11, 860–864 (2012)
[3] V. Garcia, et al. , Science 327, 1106-1110 (2010).
[4] G. Redaelli et al., Advanced Materials, 27, 2602–2607 (2015)
[5] G. Radaelli et al., Nature Communications, 5, 3404 (2014)

#098 - Oxide heterostructures with tunable spin polarization and superconductivity
Marco Salluzzo (I) - CNR-SPIN
Other Authors: G. M. De Luca, R. Di Capua, E. Di Gennaro, F. Miletto Granozio, D. Stornaiuolo CNR-SPIN and University Federico di Napoli
(Italy) G. Ghiringhelli Politecnico di Milano (Italy) I. Pallecchi, D. Marrè CNR-SPIN and University of Genova (Italy) C. Piamonteze PSI-SLS
(Switzerland) S. Rusponi EPFL (Switzerland) C. Cantoni Oak Ridge National Labs (USA)

The discovery of an electric field tunable 2DEG at the interface between LaAlO3 and SrTiO3 band insulators [1] sparked an enormous
interest in condensed matter community, also due to the growing demand for new functional materials for electronic applications.
While some properties of this 2DEG are well established (tunable superconductivity and spin orbit coupling, for instance) others are
still debated. Magnetic effects have been reported by some groups but their origin, if intrinsic or extrinsic, is controversial.
We engineered an oxide heterostructure inserting two unit cells of ETO between SrTiO3 and LaAlO3 (LAO/ETO/STO)[2]. ETO acts as
δ-doping material, resulting in a spin-polarized 2D electron system. We present a detailed characterization of the LAO/ETO/STO
2DEG, performed using polarization dependent x-ray absorption spectroscopy, to study the orbital reconstruction and the spinsplitting of titanium 3d-states; and magneto-transport measurements, giving evidence of spin-orbit coupling, of an itinerant
ferromagnetism, and of a Kondo-like behavior in the underdoped region. Finally, ultra low temperature measurements show a
superconducting transition. All these properties are tunable using field effect.
The results are condensed in a rich phase diagram, showing how LAO/ETO/STO spans different ground states as function of the
carrier density.
The interplay among magnetic exchange interactions, superconductivity and spin-orbit coupling could make the LAO/ETO/STO
system an extraordinary platform to realize topologically non-trivial edge states at the interface between transition metal oxides
[3].
[1] A. Ohtomo et al., Nature 427, 423 (2004)
[2] G.M. De Luca, et al.. Phys. Rev. B 89, 224413 (2014).
[3] S. Nakosai, et al. Phys. Rev. Lett. 108, 147003 (2012); K. Michaeli, et al. Phys. Rev. Lett. 108, 117003 (2012).
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#099 - Electronic and magnetic properties of quantum materials as seen by X-ray electron spectroscopies.
Giancarlo Panaccione (I) - Consiglio Nazionale delle Ricerche
The collective behaviour of matter is one of the central topics of modern science and technology. Collective quantum phenomena
in materials arise from the interplay between quantum mechanics and interactions in many-particle systems — i.e., materials for
which the interactions between particles cannot be treated in a semi-classical manner. Recent advances in material growth and
structural optimization processes, combined with improved analytical methods, led to the ability of understanding, designing, and
controlling systems with tailored electronic and magnetic properties. In the wealth of topics linked to quantum materials,
dimensionality (1D and 2D) effects play a fundamental role: new collective phenomena, e.g. quantum size confinement,
orbitally/magnetically driven interface effects, topological properties have been recently observed in ‘less than 3D’ materials.
The chemical sensitivity , the variable polarization and the tunable depth information of X-ray based techniques are valuable
analytical tools to study the quantum nature of matter and in particular to reveal new electronic and magnetic properties. In this
talk, selected examples focused on complex correlated oxides and their interfaces, diluted magnetic systems, ferromagnetic
topological insulators and transition metal dichalcogenides will be presented [1-3], where magnetic coupling via proximity effects
and novel, depth dependent, electron screening behavior will be discussed.
[1] J. Fujii et al. Phys. Rev. Lett. 107 (2011) 187203; J. Fujii et al., Phys. Rev. Lett. 111 (2013) 097201
[2] G. Radaelli et al. Nat. Commun. 5 (2014) 3404
[3] I. Vobornik et al. Nano Lett. 11 (2011) 4079; I. Vobornik et al., Journ. Chem. Phys. C 118 (2014) 12333; F. Vidal et al. Phys. Rev. B
88 (2013) 241410

#100 - GeTe: a novel paradigm for spintronics with Ferroelectric Rashba Semiconductors
Christian Rinaldi - Dipartimento di Fisica, Politecnico di Milano
Other Authors: M. Liebmann (II. Institute of Physics B and JARA-FIT, RWTH Aachen University, 52074 Aachen, Germany), D. Di Sante (Consiglio
Nazionale delle Ricerche CNR-SPIN, UOS L’Aquila, Via Vetoio 10 67100 L’Aquila, Italy), R. Wang (Paul-Drude-Institut für Festkörperelektronik,
Hausvogteiplatz 5-7, 10117 Berlin, Germany), J.C.Rojas Sanchez (Unite ́ Mixte de Physique CNRS/Thale`s, Campus Polytechnique, 91767 Palaiseau,
France), R. Calarco (Paul-Drude-Institut für Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin, Germany), S. Bertoli (Dipartimento di Fisica,
Politecnico di Milano, Via Colombo 81, 20133 Milano, Italy), M. Cantoni (Dipartimento di Fisica, Politecnico di Milano, Via Colombo 81, 20133
Milano, Italy), S Picozzi (Consiglio Nazionale delle Ricerche CNR-SPIN, UOS L’Aquila, Via Vetoio 10 67100 L’Aquila, Italy), M. Morgenstern (II.
Institute of Physics B and JARA-FIT, RWTH Aachen University, 52074 Aachen, Germany), A. Fert (Unite ́ Mixte de Physique CNRS/Thale`s, Campus
Polytechnique, 91767 Palaiseau, France), R. Bertacco (Dipartimento di Fisica, Politecnico di Milano, Via Colombo 81, 20133 Milano, Italy)

Semiconductor spintronics has for long concentrated on devices, such as the Datta-Das spin-FET, where the semiconductor plays a
passive role. In the compelling quest for multifunctionality and non-volatility, however, a breakthrough would come from turning
the semiconductor into an active element. We recently proposed to radically change the perspective of current semiconductor
spintronics by bringing in a novel functionality, i.e. the coupling between ferroelectricity and Rashba effects in Ferroelectric Rashba
SemiConductors (FERSC). The test-case material is represented by GeTe, for which theory predicts a giant Rashba spin-splitting
reversible by switching of the ferroelectric polarization [1]. To exploit this peculiar property, different architectures of spin
transistors can be proposed. For instance a spin-FET, whose impedance can be electrically controlled thanks to the interplay
between Rashba effects, electronic spin precession and ferroelectricity. Noteworthy, non-volatility is ensured by the permanent
polarization of the GeTe channel, so that a new generation of spintronics devices integrating memory and computing functions can
be envisaged.
In this paper we provide evidence for the FERSC properties of GeTe via piezo force microscopy (PFM) and Spin and Angular
Resolved PhotoEmission Spectroscopy (SARPES). In GeTe(111) thin films [2] with outwards remanent ferroelectric polarization, a
huge Rashba splitting of the valence band has been measured at low temperature. The band dispersion and the sense of circulation
of spins is in agreement with that expected from DFT calculations for an outwards dielectric polarization [3]. This demonstrates the
intimate link between ferroelectricity and Rashba, which is the basis for the exploitation of FERSC. Preliminary experiments of spin
pumping on Fe/GeTe heterostructures display the existence of an inverse Spin Hall effect, which is consistent with the Rashba
bands detected by ARPES.
[1] D. DI SANTE et al., ADV. MAT. 25, 509-513 (2013).
[2] A. GIUSSANI et al., Phys. Status Solidi B 249, 1939-1944 (2012).
[3] C. RINALDI et al., arXiv:1412.2386 and submitted.

#101 - Topological skyrmion dynamics in perpendicular magnetic materials excited by a spin-polarized current
Roberto Zivieri - Department of Physics and Earth Sciences and CNISM Unit, University of Ferrara
Other Authors: Riccardo Tomasello (Department of Computer Science, Modelling, Electronics and System Science, University of Calabria), Giovanni
Finocchio (Department of Electronic Engineering, Industrial Chemistry and Engineering, University of Messina), Mario Carpentieri (Department of
Electrical and Information Engineering, Politecnico of Bari)

Topological and non-topological magnetic solitons can exist either as static (vortices, bubbles, skyrmions, etc.) or dynamical
(droplets, vortex-antivortex pair, etc.) states (limit cycles) in both conservative and dissipative magnetic systems. In this work it is
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shown the effect of the interfacial Dzyaloshinskii–Moriya Interaction (i-DMI) [1] on the topology of droplets excited by a localized
perpendicular spin-polarized current. According to micromagnetic simulations it is shown that the phase diagram i-DMI as a
function of the polarized current at zero magnetic field exhibits a complex scenario with regions characterized by static and
dynamic states. In the dynamical part, it is possible to identify topological stable and unstable regions. The topological stable
regions are linked to the excitation of droplets with skyrmion number either equal to one (topological) or zero (non-topological).
The zero skyrmion number droplets are characterized by the non-stationary time domain excitation of both topological and nontopological droplets modes. The transition between these two modes is coupled to an emission of incoherent spin-waves. It is also
developed an analytical model demonstrating that the topological droplet can be seen as a linear radial mode of a static skyrmion
state stabilized by a perpendicular spin-polarized current. The analytical frequency of the topological droplet mode is expressed as
the solution of an algebraic equation written in terms of the magnetic parameters. The results obtained by means of the analytical
model confirm the red-shift behaviour of the topological mode frequencies as a function of the current density predicted by
micromagnetic simulations. The interplay between topology and dynamics is discussed by introducing the notion of topological
degeneracy according to which two topological droplet textures (hedgehog-like and vortex-like, respectively) having different
ground-state energies are characterized by the same topological charge. The analysis of the symmetry properties of the linearized
equations of motion demonstrates the non-reciprocal role of the spin polarized current on the topological mode dynamics [2].
This work was supported by the project PRIN2010ECA8P3 from Italian MIUR.
[1] T. Moriya, Phys. Rev. Lett.4, 228 (1960).
[2] R. Zivieri et al., “Topological skyrmion dynamics driven by spin-transfer torque”, submitted to Phys. Rev. X.

#102 - Solitons on Heisenberg spin chains and qubit manipulation
Davide Nuzzi - Universita' di Firenze - Dipartimento di Fisica e Astronomia
Other Authors: Davide Nuzzi (Università di Firenze - Dipartimento di Fisica e Astronomia), Ruggero Vaia (Istituto dei Sistemi Complessi del CNR Firenze), Paola Verrucchi (Istituto dei Sistemi Complessi del CNR - Firenze) .

One of the difficulties commonly met when solid-state realizations of
quantum computers are proposed, is that of addressing and manipulating
the single qubits of a quantum register without affecting the neighbouring
ones. We here describe the proposal of using magnetic solitons propagating
along spin chains as a suitable mean for qubit manipulation. Indeed,
the robustness of the propagation of such nonlinear excitations against
perturbations, like thermal noise, makes them natural candidates for
the faithful transmission of signals between distant parties. Solitons
are known analytical solutions of the equations of motion of classical
spin chains on continuous support, and the experimental data show clear
signatures of the solitonic contributions to the thermal properties of
quasi one-dimensional magnetic materials.
In view of the possible use of solitons for qubit manipulation, we present
a practical scheme to achieve the generation of soliton-like excitations
on discrete classical Heisenberg chains by applying a time-dependent
magnetic field to one end of the chain. We present a numerical investigation
of the resulting dynamics of the discrete chain, showing the effective
injection of solitons under the proposed scheme and their robustness
against thermal disorder. Finally, we propose a setup where the generated
soliton represents a magnetic signal travelling along the chain
which eventually reaches a distant qubit, realized by a spin 1/2 magnetic
moment coupled to the chain, in order to manipulate its quantum state.
Numerical results confirm that solitons are indeed suitable for this task,
giving the possibility to remotely control the qubit state by an appropriate
choice of soliton shape and qubit-chain coupling parameters.

#103 - Anomalous magnetization of a carbon nanotube as an excitonic insulator
Massimo Rontani - CNR-NANO Research Center S3
We suggest that an undoped carbon nanotube might be an excitonic insulator---the long-sought phase of matter that was proposed
by Keldysh, Kohn, and others fifty years ago as a a paradigm of strongly correlated insulator alternative to the Mott-Hubbard
picture. We show theoretically that the Bose-Einstein condensation of triplet excitons, driven by intervalley exchange interaction,
spontaneously occurs at thermodynamic equilibrium if the tube radius is sufficiently small [1]. Our claim contradicts previous
studies that neglected the coupling between K and K’ valleys [2]. We predict that the signatures of exciton condensation are its
sizable contributions to (i) the energy gap, (ii) the spin-orbit interaction, and (iii) the magnetic moment per electron. The increase of
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the gap might have already been measured, albeit attributed to the Mott insulating state [3], whereas giant values of spin-orbit
energy splittings were recently reported with no explanation [4]. The enhancement of the quasiparticle magnetic moment is a pairbreaking effect that counteracts the weak paramagnetism of the ground-state condensate of excitons. This property could
rationalize the anomalous magnitude of magnetic moments recently observed in different ultraclean devices close to charge
neutrality [5].
This work is supported by EU-FP7 Marie Curie ITN INDEX and MIUR PRIN MEMO
[1] M. Rontani, Phys. Rev. B 90, 195415 (2014).
[2] T. Ando, J. Phys. Soc. Jpn. 66,1066(1997); R. R. Hartmann et al., Phys. Rev. B 84, 0354437 (2011).
[3] V. V. Deshpande et al., Science 323, 106 (2009).
[4] G. A. Steele et al., Nature Commun. 4, 1573 (2013).
[5] E. A. Laird et al., Rev. Mod. Phys. (2015), in press, available as arXiv:1403.6113.
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#104 - Magnetism in Fe-based Superconductors - The Various Ways to Coexist
Hubertus Luetkens (I) - Paul Scherrer Institute
Magnetism and superconductivity are key elements in the electronic phase diagram of all unconventional superconductors, such as
the high-Tc cuprates, heavy-fermion, organic and Fe-based superconductors. Muon spin rotation (µSR) is a powerful tool for
studying the exact nature of the transition from the antiferromagnetic to the superconducting phase in high-Tc superconductors as
a function of a control parameter such as doping or pressure. In this context, it is of special advantage that µSR, as a local probe, is
sensitive to both the superconducting and magnetic volume fractions and to the respective order parameters, that fundamental
microscopic parameters such as the magnetic penetration depth can be determined absolutely, and that µSR is extremely sensitive
to small-moment and short-range magnetic order.
From the very beginning of research on Fe-based superconductors in 2008, µSR has contributed important information. It is widely
recognized as one of the key techniques for investigating fundamental magnetic and superconducting properties, as well as testing
for microscopic competition or coexistence of the magnetic and superconducting ground states.
Interestingly, in the electronic phase diagrams of Fe-based superconductors we find various ways of how the magnetic and
superconducting order can coexist, namely in i) an electronically and structurally phase separated way, ii) with a competition about
the volume, iii) with a competition about the magnetic moment, iv) a coexistence without competition, v) with magnetism as a
necessary prerequisite for superconductivity and vi) with no coexistence at all.
In this talk, after a short introduction to µSR, we will review our µSR results on the magnetic and superconducting properties of
various families of Fe-based superconductors.

#105 - Thermoelectric properties of iron-based superconductors
Marina Putti (I) - University of Genova and CNR-SPIN
Other Authors: I. Pallecchi (CNR-SPIN), F.Caglieris (University of Genova and CNR-SPIN), M.Meinero (University of Genova), A.Braggio (CNRSPIN), G. Lamura (CNR-SPIN) A. Provino (University of Genova), P. Manfrinetti (University of Genova and CNR-SPIN)

Iron-based materials in the last years have been a gym for solid state physicists and material scientists, showing unexpected
properties both in the antiferromagnetic and in the superconducting state.
In this talk, we review thermoelectric transport properties of iron-based superconductors and parent compounds. We discuss
possible physical mechanisms into play in determining the Seebeck effect, from whence one can extract information about Fermi
surface reconstruction, multiband character, coupling of charge carriers with spin excitations and its relevance in the
unconventional superconducting pairing mechanism. Additional information is obtained from the analysis of the Nernst effect,
whose enhancement in parent compounds must be related partially to multiband transport and low Fermi level, but mainly to the
presence of Dirac cone bands at the Fermi level. A comparison between the phenomenology of thermoelectric behavior of
different families of iron-based superconductors and parent compounds allows to evidence the key differences and analogies, thus
providing clues on the rich and complex physics of these fascinating unconventional superconductors.

#106 - Electronic Structure and High Temperature Superconductivity in FeSe/SrTiO3 Films and Related IronBased Superconductors
Xingjiang Zhou (I) - Institute of Physics, Chinese Academy of Sciences
In this talk, I will report our recent angle-resolved photoemission (ARPES)work on the electronic structure and superconductivity of
FeSe/SrTiO3 thin films: [1]. Unique electronic structure and superconducting gap in single-layer FeSe/SrTiO3 film; [2]. Phase diagram
and observation of superconductivity at 65K in single-layer FeSe/SrTiO3 film; [3]. Dichotomy of electronic structure and
superconductivity between the single- and double-layer FeSe/SrTiO3 films; [4]. Insulator-superconductor transition in single-layer
FeSe/SrTiO3 films. I will also report our latest work on the new FeSe-based superconductor, (Li,Fe)OHFeSe, that shows strikingly
similar electronic structure as the superconducting single-layer FeSe/SrTiO3 films[5]. Implications of these observations on the
superconductivity mechanism of the iron-based superconductors will be discussed.
[1].Defa Liu, Wenhao Zhang, Daixiang Mou, Junfeng He, Xucun Ma, Qikun Xue and X. J. Zhouet al., Nature Communications 3, 931
(2012);
[2].Shaolong He, Junfeng He, Wenhao Zhang, Lin Zhao,Xucun Ma, Qikun Xue and X. J. Zhouet al., Nature Materials 12, 605 (2013);
[3].Xu Liu, Defa Liu, Wenhao Zhang, Junfeng He, Xucun Ma, Qikun Xue and X. J. Zhouet al., Nature Communications 5, 5047(2014);
[4].Junfeng He, Xu Liu, Wenhao Zhang, Lin Zhao, Xucun Ma, Qikun Xue and X. J. Zhouet al., PNAS. 111,18501 (2014).
[5].Lin Zhao, Aiji Liang, Dongna Yuan, Yong Hu, Xiaoli Dong and X. J. Zhou et al., arXiv:1505.06361.

#107 - Ru-doping on Fe-based superconductors: strcutural versus electronic effects
Alessandra Continenza - Università degli studi dell'Aquila
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Other Authors: Michele Reticcioli (Università degli studi dell'Aquila e University of Vienna), Cesare Franchini (University of Vienna), Gianni
Profeta (Università degli studi dell'Aquila)

Since their discovery in 2008, the Fe-based pnictides constitute a widely studied class of materials, showing superconducting
behavior upon doping or applied pressure. However, the mechanism driving transition to the superconducting state is not clear as
there
are
still
many
di
fferent issues that need careful investigation. One of these, concerns isovalent transition metal substitutions and their differrent
effects on different classes of materials. This is the case, for example, of Ru-doping on the transition metal sites of the Fe-As layers
in BaFe2As2 (Ba-122) and LaOFeAs (La-1111). Although Ru is considered to be isovalent with Fe, it is seen to induce
superconductivity in Ba-122 up to rather large Ru-concentrations (35%), while it is seen not to affect the La-111 compound and
even suppress superconductiivity in F-doped LaOFeAs (La-1111) samples making the transition temperature linearly decrease.
Thus,
the
question
arises:
why
does
Ru-doping
show
such
diff
erent behavior on 122 and 1111 systems? In order to answer to this question, by means of first principles calculations we perform
conceptual simulated experiments to i) separate out pure-electronic from pure-structural contributions to the states at the Fermi
level and ii) to compare step by step the two compounds.

#108 - Enhancement of low-frequency fluctuations and superconductivity breakdown in Mn-doped La1-yYyFe1xMnxAsO0.89F0.11 superconductors
Matteo Moroni - Università di Pavia - Dipartimento di Fisica
Other Authors: Franziska Hammerath (IFW Dresden, 01171 Dresden, Germany), Lucia Bossoni (Kamerlingh Onnes Laboratory, University of
Leiden, 2300 RA Leiden, The Netherlands), Samuele Sanna (Department of Physics, University of Pavia-CNISM, I-27100 Pavia, Italy), Rhea
Kappenberger (IFW Dresden, 01171 Dresden, Germany), Sabine Wurmehl (IFW Dresden, 01171 Dresden, Germany), A.U.B. Wolter (IFW Dresden,
01171 Dresden, Germany), Mesfin Asfaw Afrassa (IFW Dresden, 01171 Dresden, Germany), Yoshiaki Kobayashi (Nagoya University, Nagoya 4648602, Japan), Masatoshi Sato (CROSS, 162-1 Shirakata, Tokai 319-1106 Japan), Bernd Büchner (IFW Dresden, 01171 Dresden, Germany), Pietro
Carretta (Department of Physics, University of Pavia-CNISM, I-27100 Pavia, Italy)

The introduction of impurities in superconducting materials is a powerful method to unravel some of their intrinsic microscopic
properties. In this study we focus on the peculiar case of Mn impurities substitution on the Fe site in optimally doped La1yYyFeAsO0.89F0.11(y = 0 ; y = 0.2). In the y = 0 series a very low critical concentration of Mn (x = 0.2%) is enough to destroy the
superconducting phase and to induce a quantum phase transition to a magnetic state [1]. On the other hand, in the y = 0.2 series
the chemical pressure induced by La for Y substitution stabilizes superconductivity, which is observed to vanish only for Mn
19
contents an order of magnitude larger than for y=0 [2]. For both series a peak in the F NMR nuclear spin-lattice relaxation rate
1/T1 emerges upon Mn doping and gets significantly enhanced on approaching the quantum phase transition between the
superconducting and magnetic phases. The magnetic field dependence of 1/T1 indicates slowing down of the frequency of the
19
fluctuations to the MHz range occurs. F NMR linewidth measurements show that for similar Mn contents magnetic correlations
are more pronounced in the y = 0 series, at variance with what one would expect for stripe spin correlations. These observations
suggest that Mn doping tends to reduce fluctuations at Q = (π/a, 0) and to enhance other low-frequency modes. These
experimental results are discussed in the framework of spin-glass like fluctuations developing in Néel correlated regions around
the Mn impurities as well as considering the role of nematic fluctuations.
[1] F. Hammerath et al. Phys. Rev. B 89 (2014) 134503
[2] F. Hammerath, M. Moroni et al. arXiv:1504.04352

#109 - Mutual independence of Tc and superfluid density under pressure in optimally-doped LaFeAsO1-xFx
Giacomo Prando - Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden
Other Authors: Thomas Hartmann (Institut für Theoretische Physik III, Ruhr-Universität Bochum, D-44801 Bochum, Germany), Wolf Schottenhamel
(Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany), Zurab Guguchia (Laboratory for Muon Spin
Spectroscopy, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland), Samuele Sanna (Dipartimento di Fisica and Unità CNISM di Pavia,
Università di Pavia, I-27100 Pavia, Italy), Felix Ahn (Institut für Theoretische Physik III, Ruhr-Universität Bochum, D-44801 Bochum, Germany),
Igor Nekrasov (Institute for Electrophysics, Russian Academy of Sciences, Ural Branch, Amundsen str. 106, Ekaterinburg, 620016, Russian
Federation), Anja Wolter-Giraud (Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany), Sabine
Wurmehl (Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany; Institut für Festkörperphysik,
Technische Universität Dresden, D-01062 Dresden, Germany), Rustem Khasanov (Laboratory for Muon Spin Spectroscopy, Paul Scherrer Institut,
CH-5232 Villigen PSI, Switzerland), Ilya Eremin (Institut für Theoretische Physik III, Ruhr-Universität Bochum, D-44801 Bochum, Germany), Bernd
Büchner (Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany; Institut für Festkörperphysik,
Technische Universität Dresden, D-01062 Dresden, Germany)

The superconducting properties of LaFeAsO1-xFx in conditions of optimal electron-doping are investigated upon the application of
external pressure up to P = 23 kbar [1]. Measurements of muon-spin spectroscopy and dc magnetometry evidence a clear mutual
independence between the critical temperature Tc and the low-temperature saturation value for the ratio ns/m* (superfluid density
over effective band mass of Cooper pairs). Remarkably, a dramatic increase of 30 % is reported for ns/m* at the maximum pressure
value while Tc is substantially unaffected in the whole accessed experimental window. Such a dramatic increase under P while
keeping Tc constant is an unprecedented observation for any superconducting material, to the best of our knowledge. We provide
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evidence from density-functional theory (DFT) calculations that this result should not be associated to an induced change in the
fermiology of LaFeAsO1-xFx or, equivalently, to a P dependence of m*. We argue and demonstrate that the explanation for the
observed results must take the effect of non-magnetic impurities on multi-band superconductivity into account. In particular, the
unique possibility to modify the ratio between intra-band and inter-bands scattering rates by acting on structural parameters while
keeping the amount of chemical disorder constant is a striking result of our proposed model.
[1] G. Prando et al., arXiv:1502.02713 (2015)

#110 - LOW TEMPERATURE- HIGH FIELD PERFORMANCES OF IRON CALCHOGENIDES THIN
FILMS
Carlo Ferdeghini - CNR-SPIN
Other Authors: Emilio BELLINGERI (CNR-SPIN), Renato BUZIO (CNR-SPIN), Valeria BRACCINI (CNR-SPIN), Shrikant KAWALE (CNR-SPIN),
Andrea GERBI (CNR-SPIN), Ciro NAPPI (CNR-SPIN), Ettore SARNELLI (CNR-SPIN)

Among the various families of Fe-based superconductors, iron chalcogenides, while present a transition temperature not
particularly high, show great advantages for potential applications in high field, albeit at liquid helium temperature. In thin films,
the strain can push the critical temperature up to 21K, the critical field up to more than 50 T and the irreversibility field close to this
value. The critical current and its anisotropy heavily depend on the type of substrate used for the deposition. It is possible to reach
values up to 1 MA/cm2 at liquid helium temperatures and self-field with weak magnetic field dependence and without appreciable
anisotropy. In this study, we will show what are the defects acting as pinning centers for different substrates and how the shape of
the pinning centers determines the anisotropic observed currents. Finally, in the case of STO, we present the first measurements
on FeSeTe thin films deposited on bi-crystals showing that, differently from HTS, the high angle grain boundary is less limiting the
supercurrent. Experiments indicate that the current is not appreciably depressed up to a misorientation angle of 10 degrees.
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#111 - Giant Oscillating Thermopower at Oxide Interfaces
Daniele Marré (I) - University of Genova and CNR-SPIN
Other Authors: Ilaria Pallecchi, Francesca Telesio (CNR-SPIN and Genova University, Department of Physics, via Dodecaneso 33, 16146-Genova,
Italy) Danfeng Li, Alexandre Fête, Stefano Gariglio, Jean-Marc Triscone (Departement of Quantum Matter Physics, University of Geneva, 24 Quai
E.-Ansermet, 1211 Geneva 4, Switzerland) Alessio Filippetti ( CNR-IOM UOS Cagliari, c/o Dipartimento di Fisica, Università di Cagliari, S.P.
Monserrato-Sestu Km.0,700, Monserrato (Ca), 09042, Italy) Pietro Delugas (CompuNet, Istituto Italiano di Tecnologia - IIT, Via Morego 30, 16163 Genova, Italy) Vincenzo Fiorentini (Dipartimento di Fisica, Università di Cagliari, and CNR-IOM, S.P. Monserrato-Sestu Km.0,700, Monserrato
(Ca), 09042, Italy)

Understanding the nature of charge carriers at the LaAlO3/SrTiO3 interface is one of the major open issues in the route towards the
full comprehension of the charge confinement phenomenon in oxide heterostructures. Thermoelectric spectroscopy is a
formidable tool for the exploration of the electronic properties of doped semiconductors, since its signal is closely related to the
density of states around the Fermi energy.
In this work, we explore thermopower in LaAlO3/SrTiO3 at low temperature as a function of gate field, in order to monitor the
electronic properties at varying doping concentration. In particular, under large negative gate voltage, corresponding to the
4
5
strongly depleted charge density regime, thermopower displays record-high negative values of the order of 10 -10 mV/K,
oscillating at regular intervals as a function of the gate voltage. The huge thermopower magnitude can be attributed to the
phonon-drag contribution, while the oscillations map the progressive depletion and the Fermi level descent across a dense array of
localized states lying at the bottom of the Ti 3d conduction band. This study is the first direct evidence of a localized Anderson tail
in the two-dimensional (2D) electron liquid at the LaAlO3/SrTiO3 interface.

#112 - Non-perturbative effects of electron-phonon interaction in strongly disordered system
Sergio Ciuchi - University of L'Aquila
Other Authors: Domenico Di Sante (Dipartimento di Scienze Fisiche e Chiniche Università dell'Aquila, Italy), Simone Fratini (Insitut Neéel, CNRS
Grenoble, France)

Using a combinations of DMFT, Typical Medium Theory, and Self-Consistent Non Crossing Approximation we study the half-filled
disordered Holstein model. We found that the electron-phonon interaction acts synergistically with disorder to drive the states
near the Fermi energy toward localization. The resulting insulating state changes continuously its character passing from a
polaronic insulator at weak disorder to an Anderson insulator at weak electron-phonon coupling. In the metallic phase polaronic
signatures could be found up to very small values of electron-phonon coupling. Phonon quantum fluctuations instead favor metallic
phase at zero temperature but well into the insulating phase they contribute to increase the resistivity.
References
D. Di Sante, S. Ciuchi
"Strong interplay between electron-phonon interaction and disorder in low doped systems."
Phys. Rev. B 90, 075111 (2014)

#113 - Using magnetic stripes to stabilize superfluidity in electron-hole double monolayer graphene
Luca Dell'Anna - Dipartimento di Fisica e Astronomia "G. Galilei", Università di Padova
Experiments have confirmed that double monolayer graphene cannot generate finite temperature electron-hole superfluidity. This
has been shown to be due to very strong screening of the electron-hole pairing attraction. The linear dispersing energy bands in
monolayer graphene prevent attempts to reduce the strength of the screening. We propose a new hybrid device in which the two
sheets of monolayer graphene are placed in a modulated periodic perpendicular magnetic field. Such a magnetic field preserves the
isotropic Dirac cones of the original monolayers but it reduces the slope of the cones so that the monolayer Fermi velocity vF is
smaller. We show that with current experimental techniques, this reduction in vF can sufficiently weaken the screening to permit
electron-hole superfluidity at measurable temperatures.

#114 - Atomic scale view of the early stages of a metal oxidation: Scanning Tunneling Microscopy and
Spectroscopy study of the oxidation of Co ultrathin films
Andrea Picone - Politecnico di Milano
Other Authors: Michele Riva (Dipartimento di Fisica, Politecnico di MiIano, piazza Leonardo da Vinci 32, I-20133 Milano), Dario Giannotti
(Dipartimento di Fisica, Politecnico di MiIano, piazza Leonardo da Vinci 32, I-20133 Milano), Alberto Brambilla (Dipartimento di Fisica,
Politecnico di MiIano, piazza Leonardo da Vinci 32, I-20133 Milano), Lamberto Duò (Dipartimento di Fisica, Politecnico di MiIano, piazza
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Leonardo da Vinci 32, I-20133 Milano), Franco Ciccacci (Dipartimento di Fisica, Politecnico di MiIano, piazza Leonardo da Vinci 32, I-20133
Milano) and Marco Finazzi (Dipartimento di Fisica, Politecnico di MiIano, piazza Leonardo da Vinci 32, I-20133 Milano)

Oxidation of metallic surfaces plays a fundamental role in many fields of modern nanotechnology, spanning from heterogeneous (nano) catalysis [1], corrosion protection [2], and metal/oxide layered structures [3,4] . From a
more fundamental point of view, a detailed understanding of the atomistic mechanisms driving the transition from the metallic to
the oxide phase is far from being conclusively achieved. Does the oxide nucleation occur over the atomically flat terraces or starts
from surface defects sites? Which is the evolution of the surface electronic structure during the early stages of oxygen exposure? If
compared to other surface science spatial averaging techniques, the number of Scanning Tunneling Microscopy (STM) and
Spectroscopy (STS) studies investigating the early stages of metals oxidation is still scarce. Indeed, the oxidation process often
induces the development of rough surfaces or even amorphous structures, rendering their investigation by means of STM a
challenging task. In this contribution it will be shown that the oxidation of nanometer-thick Co films deposited on Fe(001) can be
followed step by step, from the early stages of subsurface oxygen penetration, until a closed oxide overlayer is fully developed.
Highly resolved STM images allow to resolve the atomic details of the oxide wetting layer, while STS and constant current
topographic images acquired at variable tunneling conditions reveal the band gap opening since the early stages of oxide
nucleation.
[1] S. Surnev, A. Fortunelli, F.P. Netzer, Chem. Rev. 113 (2013) 4314.
[2] F. H. Stott, Rep. Prog. Phys. 50 (1987) 861-913.
[3] S. Valeri and G. Pacchioni, eds., Oxide Ultrathin Films (Wiley-VCH Verlag, Weinheim, 2011).
[4] M. Finazzi, L. Duò, F. Ciccacci, Surf. Sci. Rep. 64 (2009) 139.

#115 - A method of surface texturization of silicon by a maskless plasma process
Giuseppe Monteleone - CNR Istituto di Fotonica e Nanotecnologie
Other Authors: E. Vassallo (CNR, Institute of Plasma Physics “P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy), R. Caniello (CNR, Institute of
Plasma Physics “P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy) , A. Cremona (CNR, Institute of Plasma Physics “P. Caldirola”, Via R. Cozzi
53, 20125 Milano, Italy) , F. Ghezzi (CNR, Institute of Plasma Physics “P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy) , F. Inzoli (CNR,
Institute of Plasma Physics “P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy) , L. Laguardia (CNR, Institute of Plasma Physics “P. Caldirola”,
Via R. Cozzi 53, 20125 Milano, Italy) , F. Pallotta (CNR, Institute of Plasma Physics “P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy) , M.
Pedroni (CNR, Institute of Plasma Physics “P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy) , V. Spampinato (CNR, Institute of Plasma Physics
“P. Caldirola”, Via R. Cozzi 53, 20125 Milano, Italy), S. M. Pietralunga (CNR, Istituto di Fotonica e nanotecnologie, P.zza Leonardo da Vinci 32,
20133 Milan, Italy), M. Zani (Politecnico di Milano, Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy), A. Tagliaferri(Politecnico di
Milano, Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy), F.Di Fonzo(Center for Nano Science and Technology @PoliMi, Istituto
Italiano di Tecnologia, Via G. Pascoli, 70/3, 20133 Milano, Italy, G. Nava(Center for Nano Science and Technology @PoliMi, Istituto Italiano di
Tecnologia, Via G. Pascoli, 70/3, 20133 Milano, Italy)

Deep surface texturization boosts novel applications of Silicon and improves its performances in selected fields. Micrometric or
sub-micrometric texturized Silicon, increases optical absorption, what may contribute to improve optical detection and solar cell
efficiency [1,2]. The definition of pillars and grooves also functionalizes the surface as a scaffold for biomedical applications, by
inducing selective antibacterial characteristics [3].In this work we introduce a reactive mask-less method to achieve deep texturing
of Silicon by using CF4/H2-based processing in a Plasma Enhanced Chemical Vapour Deposition (PECVD) system [4]. The RF (13.56
MHz) powered electrode of the PECVD apparatus works as a support for the substrates. Operating parameters in the range of 0.050.1 mbar (gas pressure), 200-280 W (RF power) and 20-30 min(processing time) issue random pillars as high as 300 nm, with
diameters in the range of 100-150 nm. The plasma has been investigated in the different operating conditions by optical emission
1
1
spectroscopy (OES). OES spectra show the presence of F, C, H neutral atomic lines and CF2 ro-vibronic narrow bands (Ã B1 – X ̃ A1) in
+
the 245-325 nm range; also CO and CO ro-vibronic bands due to the oxygen desorbed by the chamber walls are identified. As
confirmed from OES, the plasma process takes place in high fragmentation regime and so many radicals are produced, in particular,
the main precursors for the deposition (CFx) and etching (F*) are evident.
In order to understand which reactions are at the basis of the mask-less etching process and to assess the nature of the passivation
layer on the surface and in the bulk of the Si samples, OES analysis has been combined with results from XPS, SIMS and Scanning
Auger Micro-spectroscopy.
Reflectance of the treated silicon surface has been characterized by UV-Vis spectrophotometer equipped with an integrating
sphere. An overall average reflectance lower than 10% in the visible and near-IR spectrum has been demonstrated.
Mask-less Fluorine plasma-etched black silicon is therefore appealing to increase optical absorption in the solar spectrum.
Biomedical applications are under test
[1] Appl. Phys. Lett. 106, 062105 (2015); doi: 10.1063/1.4907988
[2] Nature Nanotech., 7, 743 (2012)
[3] Nature Commun. 4, Article number: 2838 doi:10.1038/ncomms3838
[4] Lieberman M A and Lichtenberg A J 1994 Principles of Plasma Discharges and Materials Processing (New York: Wiley)

#116 - Molecular Ordering at the Interface Between Liquid Water and Rutile TiO2(110)
Claudio Goletti - Università di Roma Tor Vergata, Dipartimento di Fisica
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Other Authors: Giulia Serrano (1), Beatrice Bonanni (1), Marco Di Giovannantonio (1), Tomasz Kosmala (2), Michael Schmid (3), Ulrike Diebold
(3), Aldo Di Carlo (4), Jun Cheng (5), Joost VandeVondele (6), Klaus Wandelt (2), Claudio Goletti (1) (1) Department of Physics and CNISM,
Università degli Studi di Roma “Tor Vergata”, Via della Ricerca Scientifica 1, I-00133 Rome, Italy (2) Institut für Physikalische und Theoretische
Chemie, University of Bonn, Wegeler Str. 12 , 53115 Bonn, Germany (3) Institute of Applied Physics, Vienna University of Technology, Wiedner
Hauptstrasse 8-10/134, A-1040 Vienna, Austria (4) Department of Electronic Engineering and CHOSE, Università degli Studi di Roma "Tor
Vergata", Via del Politecnico 1, I-00133 Rome, Italy (5) Department of Chemistry, University of Aberdeen, Meston Building, Meston Walk, Aberdeen
AB24 3UE, UK (6) Department of Materials, ETH Zürich, Wolfgang-Pauli-Strasse 27, CH-8093 Zürich, Switzerland

The pivotal importance of TiO2 as a technological material involves most applications in an aqueous environment, but the singlecrystal TiO2/bulk-water interfaces are almost completely unexplored, since up to date solid/liquid interfaces are more difficult to
access than surfaces in Ultra High Vacuum (UHV). Only a few techniques (as Scanning Probe Microscopy) offer the opportunity to
explore these systems under realistic conditions. We have studied the rutile TiO2(110) surface immersed in high-purity water by insitu scanning tunneling microscopy (STM). The large-scale surface morphology as obtained after preparation under UHV conditions
remains unchanged upon prolonged exposure to bulk water. Moreover, in contrast to UHV, atomically resolved images show a twofold periodicity along the [001] direction, indicative of an ordered structure resulting from the hydration layer. This is consistent
with density-functional theory based molecular dynamics (DFT-MD) simulations where neighboring interfacial molecules of the first
water layer in contact with the bulk liquid form dimers. By contrast, this dimerization is not observed for a single adsorbed water
monolayer, i.e. in the absence of bulk water.

#117 - Synthesis and photocatalytic properties of hydrogenated TiO2 nanoplumes
Viviana Scuderi - CNR-IMM
Other Authors: Giuliana Impellizzeri (CNR-IMM, Via S. Sofia 64, 95123 Catania, Italy), Massimo Zimbone (CNR-IMM, Via S. Sofia 64, 95123
Catania, Italy), Ruy Sanz (CNR-IMM, Via S. Sofia 64, 95123 Catania, Italy), Alessandro Di Mauro (CNR-IMM, Via S. Sofia 64, 95123 Catania,
Italy), Maria Antonietta Buccheri (CNR-IMM, Via S. Sofia 64, 95123 Catania, Italy), Maria Miritello (CNR-IMM, Via S. Sofia 64, 95123 Catania,
Italy), Giuseppe Nicotra (CNR-IMM, Z.I. VIII Strada 5, Catania 95121, Italy), Vittorio Privitera (CNR-IMM, Via S. Sofia 64, 95123 Catania, Italy).

In the last years, the synthesis of a wide range of advanced inorganic materials (nanocomposite thin films, patterned surfaces and
nanostructures) was extensively studied. In particular, the semiconducting oxide TiO2 has attracted remarkable interest, for its
outstanding applications: from solar cells to self-cleaning and water purification.
In this work, we investigate the photoactive properties of TiO2 nanoplumes. The original material was synthesized by a simple
chemical etch, in peroxide solution, of a Ti film deposited by sputtering. The system was morphologically and structurally
characterized by scanning and transmission electron microscopy, x-ray diffraction. The band gap of nanoplumes was evaluated by
optical transmittance and reflectance measurements, and compared by annealed nanoplumes and standard TiO2 film. Nanoplumes
shows a lower band-gap energy than TiO2 film, with an energy gap of 2.0 eV against 3.2 eV, making the material sensitive to visible
light. The synthesized materials revealed a remarkable efficiency in the photo-degradation of methyl blue in water not only under
UV light, but also under VIS light irradiation. In particular, the nanoplumes exhibited a photo-degradation reaction rate that is ~ 5
times the rate of the TiO2 flat film in the UV and ~ 6 times in the VIS. The photocatalytic activity has been correlated to the physicalchemical structures of the sample. The antibacterial activity was tested by CFU count using Escherichia coli as a model organism. It
is a well-known Gram-negative bacterium, representative of coliforms and it is considered to be an indicator of fecal contamination
in drinking water. In particular, after one hour of exposure under VIS light, bacterial survival dropped down to 17% for the
nanoplumes, compared with 72% for the TiO2 reference sample. The obtained results demonstrate that the originally-synthesized
TiO2 nanoplumes is a promising photoactive material.
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HIGH
TEMPERATURE
FUEL
CELL
ELECTRODES:
NEW
COMPOSITIONS,
MICROSTRUCTURES AND SYSTEMS FOR EFFICIENT UTILISATION OF RENEWABLE FUELS

John T. S. Irvine (I) - School of Chemistry, University of St Andrews
Fuel cells will undoubtedly find widespread use in this new millennium in the conversion of chemical to electrical energy, as they
offer very high efficiencies and have unique scalability in electricity generation applications. The solid oxide fuel cell (SOFC) offers
certain advantages over lower temperature fuel cells, notably its ability to utilise CO as a fuel rather than being poisoned and the
availability of high-grade exhaust heat for combined heat and power or combined cycle gas turbine applications. Although cost is
clearly a key barrier to widespread SOFC implementation, perhaps the most important technical barriers currently being addressed
relate to the electrodes, particularly the fuel electrode or anode. In terms of mitigating global warming, the ability of the SOFC to
utilise commonly available fuels at high efficiency, promises an effective and early reduction in carbon dioxide emissions and hence
is one of the lead new technologies to improve the environment.In the longer term the ability to utilise waste derived fuels such as
biogas will be of critical importance.
Here we describe a series of strategies involving modification of defect chemistry and composition to enhance the electrocatalytic
performance of novel perovskite anode and cathode materials that have proved highly successful in reducing polarization
resistance and improving output voltage. Results will be presented addressing the use of natural gas, liquid hydrocarbon and
carbon-based fuels. Strategies to improve sulphur tolerance, coking resistance and redox stability will be described and the long
term prospects discussed. We also report on the microstructural evolution of Mn-containing perovskites impregnated into yttria
stabilised zirconia scaffolds on heating and redox cycling This seems to offer a very attractive structure with extensive triple phase
boundary regions being formed where electrochemical reactions can occur

#119 - What can we learn from the modeling of elementary steps in energy devices? PEMFC as examples
Carlo Adamo (I) - ENSCP-Chimie ParisTech
Although most of the technologies underpinning renewable energies are (in principle) ready for large-scale implementation, they
still require improvement in order to be competitive at both efficiency and economical level with more traditional sources. Design,
synthesis, characterization and application of new materials represent a long process often involving several experimental steps
each of them requiring significant human and financial resources. Computational materials science can support and speed up this
process. Indeed the understanding of microscopic chemical processes at the base of the energy production can provide valuable
insights for their improvement. This philosophy will be illustrated with selected examples concerning fuel cells. In particular, it will
be illustrated how quantum (DFT) and classical (MD) simulations can give valuable insights on the charge transport mechanism in
membranes for fuel cell applications.

#120 - Infiltrated La0.8Sr0.2Ga0.8Mg0.2O3-d based cells powered by biogas
Elisabetta Di Bartolomeo - Depertment of Chemical Science and Technologies, University of Rome Tor Vergata
Other Authors: Igor2 Luisetto2 (Dept. of Science, University of Roma Tre, via della Vasca Navale, 00146 Rome, Italy), Francesco1 Basoli1 (1Dept.
of Chemical Science and Technologies, University of Rome Tor Vergata, Via della Ricerca Scientifica, 00133 Rome, Italy), Francesca1 Zurlo1
(1Dept. of Chemical Science and Technologies, University of Rome Tor Vergata, Via della Ricerca Scientifica, 00133 Rome, Italy), and Silvia1
Licoccia1 (1Dept. of Chemical Science and Technologies, University of Rome Tor Vergata, Via della Ricerca Scientifica, 00133 Rome, Italy)

La0.8Sr0.2Ga0.8Mg0.2O3-d (LSGM) based porous/dense structures were optimized for infiltration of different metal catalysts.
Porous anodic substrates with an open porosity larger than 65% were fabricated by using LSGM commercial powders with two
different types of porogens: micrometric carbon and polymethilmetacrilate (PMMA). The anodes were pre-sintered at 1250°C for 2
hours to get enough mechanical strength to be used as substrates for spin-coating deposition of micrometric layers of electrolyte.
La0.8Sr0.2Fe0.8Co0.2O3-d was used as cathode and deposited by using a screen-printing oil and firing at 900°C. A 4 M solution of
metal (Ni, Co, Cu and their 1:1 mixtures) salts was used for infiltration, dried and heated at 400°C for 30 minutes. Multiple
infiltrations were necessary to get a metal catalyst amount of 25wt% that is the required value to get performing electrocatalytic
performance. The reduction behavior of impregnated LSGM powders with the same amount of metal catalyst infiltrated in the
scaffolds was examined by H2-TPR techniques. Ex-situ catalyst activity measurement was used for the initial catalyst screening. The
catalytic activity for CH4 and CO2 conversion followed the order Ni∼Ni-Co>Co>Ni-Cu >>Co-Cu. Co is known to decrease the carbon
deposition by different effects such as decreasing the particle size of metallic alloy and thanks to its low affinity toward carbon, the
main drawback is the low catalytic activity in comparison with Ni. However, the addition of Co to Ni slightly decreased the catalytic
activity, thus Ni-Co alloys may couple the high activity of Ni with the high carbon and sintering resistance of Co yielding higher
performing catalysts. The electrochemical measurements were performed on infiltrated cells with the same amount of Ni and Ni-Co
in the temperature range between 650 and 750°C. Measurements were performed both in H2 and CH4 and results compared.
Similar and regarding performance were obtained both forNi and Ni-Co based cell confirming the results of the catalytic
investigation on the corresponding infiltrated LSGM powders. From the electrochemical impedance measurements , both ohmic
and polarization resistances of Ni and Ni-Co infiltrated cells slightly increased with time, thus a further investigation on the cell
stability is in progress.
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#121 - Some remarks on the development of fuel flexible anodes for Solid Oxide Fuel Cells
Massimiliano Lo Faro - CNR-ITAE
Other Authors: Stefano Trocino (CNR-ITAE) Sabrina Campagna Zignani (CNR-ITAE) Antonino Salvatore Aricò (CNR-ITAE)

The major energy demand is presently fulfilled by conventional energy resources like petroleum, natural gas, and coal. Petroleumbased fuels are characterized by limited reserves concentrated in certain regions of the world. Thus, the most feasible way to meet
the growing demand of energy is to utilize alternative fuels that can be obtained from renewable sources including those derived
from biomasses. One of the main implications is consumer’s ability to use an increasingly diverse selection of energy sources. New
business models could be especially important in the stationary power sector as fuel cell based distributed energy systems become
an alternative to or backup for centrally generated power. The European strategy in Energy Systems will improve the efficiency of
traditional energy systems and will spread the diffusion of new sustainable energy technologies, and will have therefore an
important impact on: European economy; improvement of European companies’ competitiveness in high-tech global markets,
dependency of the EU from external supply of oil and energy. Small fuel cells systems, typically less than 10kW, are under
consideration for many applications that traditional electric utilities have not supplied widely. In this area, solid oxide fuel cells
(SOFCs) may enable new companies to enter the power-generation business as equipment providers or heat and electricity
providers. The CNR-ITAE has a long and proven experience in SOFCs having contributed to the penetration of this technology into
Europe since the early 1980's.In this communication will be reported the CNR-ITAE experience in the electrochemical screening of
SOFC anodes under practical operating conditions especially in terms of improved range of fuel use.

#122 - One pot synthesis of B-site Pd and Ni promoted La0.6Sr0.4Co0.2Fe0.8O3- δ perovskites: structureproperties relationship
Leonarda Francesca Liotta - Istituto per lo Studio dei Materiali Nanostrutturati (ISMN)-CNR
Other Authors: F. Puleo1, A. Longo1,2, A. Martorana3 ,V. La Parola1, S. Guo1,4, C. Lo Cascio 1, L.F. Liotta1. 1Istituto per lo Studio di Materiali
Nanostrutturati (ISMN)-CNR, Via Ugo La Malfa 153, 90146 Palermo, Italy 2Dutch-Belgian Beamline (DUBBLE), European Synchrotron Radiation
Facility (ESRF), B.P. 220, F-38043 Grenoble, France. 3Dipartimento di Fisica e Chimica, edificio 17, viale delle Scienze, I-90128 Palermo, Italy
4Northwestern Polytechnical University, Xi’an 710072 PR China.

An understanding of the structure and dynamics of catalysts during exposure to gaseous reactants is of paramount importance in
predicting their performances. In oxidation reactions catalysed by metal oxides, surface coordinatively unsatured metal cations and
oxygen vacancies are the active sites for hydrocarbons and oxygen activation [1]. Even for oxidation reactions catalysed by noble
metals supported on reducible oxides, the role of the support in the activation of oxygen is fundamental [2]. On the other hand, it is
widely accepted that the rate-limiting steps of O2 reduction process, occurring at the porous cathode of solid oxide fuel cells, are
firstly the surface chemical exchange and then the solid state diffusion of oxygen anions through the oxygen vacancies of the
cathode lattice. It appears, therefore, that the synthesis and investigations of metal oxides with tailored oxygen defects are key
steps in designing new materials for catalytic and electrochemical applications. LSCF oxides with metal substitution in B-site
prepared by different methods, such as solid-state reaction or by impregnation of the perovskite with the metal dopant precursor,
have been extensively investigated as new cathodes [3,4]. In the present work, the preparation by pone pot citrate method of
perovskites with composition La0.6Sr0.4Co1-xFex-0.03M0.03O3-δ (x=0.2/0.8; M=Pd/Ni) is reported. Characterizations by several
techniques (such as XRD, EXAFS, TPR, XPS, TGA, EIS) have been carried out aiming to investigate the effect of the metal (Pd, Ni)
insertion on the perovskite structure and oxygen defects. Addition of Pd and Ni to La0.6Sr0.4Co0.2Fe0.8O3-δ was found to be
effective in improving the redox and electrochemical properties. Moreover, preliminary results suggest an increase of oxygen
vacancies for Pd and Ni doped oxides, confirming recent data by theoretical DFT calculations used as complementary approach [5].
Acknowledgements The China Scholarship Council is acknowledged for supporting Guo’s scholarship in Italy for 2 years. C. Lo Cascio
thanks the Regione Siciliana, Progetto N. 20 (ID 11) ”Nanomateriali e Nanotecnologie per lo Sviluppo Sostenibile ed il Patrimonio
Culturale”. References [1] L.F. Liotta, H. Wu, G. Pantaleo, A.M. Venezia, Catal. Sci.&Tech. 3, 3085 (2013). [2] C.A. Mueller, M.
Maciejewski, R. A. Koeppel, R. Tschan, A. Baiker, J. Phys. Chem. 100, 20006 (1996). [3] J.M. Porras-Vazquez, P. R. Slater, Fuel Cells
12, 1056 (2012). [4] T.J. Huang, X.D. Shen, C.L. Chou, J. of Power Sources 187, 348 (2009. [5] Y. Mastrikov, S. Guo, F. Puleo, L.F.
Liotta and E. Kotomin, manuscript in preparation.

#123 - Electrode-Electrolyte Compatibility in Solid-Oxide Fuel Cells: Investigation of the Interface with X-Ray
Microspectroscopy
Marianna Gambino - Dipartimento di Fisica e Chimica, Università di Palermo
Other Authors: Francesco Giannici (Dipartimento di Fisica e Chimica, Università di Palermo, Palermo, Italy), Giovanna Canu (Istituto per
l’Energetica e le Interfasi (CNR-IENI), Consiglio Nazionale delle Ricerche, Genova, Italy), Alessandro Longo (Istituto per lo Studio dei Materiali
Nanostrutturati (CNR-ISMN), Consiglio Nazionale delle Ricerche, Palermo, Italy), Murielle Salomé (European Synchrotron Radiation Facility,
Grenoble, France), Massimo Viviani (Istituto per l’Energetica e le Interfasi (CNR-IENI), Consiglio Nazionale delle Ricerche, Genova, Italy),
Antonino Martorana (Dipartimento di Fisica e Chimica, Università di Palermo, Palermo, Italy)

Chemical and structural compatibility between materials is a critical point in all-ceramic devices working at very high temperatures:
in this respect, the degradation of the cell performance is often the critical factor limiting the working life of SOFC.
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LaNbO4 doped with 2% Ca (LNC) represents the last real breakthrough in the field of proton-conducting oxides for use as
electrolytes in SOFC, showing improved stability and high conductivity with respect to perovskites [1]. To develop efficient and
robust devices based on LNC, the electrical performance and chemical compatibility of various electrode materials with LNC was
extensively tested in recent literature. [2]
We recently applied X-ray microspectroscopy to evaluate the chemical and local structural fate of cations interdiffusing across an
LNC/cathode bilayer (where the cathode is either La0.6Sr0.4MnO3, La0.6Sr0.4Co0.8Fe0.2O3, etc.) after prolonged annealing at high
temperatures (1150 °C), to simulate the operating conditions of a fuel cell. The interfaces of the devices were studied with spaceresolved X-ray absorption spectroscopy (XAS) using the focused submicrometer-sized beam available at the SXM-II endstation on
the ID21 beamline of ESRF. We collected microXANES and microEXAFS spectra at the Nb L3, La L3, Ca K, Fe K and Mn K edges. The
microXRF composition maps spectra were also collected, giving information on the distribution of cations.
2+
In general, an unexpected and impressive exsolution of the Ca dopant from the LNC electrolyte towards the cathode is observed
in all samples. [3] The Ca and Nb change of coordination number and geometry between the perovskite cathode and the LNC
electrolyte is well supported by microXANES simulations, pinpointing the greater structural flexibility of the perovskite structure as
the driving force behind the incorporation of cations from the electrolyte. Fe and Mn edge microXANES spectra also show
interesting variations as a function of the distance from the interface, hinting at some kind of oxygen vacancy accumulation at the
-1
interface. At the La, Fe and Mn edges, high quality microEXAFS spectra were collected and modeled up to about 8 Å .
The present results represent the first application of microfocus X-ray absorption spectroscopy to the study of materials
compatibility in SOFC. This approach can be extended to other kinds of electrode materials, including ceramic anodes, cermets, and
oxide-ion conductors, reproducing different working conditions of real devices: this is expected to give unprecedented insight on
the mechanisms governing electrolyte-electrode compatibility and electrochemical performance in solid oxide fuel cells.
[1] R. Haugsrud & T. Norby Nature Mater. 2006, 5, 193-196.
[2] K.V. Kravchyk et al. Int. J. Hydrogen Energ. 2011, 36, 13059.
[3] F. Giannici et al. Chem. Mater. 2015, in press. doi: 10.1021/acs.chemmater.5b00142

#124 - Toward a new hybrid proton conductor: lanthanum niobate layered perovskites as a source of tailorable
surfaces
Stefania Di Tommaso - Università degli studi di Palermo
Other Authors: Adriana Mossuto Marculescu (Università degli Studi di Palermo), Francesco Giannici (Università degli Studi di Palermo), Antonino
Martorana (Università degli Studi di Palermo), Carlo Adamo (Chimie ParisTech) Frédèric Labat (Chimie ParisTech)

The modification of metal oxide surfaces with organic moieties has been widely studied as a method of preparing organic-inorganic
hybrid materials for various applications. Among inorganic oxides, the ion-exchangeable layered perovskites [1], materials
composed by perovskite-like slabs and intercalated cations, stimulated authors’ interest in reason of some encouraging electronic
and reactive properties. In particular it is well known that the interlayer surface of such materials in their protonated form can be
easily functionalized with organic groups (such as alcohols [2-3] or organophosphonic acids [4]) thus allowing the production of
stable hybrid materials with new electronic and reactive features.
Starting from our previous results on the inorganic substrate HLaNb2O7 (HLN) [5], as a further step in the design of new inorganicorganic hybrid proton conductors, the study of some intercalated compounds is here presented, both from an experimental
(synthesis and characterization) and a theoretical viewpoint (geometrical and electronic structures). A general very good
13
agreement with the available experimental data has been found in reproducing both structural features and C-NMR chemical
shifts.
[1] Schaak, R. E. and Mallouk T. E., Chem. Mat. 2002, 14, 1455-1471.
[2] Takahashi S. et al., Inorg. Chem. 1995, 34, 5065-5069.
[3] Suzuki H. et al., Chem. Mater. 2003, 15, 636-641.
[4] Shimada, A. et al., Chem. Mat. 2009, 21, 4155-4162.
[5] S. Di Tommaso, F. Giannici, A. Mossuto Marculescu, A. Martorana, C. Adamo, F. Labat, J. Phys. Chem 141, 024704 (2014).

#125 - Al-foam based composites for metal supported SOFC with improved resistance to degradation
Massimo Viviani - CNR-IENI
Other Authors: Sabrina Presto (CNR-IENI Via De Marini,6 Genova), Francesco Perrozzi (CNR-IENI Via De Marini, 6 Genova)

Solid oxide Fuel Cells are approaching commercial exploitation thanks to joint efforts by research institutions and industries. Such a
combination profits from scientific advancements in materials design and optimization. At the moment, research is targeting the
recognized limitation of SOFC, basically consisting in excessive performance degradation over the expected lifetime of devices.
Several innovations have been explored to overcome such limitation by reducing operating temperature and improving stability of
materials.
Second generation cells, anode-supported, make extensive use of Ni as catalytic material for H2 oxidation reaction, while third
generation cells, metal-supported, are commonly fabricated with Ni foam as support. Due to this reason, both types suffer from
conductivity loss on redox cycling and exposure to fuels with higher S content, as in biogas.
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One possible approach to significantly reduce or completely avoid the use of Ni is the development of a new kind of support made
of an Al-forming foam impregnated with an electronic conducting ceramic phase.
Within the European project EVOLVE, a combination of NiCrAl foam and n-doped SrTiO3 are being studied as potential substrates
for metal supported SOFC, with the aim to realize a composite with high resistance to oxidation and good conductive properties.
The properties of single components, the compatibility among different phases and the behaviour of composites under RedOx
cycling are reported.
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#126 - Non-equilibrium quantum manipulation: from robust entanglement to quantum thermal machines
Mauro Antezza (I) - Université de Montpellier and Institut Universitaire de France - Paris
We will discuss the behavior of one or more elementary quantum system (atom, molecules, quantum dot, …) interacting with a
stationary, simple and rich electromagnetic environment out of thermal equilibrium: The electromagnetic field is produced by a
simple configuration of macroscopic objects held at thermal equilibrium at different temperatures. We will show how the internal
atomic dynamics can be deeply affected by the non equilibrium configuration leading to unexpected phenomena like a
spontaneous inversion of population, new cooling mechanisms obtained by heating the system, and the possibility to create and
protect entanglement in a stationary and robust way. Finally, we will discuss how this system may directly allow the realization of
atomic quantum thermal machines, with high efficiency and a genuine quantum behavior.

#127 - Quantum vacuum experiments in microwave resonators
Caterina Braggio (I) - University of Padova and INFN
Other Authors: C. Braggio(1,2), G. Carugno(2), F. Della Valle(3), G. Galeazzi(4), G. Ruoso(4) , D. Zanello(5), and V. V. Dodonov(6) 1 Dip. di
Fisica e Astronomia, Via F. Marzolo 8, I-35131 Padova, Italy 2 INFN, Sez. di Padova, Via F. Marzolo 8, I-35131 Padova, Italy 3 Dip. di Fisica and
INFN, Sez. di Trieste, Via A. Valerio 2, I-34127 Trieste, Italy 4 INFN, Laboratori Nazionali di Legnaro, Viale dell’Universit`a 2, I-35020 Legnaro,
Italy 5 INFN, Sez. di Roma, Piazzale A. Moro 1, I-00185 Roma, Italy 6 Instituto de F ı́ sica, Universidade de Bras ́ılia, CP 04455, 70910-900
Bras ı́ lia, Distrito Federal, Brazil

In so-called dynamical Casimir effect experiments [1-3] lies the possibility to convert the quantum vacuum fluctuations into directly
observable real photons. Non-adiabatic, time-dependent boundary conditions are imposed to the vacuum state of the
electromagnetic field in a 3D microwave cavity to accomplish parametric amplification of the initial vacuum or thermal
fluctuations.
Two different experimental approaches will be presented that are aimed to the observation of the DCE in three-dimensional,
empty cavities, in which the electromagnetic field boundary conditions are altered electronically or by means of ultrafast laser
pulses.
Initially is was expected [1] that real photon generation could take place in a three dimensional cavity when the conductivity of a
semiconductor slab was optically modulated at twice the fundamental cavity frequency [2], but such experiment has finally been
demonstrated to be severely limited by microwave absorption phenomena in the laser-excited semiconductor.
A variable capacitance diode (varicap) located inside a resonant cavity has instead allowed us to initialize a parametric amplification
process of the thermal photons of the cavity at finite temperature.
A method to test the apparatus for detection of the quantum photons will be presented, in which the behavior of the thermal
radiation in the cavity mode kept at different temperatures T is investigated, through the study of the coarse-grained energy
distribution in the amplified cavity mode [5].
We will also discuss the feasibility of an idea for parametric amplification of the quantum fluctuations that is based on the
modulation of the index of refraction of a nonlinear crystal enclosed within a cavity. In this case the process of parametric
generation is related to the third order nonlinear coefficient of the nonlinear crystal while the second-order nonlinear coefficient
represents a source of spurious photons, which can arise during the process of laser excitation.

[1] V. V. Dodonov, Phys. Scripta 82, 038105 (2010)
[2] C. Braggio, et al Europhys. Lett. 70, 754 (2005)
[3] C. M. Wilson et al, Nature 479, 376 (2011)
[4] C. Braggio et al New J Phys. 15, 013044 (2013)
[5] G. Galeazzi et al Phys. Rev. A 88, 53806 (2013)

#128 - Casimir-Lifshitz force out of thermal equilibrium between dielectric gratings
Brahim Guizal - Université de Montpellier
Other Authors: Antonio Noto (University of Montpellier and University of Palermo) , Riccardo Messina (University of Montpellier), Mauro Antezza
(University of Montpellier)

We calculate the Casimir-Lifshitz pressure in a system consisting of two different one-dimensional dielectric lamellar gratings
having two different temperatures and immersed in an environment having a third temperature. The calculation of the pressure is
based on the knowledge of the scattering operators, deduced using the Fourier modal method. The behavior of the pressure is
characterized in detail as a function of the three temperatures of the system as well as the geometrical parameters of the two
gratings. We show that the interplay between nonequilibrium effects and geometrical periodicity offers a rich scenario for the
manipulation of the force. In particular, we find regimes where the force can be strongly reduced for large ranges of temperatures.
Moreover, a repulsive pressure can be obtained, whose features can be tuned by controlling the degrees of freedom of the system.
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Remarkably, the transition distance between attraction and repulsion can be decreased with respect to the case of two slabs,
implying an experimental interest for the observation of repulsion.

#129 - The experiment PVLAS for the measurement of the magnetic birefringence of the vacuum
Giuseppe Ruoso - INFN - Laboratori Nazionali Legnaro
Other Authors: Federico DELLA VALLE (University of Trieste and INFN-Trieste), Aldo EJLLI (University of Ferrara and INFN-Ferrara), Ugo
GASTALDI (INFN-Ferrara), Edoardo MILOTTI (University of Trieste and INFN-Trieste), Ruggero PENGO (INFN-Laboratori Nazionali di
Legnaro), Guido ZAVATTINI (University of Ferrara and INFN-Ferrara)

Vacuum magnetic birefringence refers to the changes of the polarization of a light beam propagating in a transverse magnetic field
in vacuum. Anisotropies of the index of refraction of a magnetized vacuum are predicted by quantum electrodynamics, but this
effect is so small that has yet to be observed. The experiment PVLAS has been designed to detect such effect by using a very
sensitive ellipsometer based on a high finesse Fabry Perot cavity. The PVLAS collaboration is presently running a new apparatus in
Ferrara (Italy) and the new magnetic source is a pair of 2.5 T, 0.9 m long permanent magnets. In the talk details will be given on the
detection technique and the results obtained with the new apparatus. The challenging goal has not yet been reached due to excess
noise which is under study. Nonetheless new limits on vacuum magnetic birefringence have been recently set and measurements
are still underway.

#130 - Resonance interaction between two uniformly accelerating atoms
Salvatore Spagnolo - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo
Other Authors: Margherita Lattuca (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Via Archirafi 36, I-90123
Palermo, Italy), Jamir Marino (Institute of Theoretical Physics, TU Dresden, D-01062 Dresden, Germany), Antonio Noto (Dipartimento di Fisica e
Chimica, Università degli Studi di Palermo and CNISM, Via Archirafi 36, I-90123 Palermo, Laboratoire Charles Coulomb UMR 5221 Université de
Montpellier and CNRS, F-34095 Montpellier, France), Roberto Passante (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and
CNISM, Via Archirafi 36, I-90123 Palermo, Italy), Lucia Rizzuto (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM,
Via Archirafi 36, I-90123 Palermo, Italy)

We consider the resonance interaction between two uniformly accelerated identical atoms prepared in a symmetric or
antisymmetric correlated state, interacting with the quantum electromagnetic field in its vacuum state. The atoms are assumed to
accelerate in the same direction perpendicular to their separation.
We evaluate the interatomic interaction, separating at the second order in perturbation theory the contributions of vacuum
fluctuations and radiation reaction field.
We show that Unruh thermal fluctuations do not affect the interatomic interaction, which is exclusively given by the radiation
reaction contribution.
Also, we find that, beyond the characteristic length scale associated to the breakdown of a local inertial description of the twoatom system, non-thermal effects in the radiation reaction term change qualitatively the distance-dependence of the resonance
interaction.

#131 - Three-body radiative heat transfer and Casimir-Lifshitz force out of thermal equilibrium
Riccardo Messina - Laboratoire Charles Coulomb, CNRS and Université de Montpellier
Other Authors: Mauro Antezza (Laboratoire Charles Coulomb, CNRS and Université de Montpellier)

A striking consequence of quantum electrodynamics is the existence of an electromagnetic force between any couple of neutral
polarizable bodies even in the vacuum state of the electromagnetic field. This effect, known as Casimir effect, was first theoretically
predicted in 1948. In 2005 it was shown that the absence of thermal equilibrium deeply modifies this effect, producing
quantitative and qualitative differences, such as the appearance of new asymptotic behaviors and the possibility of a repulsive
force. The out-of-equilibrium scenario brings to the attention a different closely related effect, the radiative heat transfer. My talk
addresses the combination of the absence of thermal equilibrium with three-body interactions. To this aim I discuss a recently
developed general theory describing Casimir force and radiative heat transfer in a system consisting of three arbitrary bodies held
at three independent temperatures and immersed in a thermal environment. As an application, I consider the force acting on an
atom inside a planar cavity. I show that, differently from the equilibrium configuration, the absence of thermal equilibrium admits
one or more positions of minima for the atomic potential, paving the way to a possible trapping scheme for Rydberg atoms.

#132 - Vacuum energy densities of a field in a cavity with a mobile boundary
Federico Armata - QOLS, Blackett Laboratory, Imperial College London, London SW7 2BW, United Kingdom
Other Authors: Roberto Passante Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Via Archirafi 36, I-90123
Palermo, Italy

Vacuum energy densities of a field in a cavity with a mobile boundary
Federico Armata1 and Roberto Passante2
1QOLS, Blackett Laboratory, Imperial College London, London SW7 2BW, United Kingdom 2Dipartimento di Fisica e Chimica,
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Universit`a degli Studi di Palermo and CNISM,
Via Archirafi 36, I-90123 Palermo, Italy
Abstract. We consider the zero-point field fluctuations, and the related field energy densities, inside a one-dimensional and a threedimensional cavity with a mobile wall subjected to a harmonic potential. The mechanical degrees of freedom of the mobile wall are
described quantum mechanically, and they are fully included in the overall system dynamics. In this optomechanical system, the
field and the wall can interact with each other through the radiation pressure on the wall, given by the photons inside the cavity [1]
or even by vacuum fluctuations. We consider two cases, the one-dimensional electromagnetic field and the three-dimensional
scalar field, and use the Green’s functions formalism [2]. We show that the quantum fluctuations of the position of the cavity’s
mobile wall significantly affect the field energy density inside the cavity, in particular at the very proximity of the mobile wall. The
dependence of this effect from the ultraviolet cutoff frequency, related to the plasma frequency of the cavity walls, mass and
frequency of the harmonic potential is discussed in detail. We also compare our results for the one-dimensional electromag- netic
field and the three-dimensional massless scalar field to results recently obtained for the one-dimensional massless scalar field [3].
Finally, we discuss how the presence of a mobile wall changes the Casimir-Polder force on a polarizable body placed inside the
cavity, giving the possibility to detect experimentally the new effects we have considered.
[1] C.K. Law, Phys. Rev. A 51, 2537 (1995).
[2] F. Armata and R. Passante, Phys. Rev. D 91, 025012 (2015).
[3] S. Butera and R. Passante, Phys. Rev. Lett. 111, 060403 (2013).

#133 - On the impact of dissipation on dispersion interactions between two atoms
Pablo Barcellona - Albert-Ludwigs University of Freiburg
Other Authors: Stefan Yoshi Buhmann (Institute of Physics, Albert-Ludwigs University of Freiburg), Roberto Passante, Lucia Rizzuto (Dipartimento
di Scienze Fisiche ed Astronomiche, Università degli studi di Palermo)

We consider the interaction between two neutral atoms in the presence of an arbitrary arrangement of dispersing
and absorbing magnetodielectric bodies by means of a dynamical approach. Our result differs from the previous ones obtained
with time-independent perturbation theory because it accounts for the influence of dissipation via the atomic decay rates.
Modern measurements of Casimir force seems to indicate an agreement with plasma model instead of Drude model. This has lead
to heated debates, because the latter is more a more realistic description of matter. Our new result can explain the agreement with
the plasma model for finite temperature. Further investigations will be needed in order to include many-body interactions.
In the second part of the article we consider the interaction between a ground-state atom and an excited atom at zero
temperature. In the literature there are open debates regarding the retarded limit of the interaction; with the introduction of the
decay rated we can solve this debate. Our oscillating result, with respect to the distance, seems go into the same line with recent
measurements of the Casimir force between an excited barium ion and a mirror.
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#134 - Rapid CVD synthesis of large-crystal graphene and van der Waals heterostructures
Vaidotas Miseikis (I) - Center for Nanotechnology Innovation @NEST, Istituto italiano di Tecnologia
Other Authors: N. Mishra (Center for Nanotechnology Innovation @ NEST, Istituto italiano di Tecnologia), D.Convertino (Center for
Nanotechnology Innovation @ NEST, Istituto italiano di Tecnologia), S. Xiang (NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore), S.
Roddaro (NEST, Istituto Nanoscienze CNR and Scuola Normale Superiore), T. Mashoff (Center for Nanotechnology Innovation @ NEST, Istituto
italiano di Tecnologia), S. Heun (NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore), C. Coletti (Center for Nanotechnology Innovation
@ NEST, Istituto italiano di Tecnologia)

Following the remarkable fundamental research of graphene performed using micron-sized mechanically exfoliated flakes, the
attention is now turning towards practical applications, and, large-scale synthesis of graphene and related 2D materials is becoming
increasingly relevant. Along with thermal decomposition of silicon carbide, chemical vapour deposition (CVD) on metal substrates
has become the most widely-used technique to produce large-scale samples of graphene. In particular, CVD growth on copper
allows the synthesis of high-quality monolayer graphene, however, the presence of grain boundaries in the typical samples of CVDgraphene as well as the need to transfer graphene to other, non-conductive substrates, remain serious obstacles towards the use
of this material for certain electronic and photonic applications. In order to avoid grain boundaries, CVD growth of single-crystal
graphene has attracted particular attention in the last few years. While millimetre-sized crystals have been produced by several
groups [Hao et al] [Chen et al] [H. Zhou et al] [Yan et al] [Gan et al], the CVD synthesis of such crystals typically involves in-situ
oxidation [Hao et al] and resulting safety concerns or requires many hours due to the relatively slow growth rates [Chen et al] [H.
Zhou et al] [Yan et al] [Gan et al]
We have recently shown a simple pathway towards rapid synthesis of mm-sized single crystals of graphene using a commerciallyavailable cold-wall CVD reactor [Miseikis et al]. Due to the high growth rates, crystals of up to 3.5 mm can be synthesised in 3
hours. The key steps of the process are: i) using (ex-situ) passivated Cu foils, ii) annealing in an inert argon atmosphere, and iii)
enclosing the sample during growth. By using dry and etchant-free transfer techniques, the large single crystals of CVD-graphene
can be removed from the metallic growth substrate and transferred to the substrate of choice while retaining the high quality, with
electronic characteristics comparable to mechanically-exfoliated flakes. Our large crystals of CVD-graphene transferred on Si/SiO2
2
substrates demonstrate a clear quantum Hall effect and field effect mobility above 10 000 cm / V s.
Due to its 2-dimensional nature, the properties of graphene are greatly influenced by the underlying substrate. Hexagonal boron
nitride (h-BN) has been known to be the ideal substrate for graphene due to the atomic flatness and low lattice mismatch.
However, direct synthesis of graphene on h-BN is still in its infancy and high growth rates (i.e., > 100 nm/min) require complex
steps, such as the introduction of gaseous catalysts (e.g., germane and silane) during growth [Tang et al]. In contrast, we show that
by optimising the growth temperature and pressure, catalyst-free growth rates higher than 100 nm/min can be achieved on wellprepared bare h-BN substrates [Mishra et al, submitted], thus greatly simplifying the process.

#135 - The route to the silicene field effect transistor
Alessandro Molle (I) - CNR-IMM
Other Authors: L. Tao2, E. Cinquanta1, D. Chiappe1, C. Grazianetti1, M. Fanciulli1,3, M. Dubey4, and D. Akinwande2 1CNR-IMM, Laboratorio
MDM, Agrate Brianza (MB), Italy (www.mdm.imm.cnr.it) 2 The University of Texas at Austin, Texas 78758, USA 3 Università degli Studi di Milano
Bicocca, Dipartimento di Scienza dei Materiali, Milano, Italy 4 Sensor and Electron Devices Directorate, US Army research Laboratory, Adelphi,
Maryland 20723, USA

Silicene, a honeycomb-like Si lattice, has been so far a fascinating theoretical surmise [1] with no experimental counterpart as due
3
to the natural sp hybridization of Si bonding. Being an atomically thin layer of silicon, silicene attracts an enormous interest as
emerging research material for the semiconductor technology roadmap and for its intrinsic affinity with the ubiquitous silicon
technology. Artificially forcing the silicene lattice was firstly made possible in the epitaxial growth of a Si monolayer on Ag(111)
substrates [2]. However, unlike graphene, silicene self-organizes in regularly buckled lattices with periodic atomic arrangements as
2
3
due to the commensurate match with the hosting Ag substrate [3]. This structural complexity results in an interplay of sp and sp
bonding which causes the silicene lattice to degrade under environmental conditions. Nonetheless, the hallmark of the silicene
lattice can be well-recognized by Raman spectroscopy [4]. The stability and the interaction with the substrates are the two
bottlenecks for the “portability” and the exploitation of silicene in device applications. We here exposed effective methods to
address both issues and then integrate a silicene layer in a field effect transistor operating at room temperature [5]. In detail, Agsupported silicene is synthesized on cleavable substrates and then encapsulated for subsequent delamination and transfer into a
device-friendly platform. Native Ag is utilized to pattern transistor contacts. The transfer characteristic of the transistor is then
measured therein manifesting an ambipolar behavior in close similarity with the graphene behavior. The transport characteristics,
the stability issues, and further perspectives are discussed.
[1] S. Cahangirov, et al., Phys. Rev. Lett. 102, 236804 (2009).
[2] P. Vogt, et al., Phys. Rev. Lett. 108, 155501 (2012).
[3] D. Chiappe, et al., Adv. Mater. 24, 37, 5088 (2012).
[4] E. Cinquanta, et al., J. Phys. Chem. C 117, 16719 (2013).
[5] L. Tao et al., Nat. Nanotech. 10, 227 (2015).
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#136 - Optical response of a composite graphene-Au plasmonic system
Maurizio Canepa - DIFI-univesità di Genova
Other Authors: Niloofar Haghighian (Dipartimento di Fisica, Università di Genova, Via Dodecaneso 33, 16146 Genova (Italy)), C. Coletti (Istituto
Italiano di Tecnologia, CNI@NEST, Piazza San Silvestro 12 - 56127 Pisa (Italy)), V. Miseikis (Istituto Italiano di Tecnologia, CNI@NEST, Piazza
San Silvestro 12 - 56127 Pisa (Italy)), Francesco Bisio (CNR-SPIN, Corso Perrone 24, 16152 Genova (Italy))

We report on the optical response of a hybrid graphene/plasmonic device consisting of a 2-dimensional gold nanoparticles (NPs)
array coated with a single-layer-graphene foil. The Au NPs, with typical size below 20 nm, are arranged as very-closely-spaced NP
chains coherently orientated on a nanopatterned surface, and exhibit a strong absorption of electromagnetic (EM) radiation at
lambda=580 nm, indicative of a localized surface plasmon resonance (LSP).
Large foils of single-layer graphene were fabricated by chemical vapour deposition on Cu foils, then transferred intact onto the AuNP nanopatterns in aqueous solution. Graphene lies in direct contact with the Au NPs, and acquires a marked uniaxial corrugation
due to the morphological influence of the underlying Au-NP chains, that remain intact, in shape and spatial arrangement, following
the graphene deposition (Fig.1).
The unique electronic properties of graphene in EM-near-field coupling with the plasmonic particles significantly perturb the local
distribution of electromagnetic field intensity, hence the plasmonic response. This is manifest as a remarkable LSP-resonance
redshift as the graphene layer is transferred onto the gold nanoparticles.
The uniaxial corrugation of graphene lowers the system's symmetry, introducing a marked uniaxial optical anisotropy in the
system’s plasmonic response, the LSP redshift being weaker/stronger whereupon the polarization of light is transverse/parallel to
the graphene corrugation. This behavior can be understood in terms a corrugation-induced anisotropc conductivity of graphene,
that is reflected upon the graphene-mediated interaction between plasmonic NPs.
This finding paves the way to model the high-frequency corrugation-dependent electronic response of graphene and its mehanisms
of interaction with plasmonic systems, possibly allowing to tailor the plasmon/graphene hybrid systems’ optical response.

#137 - Band gap engineering through strain in Black Phosphorus Multilayers
Vincenzo Parente - IMDEA Nanoscience
Other Authors: Rafael Roldán(IMDEA-Nanociencia, calle Faraday 9, 28049 Cantoblanco (Madrid)), Pablo San Josè(Istituto Ciencia de Materiales
de Madrid, CSIC, calle Sor Juana Ines de la Cruz 3, 28049 Cantoblanco (Madrid)), Andres Castellanos-Gomez(IMDEA-Nanociencia, calle Faraday
9, 28049 Cantoblanco (Madrid)), Francisco Guinea(IMDEA-Nanociencia, calle Faraday 9, 28049 Cantoblanco (Madrid),School of Physics &
Astronomy, University of Manchester, Oxford Road, Manchester, M13 9PL, UK )

In this work we study the effects of strain on band gap in black phosphorus multilayers. The peculiar puckered structure of the
[1],[2]
[3]
material leads to strong anisotropy in both electronical
and mechanical properties. Indeed, Young modulus and Poisson ratio
in the armchair direction are almost one third of the value in the zigzag direction, producing a mechanical resposnse of the material
heavily dependent on the direction of the applied strain. On the elctronic side, the effective masses are also extremely different in
the two directions resulting in stronlgy anisotropic transport and optical properties. We start from the analysis of the effects of
uniform uniaxial strain on band gap in the two principal direction of the crystal, observing that positive strain produces an
enhancement of the gap while on the contrary a negative strain reduces it, leading possibily to its closure for a sufficiently big value
[4]
of the applied stress . This trend is similar in both monolayers and multilayers. We then study the effects of non-uniform strain. By
means of prestressed rubber-like substrate we apply a definite stress to mechanically exfoliated black phosphorus in order to
create a regular stressed pattern in the lattice. We predict from the existing tight binding model that the sine-like strain profile will
lead to a similar pattern in band gap. This prediction is supported by experimental evidence, as emerges from the performed
measurements of local optical properties.
References
[1] A. N. Rudenko and M. I. Katsnelson, Phys. Rev. B 89, 201408(2014)
[2] A. Castellanos-Gomez, L. Vicarelli, E. Prada et al. , 2D Materials 1,
025001(2014)
[3] Q. Wei and X. Peng, Applied Physics Letters Rev. 104, 251915(2014)
[4] T. Hu, Y. Han and J. Dong, Nanotechnology 25, 455703(2014)

#138 - Biphenylene: a building block for 2D graphene-like gap-provided molecular network
Roberta Totani - Department of Physical and Chemical Sciences, University of L'Aquila
Other Authors: Johann Lüder (Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden), Monica de Simone
(CNR-IOM, Laboratorio TASC, Sincrotrone Trieste, S.S. 14 Km 163.5, Basovizza, I-34149 Trieste, Italy), Ieva Bidermane (Department of Physics
and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden), Cesare Grazioli (CNR-IOM, Laboratorio TASC, Sincrotrone Trieste,
S.S. 14 Km 163.5, Basovizza, I-34149 Trieste, Italy, Department of Chemical and Pharmaceutical Sciences, University of Trieste, 34127 Trieste,
Italy), Teng Zhang (Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden), Marcello Coreno (CNR-ISM,
S.S. 14 Km 163.5, Basovizza, I-34149 Trieste, Italy), Henrik Ottosson (Department of Chemistry, Uppsala University, Box 576, SE-751 23 Uppsala,
Sweden), Barbara Brena (Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden), Luca Lozzi
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(Department of Physical and Chemical Sciences, University of L’Aquila, via Vetoio, 67100 Coppito L’Aquila, Italy), Carla Puglia (Department of
Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden)

Covalently-bonded 2D carbon networks are graphene-inspired materials, which can combine the outstanding properties of
graphene with other important characteristics like, for example, an intrinsic band gap, whose lack in graphene puts severe limits on
its applications.
The most reliable technique to grow this kind of materials is a bottom-up procedure, exploiting the surface-confined self-assembly
of functional molecular building blocks, used as precursors. Their interaction with appropriate surfaces (generally coinage metals)
induces an ordering of the precursors in molecular networks of specific design.
Biphenylene is a cyclic hydrocarbon that can be regarded as the very initial precursor of a 2D porous graphene-like molecular
network, called biphenylene carbon (BPC). Density Functional Theory (DFT) calculations demonstrated that BPC is characterized by
nonzero band gap and by bands with good dispersion and delocalized frontier orbitals [1, 2], so it could be an ideal structure for
many electronic applications.
In order to study the behavior of biphenylene as precursor directly on a surface, in this work we show an x-ray photoemission and
absorption (XPS and XAS) investigation on biphenylene films, deposited on a Cu(111) crystal. The occupied core and valence levels
and the non-occupied states of the film are examined, to study the electronic properties of biphenylene in solid phase. Considering
the importance of the biphenylene-substrate interaction in 2D molecular network formation, the film has been investigated in the
multilayer and monolayer coverages to clarify the intermolecular (multilayer) and molecule – substrate (monolayer) dynamics. The
obtained results have been compared with spectra of the single biphenylene molecule, provided by gas phase measurements and
DFT calculations [3]. This allowed to evidence the modifications induced in the film molecular electronic structure due the
molecule–molecule and the molecule–substrate interactions. Furthermore, we have performed a XAS study of the overlayer
orientation, whose knowledge is crucial for implementing thin film molecular electronics.
[1] G. Brunetto et al., J. Phys. Chem. C 2012, 116 (23);
[2] M. De La Pierre et al., J. Phys. Chem. C 2013, 117 (5);
[3] J. Lüder et al., J. Chem. Phys., 2015, 142, 074305.

#139 - Large-scale Manufacturing of Graphene and Related Materials Inks for Flexible (Opto)electronics
Felice Torrisi - University of Cambridge, UK
Graphene and related materials (GRMs) hold great potential for flexible (opto)electronics for their novel electrical, optical and
mechanical properties. The road to realistic applications and commercialization of GRMs requires the assessment of three key
factors: cost/performance, mass-production and manufacturability with respect to commercially available alternative solutions. For
example, transparent conducting oxides used in displays are brittle, printable metal nanoparticles for interconnects are not costeffective and have demanding processing requirements, while organic polymers are expensive and have limited stability. Low
temperature production and deposition of GRM-based inks is thus an attractive alternative for large-area printable, flexible
(opto)electronics. GRM inks enable a large range of device fabrication and integration options, such as digital and lithographic
printing, roll-to-roll coating, as well as being ideal for embedding into polymer composites or other nanomaterials. Liquid Phase
Exfoliation (LPE) of bulk precursor layered materials (such as graphite, MoS2 crystals, etc.) is a scalable approach ideally suited to
produce inks. However, currently LPE has low yield, resulting in a low concentration of dispersed GRMs. I will give a brief overview
about the development of high-yield, cost-effective and large-scale production techniques for GRM-based inks,and the portfolio of
reproducible manufacturability processes enabling future GRM-based printable and flexible (opto)electronic devices and
composites.I will demonstrate cost-effective, up-scalable production of high concentration graphene inks with tailored properties
(on-demand size, shape, number of layers and concentration) [1]. By combining LPE with ultra-centrifugation, I will show pilotscales to produce stable GRM inks through engineered exfoliation and chemical treatment protocols. Fine tuning of the size and
shape of the flakes enables the formulation of inks, tailored for various printing and coating methods, such as inkjet, flexographic
and screen printing, spray and rod coating.Their distribution of the GRM flakes and their interaction with the substrate controls the
final (opto)electronic properties of the printed devices. I will discuss realistic pathways to commercialization of GRM inks and
demonstrate prototypes such as: inkjet-printed graphene thin-film transistors [3], flexible transparent touch pads and
photodetectors. Finally, I will present my vision on manufacturability of flexible and wearable electronic and optoelectronic devices
embedding the optical, electronic, mechanical and thermal functionalities of graphene, 2d crystals and their hybrid heterostructures.
[1] T. Hasan, F. Torrisi et al. Phy. Stat. Sol. B, 247, 2953 (2010).
[2] F. Torrisi et al. Nat. Photon. 9, 738, (2014)
[3] F. Torrisi, et al. ACS Nano, 6, 2992 (2012).

#140 - Studies of the decomposition process of HKUST-1 metal-organic framework (MOF) upon exposure to air
Gianpiero Buscarino - University
Other Authors: G. Buscarino(a), M. Todaro(b,a), S. Agnello(a), A. Alessi(a,c), F. Messina(a), L. Sciortino(a) and F. M. Gelardi(a) (a)Department of
Physics and Chemistry, University of Palermo, I-90123 Palermo, Italy; (b)Department of Physics and Astronomy, University of Catania, 95123
Catania, Italy; (c)Laboratoire H. Curien, UMR CNRS 5516, Université de Lyon, 42000, Saint-Etienne, France.
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Metal-organic frameworks (MOFs) are porous crystalline materials with high superficial area, whose structure consists of metal
groups connected each other by organic linkers. One of the most studied MOF is HKUST-1, also known as Cu3(BTC)2. In this material
two copper ions are coordinated by four carboxylate groups to form a paddle-wheel motif; these carboxylate groups are the
terminal groups of 1,3,5-benzene tricarboxylate (BTC) linker molecules. Both copper ions of the paddle-wheel can establish a fifth
coordination bond with small molecules in the immediate environment, especially with small molecules as water. This bond metal
site makes the MOF HKUST-1 extremely efficient in the process of adsorption of many small molecules and, consequently, it is the
basis of the properties which makes HKUST-1 particularly interesting for many applications.
2+
Studies on magnetic properties of HKUST-1 have shown that the two Cu ions of the paddle-wheel, each having an unpaired
electron with spin S=1/2, are weakly coupled through a super-exchange interaction involving carboxylate bridges. This leads to the
observation of an EPR signal related to a triplet centre (S=1) originating from the coupling of the two spins. Furthermore,
experiments focused on prolonged exposition of HKUST-1 to water vapour have also pointed out the occurrence of an hydrolysis
process that induces a structural decomposition of the paddle-wheels.
In our experiment, we have studied the effect of exposition of a sample of HKUST-1 in powder form to air for different times and
we have monitored its structural and magnetic properties by XRD analysis and EPR spectroscopy, respectively. In the first 20 days of
the experiment we have recognized a significant reduction of the EPR triplet signal. For longer times of exposition to air a first step
of the hydrolysis process takes place causing the break of many Cu-O bonds. This process induces a new arrangement of the
paddle-wheel geometry, evident in EPR signal properties, with a small swelling of the crystalline structure. A second step of the
hydrolysis process takes place after about 50-60 days of exposition to air and it involves further structural changes of the paddlewheels. After this last stage about 80% of the matrix has loosed its crystalline order and the decomposition process almost
exhausted. This experiment allowed us to examine in depth the knowledge of structural decomposition process of HKUST-1 for
exposition to air.

#141 - Structural and chemical stabilization of epitaxial silicene on Ag(111)
Carlo Grazianetti - Laboratorio MDM, IMM-CNR
Other Authors: Eugenio Cinquanta (Laboratorio MDM, IMM-CNR), Marco Fanciulli (Laboratorio MDM, IMM-CNR and Dipartimento di Scienza
dei Materiali, Università degli Studi di Milano Bicocca), Alessandro Molle (Laboratorio MDM, IMM-CNR)

Recently, the integration of silicene, the Si counterpart of graphene, in a transistor architecture represented the apex of a deep
characterization of this fascinating synthetic 2D material [1]. The route towards its full exploitation in electronic devices goes
through an intense work of synthesis of silicene superstructures and their in-situ and ex-situ investigation [2, 3].
Epitaxial honeycomb Si layers have been experimentally observed with non-trivial atomic arrangements, resulting in a polymorphic
nature of silicene due to its buckled nature, i.e. the vertical distortion of the honeycomb lattice, which is expected to alter many
physical and chemical properties. The basic concepts of the epitaxial silicene growth on Ag(111) by means of a systematic in-situ
scanning tunneling microscopy/spectroscopy investigation are here discussed. In particular, attention is devoted to the silicene
superstructures phase diagram and to the temperature-driven phase transitions by means of post-deposition annealing processes,
which allow manipulating the silicene properties [4]. On the other hand, in the absence of kinetically limited conditions, dewetting
takes place and results in a stable silicene multilayer. Moreover, in an applicative view, the process for silicene encapsulation is
presented in order to prevent easy oxidation in ambient conditions thus enabling for the transistor realization. These findings
disclose exceptionally novel issues in the physics of the silicene and promote a renewed interest in Si at the 2D limit as active
material for electronic devices.
[1] L. Tao, E. Cinquanta, D. Chiappe, C. Grazianetti, M. Fanciulli, M. Dubey, A. Molle, and D. Akinwande, Nature Nanotech. 10, 227
(2015)
[2] D. Chiappe, C. Grazianetti, G. Tallarida, M. Fanciulli, and A. Molle, Adv. Mater. 24, 5088 (2012)
[3] E. Cinquanta, E. Scalise, D. Chiappe, C. Grazianetti, B. van den Broek, M. Houssa, M. Fanciulli, and A. Molle, J. Phys. Chem. C 117,
16719 (2013)
[4] C. Grazianetti, D. Chiappe, E. Cinquanta, M. Fanciulli, and A. Molle, J. Phys.: Condens. Matter 27, 255005 (2015)
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#142 - POLYMER NANOFIBERS: NEW BUILDING BLOCKS FOR PHOTONICS AND ENERGYHARVESTING
Dario Pisignano (I) - University of Salento and CNR-Istituto Nanoscienze
Active electrospun nanofibers are attracting building blocks for a variety of fields, such as optoelectronics, photonics, energy
harvesting, nanoelectronics, and microelectromechanical systems [1-4]. In addition, electrospinning technologies can be easily upscaled to industrial level. Demonstrated device and applications include sub-wavelength optical waveguides and plastic nanofiber
lasers [5-7], pressure-sensors, accelerometers and wearables made of piezoelectric polymer nanofibers [8, 9]. Next-generation
electrospun nanosystems can be designed and developed, which couple opto-mechanical properties through proper molecular
components [10].
Here our recent results on active electrospun polymer nanofibers will be reviewed and discussed. Investigated properties include
light-confinement, optical losses, stimulated emission, and anisotropy through emission polarization. Applications in advanced
photonics and energy-harvesting wearable technologies will be presented and discussed. The research leading to these results has
received funding from the European Research Council under the European Union’s Seventh Framework Programme (FP/20072013)/ERC Grant Agreement n. 306357 (ERC Starting Grant “NANO-JETS”, www.nanojets.eu).
References
1. L. Persano, A. Camposeo, D. Pisignano, Prog. Polym. Sci. 43, 48-95 (2015).
2. D. Pisignano, Polymer Nanofibers, Royal Society of Chemistry (2013).
3. L. Persano, A. Camposeo, C. Tekmen, D. Pisignano, Macromol. Mater. Eng. 5, 504-520 (2013).
4. A. Camposeo, L. Persano, D. Pisignano, Macromol. Mater. Eng. 298, 487-503 (2013).
5. V. Fasano, A. Polini, G. Morello, M. Moffa, A. Camposeo, D. Pisignano, Macromolecules 46, 5935-5942 (2013).
6. G. Morello, A. Camposeo, M. Moffa, D. Pisignano, ACS Appl. Mater. Interf. 7, 5213–5218 (2015).
7. D. Di Camillo, V. Fasano, F. Ruggieri, S. Santucci, L. Lozzi, A. Camposeo, D. Pisignano, Nanoscale 5 11637-111642 (2013).
8. L. Persano, C. Dagdeviren, Y. Su, Y. Zhang, S. Girardo, D. Pisignano, Y. Huang, J. A. Rogers, Nature Commun. 4, 1633 (2013).
9. L. Persano, C. Dagdeviren, C. Maruccio, L. De Lorenzis, D. Pisignano, Adv. Mater. 26, 7574-7580 (2014).
10. V. Fasano, M. Baroncini, M. Moffa, D. Iandolo, A. Camposeo, A. Credi, D. Pisignano, J. Am. Chem. Soc. 136, 14245-14254 (2014).

#143 - Unusual 3D pyro-printing approaches for fabrication of polymeric photonic microstructures
Sara Coppola (I) - CNR-ISASI, Institute of Applied Sciences & Intelligent Systems E. Caianiello
Other Authors: V. Vespini, L. Mecozzi, O. Gennari, M. Todino, F. Merola, S. Grilli, P. Ferraro

The term “pyro-fluidic platform” would express the ability of working on fluids (liquid and/or polymer) exploiting the pyro-electric
effect activated onto a ferroelectric crystal in an electrode-less configuration. The no-contact self-assembling of liquids in plane
(1D), using a micro-engineered crystal is described while additional degrees of freedom are added improving the dispensing
capability and the transfer of material between two different planes (2D) and the controlling and fabrication of three-dimensional
structures (3D). The simplicity of the method proposed, associated with the flexibility of the process for fabricating 3D polymer
microstructures, demonstrates its great potentiality exploitable in many fields, from optics to biosensing . Furthermore, the
manipulation of polymer in combination with the high resolution of the dispensing at nanoscale suggests innovative and potential
uses for in situ and non-invasive instruments. In fact, the possibility of manipulating polymers through a nozzle-free approach
would be of great interest for the fabrication of micro-structures also for photonic applications. The application of the pyroelectrohydrodynamic approach is applied for the fabrication of polymer microlens arrays, highly ordered patterns of polymer fibers
and 3D micro-optical elements (wires, needles, pillars, cones, or microspheres). Micro-axicons have been realized and used for
generating Bessel beams (used as optical tweezers in microfluidics). Spherical polymer beads are another class of micro-optical
elements and can be used as either passive or active whispering gallery mode (WGM) resonators for label-free detection of
biosamples by classical evanescent field coupling; they can also be used as remotely excitable, active, microstructures if they are
embedded with dye or quantum dots. In terms of micro-engineering the optical properties of this micro structures it would be
possible to combine the use of a biopolymer and the 3D lithography approach to define a smart way of fabrication of biodegradable
active microaxicon that as optical microelements could be inserted in lab-on-chip devices. Furthermore the microstructures
produced could be used for collecting or distributing light signals in optofluidic devices as potential optical waveguides.

#144 - INK-JET PRINTING OF GOLD NANOPARTICLES BASED INKS FOR MEDICAL APPLICATIONS
Mykola Borzenkov - University of Milano-Bicocca
Other Authors: Giuseppe Chirico (University of Milano-Bicocca); Svetlana Avvakumova (University of Milano Bicocca, Milan, Italy), Davide
Prosperi (University of Milano-Bicocca, Milan, Italy), Elisa Cabrini (University of Pavia, Pavia, Italy), Piersandro Pallavicini(University of Pavia,
Pavia, Italy), Anni Määttänenn (Åbo Akademi University, Turku, Finland), Petri Ihalainen (Åbo Akademi University, Turku, Finland)

Ink-jet printing technology is becoming particularly attractive as an alternative to vacuum photolithography since it takes advantage
of the ease of use, the speed, the low processing temperatures, the reduced amount of toxic wastes and the reduced cost. Metal
nanoparticles suspensions (nanofluids) seem to have the most promising prospects for creation of novel ink-jet printing materials
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for applications in thermal and electrical treatments also for biomedical applications. Among the metal nanoparticles, gold
nanoparticles (GNPs) are particularly promising for nano-medicine applications. Moreover, it is possible to exploit spectroscopic
features of non-spherically symmetric GNPs that have large Near Infrared (NIR) in the range 800-1200 nm absorption and can
induce highly localized thermal load for hyperthermic treatments (with a reduced undesired side-effects on skin of the
hyperthermic treatements).
This research was devoted to the development of new thermal and/or conductive type of non-toxic ink based on anisotropic gold
nanoparticles, namely gold nanostars and giold nanocages. Resulted inks were imprinted on polymeric (latex, PET) and paper (PCC
and Kaolin coated paper). The NIR irradiation of imprinted patterns printed with different drop size and the temperature increase
under irradiation was studied.
The significance of this study is that under mild NIR irradiation the hyperthermic effect of GNPs will allow, in perspective,
opportunities to develop warming bandages and stickers for treatment of pathologies, for example musculoskeletal chronical
pathologies. In addition to the proposed local heating effect of the warming bandages, it is investigated the transdermal delivery
of drugs released from nanocages due to NIR irradiation.

#145 - ORGANIC MOLECULES for QUANTUM OPTICS: Sensing and Communicating at the nano- ‐scale
Giacomo Mazzamuto - INO-CNR

Since decades, atoms --‐ confined in optical lattices or cavities--‐have been investigated as elements for a quantum network and
fundamental models of complex systems. Complementary to this success in atomic physics, the manipulation of quantum systems
in the solid state has brought attention to various atom--‐like structures.
We focus on the extremely versatile case of molecules in a solid state matrix coupled to photonic nanostructures. We here report
on the optical properties of single Dibenzoterrylene (DBT) molecules embedded in Anthracene, and provide a thorough
characterization of their fluorescence both at room and at low
temperature. At cryogenic temperatures, the interaction with the matrix can be frozen, allowing for coherent light--‐matter
interaction. We discuss the integration of single quantum emitters to dielectric and plasmonic architectures for quantum
communication and information processes. We
finally present our results on the coupling of single molecules to graphene membranes and demostrate a position sensor at the
nanoscale.

#146 - Learning from Nature: how white beetles optimise light scattering
Lorenzo Pattelli - European Laboratory for Non-Linear Spectroscopy (LENS) - Università degli Studi di Firenze
Other Authors: L. Cortese (European Laboratory for Non-Linear Spectroscopy (LENS) - Università degli Studi di Firenze), F. Utel (European
Laboratory for Non-Linear Spectroscopy (LENS) - Università degli Studi di Firenze), M. Kolle (Massachussets Institute of Technology, Cambridge,
Massachussets, U.S.A.), P. Vukusic (University of Exeter, Exeter, U.K.), U. Steiner (Adolphe Merkle Institute, Université de Fribourg, Fribourg,
Switzerland), M. Burresi (European Laboratory for Non-Linear Spectroscopy (LENS) - Università degli Studi di Firenze; CNR-INO, Firenze, Italy),
S. Vignolini (Department of Chemistry, University of Cambridge, Cambridge, U.K.) and D. Wiersma (European Laboratory for Non-Linear
Spectroscopy (LENS) - Università degli Studi di Firenze; Dipartimento di Fisica, Università degli Studi di Firenze, Firenze, Italy)

The colours shown by several insects often arise from light scattering by very complex photonic structures rather than selective
absorption by pigments. Such structures are the result of optical strategies developed during millions of years of evolution. The
bright and iridescent colours shown by certain butterflies and beetles, for example, is obtained through coherent effects which
requires ultrathin periodic layers of material. In contrast, a bright white colouration is more challenging to achieve, since all colours
must be scattered with the same high efficiency. In this case the wave nature of light is not involved in the appearance of the
object, and a bright white is achieved only in presence of multiple scattering, for which thicker, high-refractive-index contrast
systems are usually required. Nevertheless, the extremely brilliant whiteness shown by the Cyphochilus beetle is generated by
multiple scattering of light inside the ultra-thin scales that cover its body. The intra scale structure is characterized by a dense,
nanostructured network of chitin filaments, which seems to be optimised (during millions of years of evolution) to increase the
total reflectance, and thus the bright appearance of the beetle, employing as little material as possible[1]. In this work we analysed
light transport inside the beetle’s scales demonstrating the onset of a multiple scattering regime despite the extremely low
thickness of the structure (5-9 µm). We proved, with static and time-resolved experiments, that the Cyphochilus scales show the
lowest transport mean free path for low-refractive-index systems (n=1.5) reported to date. We found that the crucial aspect of the
optimisation of light scattering is the structural anisotropy of the chitin network. We indeed demonstrated that light transport
inside the scales is anisotropic, and it is engineered to increment the scattering strength in the direction orthogonal to the scale
surface, at expense of the in plane scattering, which is not relevant for the total reflectance.
[1] M. Burresi, L. Cortese, L. Pattelli, M. Kolle, P. Vukusic, D. S. Wiersma, U. Steiner, S. Vignolini, Scientific Reports 4, 6075 (2014)

#147 - Modelling, design and fabrication of silicon-based photonic Vernier devices for the mid-infrared
Benedetto Troia - Politecnico di Bari
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Other Authors: Vittorio M. N. Passaro (Politecnico di Bari), Ali Z. Khokhar (University of Southampton), Milos Nedeljkovic (University of
Southampton), Jordi Soler Penades (University of Southampton), Goran Z. Mashanovich (University of Southampton)

The Vernier effect has been widely used for ultra-high performance photonic refractive index sensing in the near-infrared by means
of cascade-coupled ring resonators, Mach-Zehnder interferometers or mixed combinations of such devices. Recently, some
research efforts have been carried out in order to extend the operation of photonic integrated devices from the conventional nearinfrared wavelength range to the mid-infrared. Indeed, a great number of chemical/biochemical liquid and gaseous species that are
worth being monitored because of their harmfulness or biological role, exhibit vibrational and rotational modes that are
spectroscopically accessible within the mid-infrared. In this context, we propose a sophisticated, flexible and reliable design flow
based on a rigorous mathematical modelling for the design and fabrication of integrated silicon-based photonic devices working in
the second regime of the Vernier effect in the mid-infrared wavelength range of 3.7-3.8 µm. In particular, single and cascadecoupled racetrack resonators based on rib and strip waveguides operating around 3.8 µm with insertion loss lower than 1 dB,
extinction ration up to 25 dB as well as Vernier gains of about 20 have been characterized, resulting in the first experimental
demonstration of the Vernier effect in the mid-infrared wavelength range. Furthermore, the reproducibility and reliability of the
implemented design tool is demonstrated by means of relative errors even lower than 1 % for the most important Vernier device
figures of merit and by a graphical comparison among experimental and theoretical Vernier spectra. In conclusion, preliminary
sensing functionalities have also been achieved around 3.8 µm by using a polydimethylsiloxane microfluidic channel and
perfluorodecalin which is a low-absorption material in the explored mid-infrared wavelength range.

#148 - Room temperature organic polaritons propagation towards all-optical logic circuits
Antonio Fieramosca - CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia
Other Authors: Giovanni Lerario (CNR NANOTEC - Istituto di Nanotecnologia-Polo di Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100
Lecce), Dario Ballarini (CNR NANOTEC - Istituto di Nanotecnologia-Polo di Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100
Lecce),Antonio Fieramosca (CNR NANOTEC - Istituto di Nanotecnologia-Polo di Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100
Lecce), Alessandro Cannavale (CBN-IIT, Istituto Italiano di Tecnologia,Via Barsanti,73100 Lecce & Università del Salento, Via Arnesano, 73100
Lecce), Armando Genco (Università del Salento, Via Arnesano, 73100 Lecce), Federica Mangione (CNR NANOTEC - Istituto di NanotecnologiaPolo di Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100 Lecce), Salvatore Gambino (CNR NANOTEC - Istituto di Nanotecnologia-Polo
di Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100 Lecce & Università del Salento, Via Arnesano, 73100 Lecce),Lorenzo Dominici
(CBN-IIT, Istituto Italiano di Tecnologia,Via Barsanti,73100 Lecce), Milena De Giorgi (CNR NANOTEC - Istituto di Nanotecnologia-Polo di
Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100 Lecce),Giuseppe Gigli (CNR NANOTEC - Istituto di Nanotecnologia-Polo di
Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100 Lecce & Università del Salento, Via Arnesano, 73100 Lecce), Daniele Sanvitto (CNR
NANOTEC - Istituto di Nanotecnologia-Polo di Nanotecnologia,c/o Campus Ecotekne,via Monteroni - 73100 Lecce)

Exciton-polaritons are bosonic quasi-particles arising from strong light-matter interaction between excitons and photons. They
have achieved great importance for studies - tipically made in planar microcavities (MCs) - on fascinating subjects such as Bose
1
2
3
Einstein condensation, superfluidity and quantum vortex, but also for the realization of ultra fast and highly efficient logic devices
4
thanks to their non linear and in-plane propagation properties. Until now room temperature propagation had never been
observed due to the ionization of the exciton in inorganic systems. For this reason, organic materials, with their huge oscillator
5,6
strength, are achieving a great interest for their capability to condense at room temperature. However, organic polariton
lifetimes are limited by planar MCs growth difficulties when adopting these “soft” materials and it has hindered so far the
possibility to observe polariton propagation in a standard planar MC system.
Using a novel device structure, we couple a Bloch Surface Wave (BSW) mode with an organic exciton, observing for the first time
polariton propagation at room temperature over ranges of hundreds of microns. Moreover we demonstrate the non linear
interaction above a given power threshold which is the first step towards all-optical logic circuits.
The BSW is a propagating mode existing at a Distributed Bragg Reflector (DBR) surface beyond the critical angle. We experimentally
demonstrate the formation of a room temperature Bloch Surface Wave Polariton (BSWP) generated between this optical mode and
7
thin organic layers. The group velocity of these polaritons is around 50% the speed of light, i.e. 150µm/ps, which is about two
orders of magnitude higher than in planar MCs. In addition, during the propagation path, given the exciton counterpart, the
polariton energy relaxation is clearly observable. Furthermore, due to the absence of the top mirror - which is necessary in
6
standard planar MC systems -record organic polariton lifetimes (about 1ps) have been achieved. Moreover, resonantly pumping
the BSWP, the mode dispersion blueshifts above a given threshold due to non linear polariton-polariton interactions. Regarding
logic operation, this finding is an essential condition for the realization of an optical gate, i.e. the basic component of a logic device.
Our results open the possibility to create room temperature BSWP polariton circuits with low dissipation and ultrafast data
manipulation and transmission rates.
1.Kasprzak J. et al., Nature 443, 409–414 (2006)
2. Sanvitto D. et al., Nature Physics 6, 527–533 (2010)
3. Lagoudakis K.G. et al. Nature Physics 4, 706-710 (2008)
4. Ballarini D. et al., Nature Communication 4, 1778 (2013)
5. Plumhof J. D. et al., Nature Materials 13, 247–252 (2014)
6. Daskalakis K. S. et al., Nature Materials 13, 271–278 (2014)
7. Lerario G. et al., Optics Letters 39, 2068–2071 (2014)
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#149 - Photonic engineering of THz-frequency quantum cascade lasers
Miriam Serena Vitiello (I) - CNR-NANO NEST and Scuola Normale Superiore
Terahertz (THz) radiation lies in the region of the electromagnetic spectrum, loosely defined as the 30-300 μm wavelength region
that is often called “THz gap”. Recent technological innovation in photonics and nanotechnology is now enabling widespread
applications at THz-frequencies in a plethora of fields, such as information and communications technology, sensing, medical
diagnostics, global environmental monitoring, homeland security, quality and process controls. Most of these applications require
systems with targeted sensitivity and specificity, exploiting advanced photonic and optoelectronic device technologies.
In this perspective, high-power, widely tunable micro-sources with controlled and directional beam profiles and high-spectral
1
purity , together with high-speed and high-sensitivity detectors represent a major need. This requires the parallel developments of
novel materials and heterostructures, advanced microstructures and plasmonic approaches as well as proper multifunctional THz
optical components.
The talk will provide an overview of our recent technological developments of THz-frequency quantum cascade lasers (QCLs), from
2
the development of the first quasi-crystal THz intersubband laser, to novel distributed feedback concepts, exploiting bi-period
3
feedback gratings to control the emission frequency and the output beam direction of a QCL, independently. A final emphasis on
4
microcavity approaches for continuous tuning of THz QCL emission and waveguide adapters for efficient THz radiation out5
coupling will be provided.
References
1
M.S. Vitiello, L. Consolino, M. S. Vitiello, L. Consolino, S. Bartalini, A. Taschin, A. Tredicucci, M. Inguscio, P. De Natale “Quantumlimited frequency fluctuations in a Terahertz laser”, Nature Photonics 6, 525-528 (2012).
2
M.S. Vitiello, M. Nobile, A. Ronzani, A. Tredicucci, F. Castellano, A. Talora, L.H.Li, E.H. Linfield, A.G. Davies "Photonic Quasi-crystal
Terahertz Lasers”, Nature Communications 5, 5884 (2014).
3
F. Castellano, S. Zanotto, L. H. Li, A. Pitanti, A. Tredicucci, E. H. Linfield, A. G. Davies and M. S. Vitiello, “Distributed feedback
terahertz frequency quantum cascade lasers with dual periodicity gratings”, Appl. Phys. Lett. 106, 011103, (2015).
4
F. Castellano, V. Bianchi, L. Li, E. H. Linfield, A. G. Davies, and M. S. Vitiello, “162 GHz continuous tuning of micro-cavity coupled
surface-emitting THz quantum cascade lasers”, submitted (2015).
5
F. Castellano, L. Li, E. H. Linfield, A. G. Davies, H. E. Beere, D. A. Ritchie, and M. S. Vitiello, “THz waveguide adapters for efficient
radiation out-coupling from double metal THz QCLs”, Optics Express 23, 5190 (2015).

#150 - Generating ultrafast pulses from quantum cascade lasers
Sukhdeep Dhillon (I) - Laboratoire Pierre Aigrain
Other Authors: F. Wang, K. Maussang, J. Tignon & S. S. Dhillon Laboratoire Pierre Aigrain, Paris, France

The generation of ultrafast and intense light pulses through modelocking is an underpinning technology across the entire
electromagnetic spectrum. While semiconductor-based platforms exist for pulse generation in the visible and near-infrared,
modelocking of quantum cascade lasers (QCLs) in the mid-infrared and terahertz (THz) ranges has proven to be extremely
challenging, despite 20 years of research effort. I will review recent research in this field and illustrate new insights into the
generation of short pulses from THz QCLs.
In particular, and contrary to popular belief that a long gain recovery time is required, we demonstrate that the dominant factor for
active pulse generation in QCLs is in fact a “THz-gigahertz phase matching” i.e. the synchronization between the propagating
electronic microwave modulation and the generated THz pulses in the QCL. This allows the THz pulse to propagate in phase with
the microwave modulation along the gain medium, permitting ultrashort pulse generation. This work brings an enhanced
understanding of QCL modelocking and will permit new concepts to be explored to generate shorter and more intense pulses in the
mid-infrared and THz ranges.

#151 - Mid- and far-infrared digital holography based on quantum cascade lasers
Marco Ravaro (I) - INO-CNR
Other Authors: Massimiliano Locatelli (INO-CNR), Luigi Consolino (INO-CNR), Saverio Bartalini (INO-CNR), Miriam Serena Vitiello (NEST-CNR),
Riccardo Cicchi (INO-CNR), Francesco Pavone (INO-CNR), Paolo De Natale (INO-CNR)

Extension of hologram recording to the infrared (IR) spectrum has attracted a considerable interest since the early stage of
holography, due to the intrinsic relaxation of the mechanical stability requirements and to the IR transparency of many materials
opaque to the visible radiation. In addition, IR hologram recording benefits from a large field of view and is well suited for
measuring optical path variations, since the use of a long wavelength reduces the need for phase-unwrapping algorithms. In the
last decade, in the wake of the establishment of digital holography (DH) in the visible range, the development of pyrocameras and
focal plane array microbolometers, combined with powerful and highly coherent CO2 lasers, has finally boosted IR holography:
thanks to sensors including 100,000s of pixels as small as few tens of μm and operating at room temperature, CO2 laser based DH
has proved its potential for practical applications [1].
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Although their maximum output power does not compare to that of CO2 lasers, QCLs appear as interesting sources for IR
holography, due to their compactness, their noteworthy spectral purity and to the coverage of the mid-IR spectrum, from 3 to 16
µm, as well as of the THz spectrum, both extremely attractive for imaging. THz waves are e.g. valuable for non-destructive material
quality control and homeland security, thanks to their ability to penetrate plastics, ceramics, paper, and clothes, and to their
robustness to scattering. Moreover, QCLs can be mounted in an external cavity and tuned on a broad frequency range, which
makes them convenient, in particular, for multiple wavelength holographic interferometry.
In this work we report on our recent results of real time IR digital holography based on QCLs and a high sensitivity microbolometric
thermocamera. In the mid-IR we acquired speckle holograms of scattering objects and performed holographic interferometry at
synthetic wavelengths ranging from 100s µm to several mm [2]. In the THz range, we demonstrated for the first time the possibility
to record and reconstruct THz digital holograms of both static and dynamic scattering objects. In addition, we obtained amplitude
and phase images of transparent samples extracted from THz transmission holograms, paving the way to the use of THz waves for
one-shot 2D thickness investigation via optical path length measurement [3].
[1] M. Locatelli, E. Pugliese, M. Paturzo, V. Bianco, A. Finizio, A. Pelagotti, P. Poggi, L. Miccio, R. Meucci, and P. Ferraro, Opt. Express
21, 5379 (2013).
[2] M. Ravaro, M. Locatelli, E. Pugliese, I. Di Leo, M. Siciliani de Cumis, F. D’Amato, P. Poggi, L. Consolino, R. Meucci, P. Ferraro, and
P. De Natale, Opt. Lett. 16, 4843 (2014).
[3] M. Locatelli, M. Ravaro , S. Bartalini , L Consolino , M. S. Vitiello , R. Cicchi , F. Pavone , and P. De Natale, to appear on Sci. Rep.

#152 - THz imaging with a quantum cascade laser through optical feedback interferometry
Francesco Mezzapesa - CNR - Istituto di Fotonica e Nanotecnologie UOS Bari c/o Dip. Interuniversitario di Fisica
Università degli Studi "Aldo Moro"
Other Authors: F. P. Mezzapesa 1,2, M. Dabbicco 1,2, H. E. Beere 3, D. A. Ritchie 3, M. S. Vitiello 4 and G. Scamarcio 1,2 Affiliation: 1. CNR-IFN
UOS Bari, via Amendola 173, IT-70126 Bari, Italy 2. Dipartimento Interateneo di Fisica, Università degli Studi e Politecnico di Bari, via Amendola
173, IT-70126 Bari, Italy 3. Cavendish Laboratory, University of Cambridge, J. J. Thomson Avenue, Cambridge CB3 0HE, UK 4. NEST, CNR Istituto Nanoscienze and Scuola Normale Superiore, Piazza San Silvestro 12, 56127 Pisa, Italy

We study the effect of the optical feedback strength on the phase sensitivity in a contiunous-wave (CW) imaging based on selfmixing interferometry with terahertz quantum cascade lasers (THz-QCLs). Optical feedback in QCLs, here used to obtain reflection
image of a sample as well as the phase profile without ambiguity, is suited for contactless coherent sensing where the wavelength
agility and spectral purity associated with QCLs are required. QCLs are characterized by intrinsic linewidth of tens of Hz, potentially
limited to the quantum noise, and CW output power of few mW in the terahertz range. Moreover, QCLs are intrinsically stable
against optical feedback, tolerating strong feedback level without exhibiting dynamical instabilities, such as mode-hopping,
intensity pulsation or coherence collapse, typical of bipolar semiconductor lasers. This unique behavior of QCLs can be ascribed to
two main factors: i) the small linewidth enhancement factor (α < 1 in THz-QCLs) with respect to conventional diode lasers, that
reduces the number of external cavity modes possibly concurring in destabilizing the CW emission; ii) the absence of relaxation
oscillations (class-A laser) owing to high values of photon-to-carrier lifetime ratio (i.e. ultrafast intersubband relaxation time). Also,
the inherent sensitivity of the QCL compliance voltage to the optical feedback is ideal for compact and monolithic sensors using the
self-mixing approach, since the power modulation can be detected directly as voltage drop across the QCL active region with no
need of external detectors. Indeed, the optical feedback interferometry in QCLs does incorporate the detector functionality within
the laser cavity itself, and has been extensively exploited for a variety of relevant applications including, but not limited to, phase
spectroscopy, in-line laser ablation monitoring, metrology. In this work, we investigate of the phase sensitivity against optical
feedback, showing the existence of a feedback threshold for accurate phase signal detection in the THz domain and its potential
applicability.

#153 - New tools for QCL-based THz Spectroscopy
Annamaria Campa - CNR-INO
Other Authors: A. Campa(ab), L. Consolino(a) , D. Mazzotti(a), M. Ravaro(a) , M.S. Vitiello(c), S. Bartalini(ab), and P. De Natale(a) (a) Istituto
Nazionale di Ottica, INO-CNR, Largo E. Fermi 6, Firenze, Italy. (b) European Laboratory for Nonlinear Spectroscopy, LENS, Via N. Carrara 1,
Sesto F. (FI), Italy (c) Istituto Nanoscienze, NEST-CNR, and Scuola Normale Superiore, Piazza S. Silvestro 12, Pisa, Italy

Optical resonators are well-established tools commonly used in spectroscopy, they have widespread applications over the whole
electromagnetic spectrum, while record-level optical finesses were achieved in the visible/near-IR. In this context, the THz portion
of the electromagnetic spectrum is still lacking of such tools. One reason is certainly that, for many years, the THz range has been
an underexploited region. However, recent advances in generation and detection of THz radiation, as well as the advent of novel
THz-emitting laser sources, such as quantum cascade lasers (QCLs), and the constantly evolving technology of new materials, are
now making THz light emerge as a new promising frontier for interdisciplinary research areas. However, among the number of
different applications of THz radiation, a central role is played by molecular spectroscopy. In order to further increase the sensitivity
of a spectroscopic system, high-finesse cavity resonators represent an attractive tool as they give access to much longer interaction
lengths between light and absorbing medium, and could also provide a narrow reference for a QCL, allowing a reduction of its freerunning linewidth.
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We report on two different resonant cavities designs, injected by a continuous-wave quantum cascade laser emitting at 2.55 THz
[1]. The two cavities are a V-shaped and a ring shaped resonator, the input/output couplers of both cavities are wire grid polarizers,
acting as highly reflective mirrors, and each cavity is equipped with a shifting mirror, in order to tune the cavity length. The
−5
achieved ring-cavity finesse is about 63, corresponding to a Q-factor of 2.6×10 . Due to its geometrical configuration, the V-shaped
resonator produces an optical feedback to the QCL, when in resonance. This optical feedback (OF) prevents an accurate finesse
measurements, as it broadens the resonance peak profiles. In order to better understand this effect, we injected both the
resonators at the same times; the V-shaped cavity is swept across its resonances, while the ring cavity is kept in a position
corresponding to the center of a resonance side. In this conditions, any shift of the laser frequency induced by OF will result in a
variation of the signal transmitted by the ring cavity. Experimental data have confirmed this effect, that in the future can be
exploited for optically locking the QCL frequency to the V-shaped cavity resonance.
[1] A. Campa et all, “High-Q resonant cavities for terahertz quantum cascade lasers”, Optics Express, 23, 3751-3761 (2015).

#154 - Recent advances in quartz enhanced photo-acoustic spectroscopy based on mid-IR and THz quantum
cascade lasers for gas sensing applications
Vincenzo Spagnolo - Politecnico di Bari
Other Authors: P. Patimisco (Affiliation1,2), A. Sampaolo(Affiliation 1,2,3), M. Giglio (Affiliation 2 ), F.K. Tittel (Affiliation 3), J.M. Kriesel
(Affiliation 4), M.S. Vitiello (Affiliation 5), G. Scamarcio (Affiiliation 1,2) 1 IFN-CNR UOS Bari, via Amendola 173, 70126 Bari, Italy 2Dipartimento
Interateneo di Fisica, Università e Politecnico di Bari, Via Amendola 173, 70126 Bari, Italy 3Department of Electrical and Computer Engineering,
Rice University, 6100 Main Street, Houston, TX 77005, USA 4Opto-Knowledge Systems Inc., 19805 Hamilton Ave, Torrance, CA 90502, USA
5NEST, CNR - Istituto Nanoscienze and Scuola Normale Superiore, Piazza San Silvestro 12, 56127 Pisa, Italy

The detection of traces of chemical species in the gas phase is of considerable interest in a wide range of applications such as
enviromental air quality monitoring, medical diagnostic, homeland security, quality and process controls. Quartz enhanced photoacoustic spectroscopy (QEPAS) is a robust and highly sensititve trace-gas optical detection technique. The recent developements of
quantum cascade laser (QCLs), mid-IR hollow fibers and quartz tuning forks (QTFs) has allowed to further expand the great
potentialities of QEPAS based sensors and reach sensitivities of few parts per trillion [1]. We will report an overview of the latest
advances in QEPAS trace-gas sensor technology such as the realization of fiber coupled QCL based sensors operating either in the
mid-IR or in the THz spectral range [2]. Results on the realization of newly designed QTFs with improved performances will be also
discussed.
[1[ P. Patimisco, G. Scamarcio, F.K. Tittel and V. Spagnolo, Quartz enhanced photo-acoustic spectroscopy: A review", Sensors 14,
6165-6206 (2014).
[2] V. Spagnolo, P. Patimisco, R. Pennetta, A. Sampaolo, G. Scamarcio, M.S. Vitiello and F.K. titte, "THz Quartz-enhanced
photoacoustic sensor or H2S trace gas detection", Opt. Exp. 23, 7574-7582 (2015).
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#155 - Protein-Protein interactions from a co-evolutionary perspective
Andrea Pagnani (I) - Politecnico di Torino e Human Genetics Foundation Torino.
Other Authors: Christoph Feinauer (Politecnico di Torino)

Thousands of proteins are simultaneously expressed in a typical
cell, and their concerted specific interactions regulate the
large majority of cellular functions leading to healthy or
diseased states. Two major questions are crucial for our
understanding of protein-protein interaction networks: (1) who
interacts with whom, and (2) howproteins interact at the structural
molecular level. I will present an advanced algorithmic strategy combining a vast
array of computational techniques: from statistical physics, to molecular modeling and
machine learning. To tackle these challenges, we I will introduce in particular an
approach based on residue co-evolution in proteins: evolutionary
changes in proteins are constrained by the need to maintain
intra- and inter-protein interactions potentially deleterious
mutations in one position must be compensated by complementary
mutations in other positions, leading to correlated amino-acid
occurrences. In particular I will introduce the Direct-Coupling
Analysis (DCA) frames co-evolution analysis as an inverse problem
in statistical physics. I will provide a systematic evaluation
of the information contained in correlated substitution patterns
for predicting residue contacts, a first step towards a purely
sequence-based approach protein-protein interaction predictions,
discussing some relevant expample of subnetworks in bacteria.

#156 - Molecular dynamics simulations of membrane proteins: from the bench to in silico and back
Gianluca Lattanzi (I) - Dipartimento Interateneo di Fisica "M. Merlin" - Università di Bari "Aldo Moro"
Other Authors: Domenico Alberga (Dipartimento Interateneo di Fisica "M. Merlin", Università di Bari "Aldo Moro") Giuseppe Mangiatordi
(Dipartimento di Farmacia - Scienze del Farmaco, Università di Bari "Aldo Moro") Orazio Nicolotti (Dipartimento di Farmacia - Scienze del
Farmaco, Università di Bari "Aldo Moro")

The field of classical molecular dynamics simulations has been constantly expanding its range of applications since its origins. The
technological breakthroughs in high performance computing techniques have been paralleled by the continuous improvements in
the understanding of the simulation algorithms, the parametrization of the force fields and, last but not least, the availability of
reliable software. Although this has provided unprecedented possibilities for almost any group in the world, the implicit
approximations and generalizations that characterize the method may severely flaw computational studies wishing to investigate
extremely complex systems at an atomistic level of detail. As with any other theoretical model, its validity can be assessed only by a
direct comparison of its predictions with experiments. In this respect, biological systems represent an even more intriguing
challenge: the “quantitative revolution” of modern molecular biology offers the possibility of a direct comparison between
simulations and real-time single-molecule experiments, thus contributing to the validation and improvement of the employed
force-field parameters. In addition, most experimental groups in biology have accepted MD simulations as a new “tool” that should
complement the available experiments and thus offer a direct “view” on a biological process. Therefore, it is nowadays almost
mandatory that any molecular dynamics simulation be part of a more comprehensive effort in trying to investigate a complex
system, whether biological or not.
In this context, I will present two case studies in which classical MD simulations are employed to provide some insight on two
biological systems of interest in our University.
The first is Aquaporin-4 (AQP4), the predominant water channel in different organs and tissues. An alteration of its physiological
functioning is responsible for several disorders of water regulation and, thus, is considered an attractive target with a promising
therapeutic and diagnostic potential. The application of MD simulations allowed us to describe a new gating mechanism that might
be responsible for the narrowing of the pore and thus of a remarkable decrease in water flux rate. We also explored the
consequences of different point mutations and compared our results with the experimental observations, obtaining full agreement
and a molecular rationale for the observed deviations.
The second is voltage-gated chloride channel, ClC-1, mainly distributed in the skeletal muscle, whose mutations are responsible for
the onset of myotonia congenita, a genetic neuromuscular channelopathy. Also in this case, we have shown that a specific
mutation (F484L) is responsible for an alteration in Cl gating, in full agreement with the experimental evidence, thus contributing
to the formulation of a mechanistic hypothesis for the observed channel malfunction.
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#157 - Improved prediction of protein complex binding affinities: the role of entropic contributions
Antonio Trovato - Universita' degli Studi di Padova - Dipartimento di Fisica e Astronomia "G. Galilei"
Other Authors: Tatjana Skrbic (Universita' di Padova, Dipartimento di Fisica e Astronomia, Universita' Ca Foscari), Flavio Seno (Universita' di
Padova, Dipartimento di Fisica e Astronomia), Stefano Zamuner (Universita' di Padova, Dipartimento di Fisica e Astronomia), Rolando Hong
(SISSA Trieste, IIT Genova), Edoardo Sarti (SISSA Trieste) Alessandro Laio (SISSA Trieste)

Protein-protein interactions play an essential role in the biological function of many proteins.
We will tackle the problem of predicting the binding affinities of protein complexes, based on the knowledge of both the complex
and the unbound subunits. We will rely on the BACH statistical potential, recently developed in our group, and showed excellent
performances in discriminating the native states of monomeric proteins.
We will first show that the BACH scoring funcion is successful as well in recognizing native and close-to-native protein complexes.
We will then employ our scoring function as the basis of a method to predict the binding affinities of protein complexes, which is in
general a very difficult task. We will show that, in order to improve the predictive performance of our method, it is crucial to
properly estimate how the change in protein fluctuations upon binding determines the entropic contribution to the binding affinity.
This is done by means of simple coarse-grained elastic network models; yet, it relies on determining the proper structuredependent elastic constant by means of a novel self-consistent procedure based on matching the residue mobilities computed
within the network model with those estimated from molecular dynamics all atom explicit solvent simulations initiated from the
experimental structures.

#158 - Adaptive resolution simulation methods in soft matter: theory and applications
Raffaello Potestio - Max Planck Institute for Polymer Research
A feature common to most soft matter systems, ranging from simple liquids to large biomolecules, is the interplay of characteristic
length and time scales, which determines their mechanical and dynamical properties. This multi-scale nature limits our capability to
study them by means of computer simulations: in fact, the size of the system often makes it impossible to treat the whole of it at
the full-atom level; at the same time, coarse-grained models might lack relevant chemical details. An effective solution to this
problem is provided by adaptive resolution simulations techniques, which allow the concurrent use of models at different levels of
resolution in different regions of the simulation domain. These strategies are here presented, and their application in the
computational study of biomolecules is discussed.

#159 - Variational Scheme for All-atom Characterisation of the Structural Dynamics of Biomolecules
Pietro Faccioli - Physics Department University of Trento
Other Authors: S. a Beccara (FBK Trento)

In this talk I would like to report on the recent results of my group in the development and application of path integral based
theoretical/computaitonal schemes to investigate rare conformational reactions of biomolecules.

In particular, I would presen a new variational approximation which enables us to perform all-atom simulations of
complex protein reactions in explicit water, including folding and conformational transitions (see e.g. S. a Beccara, L.
Fant and P. Faccioli, PRL 114, 098103 (2015)).
As an illustrative application I will report on the our study of serpin latency transitions (Cazzolli et al
PNAS ;111(43):15414 (2014)).
Depending on time availability I would finally mention some recent furhter technical improvements which involves the
systematic coarse grain the biomolecular dynamics using Renormalization Group methods.
#160 - Compilation of a Gene/miRNA Expression Profile Dataset for miRNA:mRNA Interactome Analysis
Claudia Coronnello - Fondazione Ri.MED @ IBIM-CNR
Other Authors: Giovanni Perconti (Istituto di Biomedicina ed Immunologia Molecolare (IBIM) CNR, Palermo, Italy) Patrizia Rubino (Istituto di
Biomedicina ed Immunologia Molecolare (IBIM) CNR, Palermo, Italy) Flavia Contino (Dipartimento di scienze e Tecnologie Biologiche Chimiche e
Farmaceutiche, Universitá degli Studi di Palermo, Italy) Serena Bivona (Dipartimento di scienze e Tecnologie Biologiche Chimiche e
Farmaceutiche, Universitá degli Studi di Palermo, Italy) Salvatore Feo (Dipartimento di scienze e Tecnologie Biologiche Chimiche e Farmaceutiche,
Universitá degli Studi di Palermo, Italy) Agata Giallongo (Istituto di Biomedicina ed Immunologia Molecolare (IBIM) CNR, Palermo, Italy)

MicroRNAs (miRNAs) are small non-coding RNA molecules mediating the translational repression and degradation of target mRNAs
in the cell. Mature miRNAs are used as a template by the RNA-induced silencing complex (RISC) to recognize the complementary
mRNAs to be regulated. Up to 60% of human genes are putative targets of one or more miRNAs. Several prediction tools are
available to suggest putative miRNA targets, however, only a small part of them has been validated by experimental approaches. In
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addition, none of these tools does take into account the network structure of miRNA-mRNA interactions, which involve
competition effects crucial to efficiently predict the miRNA regulation effects in a specific cellular context.
We aim to model the miRNA-mRNA interaction network (interactome), by considering all the miRNAs and mRNAs endogenously
expressed in any specific cellular condition. Out test bed has been breast cancer MCF-7 cells. We collected several miRNA and
mRNA expression profiles, by using the Agilent microarray platforms. We analyzed samples derived from the immunoprecipitation
(IP) of two RISC proteins, AGO2 and GW182, and correspondent input and flow-through as well. The expression level of the top
expressed miRNAs has been validated by real time PCR.
Due to the singularity of our dataset, we used non-standard bioinformatics techniques to preprocess and analyze the obtained
expression profiles. As result, we validated the sample extraction technique, by obtaining expression profile clustering and
regression results consistent with the experimental design. The compiled dataset will be useful to further investigate on miRNAmRNA interactions.

#161 - Arrested coarsening and localized patterning on curved membranes
Giulio Vandin - Università di Padova, Dipartimento di Fisica
Other Authors: Prof. Enzo Orlandini (Dipartimento di Fisica, Università di Padova), Prof. Davide Marenduzzo (School of Physics and Astronomy,
University of Edinburgh)

The arrest of the coarsening in phase separation dynamics is an interesting
feature occurring in several examples of soft matter physics such as bacteria with
density-dependent diffusivity and colloidal systems with short range attractive
4
potentials. In this work we focus on a φ theory of phase separation on closed
surfaces (i.e vesicles) in which the free energy of the system includes a term
coupled to the local curvature of the membrane. Based on numerical simulations
and theoretical considerations we show how the interplay between the bulk term
and the surface curvature coupling induces an arrest of coarsening of a binary
mixture system in the presence of non-homogeneous curvature and for different
closed surfaces. We next consider a reaction-diffusion system of Turing type
defined on a substrate undergoing a phase separation similar to the one described
above. In this case we show how, by setting different diffusion coefficients for
the two phases of the substrate, we can induce a patterning on the closed surface
whose shape can be controlled by the curvature of the underlying surface.

#162 - Codon bias and E.coli's protein-protein interaction network
Andrea Giansanti - Physics Department, Sapienza University of Rome
Other Authors: M. Dilucca, G. Cimini, A. Semmoloni and A. Deiana Physics Department, Sapienza University of Rome

Synonymous codons, i.e., DNA nucleotide triplets coding for the same amino acid, are used differently across the variety of living
organisms. The biological meaning of this phenomenon, known as codon usage bias, is still controversial. In order to shed light on
this point, we propose a new codon bias index, CompAI, that is based on the competition between cognate and near-cognate
tRNAs during translation, without being tuned to the usage bias of highly expressed genes. We perform a genome-wide evaluation
of codon bias for E.coli, comparing CompAI with other widely used indices: tAI , C AI , and N c. We show that C ompAI and tAI
capture similar information by being positively correlated with gene conservation, measured by ERI, and essentiality, whereas, CAI
and Nc appear to be less sensitive to evolutionary-functional parameters. Notably, the rate of variation of tAI and CompAI with ERI
allows to obtain sets of genes that consistently belong to specific clusters of orthologous genes (COGs). We also investigate the
correlation of codon bias at the genomic level with the network features of protein-protein interactions in E.coli. We find that the
most densely connected communities of the network share a similar level of codon bias (as measured by CompAI and tAI).
Conversely, a small difference in codon bias between two genes is, statistically, a prerequisite for the corresponding proteins to
interact. Importantly, among all codon bias indices, CompAI turns out to have the most coherent distribution over the communities
of the interactome, pointing to the significance of competition among cognate and near-cognate tRNAs for explaining codon usage
adaptation.
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#163 - Reaction diffusion patterns on complex directed graphs
Duccio Fanelli (I) - University of Florence
Other Authors: Malbor Asllani (University of Namur, Belgium), Silvia Conemori (University of Florence), Francesca Di Patti (University of
Florence), Filippo Miele (University fo Florence).

The process of pattern formation for reaction-diffusion systems is discussed. According to the deterministic picture, partial
differential equations are assumed to govern the evolution of the concentrations of the interacting species. A small perturbation of
a homogeneous fixed point can spontaneously amplify as follow a symmetry breaking instability and eventually yield asymptotically
stable non homogeneous patterns, the celebrated Turing patterns. Traveling waves can also manifest as a byproduct of the
instability. Building from these premises, I will discuss in this talk the process of pattern formation on a complex network. In
particular I will focus on directed networks: due to the structure of the network Laplacian, the dispersion relation has both real and
imaginary parts, at variance with the conventional case for a symmetric network. It is found that the homogeneous fixed point can
become unstable due to the topology of the network, resulting in a new class of instabilities which cannot be induced on
undirected graphs. A multiple scale perturbative calculation is also carried out resulting in a Stuart-Landau equation for the non
linear evolution of the amplitude of the unstable mode.

#164 - Exactly solvable models for the rate constant of modern nano-reactors
Francesco Piazza (I) - University of Orléans, and Centre de Biophysique Moléculaire (CBM), CNRS-UPR4301
Other Authors: Duccio Fanelli, Università di Firenze Marta Galanti, Università di Firenze and Université d'Orléans

The recent advances in nano-fabrication processes make now possible to realize many complex nano-catalysts for
technological applications. These include vesicle-encapsulated enzymes and core- and yolk-shell composite nanoreactors where many metal nanoparticles or enzymes are immobilized in thermosensitive hydrogel matrices.
It is therefore paramount to build thepretical models that enable one to compute the reaction rate constant of complex
nano-catalysts as a function of relevant parameter, such as the ligand diffusion constant, the geometry of the nanoreactor assembly and the transfer free energy from the bulk to the nano-reactor matrix.
In this talk I will illustrate different theoretical approaches toward this aim, based on the solution of stationary
diffusion processes with suitable set of complex mixed boundary conditions that describe the reactive boundaries.

#165 - Optimal search strategies on complex multi-linked networks
Francesca Di Patti - Università degli Studi di Firenze, Dipartimento di Fisica e Astronomia
Other Authors: Duccio Fanelli (Università degli Studi di Firenze, Dipartimento di Fisica e Astronomia and CSDC), Francesco Piazza (Université
d’Orléans, Centre de Biophysique Moléculaire)

This work reports on a major advance in the theory of dynamical processes occurring on complex networks. We focus preliminarily
on a general type of random walk, combining with a certain prescribed relative probability both local and non-local moves. Local
moves are steps taken along the links of the underlying network. Non-local moves are jumps to randomly chosen disconnected
nodes. This kind of stochastic process is a simple yet meaningful model to describe a wide array of dynamical processes on
networks, from web-surfing to intra- and inter-layer transport in multi-sheet supports, such as ground/air transportation networks
or the brain.
We introduce a global measure of search time, which gauges the overall ability of an agent (e.g. a web-surfer, a traveller or an
electric pulse) to find a target at a given location. We show how to compute the search time analytically for a given choice of the
starting and target nodes, which can be subsequently averaged over all pairs of nodes to yield a global measure of search
effectiveness. Analyses performed on different kinds of synthetic as well as real-world networks show that the global search time
displays a minimum for an optimal value of the probability α to hop along a link (local move) at each time step.
We conclude our analysis by elaborating an analytical criterion that can be applied to any given network to inquire about the
existence of an optimal dual-step search algorithm. It is straightforward to employ our simple formula to design the optimal search
strategy for any given network, i.e. by specifying a reasonable guess for the relative probability that one needs to assign to local
and non-local moves.
These results have been generalized also to multi-linked networks with an arbitrary number of mutually interfering link sets.

#166 - Turing patterns in multiplex networks
Timoteo Carletti - University of Namur
Other Authors: M. Asslani, University of Namur, Belgium D.M. Busiello, University of Padova, Italy D. Fanelli, University of Firenze, Italy G.
Planchon, University of Namur, Belgium

Patterns are widespread in nature. In the animal kingdom
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coloured patterns are the result of adaptation and evolution with the goal to achieve camouflage and
social signalling. In chemistry examples are spatial motifs (Belousov–Zhabotinsky reaction),
exemplifying a spontaneous self-organization phenomenon. In the seminal paper of 1952, Alan Turing set a plausible
and general explaination for the emerge of patterns in reaction–diffusion systems in continuous domains: under specific
conditions, diffusion drives an instability by perturbing a homogeneous stable fixed point, via an activator-inhibitor
mechanism. As the perturbation grows, non linear reactions balance the diffusion terms, yielding the asymptotic,
spatially inhomogeneous, steady state.
In many relevant cases it is more natural to describe the system as a complex network. Examples abound in ecology, the nodes
of the networks mimic localized habitat patches, and the dispersal connection among habitats result in the diffusive
coupling between adjacent nodes. In the brain a network of neuronal connections is active, which provide the backbone
for the propagation of the cortical activity. But also in socio-technological networks, such as the internet and the
cyberword or the commuting networks of human mobility (car, trains, flights). The Turing ideas have been recently
extended by Nakao and Mikhailov to random undirected networks, starting from previous works by
Othmer and Scriven 1971–1974.
However, the complex network framework can be not general enough to ascertain the complexity that hides behind
some real world applications, where self-organization may proceed across multiple, inter-linked networks, by exploiting
the multifaceted nature of resources and organizational skills. For this reason, multiplex, networks in layers whose
mutual connections are between twin nodes, have been introduced as a necessary leap forward in the modeling effort.
In this work we derive for the first time a general theory of patterns formation for multispecies reaction diffusion
systems on a multiplex. Cooperative interference between adjacent layers manifests, yielding stratified patterns also
when the Turing like instability on each individual layer is impeded. Conversely, patterns on individual layers can
also fade away due to cross-talking between layers. The analysis is carried out analytically via a perturbative scheme
which enables to derived closed analytical expressions for the critical coupling that determines the aforementioned
transitions. In the case of degenerate multiplex networks, namely where all the layers are formed by the same network,
we are able to prove that patterns can be created and/or destroyed adding or removing sufficiently many layers. The
adequacy of the analytical predictions is confirmed by direct numerical simulations.

#167 - Single-File dynamics of colloidal particles in microfluidic channels
Emanuele Locatelli - Computational Physics Department, University of Vienna
Other Authors: Fulvio Baldovin (Dipartimento di Fisica e Astronomia ‘G. Galilei’, Sezione INFN e Sezione CNISM, Università di Padova), Matteo
Pierno (Dipartimento di Fisica e Astronomia ‘G. Galilei’ and Sezione CNISM, Università di Padova), Enzo Orlandini (Dipartimento di Fisica e
Astronomia ‘G. Galilei’, Sezione INFN e Sezione CNISM, Università di Padova), Yizhou Tan (Cavendish Laboratory, University of Cambridge,
Cambridge), Ulrich F. Keyser (Cavendish Laboratory, University of Cambridge, Cambridge), Stefano Pagliara (Biosciences Department, University
of Exeter, Exeter)

The diffusion of particles confined in a channel so narrow that they cannot overtake each other (Single File condition), a process
relevant in Biology and Nanotechnology, reveals nontrivial physical features as a consequence of the strong inter-particle
correlations. By means of analytical techniques[1], numerical simulations and experiments performed in microfluidic devices[2], we
study the emptying process of $N$ colloidal particles confined in open channels, i.e. we characterize the progressive decrease of
the number of particles within a channel, as they leave it from its open ends.
[1] Phys. Rev. E 91, 022109 (2015)
[2] Lab Chip 11, 3365 (2011)

#168 - Self Healing Percolation
Antonio Scala - CNR - Istituto Sistemi Complessi
We introduce the concept of self-healing in distribution networks characterised by a flow of services. We define the problem in
terms of a distributed message-passing protocol that we analise both with numerical simulations and with the cavity method. We
find that the system is subject to two kind of events: major blackouts and percolative healing. We then generalise the model to a
percolation problem that we solve in the case of Erdos-Renyii networks on the complete graph; furthermore, we analyse the two
dimensional behavior via numerical simulations. We find that, like in standard 2d percolation, duality rules the transition lines of
self-healing percolation on planar lattices.

#169 - Protein diffusion, stability and activity in crowded media
Loredana Randazzo - National Research Council of Italy, Institute of Biophysics
Other Authors: Loredana Randazzo,1 Rosina Noto,1 Samuele Raccosta,1 Maria Grazia Santangelo,1 Anna Longo,2 Maurizio Marrale,2 Massimo
Vassalli,3 Mauro Manno,1 Vincenzo Martorana1 1. Inst. of Biophysics, Natl. Res. Council of Italy , via Ugo La Malfa 153, 90146 Palermo, Italy; 2.
Dept. of Physics and Chemistry, University of Palermo, Palermo, Italy; 3.. Inst. of Biophysics, Natl. Res. Council of Italy, via De Marini 6, 16149
Genova, Italy.
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Molecular crowding at the cellular level is capable of changing the properties of the macromolecules involved in disparate
biological processes and it is thought to affect differently small and large molecules. Here we present a study of ovalbumin and
neuroserpin diffusion both in hen egg albumen and in two systems containing ovalbumin and Ficoll70, respectively, to model media
with moderate to very high viscosity. These proteins belong to a class of proteins, called serpins, characterized by a high structural
homology and different functions. Particularly, neuroserpin, a serine protease inhibitor,is involved in a rare conformational genetic
disease (FENIB). We used two techniques for studying different aspects of the molecular motion: Fluorescence Correlation
Spectroscopy, that reveals the self-diffusion of particles labeled with a fluorescent probe, and Dynamic Light Scattering, that
measures the collective diffusion of all particles, as affected by intermolecular interactions. Moreover we used other techniques for
assessing protein conformation: Circular Dychroism, that measures the secondary structure, Intrinsic Photoluminescence, that
measures tryptophan exposure to solvent, and continuous-wave Electron Paramagnetic Resonance, that reveals the local mobility
of a spin label attached to the protein residue. A cysteine-containing variant of the wild type neuroserpin was produced to get a
fluorescently labeled system, without affecting protease inhibition or serpin polymerization. Effects of the crowded environment
on both protein diffusion and functional and dysfunctional reaction kinetics were studied.

#170 - Relaxation-path selection due to entropy-energy competition in activated glassy dynamics
Chiara Cammarota - King's College London
Other Authors: Enzo Marinari, La Sapienza University of Rome, Italy Giulio Biroli, IPhT CEA Saclay, France

The description of activated relaxation of glassy systems in the multidimensional configurational space is a long-standing open
problem. In this talk I will report on my recent numerical and analytical studies of the equilibrium and out-of equilibrium dynamics
of a number of models with rough potential energy landscapes. These models range from abstract trap models to the Random
Energy Model (REM) (a paradigm for glass phenomenology) also providing examples of dynamics where typical relaxation channels
go over finite potential energy barriers despite the presence of less-energy-demanding escaping paths in configurational space; this
phenomenon is naturally expected to be relevant in the thermally activated regime of realistic models of glass-formers. I will show
that in the systems we studied typical dynamical paths episodically reach a high fixed threshold energy unexpectedly giving rise to a
simple thermally activated aging phenomenology. In order to unveil this peculiar aging behaviour I will introduce a novel
description of the dynamics in terms of spontaneously emerging dynamical basins. This result establishes the first quantitative
connection between aging in simple and fully solvable thermally-activated systems like trap models and the observed more
complex dynamics that could characterise out-of-eqilibrium relaxation in realistic glass-like systems.
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#171 - Water clusters, ice and bulk liquid: improving ab-initio structure and energetics
Dario Alfe (I) - University College London
Water in its many forms is one of the most studied of all substances, but in spite of many decades of effort a fully
comprehensive account of the energetics of water systems at the molecular level is still lacking. Density functional
theory (DFT) is a convenient and important method for water studies, as it can be readily applied to clusters, bulk liquid
and solid, surfaces and solutions. However, current implementations of DFT are still lacking satisfactorily overall
accuracy. Quantum chemistry (QC) methods like MP2 and CCSD(T) (often regarded as the gold standard) can deliver
much higher accuracy than DFT, but their are expensive and scale ferociously with the size of the system, making them
available to study only relatively small clusters.
The polarisability of the water molecule means that large clusters, and ultimately extended systems, can behave very
differently from small clusters, and so a complete characterisation of the energetics of both small and large systems is
required.
An alternative method that has been shown to approach QC accuracy for water clusters energetics is quantum Monte
Carlo (QMC).
An advantage of QMC over QC is its benign scaling with system size, and as such it can be applied to large clusters and
to bulk solid and liquid.
In this talk I will discuss how it has become possible to use QMC to provide benchmark energies for water systems of
various size. I will discuss the limitations of several commonly used DFT functionals, including recent functionals that
include dispersion, and possible ways to improve upon them.
#172 - Subsystem Density Functional Theory for weakly-interacting systems: the role of the Laplacian of the
density in the non-additive kinetic and exchange-correlation energy
Fabio Della Sala (I) - Istituto Nanoscienze-CNR & Istituto Italiano di Tecnologia (IIT)
Other Authors: Szymon Szmiga (Nicolaus Copernicus University, Torun, Poland), Lucian A. Constantin ( CBN, Istituto Italiano di Tecnologia), E.
Fabiano (Istituto Nanoscienze-CNR), S. Laricchia (Temple University, Philadelphia)

Subsystem Density Functional Theory (Sub-DFT) is attracting increasing interest due to its promise of achieving potentially exact
results for large systems at a reduced computational cost [1,2,3]. Accurate results have been obtained for weakly-interacting
systems [2,3]. However, the accuracy of Sub-DFT depends on the quality of the non-additive kinetic energy (KE) and/or exchangecorrelation (XC) functionals, which describe the interaction between subsystems,
We report on newly developed non-additive KE and XC functionals which depends on the Laplacian of the electronic density:
i) We developed new non-empirical Laplacian-level KE functionals [4] which recover the fourth-order gradient expansion (GE4) in
the slowly-varying density limit and the APBEK limit [5] in the rapidly-varying density limit.
From tests on weakly interacting systems we found that our new functionals are competitive with state-of-the-art [5], whereas all
other previously developed Laplacian-level functionals recovering GE4 fail badly.
ii) We propose a Laplacian-level approximation to the KE density which allow to apply meta-GGA XC functionals in subsystem DFT
[6]. Previously, only semilocal XC functionals have been applied to Sub-DFT. Results indicate that a Laplacian term from the secondorder gradient expansion of the KE is the best choice and yield very accurate results for weakly-interacting systems.
References
[1] P. Cortona, Phys. Rev. B 44, 8454 (1991).
[2] T.A. Wesolowski, S. Shedge, X. Zhou, Chem. Rev. 2015, in press.
[3] A. Krishtal, D. Sinha, A. Genova, M. Pavanello, J. Phys. Cond. Matt. 27 183202 (2015)
[4] S. Laricchia, L.A. Constantin, E. Fabiano, F. Della Sala., J. Chem. Theory Comput. 10, 164 (2014)
[5] L.A. Constantin, E. Fabiano, S. Laricchia and F. Della Sala, Phys. Rev. Lett. 106, 186406 (2011)
[6] S. Szmiga, E. Fabiano, S. Laricchia, L. A. Constantin, and F. Della Sala, J. Chem. Phys. 142, 154121 (2015)

#173 - Wave-like Nature of the van der Waals Energy at the Nanoscale
Alberto Ambrosetti - Università degli Studi di Padova, DIpartimento di Fisica e Astronomia
Other Authors: Robert DiStasio Jr. (Princeton), Nicola Ferri (Fritz-Haber Institut), Pier Luigi Silvestrelli (Università di Padova), Alexandre
Tkatchenko (Fritz-Haber Institut Berlin)

Wave-particle duality is a cornerstone of quantum mechanics. Given that the ubiquitous van der
Waals (vdW) interactions between nanoscale objects have quantum-mechanical origin, it is unsettling
that our conceptual understanding of these forces largely relies on models based on localized
particles. Here we demonstrate that vdW interactions at nite distances between polarizable nonmetallic
nanoscale objects can only be correctly described by wavelike uctuations. The diversity of
nanoscale systems, as exhibited by their dimensionality, topology, and polarizability, leads to visibly
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enhanced non-local responses and non-trivial vdW interaction power laws that strongly deviate
from predictions stemming from widely used intermolecular perturbation theories. Such wavelike
nature of vdW interactions provides a hitherto unexplored avenue that could be used for tailoring
the assembly of complex polarizable nanostructures.

#174 - Electronic Properties of Materials with a Self-Consistent Interatomic van der Waals Density Functional
Nicola Ferri - Fritz-Haber-Institut der MPG
Other Authors: Robert A. DiStasio Jr. (Princeton University), Alberto Ambrosetti (Fritz-Haber-Institut), Roberto Car (Princeton University),
Matthias Scheffler (Fritz-Haber-Institut), Alexandre Tkatchenko (Fritz-Haber-Institut)

How strong is the effect of van der Waals (vdW) interactions on the electronic properties of molecules and extended systems? To
answer this question, we derived a fully self-consistent implementation of the density-dependent interatomic vdW functional of
Tkatchenko and Scheffler [1] and its extension to surfaces [2].
Not surprisingly, vdW self-consistency leads to tiny modifications of the structure, stability, and electronic properties of molecular
dimers and crystals. However, unexpectedly large effects were found in the binding energies, distances and electrostatic moments
of highly polarizable alkali metal dimers. Most importantly, vdW interactions induce complex and sizable electronic charge
redistribution in the vicinity of metallic surfaces and at organic/metal interfaces.
As a result, a substantial influence on the computed workfunctions was found, revealing a non-trivial connection between
electrostatics and long-range electron correlation effects [3].
[1] A. Tkatchenko and M. Scheffler, PRL (2009).
[2] V. G. Ruiz, W. Liu, E. Zojer, M. Scheffler, and A. Tkatchenko, PRL (2012).
[3] N. Ferri, R. A. DiStasio Jr., A. Ambrosetti, R. Car, and A. Tkatchenko, PRL (2015).

#175 - Molecule–surface interactions: applications in heterogeneous catalysis
Francesca Costanzo - University of Amsterdam
Understanding the reactivity of organic molecules at surfaces plays an important role in surface science. Many applications in
catalysis are based on these processes such as light-emitting diodes, molecular sensors and photovoltaics. To tune their electronic
properties and functions it is essential to understand the structure and stability of such systems. Density functional theory (DFT), at
present, is the most promising approach to study the structure, stability, and electronic properties of complex systems. However,
state-of-the-art approximations to DFT do not provide a consistent and reliable description for these systems especially when
including metal surfaces, mainly due to two issues: (a) the lack of (long-range) van der Waals (vdW) interactions (b) the spurious
self-interaction of the electrons with themselves arising from the Hartree term of the total energy that is not fully compensated in
approximate exchange-correlation functionals. The self-interaction errors sometimes lead to an incorrect description of charge
transfer and electronic level alignment in these systems, although for molecules adsorbed on metals these effects will often cancel
out in total energy differences.
In this talk, I present two applications concerning hydrogen storage. We use DFT+vdW level of theory to model the interaction
between hydrogen molecules and graphene, with a particular focus on the effect of the curvature of the graphene surface in
carbon nanotubes.
An application in catalysis concerns the oxidation of water on the metal-oxide surface, NiOx. To model the water splitting on NiOx
surface, pure and doped with Co, we employ the Hubbard model in the DFT calculations. The catalytic effect of doping the NiOx
surface on the splitting of the water is discussed, with the interesting conclusion of reducing the water splitting over-potential by
more than 60%.

#176 - Thermal diffusion and colored energy dissipation in hydrogen bonded liquids
Riccardo Dettori - Dipartimento di Fisica - Università degli Studi di Cagliari
Other Authors: Claudio Melis (Dipartimento di Fisica, Università di Cagliari), Michele Ceriotti (EPFL, Lausanne, Switzerland), Davide Donadio
(Max Planck Institut für Polymerforschung, Mainz, Germany), Luciano Colombo (Dipartimento di Fisica, Università di Cagliari)

Hydrogen bonded liquids, such as alcohols and water, are characterized by a complex energy dissipation dynamics due to the
strong directionality of the hydrogen bonds and the complexity of the hydrogen bonded network. This behaviour impacts the
mechanisms of both thermal diffusion and energy dissipation in pump-probe spectroscopy.

By means of out-of-equilibrium classical molecular dynamics simulations we study thermal transport and energy
dissipation in liquid methanol. Heat transport is studied by using the "Approach-to-Equilibrium Molecular Dynamics"
method, where thermal conductivity is calculated by monitoring the time-evolution of the system temperature profile
while it relaxes to equilibrium. Energy dissipation, instead, is studied by means of a novel implementation of the
Generalized Langevin Equation (GLE) colored noise thermostat. This is a modified Langevin thermostat, which can
generate a non-equilibrium frequency resolved dynamics by using a correlated noise. The colored thermostat can
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thermally excite a narrow range of vibrational modes, typically the stretching mode of the OH involved in hydrogen
bonding, leaving the other degrees of freedom of the system at the equilibrium temperature. The energy dissipation is
then observed as a function of time, by probing the excitation decay and the energy transfer to the other modes.
#177 - Equilibrium self-assembly of colloidal cubes in the low-density regime
Joe Donaldson - University of Vienna
Other Authors: Sofia Kantorovich (Faculty of Physics, University of Vienna, Boltzmanngasse 5, 1090 Vienna, Austria) (Ural Federal University,
Lenin av. 51, Ekaterinburg, 620083, Russia.)
The self-assembly of colloidal particles is determined by the interplay between competing interactions, usually with energies on the order of the thermal scale. These interactions describe the
repulsive and attractive contributions and determine the overall colloidal stability. The contributions can be spherically symmetric or can have an angular dependence. The structure and stability of
aggregates is determined by the competitive relationship between all forms of interaction, be they attractive or repulsive, symmetric or anisotropic. Cubic particles are an example of an
experimentally realised colloidal system, which can offer the opportunity to study and manipulate these interactions. In order to identify the significance of each contribution to the nature of the
self-assembled structures observed, we present here predictions and simulations related to low-density suspensions of cube-like particles. Three distinct systems - with varying inter-particle
interactions - have been considered. Namely, a system comprising only van der Waals (vdW) forces, modelled as a standard Lennard-Jones system; secondly, a system with magnetic and steric
components, modelled using dipolar and Weeks-Chandler-Anderson potentials; and finally a combination of both interaction types in system three (vdW and magnetic), analogous to a Stockmayer
system. Using this methodology, we can attribute the relative importance of each interaction in the combined system, and identify the most important parameters with which to control response
functions. In particular, we aim to deconvolute the interplay between the vdW interaction and dipolar interaction during the equilibrium self-assembly of these colloidal particles.

#178 - Dynamical crossovers in bulk liquid water investigated by molecular dynamics simulations with different
potentials
Marco Sant - Università degli Studi di Sassari
Other Authors: Pierfranco Demontis, Marco Masia, Giuseppe B. Suffritti

The interplay between dynamical heterogeneities and structural properties of bulk liquid water is here investigated by studying the
distribution functions of the rotational relaxation constants and the atomic mean-squared displacements.
These distributions are evaluated through molecular dynamics simulations performed with two different potentials: a model
developed in our group for the study of nanoconfined water and the TIP4P parametrization.
Two dynamical crossovers are detected from the trend of the Arrhenius plots of the relevant dynamic quantities: the first around
207 K and the second around 280 K. Both potentials give similar results for the dynamical properties, but are markedly different for
the structural characteristics.
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#179 - MagnetoHydroDynamics of Optically Thin Astrophysical Plasmas
Giovanni Peres (I) - Dipartimento di Fisica e Chimica - Universita` di Palermo
Other Authors: Fabio Reale, Dip. Fisica e Chimica- Univ. di Palermo Salvatore Orlando - INAF/OAPa "G.S. Vaiana" - Palermo Marco Miceli, Dip.
Fisica e Chimica- Univ. di Palermo

Optically thin plasmas are ubiquitous in the Universe. This presentation addresses some problems related to
MagnetoHydroDynamics of astrophysical optically thin plasmas, tackled by some italian groups; emphasis is on modeling and on
High Performance Computing, especially on large computing facilities. Topics range from solar and stellar coronae (i.e. nonthermally heated magnetized plasmas) to jets and accretion flows.

#180 - Role of laser polarization on stable injection of laser-plasma acceleration at high dose for radiobiology
applications
Labate Luca (I) - Consiglio Nazionale delle Ricerche, Istituto Nazionale di Ottica - Sezione di Pisa and INFN, Sezione
di Pisa
Other Authors: Federica Baffigi (INO - CNR), Fernando Brandi (INO - CNR), Giancarlo Bussolino (INO - CNR), Gabriele Cristoforetti (INO CNR), Paolo Ferrara (INO - CNR), Lorenzo Fulgentini (INO - CNR), Antonio Giulietti (INO - CNR), Petra Koester (INO - CNR), Daniele Palla (INO
- CNR), Leonida A. Gizzi (INO - CNR and INFN, Sezione di Pisa)

Laser-plasma acceleration with self-injection is now established in the laboratory as an "all optical" way to generate relativistic
electrons with high energy and high charge per bunch. One route of research is aiming at record values of energy and energy
spread for the ultimate outstanding goal of driving an all-optical X-ray FEL. In the mean time, interest for this class of high energy
electron sources is growing rapidly for applications in other fields, including biology and medicine and material sciences. For these
studies, electron bunches with high charge and relatively stable energy spectra are needed in a simple configuration, likely to be
implemented in an application-driven scenario. Several parameters have been considered so far in the experimental investigation
of self-injection, including laser and target parameters. However, very little results have been reported on the role of laser
polarization, either linear or circular, on the propagation of intense laser pulses in gases and on the subsequent phases of injection
and acceleration.
We have carried out a detailed investigation on the role of a range of experimental parameters, including laser polarization, with
the aim of identifying key controlling parameters for the generation of high charge electron bunches with energy required for such
applications. The experiments were carried out at INO-CNR using the femtosecond laser installation at the Intense Laser Irradiation
laboratory. In the experiments, Thomson scattering of laser radiation by plasma electrons is used to measure and optimize the
acceleration length while performing energy, divengence and charge measurements on the accelerated electrons. Dosimetry and
preliminary radiobiology data will also be presented providing the first indication of effectiveness of this class of sources in view of
future clinical studies.

#181 - Plasmonics
Carlo Forestiere (I) - Università degli Studi di Napoli Federico II
Other Authors: Carlo Forestiere, Giovanni Miano

Plasma Science and Plasmonics are linked by very similar physics: the former deals with electrified gases in which atoms are
dissociated in positive ions and electrons, the latter studies the interaction between free electrons and the ion lattice in a
conducting or semiconducting solid. Like gases confining systems are needed to control the shape and volume of plasmas, instead
in solids free electrons are naturally confined in the ion lattice region. In both the fields the electromagnetic interaction is the
principal protagonist. In particular, the collective electron oscillations upon the excitation by the electromagnetic field are the very
central common characteristic. This led to Pines to coin the term plasmon to indicate the oscillations of free electrons in metals in
1956.
Plasmons play a large role in the optical properties of metals. In particular, the shape of metallic particles determine the plasmons
that can be excited resonantly by electromagnetic radiation, which in turn determine the scattered radiation by the particle surface
itself. While this mechanism is at the basis of the dichroic Roman glass of the Lycurgus Cup (4th century AD) and the stained glass
windows that adorn medieval cathedrals, an understanding of what plasmons are and how they work was not truly established
until the 20th century. Seminal works including Lord Rayleigh’s theory of light scattering from small particles (1871), Drude’s theory
of electrical conduction in metals (1900), Maxwell Garnett’s theory of light scattering from metal doped glasses (1904) and Mie’s
theory of light scattering from spherical particles (1908) have explained the coloration of these historical artifacts and are at the
basis of plasmonics. On the other hand, Crookes did the first experimental studies of the fourth state of the matter in 1879,
Langmuir coined the word plasma in 1928 and Langmuir and Tonks observed the electron plasma oscillations in 1929. Both fields
existed separately until 1956 and 1957, first through the work of Pines and then Ricthie, who defined plasmon and surface
plasmon, respectively. In 1970 Kreibig and Zacharias described the optical properties of metal nanoparticles in terms of localized
surface plasmons and in 1974 Cunningham and his colleagues introduced the term surface plasmon-polariton for propagating
surface plasmons.
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Localized surface plasmons allow breaking the diffraction limit for the localization of light into subwavelength dimensions enabling
confining and strong field enhancements, which are of particular interest for sensing. Strong field enhancement also enables
nonlinear optical effects in structures with metal inclusions. Surface plasmon polaritons are at the basis of ultrafast acoustomagneto-plasmonics for active plasmonic devices and new metrologies. Carbon nanotube and graphene plasmons are emerging as
a practicable tool for fast electrical manipulation of light.

#182 - Fluctuations in plasmas
Svetlana Ratynskaia - Royal Institute of Technology (KTH)
Other Authors: Umberto De Angelis (INFN Napoli), Panagiotis Tolias (KTH, Stockholm and INFN, Napoli), Giorgio Dilecce (CNR-IMIP Bari), H.J.
van der Meiden (DIFFER, The Netherlands), Savino Longo (University of Bari and CNR-IMIP Bari), Antonio Panarese (University of Bari),
Domenico Bruno (CNR-IMIP Bari)

Fluctuation theory describes fundamental plasma processes and also provides expressions for the spectral densities of fluctuating
plasma quantities as function of the averaged distribution function. This particular outcome of the fluctuation framework
constitutes the basis of a number of independent diagnostics that can be implemented in diverse plasma environments. While
fluctuation theory is rigorous for collisionless fully ionized plasmas, there exist regimes where approximate methods have to be
invoked. Here we discuss our activity on laboratory and numerical experiments exploring such regimes which are intractable by the
analytical approach.
For experimental tests of fluctuation theory in ideal plasmas and plasmas seeded with dust, the target environment would be that
of a stable quiescent plasma. In most laboratory plasmas the homogeneous state of the positive column is often unstable. Rare
exceptions are the so-called brush cathode discharges, where the only fluctuations present are those associated with the thermal
motion of the particles.Such a device, the BAri Brush Electrode (BABE),has recently been built by the KTH Complex Plasma Group in
-5
-6
collaboration with CNR-Bari (Italy) and unprecedented low fluctuation levels of dn/n ≤ 10 in He and dn/n ≤ 5x10 in Ar have been
achieved. The discharge also constitutes an appropriate environment for both incoherent and coherent scattering measurements
aiming to detect spectral modification due to dust component.
Concerning numerical approach,we utilize molecular dynamics simulations to test the validity domain of theoretical results for the
spectral density of plasma density fluctuations in both unmagnetized and magnetized plasmas. We take advantage of a technique
based on the analysis of density correlations successfully applied to neutral atomic gases. The method provides a possibility to
check model predictions for the spectral densities of plasma fluctuations not only in ideal plasma but also in the presence of
neutrals as well as dust particles. This is important for realistic plasma environments where modifications in the spectra due to the
presence of solid grains have been proposed as a dust diagnostic in the laboratory and space plasmas.

#183 - Plasma for Space Propulsion
Francesco Taccogna - CNR
Other Authors: Pierpaolo Minelli

One of the most interesting and full of prospects application in plasma physics are the new type of electric thrusters that will push
future space missions into unexplored areas of the solar system or that will allow to enhance the operating lifetime of commercial
satellites.
In fact, such devices are characterized by an excellent efficiency, defined as the ratio between the acceleration generated and the
mass of propellant expelled. This property is guaranteed by a mechanism of generation and acceleration of ions of noble gases
through an ExB configuration inside the thruster channel (also known as Hall effect thruster or closed electron drift derives).

Nevertheless, to date among the main reasons that prevent the use of such devices on a large scale, there is the limited
knowledge of the physical processes in the acceleration channel and in particular the so-called anomalous transport of
electrons.
The proposed strategy to improve the knowledge is to develop a numerical model based on a three-dimensional full
kinetic description (Particle-in-Cell). This technique allows a realistic representation of secondary electron emission
from the lateral walls and the electron cyclotron drift instability, phenomena leading to the azimuthal modulation of the
plasma parameters in the channel and at the end to the anomalous transport of electrons.

#184 - Measuring and increasing the safety margins of high-gain shock-ignited targets
Stefano Atzeni - Università di Roma "La Sapienza"
Other Authors: Alberto Marocchino (Università di Roma "La Sapienza"), Angelo Schiavi (Università di Roma "La Sapienza")

In laser driven fusion a hollow spherical target (containing a layer of DT fuel) is imploded at high velocity by the laser-generated
ablative pressure. The goal is to compress the fuel and create a central hot spot, triggering a fusion burn wave. The required laser
energy and power decrease strongly as the implosion velocity increases. However, the higher the implosion velocity the higher the
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risks associated with Rayleigh-Taylor instability (RTI). The results of the recent National Ignition Campaign (NIC) at Lawrence
Livermore Laboratory (LLNL) indeed confirm the difficulty of achieving stable implosions at the velocity required for conventional
ignition schemes [1]. In addition, NIC indicates that target designs have to include large safety factors, to account for modelling
uncertainties and deviation of target/laser parameters from nominal values.
The shock-ignition (SI) [2] scheme aims at reducing the risks related to RTI by decreasing somewhat the implosion velocity. The hot
spot is then created at the end of the implosion by a converging shock driven by a final “spike” of the laser pulse. Significant
research activity in modeling and experimentshas been devoted worldwide to assessing the feasibility of Shock Ignition [3].
We have studied several aspects of shock ignition by means of analytical models and 1D and 2D numerical simulations with the goal
of designing robust targets, also taking into account “lessons” learnt from the NIC. In shock ignition, the separation of fuel
compression and ignition allows some design flexibility. We have then determined analytical scaling laws for different scaling
options, and have developed a metric to evaluate target ignition margins (or safety factors) [4]. We have then generated gain
curves with different safety factors, by means of 1D simulations. The robustness of the design has been then evaluated using 2D
hydrodynamic simulations coupled to 3D laser energy deposition. 2D simulations confirm the greater robustness of targets with
greater safety factor.
Work supported by Italian PRIN2012AY5LEL grant and by an ENEA CRESCO computing grant.
[1] J.D. Lindl et al., Phys. Plasmas 21, 020501 (2014)
[2] R. Betti et al., Phys. Rev. Lett. 98, 155001 (2007)
[3] S. Atzeni et al. Nucl. Fusion 14, 054008 (2014)
[4] S. Atzeni, A. Marocchino, A. Schiavi, Plasma Phys. Control. Fusion 57, 014022 (2015)

#185 - Stimulated Raman Scattering and Two Plasmon Decay instabilities in laser-plasma interaction regime
relevant to shock ignition.
Gabriele Cristoforetti - National Institute of Optics - CNR
Other Authors: L. Antonelli (2,3,4), S. Atzeni (4), J. Badziak (5), F. Baffigi (1), F. Barbato (3), D. Batani (2), T. Chodukowski (5), F. Consoli (6), R.
De Angelis (6), Z. Kalinowska (5), P. Koester (1), E. Krousky (7), L. Labate (1), Y. Maheut (2), A. Marocchino (4), Ph. Nicolai (2), T. Pisarczyk (5),
O. Renner (8), M. Richetta (3), A. Schiavi (4), M. Skoric (9), M. Smid (8), J. Ullschmied (7), L. A. Gizzi (1) 2 Université Bordeaux, CNRS, CEA,
CELIA, UMR 5107, F-33405 Talence, France 3 Università di Roma “Tor Vergata,” Roma, Italy 4 Dipartimento SBAI, Università di Roma “La
Sapienza” and CNISM, Roma, Italy 5 Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland 6 Associazione Euratom-ENEA sulla
Fusione, Frascati, Italy 7 Institute of Plasma Physics of the ASCR, PALS, Prague, Czech Republic 8 Institute of Physics of the ASCR, Prague, Czech
Republic 9 National Institute for Fusion Science, Graduate University for Advanced Studies,Toki-shi, Japan
15

-2

The extent of parametric instabilities at laser intensities (3-30)·10 W cm , relevant for shock ignition approach to Inertial
Confinement Fusion, has been investigated at the PALS facility with both calorimetric and spectroscopic tools. Experimental data
show that the scattered light is dominated by Stimulated Brillouin Scattering/laser reflection from the critical surface and is larger
than ~20%. While the Two Plasmon Decay instability prevails at a quarter-critical density, both Backward Raman Scattering and
Forward Raman Scattering are observed at lower plasma densities. The overall energy backscattered by Stimulated Raman
Scattering falls by an order of magnitude when random phase plate is used, from 0.3-3% to 0.03-0.12%, depending on density
scalelength. The comparison of spectra obtained with and w/o a random phase plate shows that small-scale filamentation and hot
spot self-focussing are a determining factor in laser-corona interaction. In particular the use of a random phase plate results in the
suppression of Forward Raman Scattering and in a moderate reduction of Backward Raman Scattering. The results suggest that the
energy delivery in real SI conditions is limited by SBS rather than by SRS or TPD, which maintain at a low level of reflection and
show a saturation at longer scalelengths. However, the investigation of laser-plasma coupling in conditions of longer density
scalelengths and higher electron temperature, where growth of instabilities and saturation processes can be different due to the
stronger kinetic effects, becomes crucial.
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#186 - Controlling single-spin effects in heterostructured nanowires
Stefano Roddaro (I) - NEST, Istituto Nanoscienze CNR and Scuola Normale Superiore
The control of the orbital and spin state of single electrons in nanostructures is a key ingredient for quantum information
processing, novel detector architectures and is more generally of great relevance to spintronics. Coulomb and spin blockade (SB) in
double quantum dots (DQDs) enable advanced single-spin operations that could be available even for room-temperature
applications in sufficiently small devices. In my presentation, I shall discuss how electrostatic gating can be used to manipulate the
spin and orbital quantum state of electrons trapped in a nanowire heterostructure [1,2]. In particular, I shall discuss how it is
possible to independent address the charging configuration of two dots separated by only few nanometers by exploiting a
differential Stark effect [3]. The method does not require any finely-aligned nanometer gates and thus provides a scalable
architecture for the full control of a DQD device, regardless its physical size. In the present implementation, I shall show InAs/InP
nanowire DQDs displaying SB beyond 10 Kelvin and a non-monothonic SB suppression in magnetic field.
[1] S.Roddaro et al. Nano Lett. 11, 1695 (2011).
[2] L.Romeo et al. Nano Lett. 12, 4490 (2012).
[3] F.Rossella et al. Nature Nanotech. 9, 997 (2014).

#187 - Brining Spins into Semiconductors
Andreas Fuhrer (I) - IBM Research - Zurich
Spins in semiconductors are thought to be a valuable resource both in potential low-power switching devices and in solid-state
1
quantum computers where the quantum state of an individual spin is used as a qubit. In the first case, device efficiency is usually
limited by the quality of spin filters, which polarize a spin current injected into a semiconductor channel. In the second case the
challenge lies in controlling and coupling individual spins at the quantum level which poses atomic scale material and fabrication
challenges. I will first present non-local spin transport experiments where a ferromagnetic metal is used for injection of spins into
GaAs through a Schottky barrier and discuss the influence of ferromagnetic material (Fe/Co), metal-semiconductor interface,
hyperfine coupling and spin decay in the semiconductor on a non-local voltage that measures the spin polarization in the
2-4
semiconductor. In a second part I will discuss our efforts to control magnetic impurities in group IV semiconductors at the atomic
scale using either self-assembly or scanning tunneling microscope enabled hydrogen resist lithography for placing dopants and
5-7
magnetic impurities at the atomic scale.
[1] I. Zǔtić, J. Fabian and S. Das Sarma, Spintronics: Fundamentals and applications, Rev. Mod. Phys. 76 323 (2004).
[2] G. Salis, A. Fuhrer, R. Schlittler, L. Gross and S. Alvarado, Phys. Rev. B 81, 205323 (2010).
[3] A. Fuhrer, S. Alvarado, G. Salis, and R. Allenspach, Appl. Phys. Lett. 98, 202104 (2011).
[4] D. Kölbl, D. M. Zumbühl, A. Fuhrer, G. Salis and S. F. Alvarado, Phys. Rev. Lett. 109, 086601 (2012).
[5] A. Fuhrer, F. J. Rueß, N. Moll, A. Curioni, and D. Widmer, Phys. Rev. Lett. 109, 146102 (2012).
[6] A. Fuhrer, M. Füchsle, T. C. G. Reusch, B. Weber, and M. Y. Simmons, Nano Letters 9, 707 (2009).
[7] B. Weber, S. Mahapatra, H. Ryu, S. Lee, A. Fuhrer, et al., Science 335, 64 (2012).

#188 - Graphene based devices for molecular spintronics
Andrea Candini (I) - Istituto Nanoscienze - CNR
We present our approach to molecular spintronics with graphene. The key idea is to realize novel spintronic nano-devices where
the electrical current is controlled by the quantum properties of few single-molecule magnets (SMM) grafted on top of the
graphene layer. SMMs are ideal building blocks to develop spintronic devices at the molecular scale. Their advantages with respect
to other individual spins in solid state systems include the possibility to chemical engineer with atomic control the intrinsic
properties of the magnetic core and the surrounding protecting environment. Thanks to the special combination of low
dimensionality and electrical properties, graphene is a natural platform to fully exploit the SMMs functionalities and integrate them
in scalable device architectures. In this emerging field, few basic results have already been demonstrated, including the realization
of a graphene-SMM nanodevices where the electrical current is sensitive to the molecule magnetization reversal, with sensitivity
down to the single molecule level.
Here we will report our most recent advances, exploring two main directions. Firstly, we investigate by means of x-ray absorption
the magnetic coupling between single molecule magnets and their environment, including magnetic substrates and graphene.
Secondly, we develop graphene based electrodes with gaps in the nanometers range which we employ to graft magnetic molecules
in a molecular transistor geometry or to contact atomically precise graphene nanoribbon, which represent the ultimate
miniaturization of graphene devices with controllable edges properties and functionalities.

#189 - Anomalous Friedel oscillations in a quasi-helical quantum dot
Fabio Cavaliere - DiFi - Dipartimento di Fisica - Università di Genova
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Other Authors: F. M. Gambetta (DiFi - Dipartimento di Fisica, Università di Genova), N. Traverso Ziani (Universitaet Wurzburg), S. Barbarino
(NEST, Scuola Normale Superiore di Pisa), M. Sassetti (DiFi - Dipartimento di Fisica, Università di Genova)

The charge and spin patterns of a quantum dot embedded into a spin-orbit coupled quantum wire subject to a magnetic field
display interesting and unusual properties. Employing a Luttinger liquid theory taking into account open boundaries and finite
magnetic field. In the quasi-helical regime, when spin-orbit effects dominate over the Zeeman interaction, we show that peculiar
states develop at the Fermi surface of the dot. Anomalous Friedel oscillations with twice the expected wavelength develop in the
wavefunction of collective excitations, accompanied by peculiar spin patterns in their magnetization. Both effects are evident in the
wavefunction and magnetization of such states, which is analyzed in detail and shown possible to be probed in transport
experiments. The stability against electron interactions and magnetic field is investigated. We also discuss how signatures of such
states survive in the total charge and spin densities.

#190 - Quantization effects and spin-orbit coupling in d-derived states of noble metals
Polina Sheverdyaeva - Istituto di Struttura della Materia - Consiglio Nazionale delle Ricerche
Other Authors: Ryan Requist (International School for Advanced Studies (SISSA), Trieste, Italy), Paolo Moras(Istituto di Struttura della Materia,
Consiglio Nazionale delle Ricerche, Trieste, Italy), Sanjoy Kr. Mahatha (Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche,
Trieste, Italy), Marco Papagno(Dipartimento di Fisica, Università della Calabria, Arcavacata di Rende, Italy), Luisa Ferrari (Istituto dei Sistemi
Complessi, Consiglio Nazionale delle Ricerche, Rome, Italy), Erio Tosatti (International School for Advanced Studies (SISSA), Trieste, Italy,
International Centre for Theoretical Physics (ICTP), Trieste, Italy, Istituto Officina dei Materiali-Democritos ,Consiglio Nazionale delle Ricerche,
Trieste, Italy), Carlo Carbone (Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, Trieste, Italy)

We study the band structure of thin Au(111) film by a joint ARPES/DFT study with a focus on the deeply lying d-derived states. We
find an excellent agreement between the experiment and theory, and propose a way to get information about the bulk band
structure by examining the two-dimensional quantum well states of thin films. Furthermore we discover a couple of Rashba spinsplit surface states, which reside in a deep gap at the M point. Comparing to the widely studied sp-derived surface states, observed
at the Gamma-bar point of (111) face of the noble metals, these M-bar point states have much larger splitting and peculiar
properties, such as a strong anisotropy and rhombic warping. A comparative study of Ag(111) film reveals the presence of
corresponding surface states, with similar properties and spin-splitting size. This result is unexpected from the point of view of
conventional models, developed for the free-electron-like sp-derived states, where the amplitude of the splitting depends on the
atomic number of the element. Our findings demonstrate the fundamental difference of spin-orbit effects in the d-derived states
with respect to the sp-derived bands.

#191 - Spin-polarized surface bands on single layer Bi on Ge(111)
FEDERICO BOTTEGONI - Dipartimento di Fisica, Politecnico di Milano
Other Authors: A. Calloni (Dipartimento di Fisica, Politecnico di Milano), G. Bussetti (Dipartimento di Fisica, Politecnico di Milano), L. Duò
(Dipartimento di Fisica, Politecnico di Milano), M. Finazzi (Dipartimento di Fisica, Politecnico di Milano) and F. Ciccacci (Dipartimento di Fisica,
Politecnico di Milano)

The spin transport and dynamics in heavy metals with large spin-orbit interaction lies at the cutting edge of spintronics. In
particular, large Rashba splittings due to the structural inversion asymmetry have been revealed in single layer heavy metals grown
at the top of semiconductor surfaces with the C3v symmetry [1,2,3], thus enabling the capability to have spin-polarized electron
surface bands without the application of magnetic fields. In this context, we have grown a single layer (1 ML) of Bi at room
temperature on the top of the n-doped Ge(111) surface and we have studied the interface of this system from a structural and
electronic point of view. We have characterized the Bi/Ge interface through low energy electron diffraction (LEED) measurements,
revealing the C3v symmetry which Bi adatoms undergo on Ge(111) and we have mapped the dispersion of the surface bands at low
temperature by means of angle- and spin-resolved ultraviolet photoemission spectroscopy (UPS) [4]. We have detected a very large
Rashba splitting (αR ≈ 1.3 eV Å) around the M point of the Bi surface Brillouin zone, which has been confirmed by spin-resolved
measurements, which indicate that these electronic states are almost completely spin-polarized. Notably the Rashba parameter,
which governs the removal of the spin degeneracy around the M point of the Bi Brillouin zone, is greatly enhanced with respect to
the one which is found on the Bi(111) surface, thus evidencing that the spin-orbit coupling of the heavy metals can be strongly
increased by the symmetry of the semiconductor surface.
[1] T. Hirahara, T. Nagao T., I. Matsuda, G. Bihlmayer, E. V. Chulkov, Yu M. Koroteev, P. M. Echenique, M. Saito, and S. Hasegawa,
Phys. Rev. Lett. 97, 146803 (2006).
[2] S. Hatta, T. Aruga, C. Kato, S. Takahashi, H. Okuyama, A. Harasawa, T. Okuda, and T. Kinoshita, Phys. Rev. B 77, 245436 (2008).
[3] S. Hatta, T. Aruga, Y. Ohtsubo, and H. Okuyama, Phys. Rev. B 80, 113309 (2009).
[4] G. Berti, A. Calloni, A. Brambilla, G. Bussetti, L. Duo, F. Ciccacci, Rev. Sci. Instrum. 85, 073901 (2014).

#192 - Femtosecond Time and Angle Resolved Photoemission on Bi_{2}Te_{3-x}Se_{x} Topological Insulators
Hamoon Hedayat Zadeh Roodsari - Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy
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Other Authors: Davide Bugini (Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy), Fabio Boschini (Department of Physics and
Astronomy, University of British Columbia, Vancouver, British Columbia V6T 1Z1, Canada), Claudia Dallera (Dipartimento di Fisica, Politecnico di
Milano, 20133 Milano, Italy), Ettore Carpene (IFN-CNR, Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy)

Three-dimensional (3D) topological insulators (TIs), a recently-discovered state of matter with unusual surface properties have
received special attention during the past few years. TIs are characterized by their spin-momentum locked topological surface
states (TSSs) which are conductor despite an energy band gap in the bulk. TSSs have linear dispersion relation as relativistic Dirac
fermions, and are protected by back-scattering processes. Owing to these unique features, TIs are presumed to have several
applications in the spintronic and quantum computing devices.
Using Time and Angle Resolved Photoemission Spectroscopy (trARPES) by means of pump and probe technique we investigated the
real-time energy-momentum map of Bi2Te3-xSex (0≤x≤3) TIs family after excitation of the system by an intense optical pulse in the
time domain down to a few tens of femtosecond regime. Furthermore, to study the total angular momenta of the electronic states
we exploited circular dichroism (CD) that revealed additional information about the nontrivial surface states of TIs and the
temporal evolution of the spin-order in the unoccupied energy bands above the Fermi level. In tr-ARPES study, by reversing the
helicity of either circular-polarized “pump” or “probe” beams, we obtained distinct dichroic signals which allowed us to interpret
the ultrafast relaxation of carriers in greater detail.
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#193 - Optical intracellular nanosensing
Francesco Baldini (I) - IFAC-CNR
Other Authors: Barbara Adinolfi, Ambra Giannetti, Sara Tombelli, Cosimo Trono IFAC-CNR Sesto Fiorentino (Firenze)

Optical sensing exhibited an important role in medicine since the nineties mainly thanks to the invasive capabilities of the optical
fibres which allowed unique performances, with measurements inside the human body otherwise impracticable. In the last years,
optics enlarged its importance in biomedical area thanks to the advent of nanophotonics which has opened completely new
perspectives. Nanoparticles have been shown capable to penetrate the cellular membranes and enter the nucleus of the cell. Their
utilisation to deliver sensing molecules inside the cells is one of the new frontiers in nanophotonics applied to biomedicine,
although their biocompatibility is still under debate. By proper functionalisation and conjugation of suitable chemical transducers
or biological recognition elements, these nanocarriers can deliver sensing nanoprobes for a large variety of chemical and
biochemical parameters inside cells. A particular and very challenging class of nanoprobes is given by those where the sensing
element is constituted by oligonucleotide optical switches, which are capable to exert therapeutic effects. The nanosensing probe
becomes a theranostic agent and the “nanodevice” can work as nanosensor and drug at the same time, by addressing specific RNA
messengers and preventing the overexpression of proteins associated to pathologic conditions; in this case nanosensing and drug
activity walks side-by-side, being the optical signal associated to the efficiency of the drug. Oligonucleotide optical switches are
suitable molecules capable of turning on or modifying their light emission on molecular interaction with well-defined molecular
targets. Among these types of antisense oligonucleotide, molecular beacons (MBs) are very promising tools to optically monitor
their interaction with the target molecule. In the present presentation, particular attention will be given to the design,
implementation and characterization of complex nanostructures for intracellular survivin mRNA monitoring constituted by a
molecular beacon, adsorbed on polymethylmethacrylate (PMMA) fluorescent nanoparticles (NPs). The mRNA specific for survivin
has been chosen as target, being survivin a multifunctional protein that plays a role in cancer development and progression and
highly overexpressed in cancer cells.

#194 - Nanostructred Sensing Layers for Chemiluminescence Biosensing
Loic J. Blum (I) - Lyon 1 University / CNRS
Other Authors: Christophe A. MARQUETTE

The key element in the design of sensor and biosensors is the sensing layer which to a great extent gives the specificity/selectivity
and the sensitivity to these sophisticated tools.
Because of its great sensitivity, the luminol chemiluminescence (CL) reaction catalyzed by horseradish peroxidase I the presence of
hydrogen peroxide is often used as the detection system for biosensors and biochips. The light emission can be enhanced by
chemical compounds such as 4-iodophenol. Beside this luminescence enhancement due to a chemical reactant, a physical approach
has been also developed to enhance the light emission of the peroxidase-catalyzed luminol CL. Nano-structuring of the sensing
layer can have a dramatic effect through the amplification of the detected signal.
For that purpose, peroxidase was immobilized on biochips at the surface of flat “bulk-like” and rough “cluster-like” metal films at a
distance controlled by a peptide chain with a length between 1.3 and 7.8 nm. When the CL of the luminol/H2O2 system is catalyzed
by peroxidase in the presence of a metal-corrugated film, a strong CL enhancement is observed. The magnitude of enhancement
depends on different factors such as the morphology of the thin metal film, the nature of the metal, the pH value of the reaction
medium as well as the distance between peroxidase and the surface. Exploiting this enhancement phenomenon, DNA chips and
immunochips have been designed using nano-structured gold-modified carbon microarrays and it was observed the
chemiluminescent signal was over a hundred times and two hundred times more intense, respectively than with a standard carbon
surface.

#195 - Bulk and Hollow Whispering Gallery Mode Microcavity - based Immunoassay
Simone Berneschi - IFAC-CNR
Other Authors: Francesco Baldini (IFAC-CNR), Andrea Barucci (IFAC-CNR), Alessandro Cosci (Centro Studi e Ricerche "Enrico Fermi" & IFACCNR), Franco Cosi (IFAC-CNR), Daniele Farnesi (Centro Studi e Ricerche "Enrico Fermi" & IFAC-CNR), Gualtiero Nunzi Conti (IFAC-CNR &
Centro Studi e Ricerche "Enrico Fermi"), Giancarlo C. Righini (Centro Studi e Ricerche "Enrico Fermi" & IFAC-CNR), Silvia Soria (IFAC-CNR),
Sara Tombelli (IFAC-CNR), Cosimo Trono (IFAC-CNR), Stefano Pelli (IFAC-CNR & Centro Studi e Ricerche "Enrico Fermi"), Ambra Giannetti
(IFAC-CNR)

Whispering Gallery Mode (WGM) resonators in the bulk and hollow core geometries, such as optical silica microsphere and
7
microbubble, due to their high Q factors (> 10 ), small mode volumes and long storage lifetime for the trapped photon inside the
cavity, guarantee a high light – matter interaction. These features make them a promising optical platform for the development of
highly performant bio-sensors. Their working principle is based on the morphological WGM dependence: any change in the
external surface of the microsphere or in the inner wall of a microbubble, due to some chemical and/or biochemical bonding,
causes a shift of the resonances and reduces the Q factor value of these microcavities. By measuring this shift, it is possible to
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obtain important information about the concentration of the analyte to be detected. We fabricate these WGM resonators by an arc
discharge process which involves a tip of an optical single mode fiber and a pressurized silica capillary. In the former case, due to
the superficial tension, the partially fused fiber tip assumes a spherical shape during the following cooling step; in the latter, due to
the pressure inside the microcapillary, the microtube increases its radial size until to reach a spherical bulge shape (the so called
microbubble) locally in correspondence of the heated region of the same microcapillary. The resonances excitation in these
microstructures occurs by evanescent field tail coming from a guiding structure (i.e.: a tapered fiber or a channel waveguide). A
crucial step for the development of a WGM based biosensor is constituted by the functionalization of its surface. This process
5
should guarantee a good uniformity and homogeneity for the so deposed bio-layer in order to preserve high Q factor (> 10 ) for the
optical transducer even in phosphate buffered saline (PBS). Here we report on the development of an ad-hoc chemical procedure
able to satisfy the aforementioned requirement. In particular, for the hollow core WGM microbubble resonator, we adopt a
spatially selective photo-chemical process able to selectively bond the bioreceptor only in correspondence of the microbubble
inner wall. We demonstrate the feasibility of these methods by an IgG/anti-IgG reaction, with the anti-IgG which is fluorescently
labeled. The bulk and hollow WGM microcavities capability of working as an immunoassay platform is proved by different optical
techniques, such as real time resonance shift and broadening and fluorescence microscopy.

#196 - LAB-ON-A-CHIP MICROFLUIDIC IMAGING BY EXTENDED FIELD OF VIEW DIGITAL
HOLOGRAPHY
Melania Paturzo - CNR- Istituto di Scienze Applicate e Sistemi Intelligenti (ISASI)
Other Authors: Vittorio Bianco (CNR-ISASI), Valentina Marchesano (CNR-ISASI), Pietro Ferraro (CNR-ISASI)

The study of biological specimens onboard Lab-on-a-Chip (LoC) platforms is well assessed and raises growing interest for point-ofcare diagnostics. In this framework, great effort has been spent to develop compact chips with embedded imaging functionalities.
Label-free techniques are preferred for non-invasive ex-vivo inspection of the samples. Among them, Phase shift Interferometry
(PSI) and Digital Holography (DH) have been proved to yield quantitative phase-contrast mapping as well as flexible numerical
refocusing. In PSI a phase shift between multiple interferograms has to be provided, e.g. by piezoelectric actuators, to synthesize
the whole complex object field. Here we show an interesting imaging modality, named Space-Time Scanning Interferometry (STSI),
which exploits a lateral displacement between the object and the detector, provided by a translational stage, to synthesize a new
space-time interferogram with interesting features. Indeed, a single linear sensor array is sufficient to build up a synthetic
interferogram with unlimited Field of View (FoV) along the scanning direction and improved Signal-to-Noise Ratio (SNR). Besides, if
a small subset of lines of the detector are selected, synthetic interferograms can be obtained, shifted each other of the desired
phase step for phase retrieval purposes. The theoretical formulation and experimental proofs of the STSI method applied to
different and complex shaped pure-phase objects (e.g. polymeric drops) are reported. PSI is applied to properly shifted synthetic
interferograms (PS-STSI) to demonstrate the capability of estimating the whole complex object field. Noteworthy, the STSI
principle is well-suited to be adopted in all the cases where the object motion is an intrinsic feature of the system, such as in case of
microfluidics, so that the advantages of STSI have no cost associated with. Starting from these considerations, we discuss the
application of the STSI method to in-flow on-chip microscopy. By performing out-of-focus recordings with a single line detector, a
Space-Time Digital Hologram (STDH) could be synthesized carrying full-field information of the flowing samples. A so built STDH still
maintains all the advantageous capabilities of DH microscopy, i.e. quantitative phase-contrast mapping and flexible numerical
refocusing. Moreover, a re-focusable STDH with unlimited FoV along the flow direction can be created adopting a single linear
detector and with no need for hologram stitching. Promising first-cut results, obtained using polystyrene beads as test samples, will
be reported. Hence, it could be possible to move a step toward the integration of the imaging functionalities onboard chip for highthroughput rapid diagnostics.

#197 - CNT-based devices for biosensing applications
Salvatore Baldo - CNR-IMM
Other Authors: Salvo Buccheri (Distretto Tecnologico Sicilia Micro e Nano Sistemi S.c.a.r.l., VIII Strada 5, 95121, Catania (Italy)), Andrea Ballo
(Dipartimento di Ingegneria Elettrica Elettronica e Informatica, Università degli Studi di Catania, I-95121 Catania, (Italy)), Massimo Camarda
(Istituto per la Microelettronica e Microsistemi, CNR, VIII Strada 5, 95121, Catania (Italy)), Antonino La Magna (Istituto per la Microelettronica e
Microsistemi, CNR, VIII Strada 5, 95121, Catania (Italy)), Maria Eloisa Castagna (ST-Microelectronics, Stradale Primosole 50, I-95121 Catania,
(Italy)), Alessandra Romano (Divisione di Ematologia, AOUP Vittorio Emanuele, Catania (Italy)) , Francesco Di Raimondo (Divisione di
Ematologia, AOUP Vittorio Emanuele, Catania (Italy)), Daniela Iannazzo (Dipartimento di Ingegneria Elettronica, Chimica e Ingegneria
Industriale, Università degli Studi di Messina, Contrada di Dio, Salita Sperone 31, 98166, Messina (Italy)) , Giovanni Neri (Dipartimento di
Ingegneria Elettronica, Chimica e Ingegneria Industriale, Università degli Studi di Messina, Contrada di Dio, Salita Sperone 31, 98166, Messina
(Italy)), Silvia Scalese (Istituto per la Microelettronica e Microsistemi, CNR, VIII Strada 5, 95121, Catania (Italy)).

In this work carbon nanotubes (CNTs) - based devices were produced for biosensing applications. Dielectrophoresis (DEP) has been
used to accurately control the deposition of multi-walled CNTs between electrodes. This technique is a low cost and room
temperature deposition method that can be used on different substrates (silicon, glass, plastics) for large scale production of
chemical or biological sensors. The devices have been tested for the detection of proteins, such as arginase and lysozyme, after
suitable functionalization of CNTs with specific antibodies. Scanning electrical microscope (SEM) and electrical characterization
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have been performed on the biosensors before and after protein exposure. Sensitivity, specificity and stability of the sensing
devices have been evaluated.

#198 - Silicon photomultipliers as transducers for DNA hybridization detection
Sebania Libertino - CNR-IMM sede
Other Authors: Maria Francesca Santangelo (Distretto Tecnologico Sicilia Micro e Nano Sistemi, Catania, Italy), Emanuele L.Sciuto (Dept. Physics,
Univ. of Catania, Ph.D. in Mat. Sci. and Nanotechn.,Catania, Italy), Alessandro C. Busacca (DEIM, University of Palermo, Palermo, Italy),
Salvatore Petralia (STMicroelectronics, Catania, Italy), Sabrina Conoci (STMicroelectronics, Catania, Italy), and Sebania Libertino (CNR IMM
sede, Catania, Italy)

Optical transduction is the most used method to recognize DNA hybridization with traditional markers used in commercial systems.
In DNA microarrays, a nucleic acid (target) labelled with a fluorescent molecule (e.g. with CY5) hybridizes with the complementary
sequences contained in the probes anchored onto a surface [1]. In Real Time Polymerase Chain Reaction (RT-PCR) the fluorescence
of Fluorescein (FAM) increases during the DNA amplification. In both systems, a scanner detects the fluorescence signal, and an
image analyser software elaborates the images to quantify the signal.
Aim of our work is to replace the traditional detection system, in both RT-PCR and DNA microarray applications,with an optical
sensor based on a pixel array of solid state detectors (Silicon Photomultipliers, SiPM), produced by STMicroelectronics in Catania.
Each pixel is formed by the series between a single photon avalanche diode, operating in Geiger mode, and a quenching resistor. All
pixels are connected in parallel to a common load where the output signal is collected [2].
A 25 pixels SiPM was electro-optically characterized. This device can compete in sensitivity with traditional photomultiplier tubes
achieving low power consumption, small physical size and insensitivity to magnetic fields.
To measure the fluorescence emitted by biological molecules we used an experimental set up based on a fiber-coupled laser hitting
orthogonally on the sample. The sensor is placed at 45° with respect to the normal axis to the sample; between the sensor and the
sample is interposed a bandpass filter, centered at the fluorophore emission wavelength to suppress the laser radiation reflected
by the support. The signal is acquired using a home-made software developed in Labview©, and, then, processed with Matlab©.
To determine the sensor detection limit, FAM measurements in liquid (10μl) and CY5 spotted on solid surfaces, both at molar
concentrations ranging from 100 fM to 5nM, were performed. We found that the sensor response is linear over the measured
range. This result underlines the SPM higher sensitivity with respect to commercial optical system in detecting very low
fluorescence signals. The SiPM properties and the system potentialities allow their miniaturization, opening up the possibility for
the design and fabrication of a cheap, easy and portable optical systems.
References:
[1] G. Ventimiglia, S. Petralia, BioNanoSci. (2013) 3:428–450
[2] R. Pagano, D. Corso, S. Lombardo, G. Valvo, D. Sanfilippo, G. Fallica, S. Libertino,IEEE Trans. on Electr. Dev. (2012) 59: 2410-2416

#199 - Uptake of Silica covered Quantum Dots on living cells: long term vitality and morphology study on
Hyaluronic acid biomaterials
Michele D'Amico - ESPCI ParisTech, Laboratoire de Physique et d’Étude des Matériaux
Other Authors: Calogero Fiorica (Dipartimento di Scienze e Tecnologie Biologiche Chimiche e Farmaceutiche, Università degli Studi di Palermo,
Via Archirafi 32, Palermo, Italy), Maurizio Leone (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, Ed. 18, Viale delle Scienze,
Palermo, Italy), Fabio Salvatore Palumbo (Dipartimento di Scienze e Tecnologie Biologiche Chimiche e Farmaceutiche, Università degli Studi di
Palermo, Via Archirafi 32, Palermo, Italy), Giovanna Pitarresi (Dipartimento di Scienze e Tecnologie Biologiche Chimiche e Farmaceutiche,
Università degli Studi di Palermo, Via Archirafi 32, Palermo, Italy and IBIM-CNR, Palermo, Italy), Gaetano Giammona (Dipartimento di Scienze e
Tecnologie Biologiche Chimiche e Farmaceutiche, Università degli Studi di Palermo, Via Archirafi 32, Palermo, Italy and Institute of Biophysics at
Palermo, Italian National Research Council, Palermo, Italy.)

Quantum Dots (QDs) are crystalline semiconductors nanoparticles which show unmatched optical features with bright photon
emission. After the UV-visible optical absorption the so acquired exciton energy is mainly relaxed by emitting a fluorescence photon
typical in the visible region. The key of the enormous growth of research studies on QDs relies on the quantum confinement effect,
which is due to comparable nanometric scale of both the Bohr exciton radius and the geometrical confining dimension of the
system. This explains the precise control which is obtained on the discrete exciton energy levels and thus on the wavelength of
fluorescence peak, ranging between UV and IR regions as a function of dimension and relative excitons quantum confinement. In
the last years, the direct colloidal synthesis of QDs guarantees the formation of highly mono-disperse nanoparticles with well
controlled optical features. These systems show also a very high brightness and resistance to photo-damage under continuous
illumination, in respect to conventional organic dyes. This aspect is crucial to utilize QDs as biophysical probes but some problems
should be overcame: i) most of QDs are prepared using some toxic atoms, ii) the fluorescence of QDs is really sensible to the
external environment because of the presence of electronic traps on their crystalline surface could act as fluorescence quenchers
or to give rise to strong emission instability. One way to overcome this drawbacks is to create a protective shield around the dot in
order to avoid both external fluorescence quenchers and to block any contact of toxic atoms with the external biological
environment.
In this work we prepared colloidal CdSe-CdS core-shell nanocrystal emitting @625 nm and, by a micro-emulsion procedure of water
in oil inverse micelle, we encapsulated a single dot inside each silica sphere. In this way the nanoparticles became biocompatible,
are simply to prepare and could be used also in a water based environment. Moreover, the silica shield is transparent to the
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wavelengths of interest. Here we demonstrate that it is possible to employ this silica-QDs as a stable and non-toxic fluorescent
probe for cell staining with the aim to use these fluorescent cells as a means of characterization of biomaterials of different nature.
In particular, since it is well known that RGD peptide is a recognition sequence for integrins that strongly increase the tendency of
the cells to adhere onto various surfaces, we produced a derivative of hyaluronic acid functionalized with different
Murray C. et al, J. Am. Chem. Soc., 115 (1993) 8706.
Ithurria S. et al, Nature Materials, 10 (2011) 936.
Ji B. et al., Nature Materials, 10 (2015) 170.
Palumbo F.S. et al., J. Mat. Chem. B, 2 (2014) 3243.
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#200 - RIXS as a probe of spin-orbit Mott insulating iridates
Marco Moretti (I) - ESRF - The European Synchrotron
Spin-orbit coupling is the main ingredient for 5d transition metal oxides to form novel electronic states of matter, such as the
recently discovered Mott insulating state in Sr2IrO4 [1-3]. This insulating behavior is unexpected in iridate perovskites because, for a
half-filled shell with spatially extended orbitals, electronic correlation was thought to be negligible. Instead, the role of electronic
correlation is enhanced here by spin-orbit coupling through the formation of the so-called jeff = 1/2 ground state. Its realization
arises from the interaction of strong spin-orbit coupling and cubic crystal field, and is perturbed by short- and long-ranged
anisotropies which could cause departures from the jeff = 1/2 ground state. In my talk I will show how resonant inelastic x-ray
scattering (RIXS) can be used to probe the ground state of iridates and gain insight into their electronic ground and excited states.

[1] B. J. Kim, H. Jin, S. J. Moon, J. Kim, B. G. Park, C. S. Leem, J. Yu, T.W. Noh, C. Kim, S. J. Oh, J. H. Park, V. Durairaj, G. Cao, and E.
Rotenberg, Phys. Rev. Lett. 101, 076402 (2008).
[2] S. J. Moon, H. Jin, K.W. Kim, W. S. Choi, Y. S. Lee, J. Yu, G. Cao, A. Sumi, H. Funakubo, C. Bernhard, and T.W. Noh, Phys. Rev. Lett.
101, 226402 (2008).
[3] B. J. Kim, H. Ohsumi, T. Komesu, S. Sakai, T. Morita, H. Takagi, and T. Arima, Science 323, 1329 (2009).

#201 - SPIN DEGREES OF FREEDOM IN RELATIVISTIC FERROELECTRICS
Silvia Picozzi (I) - Consiglio Nazionale delle Ricerche (CNR-SPIN) L'Aquila
Other Authors: Domenico Di Sante (CNR-SPIN, L'Aquila), Alessandro Stroppa (CNR-SPIN, L'Aquila), Paolo Barone (CNR-SPIN, L'Aquila)

By exploiting the interplay between spin and dipolar degrees of freedom via spin-orbit coupling in ferroelectric semiconductors, I
will focus on the tight link between k-dependent spin-splitting in the electronic structure, spin-texture and electric polarization.
Based on density functional simulations, I will show our theoretical predictions of a giant Rashba spin-splitting in “bulk” GeTe[1],
prototype of novel multifunctional materials - labeled as Ferro-Electric Rashba Semi-Conductors (FERSC)[2] - where the chirality of
the spin texture is one-to-one linked to polarization. As the latter can be induced/controlled/switched via an electric field in a nonvolatile way, the integration of semiconductor spintronics with ferroelectricity is envisaged. In the last part of the talk, the
connection between ferroelectricity and spin-degrees of freedom will be discussed by providing examples from different materials
classes (oxides heterostructures, halides perovskites,[3] chalcogenides,[4] etc), all of them showing strong relativistic effects.
[1] D. Di Sante, P. Barone, R. Bertacco and S. Picozzi, Adv. Mater.25, 509 (2013)
[2] S. Picozzi, Front. Physics 2, 10 (2014)
[3] A. Stroppa, D. Di Sante, P. Barone, M. Bokdam, G. Kresse, C. Franchini, M.-H. Whangbo, S. Picozzi, Nature Communications, 5,
5900 (2014)
[4] E. Plekhanov, D. Di Sante, P. Barone and S. Picozzi, Phys. Rev. B Rapid 90, 161108(R) (2014)

#202 - Exploring the scientific opportunities of resonant inelastic soft x-ray scattering with the new ERIXS
instrument at the ID32 beamline of the ESRF
Greta Dellea - CNISM, CNR-SPIN and Dipartimento di Fisica, Politecnico di Milano
Other Authors: Yingying Peng (CNISM, CNR-SPIN and Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy), Matteo Minola (MaxPlanck-Institut für Festkörperforschung, 70569 Stuttgart, Germany), Andrea Amorese (European Synchrotron Radiation Facility, 71 Avenue des
Martyrs, 38043 Grenoble, France), Kurt Kummer (European Synchrotron Radiation Facility, 71 Avenue des Martyrs, 38043 Grenoble, France),
Flora Yakhou (European Synchrotron Radiation Facility, 71 Avenue des Martyrs, 38043 Grenoble, France), Marco Salluzzo (CNR-SPIN, Complesso
MonteSantangelo, 80126 Napoli, Italy) Mathieu Le Tacon (Max-Planck-Institut für Festkörperforschung, 70569 Stuttgart, Germany), Bernard
Keimer (Max-Planck-Institut für Festkörperforschung, 70569 Stuttgart, Germany), Lucio Braicovich (CNISM, CNR-SPIN and Dipartimento di
Fisica, Politecnico di Milano, 20133 Milano, Italy), Nicholas Brookes (European Synchrotron Radiation Facility, 71 Avenue des Martyrs, 38043
Grenoble, France), Giacomo Ghiringhelli (CNISM, CNR-SPIN and Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy)

In the last few years, soft resonant inelastic x-ray scattering (RIXS) has led to enlightening results in the study of strongly correlated
electron systems, and in particular high-Tc superconducting cuprates. AXES and SAXES [1] spectrometers, working in the soft x-ray
range (400 - 1500 eV) at the beam lines ID08 of the ESRF (since 1995) and ADRESS of the Swiss Light Source (since 2007)
respectively, have been proved to be extraordinary tools to study medium- and low-energy excitations in solids and thin films,
whose excitation spectra can bring illuminating information on the basic interactions at play, such as magnetic coupling [2-3],
chemical bond anisotropy (crystal field), strength (phonons, vibrational modes) and charge ordering [4].
The new ERIXS (European-RIXS) instrument, at the ID32 beamline of the ESRF, offers unprecedented and unique performances for
high resolution RIXS, in terms of energy resolution (i.e. allowing to measure with a combine bandwidth decisively better than
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anywhere else), diffractometer-quality sample environment, polarization control and high luminosity. In this sense, it was
extremely important to deepen exploit the new features of the facility.
Here we present the scientifically pioneering work done to explore the new scientific opportunities offered by ERIXS, by performing
several experiments serving as first demonstration of new classes of research. We will show results coming from the advanced
commissioning of the instrument at several photon energies for realistic experimental conditions and scientifically interesting
samples.
We mainly worked at Cu-L3 edge, on high-Tc superconducting cuprates, well known to offer a wealth of interesting scientific
problems to be studied with RIXS. We also tuned the energy at other edges (O-K edge, Mn- and Ni-L3, Gd-M5), both to characterize
the instrument and to explore new scientific opportunities in other systems, allowing to extend the technique to the study and the
characterization of a wide class of correlated systems.
1. G. Ghiringhelli et al., Rev Sci. Instrum. 77, 113108 (2006)
2. L. Braicovich et al., Phys. Rev. Lett. 104, 077002 (2010)
3. M. Le Tacon et al., Nature Physics 7, 725 (2011)
4. G. Ghinrghelli et al.,Science 337, 821 (2012)

#203 - Spin-orbital physics in hybrid 3d-4d oxides
Wojciech Brzezicki - SPIN-CNR Salerno
Other Authors: Canio Noce (SPIN-CNR Salerno and Dipartimento di Fisica 'E.R. Caianiello', Università di Salerno), Alfonso Romano (SPIN-CNR
Salerno and Dipartimento di Fisica 'E.R. Caianiello', Università di Salerno), Andrzej M. Oles (Marian Smoluchowski Institute of Physics,
Jagellonian University, Kraków, Poland), Mario Cuoco (SPIN-CNR Salerno and Dipartimento di Fisica 'E.R. Caianiello', Università di Salerno)

The entanglement of spin, orbital and lattice degrees of freedom in correlated systems is known to lead to intricate quantum
phenomena [1-3], including exotic quantum topological states [4]. Correlated physics in transition metal oxides (TMO) traditionally
emphasizes 3d materials because the more extended 4d-shells would a priori suggest a weaker ratio between the intra-atomic
Coulomb interaction and the electron bandwidth. Nevertheless, the extension of the 4d- shells points towards a strong coupling
between the 4d- orbitals and the neighboring oxygen orbitals, implying that these TMO have the tendency to form distorted
structure with respect to the ideal one. Hence, the change in M-O-M bond angle often leads to a narrowing of the d-bandwidth,
bringing the system on the verge of a metal-insulator transition or into an insulating state. The interplay between more localized 3d
and more delocalized 4d states tunes the competition between correlated metallic and Mott-insulating states and, in turn, can
significantly influence the strength and the hierarchy between the spin-orbital-lattice degrees of freedom. In this framework, we
study how the magnetic and orbital patterns in a uniform 4d host are modified by the inclusion of 3d impurities substituting the 4d
ions. After discussing the most suitable microscopic models for different types of 3d-4d hybrids, we determine the phase diagram
assuming different conditions for the orderings, both for metallic [5] and insulating cases [6]. We demonstrate that the coupling
between the impurity and the host, specific of the 3d-4d elements, can generate a complex phase competition [5-6]. Since
ruthenates belonging to the Ruddlesden-Popper series represent a fertile 4d platform where to achieve different magnetic-orbital
ordered states and metal-to-insulator transitions [7-9], a specific discussion of the Ru-oxides doped with Mn will be presented.
[1] Y. Tokura and N. Nagaosa, Science 288, 462 (2000).
[2] A.M. Oleś, J. Phys.: Condensed Matter 24, 313201 (2012).
[3] W. Brzezicki, J. Dziarmaga and A. M. Oleś, Phys. Rev. Lett. 109, 237201 (2013).
[4] W. Brzezicki, J. Dziarmaga and A. M. Oleś, Phys. Rev. Lett. 112, 117204 (2014).
[5] W. Brzezicki, C. Noce, A. Romano, M. Cuoco, arXiv:1411.1952 (accepted in Phys. Rev. Lett.)
[6] W. Brzezicki, A. M. Oleś, and M. Cuoco, Phys. Rev. X 5, 011037 (2015).
[7] C. Autieri, M. Cuoco, and C. Noce, Phys. Rev. B 89, 075102 (2014).
[8] M. Malvestuto, V. Capogrosso, E. Carleschi, L. Galli, E. Gorelov, E. Pavarini, R. Fittipaldi, F. Forte, M. Cuoco, A. Vecchione, and F.
Parmigiani, Phys. Rev. B 88, 195143 (2013).
[9] F. Forte, M. Cuoco, and C. Noce, Phys. Rev. B 82, 155104 (2010).

#204 - Dynamical properties of hybrid perovskites at finite temperature investigated by large-scale model
potential molecular dynamics
Alessandro Mattoni - CNR-IOM SLACS Cagliari
Other Authors: A. Mattoni (1), A. Filippetti(1), M.I. Saba(1) and P. Delugas(1,2) (1)Consiglio Nazionale delle Ricerche, Istituto Officina dei
Materiali CNR-IOM Cagliari, 09042, Monserrato (CA) (2)Istituto Italiano di Tecnologia - IIT Via Morego 30, 16163 - Genova, Italy

The success of hybrid lead halide perovskites in photovoltaics has given rise to an intense research effort to study its fundamental
properties and the role of the organic and inorganic components in the hybrid material. The electronic levels of the molecules are
not directly involved in the optoelectronic processes and the intrinsic recombination and photovoltaic properties correspond to
that of an inorganic semiconductor with a hybrid body [1]. However, the actual molecular orientations have an impact on the
distortions of the inorganic lattice and, in turn on the electronic and transport properties [2]. At finite temperature, the interplay
between the rotational dynamics of the molecules and the inorganic lattice is important to understand the relaxation processes
and the molecular order within the material. Most of the dynamical studies have been performed by first-principles methods ([3]).
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However, a comprehensive study of the effect of temperature on the reorientational dynamics requires to extend the time and
length scale of atomistic simulations. Here, we report on the development of a simple ionic interatomic model with reduced
computational cost and to its application to study dynamical properties of the hybrid perovskites [4]. The model makes possible to
study the molecular reorientational times, calculated under controlled thermodynamical conditions, spanning from the
orthorhombic to the cubic phase. The results are consistent with experimental data and analyzed by a simple analytical model that
clarifies effect of temperature on the relaxation phenomena[4]. Furthermore, the present model potential opens the way to the
large-scale atomistic simulations of dynamical processes in hybrid perovskites and its nanostructures. We discuss showcase
applications including infrared absorption, point-defects mobility, degradation phenomena in vacuo and in water[5]. References [1]
Filippetti, A.; Mattoni, A. Phys. Rev. B 2014, 89, 125203. [2] Filippetti, A.; Delugas, P.; Mattoni, A. J. Phys. Chem. C 2014, 118, 24843.
[3] Quarti, C.; Mosconi, E.; De Angelis, F. Chem. Mater. 2014, 26, 6557-6569. [4] Mattoni, M.I. Saba; A; Filippetti A; Delugas P.; 2015
, accepted JPC C [5] Mattoni, M.I. Saba; A; Filippetti A; Delugas P.; in preparation

#205 - Non-adiabatic effects in transition metal dichalcogenides
Luciano Ortenzi - ISC-CNR c/o Department of Physics University of Rome "La Sapienza"
Other Authors: Emmanuele Cappelluti (ISC-CNR c/o Department of Physics University of Rome "La Sapienza"), Luciano Pietronero, (ISC-CNR c/o
Department of Physics University of Rome "La Sapienza")

In this talk I will present the effect of the atomic zero-point motion on the bandstructure of transition metal dichalcogenides.
The bands show an high sensitivity to the atomic motion which has crucial consequences on the optical properties.
I will show the trends for the monolayer,bilayer and bulk materials.

#206 - Weak Magnetism in Superconducting Thin Films under Electric Field Effect
Gabriella Maria De Luca - CNR/SPIN Università di Napoli Federico II
Other Authors: N. Coppola and M. Salluzzo CNR-SPIN, Dipartimento di Fisica Complesso MonteSantangelo via Cinthia, 80126 Napoli, Italy, G.
Dellea, Y.Y. Peng and G. Ghiringhelli CNR-SPIN, Dipartimento di Fisica, Politecnico di Milano, piazza Leonardo da Vinci 32, 20133 Milano Italy,
Matteo Minola Max Planck Institut für Festkörperforschung, Heisenbergstr. 1, 70569 Stuttgart Germany, N. B. Brookes European Synchrotron
Radiation Facility, 6 rue Jules Horowitz, B.P. 220, F-38043 Grenoble Cedex, France

Superconductivity and ferromagnetism are usually incompatible phenomena, however they can coexist in high Tc superconductors
single films and in proximity with ferromagnetic manganites. A systematic study of the Cu L2,3 edge X-ray Magnetic Circular
dichroism (XMCD) has shown that the out-of-plane component of the canted Cu2+ spins aligns parallel to the magnetic field, giving
rise to a net magnetization in undoped (La2CuO4 (LCO)), underdoped, and optimally doped La2-xSrxCuO4 (LSCO), NdBa2Cu3O7-δ
(NdBCO) and YBa2Cu3O7-δ (YBCO) compounds [1]. Recently, we demonstrated that the charge transfer of spin-polarized electrons
from La0.66Sr0.33MnO3 ferromagnets to La1.85Sr0.15CuO4 thin films in (La0.66Sr0.33MnO3 / La1.85Sr0.15CuO4) superlattices
induces an unusual weak ferromagnetic order in the CuO2 layers. This unusual magnetic order is associated to the canting of the
Cu2+ magnetic moments and propagates from the interface inside the superconductor via the Dzyaloshinskii-Moriya interaction
over distances much larger than the superconducting coherence length. [2]. Here, we report a study of the electronic properties of
Nd1.2Ba1.8Cu3O7+x thin films as a function of the electric field in devices characterized by a doping nearby the superconductinginsulating (S-I) transition [3]. Cu L2,3 edge XMCD measurements show that the out-of plane Cu spin moment is tuned by electric
field effect. In particular, the doped thin films show a paramagnetic behaviour as a function of the magnetic field, independently
from the carrier density tuned by field effect. This reflects the short range antiferromagnetic fluctuation of Cu-spins in the CuO2
planes. [1] G. M. De Luca, et al. Phys. Rev B 82, 14504 (2010) [2] G.M. De Luca, et al. Nat. Commun. 5:5626 doi:
10.1038/ncomms6626 (2014) [3] M. Salluzzo, et al. Phys Rev Lett. 100, 056810 (2008)
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#207 - Hybrid materials for Photovoltaics and Photovoltachromics
Giuseppe Gigli (I) - Istituto di Nanotecnologia- CNR NANOTEC
The exploration of innovative materials and device architectures is constantly fostering our solar conversion research activity,
aiming at low cost and highly efficient solutions.
From conceptually new mesostructured solar cells, based on self-assembling hybrid perovskites, to full inorganic bulk
heterojunction solar cells based on versatile nanocrystals, we have been exploring viable routes for an effective market impact of
third generation photovoltaics.
Our vision is based on solution processable materials and low temperature cell manufacturing, matching the requirements of
existing technologies, for large-scale device production at reasonable production costs. Furthermore we pursuit the
implementation of such solar converting components into multifunctional devices, an example we conceived on this line, is a
photovoltachromic cells integrating both photovoltaic and photoelectrochromic functionalities, targeting building integration.

#208 - A Supramolecular Approach to Artificial Photosynthesis: A Concert for Photons and Electrons
Sebastiano Campagna (I) - University of Messina
Conversion of solar energy into fuels (artificial photosynthesis) is one of the Holy Grail of Science. Solution of this complex problem
is quite appealing, as it could alleviate the huge energy problems which our society is going to face. Artificial photosynthesis,
according to a bio-mimetic approach, requires the design of several components, each of them a supramolecular system,
structurally organized and functionally integrated. Indeed, in analogy with the natural photosynthetic systems, in such integrated
assemblies, photons and electrons have to be elaborated in a well-organized fashion, and all the process must be orchestrated in
terms of space, energy, and time.
Here we present some recent results obtained by our group related to (i) artificial light-harvesting antenna systems (their role:
absorbing light and converting it into electronic energy, which can be funnelled to specific sites of the assemblies); (ii) charge
separation systems (role: to use the electronic energy collected by the antennae to perform charge separation, that is to transform
electronic energy into redox energy); (iii) integrated antenna and catalysts for water oxidation.
Selected References
[1] F. Puntoriero, A. Sartorel, M. Orlandi, G. La Ganga, S. Serroni, M. Bonchio, F. Scandola, S. Campagna, Coord. Chem. Rev., 2011,
255, 2594.
[2] M. Natali, S. Campagna, F. Scandola, Chem. Soc. Rev. 2014, 43, 4005.
[3] M. Natali, F. Puntoriero, C. Chiorboli, G. La Ganga, A. Sartorel, M. Bonchio, S. Campagna, F. Scandola, J. Phys. Chem. C, 2015,
119, 2371.

#209 - Newly synthesized organic polymers/amorphous silicon hybrid solar cells: thickness effects
Luca Valenti - CNR IMM
Other Authors: Vanna Torrisi (Università degli studi di Catania). Alessandro Rapisarda (Università degli studi di Catania). Andrea Pappalardo
(Università degli studi di Catania). Giovanni Marletta (Università degli studi di Catania). Francesco P. Ballistreri (Università degli studi di
Catania). Gaetano Tomaselli (Università degli studi di Catania). Salvatore Lombardo (CNR IMM di Catania).

Organic solar cells based on semiconducting molecules and macromolecules improved largely during the last few years, breaking
the 10 % efficiency barrier [1]. Many of these polymers absorb strongly in the red part of the spectrum, even beyond 750 nm, and
can be easily processed from solution. However, most of these devices use soluble fullerene derivatives, which have an only weak
absorption in the visible spectral range. Therefore, research has been devoted to alternative acceptor materials. One possibility is
the use of inorganic semiconductors. Among these, hydrogenated amorphous silicon is highly promising as it can be processed in
thin film photovoltaic devices and it possesses good absorption from blue to green, which is complementary to the absorption of
some of the low bandgap polymers used in efficient organic photovoltaic devices. Thus, improved efficiency is expected for hybrid
devices, which combine amorphous silicon and organic materials in a single hybrid device [2–4].
Here we present a study on the performance of hybrid solar cells comprising a planar heterojunction between a novel conjugated
acceptor polymer and hydrogenated amorphous silicon (a-Si:H).
Hybrid polymer/amorphous silicon cells have a p-i-n structure realized on glass/FTO substrate. The n-type organic polymer was
spincoated from different concentration solutions with resulting layer thicknesses approximately ranging from 20 nm to 100 nm. Ag
contacts were sputtered on top of the device.
We evaulate the effect of organic layer thickness in the hybrid solar cells. In detail, it is shown that the electrical behavior (I-V
characteristics) of the hybrid polymer/silicon solar cells improve when the thickness of the polymer decrease. One reason for this is
the intrinsically short diffusion length of excitons in organic semiconductors, which are typically around 10-20nm.[5,6]
Using the poly(2,5-di(3,7-dimethyloctyloxy)cyanoterephthalylidene) commercial product as reference sample, the novel polymer
reaches a better photovoltaic performance.

113

Sustainable Nanotechnologies III

29 Sept

Moreover, we observe a further improvement of the solar cell performance with the use of a molecular connector containing an
aza group in trans configuration that determines the formation of a complex supramolecular architecture.
[1] G. Li, R. Zhu, and Y. Yang, Nature Photonics 6, 153 (2012).
[2] P. J. Alet, S. Palacin, P. R. I. Cabarrocas, B. Kalache, M. Firon, and R. de Bettignies, Eur. Phys. J.-Appl. Phys. 36, 231 (2006).
[3] V. Gowrishankar, S. R. Scully, M. D. McGehee, Q. Wang, and H. M. Branz, Appl. Phys. Lett. 89, 3 (2006).
[4] E. L. Williams, G. E. Jabbour, Q. Wang, S. E. Shaheen, D. S. Ginley, and E. A. Schiff, Appl. Phys. Lett. 87, 3(2005).
[5] J. M. Halls, K. Pichler, R. H. Friend, S. C. Moratti, and A. B. Holmes, Appl. Phys. Lett. 68, 3120 (1996).
[6] L. S. Roman L.A.A. Patterson, and O. J. Inganas, J.Appl. Phys. 86, 487 (1999).

#210 - Charge dynamics and interface properties in hybrid halide perovskite-based solar cells
Andrea Listorti - ISTITUTO ITALIANO DI TECNOLOGIA-CBN@UniLe
Other Authors: V Roiati, S Colella, G Lerario, L De Marco, A Rizzo, G Gigli, E. Mosconi, F.De Angelis, V. Trifiletti, R. Giannuzzi, M. Manca, E. J.
Juarez-Pérez, C. Frontera, L. Garcia-Andrade, P. Ortiz, I. Mora-Sero

The recent employment of self-assembling hybrid halide perovskite in solar converting devices has been depicted as the “Next Big
1
Thing in Photovoltaics”. Despite the rapid increase in efficiency associated with the evolution of this technology, and the
expanding body of dedicated works, many of the fundamental questions concerning the material properties affecting device
2
operation remain unanswered. In particular, further developments of this technology, require a rationalization of the carriers
generation and transport mechanisms for all the diverse device configurations in which perovskite has been embedded. Here we
propose a picture for carriers generation and recombination in highly efficient perovskite-based solar cells employing TiO2, NiO or
Al2O3 as flat or mesoporous substrates and spiro-OMeTAD or PCBM as solid state complementary charge extracting materials. Time
Correlated Single Photon Counting, Photoinduced Absorption and Transient PhotoVoltage measurements were selected as direct
investigative tools for the determination of such phenomena in model systems and working devices.The collection of our results
depicts a peculiar behaviour for charge generation and dynamics, as the presence of two n-type materials, in TiO2 including devices,
generates alternative paths for electron transport. In addition our results suggest that performance in devices with perovskite
3-6
overlayer is mainly ruled by the overlayer, whereas the mesoporous layer influences the contact properties. The important new
insights, contained in these works, would help the comprehension of these innovative devices suggesting potential design
improvements.
References
1. Bisquert, J.; "The Swift Surge of Perovskite Photovoltaics." J. Phys. Chem. Lett. 2013, 2597–2598.
2. Snaith, H. J.; "Perovskites : The Emergence of a New Era for Low-Cost , High-Efficiency Solar Cells." J. Phys. Chem. Lett. 2013, 4,
3623−3630.
3. V Roiati, S Colella, G Lerario, L De Marco, A Rizzo, A Listorti,* G Gigli; “Investigating charge dynamics in halide perovskitesensitized mesostructured solar cells”. Energy Environ. Sci., 2014, 7, 1889-1894
4. V.Roiati, E. Mosconi, A. Listorti,* S.Colella, G. Gigli, F.De Angelis.; “Stark effect in perovskite/TiO2 solar cells: evidence of local
interfacial order”. Nano letters.,2014, 14, 2168-2174.
5. V. Trifiletti, V. Roiati, S. Colella, R. Giannuzzi, L. De Marco, A. Rizzo, M. Manca, A. Listorti,* G. Gigli “NiO/MAPbI3-xClx/PCBM: A
Model Case for an Improved Understanding of Inverted Mesoscopic Solar Cells”ACS Appl. Mater. Inter.,2015, 7, 4283-4289
6. A. Listorti,* E. J. Juarez-Pérez, C. Frontera, V. Roiati, L. Garcia-Andrade, S. Colella, A.Rizzo, P. Ortiz and I. Mora-Sero; “Effect of
Mesostructured Layer upon Crystalline Properties and Device Performance on Perovskite Solar Cells” J. Phys. Chem. Lett., 2015, 6,
1628–1637

#211 - Electric field stress effect and role of electrode material on the improvement of hydrogenated amorphous
silicon solar cells
Andrea Scuto - CNR IMM
Other Authors: Luca Valenti (CNR IMM, VIII Strada, 5, Z.I., 95121, Catania, ITALY), Silvio Pierro (DIMES, Università della Calabria, Via P. Bucci,
46, 87036 Rende, ITALY), Marina Foti (STMicroelectronics, Stradale Primosole, 50, 95121 Catania, ITALY), Cosimo Gerardi (STMicroelectronics,
Stradale Primosole, 50, 95121 Catania, ITALY), Anna Battaglia (3SUN S.r.l., Contrada Blocco Torrazze sn - Z.I., 95121 Catania, ITALY), Salvatore
Lombardo (CNR IMM, VIII Strada, 5, Z.I., 95121, Catania, ITALY)

Hydrogenated amorphous Si (a-Si:H) solar cells are strongly affected by the well known Staebler- Wronski effect occurring during
light soaking of a-Si:H photovoltaic cells. Consequence of this is a substantial loss of solar cell parameters performances and, hence,
a worsening of cell power conversion efficiency compared to time zero performance. The Staebler-Wronski effect, taking place in
solar cells both under operation and in open circuit condition, is believed not to be an extrinsic effect, but rather a basic
phenomenon related to the nature of a-Si:H and to the stability and motion of H-related species in the a-Si:H lattice. In this work
we show an electrical method to counteract the above-discussed solar cell ageing effects. In detail, it is shown that the application
of a reverse bias stress in presence of illumination not only slows down the solar cell ageing kinetics but even produces an
improvement of the cells parameters as a function of stress time, especially of the series resistance, of the open circuit voltage, and
of the overall power conversion efficiency. We also show that an analogous improvement (reduction) of sheet resistance is also
observed applying a high intensity electric fields in single thin films of doped a-Si:H deposited on SiO2. Finally, we demonstrate that
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type of bottom contact over which the a-Si:H is grown by PECVD has a strong influence on the recovery-improvement kinetics:
SnO:F (FTO) transparent conductive oxide (TCO) and molybdenum bottom contacts to the p-type a-Si:H layer are here compared.
These results suggest that the observed improvement of the overall power conversion efficiency in the p-i-n solar cells, and of the
sheet resistance in individual p-type a- Si:H films deposited on SiO2 is due to the motion of light ions from the oxide to the a-Si:H
films (or vice-versa) driven mainly by the electric field. *
* This work has been funded by MIUR by means of the national Program PON R&C 2007-2013, project “Tecnologie per l’ENERGia e
l’Efficienza energETICa (ENERGETIC)” (PON02_00355_3391233).

#212 - Semi-transparent perovskite photovoltaic and solid-state electrochromic cells
Alessandro Cannavale - Università del Salento - Dipartimento di matematica e fisica "E. De Giorgi"
Other Authors: Pierluigi Cossari, Dipartimento di Matematica e Fisica ‘‘E. de Giorgi’’, Universita` del Salento, Via Monteroni, 73100, Lecce, Italy
Giuseppe Gigli, Istituto di Nanotecnologia, CNR-Nanotec, Via Arnesano 16, 73100 Lecce, Italy

Photovoltachromic devices combine photovoltaic and electrochromic features to enable adjustable transparency glazing, where the
photovoltaic component supplies the power to drive the coloration.
Such stand-alone, self-powered devices are of commercial interest for integration into windows and surfaces of buildings and
vehicles. Here, we report for the first time some recent results in the design of liquid junction and solid state perovskite-based
photovoltachromic devices, with self-adaptive transparency.
This multifunctional devices are capable of producing electrical power by solar energy conversion as well as undergoing a chromic
transition from neutral-color semitransparent to dark blue-tinted when irradiated with solar light, without any additional external
bias. Recently, we demonstrated that the combination of semi-transparent perovskite photovoltaic and solid-state electrochromic
cells enables fully solid-state photovoltachromic devices with a suitable visible transmittance as well as a 5.5% maximum light
power conversion efficiency. These results represent a significant step towards the design of a smart building envelope and the
building integration of photovoltaics.

#213 - Morphological Tailoring of low-cost ZnO Nanorods for Application in Solar Cells
Vincenzina Strano - MATIS CNR-IMM, Università di Catania
Other Authors: I. Crupi 1, R.Reitano 2, R. G. Urso 3, E. Smecca 4, M.Scuderi4, V. Depauw5, C. Trompoukis5,6 A. Alberti4, E.Ciliberto3,
C.Spinella4, I. Gordon5, S.Mirabella1 1. MATIS CNR-IMM, Università di Catania 2. Dipartimento di Fisica e Astronomia, Università di Catania 3.
Dipartimento di Scienze Chimiche , Università di Catania 4. CNR-IMM, Catania 5. Silicon Photovoltaics, IMEC Belgium 6. KUL, Departement
Elektrotechniek - ESAT, Belgium

Efficient light management is today a key challenge to achieve cost-effective and high efficiency solar cells. The strategies
developed for enhancing the light absorption involve the employment of many types of nanostructured materials. In particular, a
light diffuser top layer is widely used in thin film technology solar cells for extending the path length of incident light into the
absorbing layer. Nonetheless, detrimental drawbacks appear often on the electrical performances. Nanostructured zinc oxide has
been shown to be a promising option for effectively scattering the visible and near infrared radiation. It is a nontoxic and abundant
material and it can be easily synthesized on different substrates, also by low cost methods [1]. We investigated the forward light
scattering properties of transparent ZnO nanorods (120–1300 nm long, 280–60 nm wide) layer synthesized by chemical bath
deposition, getting transmission haze as high as 70% at 400 nm wavelength. The shape and size of ZnO nanorods have been varied
by changing the molar concentration of the reagents in the growth solution. Scanning Electron Microscopy (SEM) investigations
revealed the particular morphologies of ZnO nanostructures prepared using various growth parameters and X-ray diffraction (XRD)
measurements have shown a clear texture along [0002], in agreement to expectations. Through a simple light scattering simulation,
it was possible to clarify the influence of NRs morphology on the radiation diffusion and estimate a threshold in the NRs length
(about 1 µm) over which the light scattering is significantly enhanced. Finally, we applied a light scattering film based on ZnO NRs
layer to a thin c-Si solar cell and measured an increase of the external quantum efficiency for wavelengths larger than 600 nm,
without any degradation of cell performance. The results suggest that light scattering by ZnO NRs can be successfully applied to
solar cell via a simple integration scheme [2]. Further improvement of the NRs size and density will be presented and discussed,
also on different solar cell types. References: [1] V. Strano, R. G. Urso, M. Scuderi, K. O. Iwu, F. Simone, E. Ciliberto, C. Spinella, and
S. Mirabella, J. Phys. Chem. C 118, 28189 (2014). [2] V. Strano, E. Smecca, V. Depauw, C. Trompoukis, A. Alberti, R. Reitano, I. Crupi,
I. Gordon, S. Mirabella, Appl. Phys. Lett.106, 013901 (2015).

#214 - Molecular-Level Switching of Polymer/Nanocrystal Non-Covalent Interactions and Application in Hybrid
Solar Cells
Rosanna Mastria - Istituto di Nanotecnologia, CNR-Nanotec
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Other Authors: Carlo Giansante; Giovanni Lerario; Aurora Rizzo (Istituto di Nanotecnologia, CNR-Nanotec, via per Arnesano, 73100 Lecce, IT),
Luca Moretti; Ilka Kriegel; Francesco Scotognella; Guglielmo Lanzani (Dipartimento di Fisica, Politecnico di Milano, P.zza L. da Vinci 32, 20133
Milano, IT), Giuseppe Gigli (Dipartimento di Matematica e Fisica ‘E. De Giorgi’, Università del Salento, via per Arnesano, 73100 Lecce, IT)

Hybrid composites obtained upon blending conjugated polymers and colloidal semiconductor nanocrystals are regarded as
attractive photoactive materials for optoelectronic applications. Here it is demonstrated that tailoring nanocrystal surface
chemistry permits to control non-covalent and electronic interactions between organic and inorganic components. The pending
moieties of organic ligands at the nanocrystal surface are shown to not merely confer colloidal stability while hindering charge
separation and transport, but drastically impact morphology of hybrid composites during formation from blend solutions. The
relevance of this approach to photovoltaic applications is demonstrated for composites based on poly(3-hexylthiophene) and lead
sulfide nanocrystals, considered as inadequate until this report, which enable the fabrication of hybrid solar cells displaying a power
conversion efficiency that reaches 3%. By investigating (quasi)steady-state and time-resolved photo-induced processes in the
nanocomposites and their constituents, it is ascertained that electron transfer occurs at the hybrid interface yielding long-lived
separated charge carriers, whereas interfacial hole transfer appears hindered. Here a reliable alternative aiming to gain control
over macroscopic optoelectronic properties of polymer/nanocrystal composites by mediating their non-covalent interactions via
ligands' pending moieties is provided, thus opening new possibilities towards efficient solution-processed hybrid solar cells.
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#215 - Perovskite Solar Cells and Modules
Aldo Di Carlo Di Carlo (I) - CHOSE - University of Rome "Tor Vergata"
Other Authors: Fabio Matteocci (CHOSE), Antonio Agresti (CHOSE), Desireé Gentilini (CHOSE)

A new promising class of light harvesting materials, namely the hybrid organic halide based perovskites,have been recently
employed to realize high efficiency photovoltaic solar cells. This kind of crystalline material showsbroad absorption in the visible
spectrum (direct energy gap down to 1.55 eV), good electron and hole conductivity, delivering also high open circuit voltages in
photovoltaic devices.
For small area devices, a power conversion efficiency (PCE) of 18.4% has been reached using a bilayer structure consisting of 85%
formamidinium lead iodide (FAPbI3) and 15% of methylammonium lead bromide (MAPbBr3) [1], while the record efficiency has
been certified to be 20.1% by the National Renewable Energy Laboratory [2]. Similarly, the development of large active area
prototypes [3] has evolved with an equal impressive pace, achieving η=13% [4] on 10 cm2 and η=9.6% on an even larger active
area (100 cm2) [5-6].
In this talk, we will present the efforts made to develop Perovskite Solar Cells (PSCs) on small and large area and a simulation study
to understand the main physical mechanisms governing the behaviour of PSC. The influence of the Hole Transporting Layer on the
device characteristics will be presented together with the use of 2D materials to improve device performances. A detailed analyses
on PSCs stability will be presented.
References
[1] N. J. Jeon, J. H. Noh, W. S. Yang, Y. C. Kim, S. Ryu, J. Seo, and S. I. Seok, Nature, 2015, 517, 476
[2] National Renewable Energy Laboratory, access on 30/3/2015, http://www.nrel.gov/ncpv/images/efficiencychart.jpg.
[3] F. Matteocci, S. Razza, F. Di Giacomo, S. Casaluci, G. Mincuzzi, T. Brown, A. D’Epifanio, S. Licoccia e A. D. Carlo, «Solid-state solar
module based on mesoscopic organometal halide perovskite: a route towards the upscaling process,» Physical Chemistry Chemical
Physics, vol. 16, pp. 3918-3923, 2014.
[4] F. Matteocci, L. Cinà, F. Di Giacomo, S. Razza, A. L. Palma, A. Guidobaldi, A. D’Epifanio, S. Licoccia, T. M. Brown, A. Reale e A. Di
Carlo, «High efficiency photovoltaic module based on mesoscopic organometal halide perovskite,» Progress in Photovoltaics:
Research and Applications, 2014.
[5] S. Razza, F. Di Giacomo, F. Matteocci, L. Cinà, A. L. Palma, S. Casaluci, P. Cameron, A. D'Epifanio, S. Licoccia, A. Reale, T. M.
Brown e A. Di Carlo, «Perovskite solar cells and large area modules (100 cm2) based on an air flow-assisted PbI2 blade coating
deposition process,» Journal of Power Sources, vol. 277, p. 286–291, 2015.
[6] S. Razza, F. Matteocci, F. Di Giacomo, M. Dianetti, A. L. Palma, F. Brunetti, T. M. Brown e A. Di Carlo, «Large area (100 cm2)
Perovskite modules with efficiency exceeding 9%,» in HOPV15, Rome, 10-13 May 2015.

#216 - Light trapping and efficiency limits in thin-film silicon solar cells
Lucio Claudio Andreani (I) - University of Pavia
Other Authors: Angelo Bozzola, Piotr Kowalczewski, Marco Liscidini (University of Pavia, Department of Physics)

Light trapping is crucial to increase efficiency in thin-film solar cells by approaching the ultimate limit to absorption, which is usually
taken to be the Lambertian limit. High-efficiency solar cells have to “optically thick but electronically thin” in order to maximize
both optical absorption and carrier collection. These contradictory requirements can be reconciled by implementing advanced light
trapping approaches.
In this work [1] we focus on solar cells made of crystalline silicon, which represent the dominant technology in the market. Light
trapping at the wavelength-scale can be performed with ordered, disorder, or hybrid photonic structures. We performed a
theoretical study of a number of such structures by means of rigorous coupled-wave analysis. In particular, randomly rough
surfaces with Gaussian disorder are found to describe well the scattering properties of actual rough substrates, and to approach
the Lambertian limit of scattering in a wide range of Si thicknesses.
Moreover, we report on theoretical solutions of the transport problem by means of analytical modelling and by a fully numerical
solution of drift-diffusion equations with the finite-element method. The combination of optical and electronic simulations allows
to determine the optimal thickness in view of maximizing the energy conversion efficiency. We consider both bulk and surface
recombination in solar cells with the absorber thickness ranging from 1 to 100 micron or more. Our results predict that with stateof-the-art material quality of thin c-Si layers, the optimal absorber thickness is of the order of tens of microns or higher. Thin-film
solar cells with realistic material parameters can outperform bulk ones, provided surface recombination is below a critical value,
which is compatible with present-day surface passivation technologies.
Finally, we explore the efficiency limits in single-junction c-Si solar cells, focusing on the roles of intrinsic (Auger) and extrinsic
recombination mechanisms. The limiting efficiency is close to 29%, as compared to the current record of 25.6%. We identify
incomplete light trapping and parasitic losses as major roadblocks in improving the efficiency beyond the current record. Also, we
quantify the constraints and requirements for achieving a specified energy conversion efficiency, which is important for a proper
design strategy of high efficiency silicon solar cells.
[1] L.C. Andreani et al., Solar Energy Mat. & Solar Cells 135, 78 (2015).

117

Photovoltaic materials and devices

29 Sept

#217 - Ge Quantum Dots for Optoelectronic Devices by different synthesis approaches.
Antonio Terrasi - CNR-IMM and Dipartimento di FIsica e Astronomia, Univesrità di Catania
Other Authors: Salvatore Mirabella1, Salvatore Cosentino2, , Rosario Raciti1, Giacomo Torrisi3, E. Barbagiovanni1, Massimo Zimbone1, R.
Bahariqushchi4, A. Aydinli4, A.M. Mio5, G. Nicotra5, C. Spinella5 1 CNR-IMM MATIS and Dipartimento di Fisica e Astronomia, Università di
Catania, via S. Sofia 64, Catania, Italy 2 University of Leuven Department of Physics and Astronomy Leuven, Belgium 3 Distretto Tecnologico Sicilia
Micro e Nanosistemi, Catania, Italy 4 Department of Physics, Bilkent University, 06800, Ankara, Turkey 5 IMM-CNR, VIII strada 5, 95121 Catania,
ITALY

Semiconductor nanostructures (NS), which exploit the appealing features of a confined system have been widely investigated in the
past decades. Beyond the enhanced surface-to-volume ratio or some light management phenomena, one of the most interesting
features in nanostructures is the quantum confinement effect (QCE), arising in nanostructures smaller than the exciton Bohr radius
(5 nm for Si, 24 nm for Ge). QCE is expected to increase the optical bandgap and the oscillator strength from the bulk values,
opening the possibility to tailor the light absorption spectrum, with large potential benefits in photovoltaic applications [1]. Still, up
to now this effect has not been largely exploited, since other conditions usually hinder the QCE, as interface related states, large
spread in NS size, poor quality of the embedding matrix. In this work, the synthesis and study of Ge quantum dots (2-10 nm in
diameter) in SiO2 matrix grown by plasma-enhanced chemical vapor deposition and magnetron sputtering or low cost liquid phase
solution [2](GeBr2 dissolved in Oleylamine)will be presented, evidencing whether the quantum confinement affects the lightmatter interaction and to which level a different synthesis technique affects the physical properties of the QDs. Structural (TEM,
RBS, XRD, Raman) and optical (absorption spectroscopy, Tauc analysis) characterizations, and effective mass approximation models
are employed to describe the QCE-induced variation of optical bandgap (from 1.0 up to 2.5 eV).
[1] Cosentino et al., SOLMAT DOI: 10.1016/j.solmat.2014.09.012.
[2] D. D. Vaughn et al. Chem. Soc. Rev., 2013, 42, 286

#218 - Carrier multiplication in germanium nanocrystals
Chris de Weerd - University of Amsterdam / Institute of Physics
Other Authors: Saba Saeed, UvA, Tom Gregorkiewicz, UvA

For the first time carrier multiplication (CM) is observed in germanium nanocrystals (Ge NCs): we demonstrate that this effect
occurs in self-assembled solid-state dispersion of Ge NCs in a SiO2 matrix [1]. Ge is of interest since it features a unique band
structure with close values of the direct and indirect bandgap energies and a relatively large Bohr radius (~18 nm). Also the
technical importance of Ge is growing with its applications for optoelectronics and photovoltaics. CM can significantly enhance the
efficiency of energy conversion processes in photo-detectors and solar cells. For solar cells in particular, an overall increased
efficiency of up to 44% can be expected for devices that make use of CM [2]. This theoretical maximum is for semiconductors with
bandgaps between 0.6 – 1 eV, which is within reach of Ge NCs, with the bulk Ge bandgap of 0.67 eV.
We studied the CM effect in Ge NCs by using ultrafast transient induced absorption spectroscopy. By comparing the photo-induced
absorption transients at different pump photon energies, typically below and above the threshold energy for CM, we observed the
fingerprint of CM in the form of a fast transient induced by Auger recombination of multiple excitons localized in the same Ge NC.
For photoexcitation of 3.5 eV, a CM efficiency of 190% is observed at 2.8 times the optical bandgap of the Ge NCs of 1.25 eV, as
determined from their photoluminescence spectrum. For bulk Ge, Koc measured a CM efficiency of 140% for photoexcitation at 3.5
eV, which is at 5.2 times the optical bandgap of bulk germanium [3]. This indicates that the observed CM is considerably more
efficient in Ge NCs than in the bulk. We discuss the possibilities for application of Ge NCs in a new generation of highly efficient
infrared detectors and future photovoltaics.
[1] S. Saeed et al., Light: Science and Applications 2015
[2] A.J. Nozik, Nano Letters 2010
[3] S. Koc, Czech J. Phys. 1957

#219 - Control the growth of hybrid halide perovskites through templating agents towards easy-processable
photovoltaic devices.
Aurora Rizzo - CNR Istituto di Nanotecnologia
Other Authors: Sofia Masi, Università del Salento Silvia Colella, Università del Salento Andrea Listorti, Italian Institute of Technology (IIT)
Giuseppe Gigli, CNR Istituto di Nanotecnologia

Control the growth of hybrid halide perovskites through templating agents towards easy-processable photovoltaic devices.
Hybrid halide perovskites have emerged as promising contenders in low-cost devices for next generation optoelectronic devices.[1]
Solar cells based on the perovskite-structured light absorber CH3NH3PbI3 have shown outstanding record photoconversion
efficiency of 20.1% [2] that partially originates from the successful development of controlled deposition strategies. Specifically,
considerable efforts have been devoted to the development of methods for the preparation of satisfactory perovskite films for a
uniform coverage of the photoanode surface.[3] Because of their self-assembly nature, perovkite materials undergo very complex
and dynamic equilibria both in solution and in the solid film, thus finding a way to control and affect these equilibria is the key point
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toward reproducible processability for large scale production. Among other additives we explored as templating agents for the
perovskite growth, we propose the exploitation of polymer matrices as cooperative assembling components for novel
perovskite:polymers composites, as powerful tool to predictably tune the film morphology by affecting the self-aggregating
properties of the precursors in solution and to make them compatible with roll-to-roll large-area mass production techniques. We
demonstrate, through morphological investigations of a series of CH3NH3PbI3:Polymer composites, that the polymer’s functional
groups have a profound effect on the self-assembled nanostructures, while preserving the material structural features. As a proofof-concept we propose the application of poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV):CH3NH3PbI3
nanocomposite in polymer solar cell architecture, verify that the employed semiconducting polymer allows the deposition of a very
smooth and homogenous layer in one straightforward step. [4] This idea offers a new paradigm for the implementation of
polymer/perovskite nanocomposites towards versatile optoelectronic devices combined with the feasibility of mass production.
On-purpose designed polymers are expected to suit the nanocomposite properties for the integration in diverse optoelectronic
devices via facile processing condition.
[1] J. Burschka, N. Pellet, S.-J. Moon, R. Humphry-Baker, P. Gao, M. K. Nazeeruddin, M. Gratzel, Nature 2013, 499, 316 – 319;
[2]http://www.nrel.gov/ncpv/images/efficiency_chart.jpg;
[3] N. J. Jeon, J. H. Noh, Y. C. Kim, W. S. Yang, S. Ryu, S. I. Seok, Nature Mater. 2014, 13, 897–903;
[4] S. Masi, S. Colella, A. Listorti, V. Roiati, A. Liscio, V. Palermo, A. Rizzo, G. Gigli Sci Rep. 2015, 5: 7725.

#220 - Nanohole based Silicon solar cells obtained by molecular doping.
Rosaria Anna Puglisi - Istituto per la Microelettornica e Microsistemi - Consiglio Nazionale delle Ricerche
Other Authors: S. Caccamo, C. Bongiorno, S. Di Franco, M. Italia and A. La Magna. Consiglio Nazionale delle Ricerche, Istituto per la
Microelettronica e Microsistemi, Strada Ottava 5 Zona Industriale 95121,Catania, Italy.

Quasi-one dimensional (1D) Si nanostructures such as nanowires or nanorods present interesting potentiality for pushing ahead
the current limits of Si solar cells thanks to their excellent light harvesting properties or the possibility to form radial junctions
which decouple the light direction from the electrical carriers path. 1D structures can be categorized as “positive” structures,
namely coming out from substrates to free space, such as the wires, and “negative” structures, which are embedded into the
substrate, like for example the nanoholes (NHs). The NHs maintain all the advantages of the positive structures and add an
increased robustness to the mechanical stress. This greatly reduces the handling costs and the quantity of waste material thus
offering to NHs more space for industrial implementation. In the fabrication processing of nanostructure-based devices the doping
step is pivotal. The requirements are: absence of crystal damage, control of doping profile at nm level, possibility to obtain high
dopant concentrations and conformality. Doping at the nanoscale with all these requirements has been recently proposed [Nat.
Mat., 7(2008) 62]. This method consists in the formation of a self-assembled monolayer (SAM) of dopant precursor molecules via
silylation from liquid solutions. The SAM deposited on the Si surface releases the dopant atom from the molecule during the
successive thermal treatment and diffuses it into the substrate [PSSA in press]. The technique allows for the formation of n- or ptype doped Si, by properly selecting the precursor source [MATER SCI ENG B 178 (2013) 686] also on structured surfaces [Phys. Stat.
Sol. A 210 (2013) 1564]. The electrical characteristics of the doped layers strictly depend on the physico-chemical properties of the
SAM after the silylation [Phys. Stat. Sol. A (2015), in press]. An application of the new doping strategy to Si NHs solar cells will be
10
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presented. Arrays of SiNHs with 6×10 cm density, 33nm depth and diameters of 20 nm have been used as top active layers
inside the cells [Sol. En. Mat. Sol. Cells 132 (2015) 118]. The p-n junctions characteristics have been properly designed in order to
have planar or radial junctions with different depths and doping concentrations and it is found that the molecular doping method
applied to the Si NHs arrays provides improved photoconversion performance with respect to the reference flat diodes and pave
the way to create more efficient nano-electronic devices in the class of new 3D architectures.

#221 - Study of ZnO nanoparticles synthesized by pulsed laser ablation of a Zn plate in H2O
Pietro Camarda - Dipartimento di Fisica e Chimica, Università di Palermo; Dipartimento di Fisica ed Astronomia,
Università di Catania
Other Authors: Reinhard Schneider (Laboratory for Electron Microscopy, Karlsruhe Institute of Technology, Germany), Lavinia Vaccaro
(Dipartimento di Fisica e Chimica, Università di Palermo, Italia), Fabrizio Messina (Dipartimento di Fisica e Chimica, Università di Palermo,
Italia), Gianpiero Buscarino (Dipartimento di Fisica e Chimica, Università di Palermo, Italia), Simonpietro Agnello (Dipartimento di Fisica e
Chimica, Università di Palermo, Italia), Marco Cannas (Dipartimento di Fisica e Chimica, Università di Palermo, Italia)

Zinc oxide (ZnO) nanoparticles (NPs) currently attract much attention stimulated from their use in advanced technologies including
photocatalysis, photovoltaics, and bioimaging. These applications take advantage of ZnO optical properties characterized by a
direct bandgap Eg≈3.4 eV and two emissions at 3.3 eV (exciton related) and at 2.3 eV (defect related). Among the many production
methods (chemical reduction of metal ions, sputtering, molecular beam epitaxy, electron beam deposition), pulsed laser ablation in
liquid (PLAL) offers a simple and versatile route to synthesize ZnO NPs of extremely high purity. Notably, the solvent not only
confines laser-produced species, but also provides a reactive environment to control the metal oxidation.
This work deals with the study of nanomaterials produced by ablation with a ns-pulsed Nd:YAG laser ofa Zn plate in H2O. The
investigation has been carried out by combining complementary techniques to probe the morphology, the structure and the optical
properties. Both microscopy (TEM, HRTEM, AFM) images and infrared Raman spectra evidence the formation of ZnO nanocrystals
with sizes in the range of tens of nm, the distance between the crystalline planes and the vibrational modes being consistent with
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the wurtzite structure. Online absorption (OA) and photoluminescence (PL) measurements carried out during and after PLAL clarify
the oxidation dynamics leading to the formation of ZnO. A transient Zn/ZnO core-shell structure is revealed by the coexistence of
the OA peak around 5.0 eV due to Zn surface plasmon resonance and optical transitions due ZnO, the OA edge and the excitonrelated PL at 3.3 eV. Moreover, we detect the defect-related PL at 2.3 eV rising with a delay (~100 s) from the beginning of PLAL.
These kinetics are consistent with a sequence of two steps: an early defect-free superficial oxidation of Zn NPs, followed by a
second slower oxidation of the Zn core, leading to sub-stoichiometric ZnO NPs with oxygen vacancies.
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#222 - Polaritons and the quasiparticle spectral function of graphene on hyperbolic crystals
Andrea Tomadin (I) - NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore
Other Authors: A. Principi (Department of Physics and Astronomy, University of Missouri, Columbia, Missouri 65211, USA), J.C.W. Song (Walter
Burke Institute for Theoretical Physics and Institute for Quantum Information and Matter, California Institute of Technology, Pasadena, CA 91125,
USA), L.S. Levitov (Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA), M. Polini (NEST, Istituto
Nanoscienze-CNR and Scuola Normale Superiore, I-56126 Pisa, Italy; Istituto Italiano di Tecnologia, Graphene Labs, Via Morego 30, I-16163
Genova, Italy)

Hexagonal boron nitride (hBN) has received considerable attention in the context of the optical properties of 2D materials.
Experimentally, it has been shown that Dirac plasmons in graphene couple strongly to the optical phonons of monolayer hBN [1].
Hybrid plasmon-phonon modes in hBN/graphene/hBN stacks have been investigated by scattering-type near-field optical
spectroscopy [2]. Moreover, since hBN is a natural hyperbolic material [3], slabs of hBN support deep subwavelength phonon
polaritons [4,5] and display standing Fabry-Pérot phonon-polariton modes [4]. In this work, we theoretically study the coupling of
these standing phonon-polariton modes to the plasmons of a two-dimensional massless Dirac fermion liquid in a nearby graphene
sheet. We show that a rich spectrum of dispersive plasmon-phonon polaritons emerges, some modes having group velocity as high
as the graphene Fermi velocity. These couple strongly with graphene quasiparticles and substantially alter their decay rate and
spectral function. Our predictions can be tested in near-field optical and angle-resolved photoemission spectroscopy. References 1.
V.W. Brar et al., Nano Lett., 14, 3876 (2014) 2. A. Woessner et al., Nature Mater., (2015) 3. A. Poddubny, I. Iorsh, P. Belov, and Y.
Kivshar, Nature Photon., 7, 948, (2013) 4. S. Dai et al., Science, 343, 1125, (2014) 5. J.D. Caldwell, Nature Commun., 5, 5221, (2014)

#223 - Engineering electronic properties in Graphene by substrate effects
Gianluca Giovannetti (I) - CNR-IOM-Democritos National Simulation Centre and International School for Advanced
Studies (SISSA)
To create graphene-based devices is of fundamental important to study the electronic properties of graphene when is
posed on substrates.
We use first-principles calculations to study the adsorption of graphene on a series of metal and insulating substrates.

The graphene flakes are micrometers in size, sufficiently large to have contacts attached so as to construct field effect
transistors.
However graphene has a poor pinchoff as electrons cannot slow down unless a gap is opened.
We studied different interfaces between graphene and hexagonal Boron Nitride to induce the formation of a gap [1]
breaking the sublattice symmetry of graphene.
Since electronic transport measurements through a graphene sheet require contacts to metal (Al, Co, Ni, Cu, Pd, Ag, Pt,
and Au) electrodes, it is essential to have a full understanding of the physics of metal-graphene interfaces. We used
density functional theory calculations to study the doping of graphene and the changes in its electronic structure induced
by adsorption on metal surfaces [3,5]. Motivated by the recent progress in preparing and manipulating discrete,
essentially atomically perfect graphene layers, we have used electronic structure calculations to explore the spin
transport properties of novel grapheme-metal interfaces, predicting perfect spin filtering for ideal metal-graphenemetal/insulator junctions [2,4,6].
As simple example of a commensurate graphene superstructure we considered also graphene on top of hexagonal
In2Te2 monolayers [7]. We demonstrated the opening of a Kekule ́ band gap of 20 meV, an energy almost as large as
kBT at room temperature. Domains of the Kekule ́ phase generate the presence of a stable fermionic zero mode with a
fractional charge obeying fractional exchange statistics.
1) G. Giovannetti, P. A. Khomyakov, G Brocks, P. J. Kelly and J. van den Brink
Phys. Rev. B 76, 073103 (2007)
2) V. M. Karpan, G. Giovannetti, P. A. Khomyakov, M. Talanana, A. A. Starikov, M. Zwierzycki, J. van den Brink,
Paul J. Kelly
Phys. Rev. Lett. 99, 176602 (2007)
3) G. Giovannetti, P. A. Khomyakov, G. Brocks, V.M. Karpan, J. van den Brink and P. J. Kelly
Phys. Rev. Lett. 101, 026803 (2008)
4) V. M. Karpan, P. A. Khomyakov, A. A. Starikov, G. Giovannetti, M. Zwierzycki, M. Talanana, G. Brocks, J. van
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den Brink, P. J. Kelly
Phys. Rev. B 78, 195419 (2008)
5) P. A. Khomyakov, G. Giovannetti, P. C. Rusu, G. Brocks, J. van den Brink, and P. J. Kelly
Phys. Rev. B 79, 195495 (2009)
6) V. M. Karpan, P. A. Khomyakov, G. Giovannetti, A. Starikov, Paul J. Kelly
Phys. Rev. B 84, 153406 (2011)
7) G. Giovannetti, M. Capone, J. van den Brink, and C. Ortix
Phys. Rev. B 91, 121417(R) (2015).

#224 - Shielding effect of graphene within ferromagnetic metals
Daniela Pacilè - Dipartimento di Fisica, Università della Calabria
Other Authors: I. Grimaldi (1), D. Pacilè* (1,2), M. Papagno (1), L. Ferrari (3), P. M. Sheverdyaeva (2), S. K. Mahatha (2), and C. Carbone (2). (1)
Dipartimento di Fisica, Università della Calabria, 87036 Arcavacata di Rende (CS), Italy; (2) Istituto di Struttura della Materia, Consiglio Nazionale
delle Ricerche, Trieste, Italy; (3) Istituto dei Sistemi Complessi, Consiglio Nazionale delle Ricerche, I-00133 Roma, Italy.
*daniela.pacile@fis.unical.it

The magnetic coupling between different magnetic species separated by a graphene layer (G) has recently triggered the interest of
the graphene community (1, 2). Concerning the behavior of different ferromagnetic metals (FMs) chemically separated by a G layer,
it has been predicted that the coupling can be either ferromagnetic or antiferromagnetic, depending on the choice of the two
species (3). This crossover might provide the opportunity for tuning the coupling by varying the chemical composition of the
FM/G/FM junction. By recent X-ray magnetic circular dichroism measurements (4) on FM single atoms or islands absorbed on G/Ni
at liquid helium temperature, we observed a transition between anti- and ferromagnetic coupling, mainly dependent on the
geometrical arrangement of the adatoms at surface. Here we explore the magnetic coupling between FM nano-clusters (Fe, Co, Ni),
agglomerating at surface through metal deposition at room temperature, and both G/Co(0001) and G/Ni(111) substrates. The Co
and Ni films were grown on W(110) and permanently magnetized in-situ. By measuring the dichroic effect of 3p photoemission
lines we detect the remanent magnetization of the substrate, and the sign of the exchange coupling in FM clusters. We show that,
in the experimental conditions here examined, the G layer acts as a two-dimensional magnetic screen, quenching the transmission
of magnetic interaction towards the FM clusters.
(1) D. Klar et al., Phys. Rev. B 89, 144411 (2014).
(2) A. Candini et al., J. Phys. Chem. C 118, 17670 (2014).
(3) O. V. Yazyev, A. Pasquarello, Phys. Rev. B 80, 035408 (2009).
(4) A. Barla et al., to be published.

#225 - CdS/graphene hybrid photodetectors
Davide Spirito - Istituto Italiano di Tecnologia
Other Authors: Stefan Kudera (Istituto Italiano di Tecnologia), Vaidotas Miseikis (Istituto Italiano di Tecnologia), Camilla Coletti (Istituto Italiano di
Tecnologia), Roman Krahne (Istituto Italiano di Tecnologia)

The application of graphene to photodetectors in the visible and near UV range suffers from low absorption of this gapless 2D
material [1]. Among the different approaches to improve the performance in terms of responsivity, hybrid devices based on
graphene and sensitizer materials have proved to be a promising solution to this problem. In particular the use of colloidal
semiconductor nanocrystals [2] has given very good results [3,4]. In the hybrid system, the light generates charges in the
semiconductors, which are transferred to the graphene layer inducing a sizeable change in the current flowing through it. In this
way, it is possible to exploit the high absorption of the nanocrystals and the high mobility in graphene. However, the relaxation
processes of the photogenerated charges can be slow and limit high frequency performance of the device. It is also possible to tune
the response via the charge density in graphene, using a back-gated sample; in the same manner, the sign of the photocurrent can
be switched from positive to negative, because of the ambipolar character of graphene [5].
In this contribution, we will report on photodetectors fabricated with CVD graphene transferred onto a n-Si/SiO2 substrate, to be
used as a back gate; a thin film of CdS nanocrystals is deposited onto the sample by spin coating. The spectral response of the
device follows the absorption of the nanocrystals, giving high sensitivity in near UV range. The devices show a maximum
4
responsivity of about 4·10 A/W. Using a pulsed laser at 349 nm, we could detect ns-pulses up to 2 kHz repetition rate, thus
demonstrating that fast relaxation processes can be exploited.
To better understand the physical processes in the hybrid system, we will discuss the effective mechanisms of charge transfer from
nanocrystals to graphene, and the role of surface states and adsorbed molecules [6-8]. Finally, we will introduce models for the
photodetection, based on the experimental response of the device as a function of light power and pulse repetition rate.
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[1] Koppens, et al., Nat. Nanotechnol. 9, 780 (2014), [2] Talapin, et al.,Chem. Rev. 110, 389 (2010), [3] Konstantatos, et al.,Nat.
Nanotechnol. 7, 363 (2012), [4] J. Li, et al., Adv. Mater. 26, 5239 (2014), [5] Zhang, et al., Adv. Mater. 24, 2715 (2012), [6] Hornbeck
& Haynes, Phys. Rev. 97, 311 (1955), [7] Maserati et al., ACS Appl. Mater. Interfaces 6, 9517 (2014), [8] Guo, et al., Small 9, 3031–
3036 (2013)

#226 - Optical response of epitaxial silicene on silver probed by transition reflectance spectroscopy
Eugenio Cinquanta - IMM-CNR
Other Authors: Guido Fratesi (Dipartimento di Fisica, Universita‘ degli Studi di Milano, and European Theoretical Spectroscopy Facility, Via
Celoria 16, 20133 Milano, Italy), Stefano dal Conte (CNR Istituto di Fotonica e Nanoteconologie, Piazza Leonardo da Vinci 32, 20133 Milano,
Italy), Carlo Grazianetti (Laboratorio MDM, IMM-CNR, via C. Olivetti 2, Agrate Brianza, I-20864, Italy), Francesco Scotognella (Dipartimento di
Fisica, Politecnico di Milano, Piazza L. da Vinci 32, 20133 Milano, Italy), Salvatore Stagira (Dipartimento di Fisica, Politecnico di Milano, Piazza
L. da Vinci 32, 20133 Milano, Italy), Caterina Vozzi (CNR Istituto di Fotonica e Nanoteconologie, Piazza Leonardo da Vinci 32, 20133 Milano,
Italy), Giovanni Onida (Dipartimento di Fisica, Universita‘ degli Studi di Milano, and European Theoretical Spectroscopy Facility, Via Celoria 16,
20133 Milano, Italy), and Alessandro Molle (Laboratorio MDM, IMM-CNR, via C. Olivetti 2, Agrate Brianza, I-20864, Italy)

The recent integration of silicene in field-effect transistors (FET) opened new challenges in the comprehension of the chemical and
physical properties of this elusive two-dimensional allotropic form of silicon. Intense efforts have been devoted to the study of the
epitaxial Silicene/Ag(111) system in order to elucidate the presence of massless Dirac fermion in analogy with graphene; strong
hybridization effects in silicene superstructures on silver have been invoked as responsible for the disruption of π and π* bands. In
this framework, the measured ambipolar effect in silicene-based FET characterized by a relatively high mobility, points out to a
complex physics at the silicene-silver interface, demanding for a deeper comprehension of its details on the atomic scale.
The present work aims to elucidate the role of the Ag(111) metallic support in determining the physical properties of the Si/Ag twodimensional interface, by means of optical techniques combined with theoretical calculations of the optical response of the
supported system. The silicene/Ag(111) spectra, which turn out to be strongly non-additive, are analyzed in the framework of
theoretical density functional based calculations allowing us to single out different contributions. Electronic transitions involving
silver states are found to provide a huge contribution to the optical absorption of silicene on silver, compatible with a strong Si-Ag
hybridization. The results point to a dimensionality-driven peculiar dielectric response of the two-dimensional-silicon/silver
interface, which is confirmed by means of Transient-Reflectance spectroscopy. The latter shows a metallic-like carrier dynamics,
(both for silicene and amorphous silicon), hence providing an optical demonstration of the strong hybridization arising in
silicene/Ag(111) systems.

#227 - Pseudo-Yagi-Uda antenna made of graphene for terahertz light
Satoru Suzuki - NTT Basic Research Labs, NTT Corp.
Other Authors: Hiroki Hibino (NTT Basic Research Labs.)

Reflection, transmission, and absorption spectra of stacked graphene microribbons in the terahertz region were simulated by the
finite element method. The microribbons, which resonantly couple with terahertz light through the excitation of plasmons, were
stacked with micrometer-scale vertical spacing (~0.1×wavelength or larger). Reflection and absorption spectra were found to
strongly depend on the direction of incident light (forward or backward incidence) when the resonance frequencies in each layer
were made slightly different by changing the ribbon width or the chemical potentials. At a certain frequency, light reflection is
almost completely suppressed only for one incidence direction. Our simulation showed that when reflection was almost completely
suppressed, plasmons were almost equally excited in the upper and lower ribbons and the two reflected waves interfered in the
opposite phase. From these results, the high directivity is considered to be due to the phasing effects of electromagnetic waves like
in a Yagi-Uda antenna. This plasmonic graphene antenna can be much smaller than a conventional Yagi-Uda antenna owing to the
fact that the wavelength shrinks when the terahertz light excites a plasmon in a graphene pattern. The backward/forward ratio of
the reflectance reaches 290 for two-layer stack and 1260 for three-layer stack. By combining the large optical anisotropy and the
field-effect-induced tunability of graphene, it would be possible to fabricate reconfigurable optical devices whose optical properties
and their anisotropy are widely controllable.
Reference
S. Suzuki and H. Hibino, J. Appl. Phys. 117, 174302 (2015).
Hiroki Hibino, Present address, Kwansei Gakuin University, Sanda, Hyogo 669-1337, Japan

#228 - Ambient stability of oxygen p-doped graphene
Aurora Piazza - 1 CNR-IMM, Catania; 2 Dept Physics and Chemistry, Univ. Palermo; 3, Dept Physics and Astronomy,
Univ. Catania
Other Authors: Simonpietro Agnello (2), Gianpiero Buscarino (2), Gabriele Fisichella (1), Antonino La Magna (1) , Fabrizio Roccaforte (1), Marco
Cannas (2), Franco Mario Gelardi (2), Filippo Giannazzo (1) (1) CNR-IMM, Catania, Italy (2) Department of Physics and Chemistry, University of
Palermo, Italy
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Graphene (Gr), a single layer of graphite, has attracted in recent years many interests of researchers for its potential electronic and
optoelectronic applications. For these aims a wide research has been devoted to prepare large-area un-defective materials,
growing them on metal substrates (such as Cu, Ni) using Chemical Vapor Deposition (CVD), and to successively transfer them onto
specific substrates, like SiO2/Si, for device construction. In addition, for the electronic tasks, detailed studies have been dedicated
to the doping of graphene to specifically tune its carrier density. It has been so shown that doping could be induced, apart that
during the synthesis, also by post growth procedures, among which, thermal treatments in controlled atmosphere. In this context,
the investigation of doping efficiency and stability is of particular concern for the final material conductivity features aiming also to
separate those aspects strictly related to the physical properties of graphene, like defects content and morphology, from those
related to the graphene substrate interaction.
Aim of the present work is to characterize by micro-Raman spectroscopy and Atomic Force Microscopy the features of the p-Type
doping efficiency of Gr grown on SiO2/Si substrates by thermal treatments in controlled atmosphere of oxygen up to 10 bar or in
vacuum, and to evaluate the post processing stability. A comparison of storage in air or in vacuum is also considered to highlight
those not stable effects. By temperature scans it is found an onset temperature for doping of about 140°C and doping stability in
vacuum up to 300°C. A partial recovery towards undoped Gr is found by storage in air as contrasted to storage in vacuum. This
aspect suggests that stable traps for oxygen dopant are present on Gr or in the Gr/substrate interlayer but their reactivity with
ambient molecules (N2, H2O, CO2,….) originates the changes evidencing also exploitable potentialities for sensing applications.

#229 - Atomistic simulation of graphene processes
Antonino La Magna - CNR-IMM
Other Authors: Salvatore Francesco Lombardo (Istituto per la Microelettronica e Microsistemi (CNR-IMM), VIII Strada 5, 95121 Catania, Italy)
Ioannis Deretzis (Istituto per la Microelettronica e Microsistemi (CNR-IMM), VIII Strada 5, 95121 Catania, Italy) Luca Parisi (Dipartimento di
Fisica e Astronomia, Università di Catania, Via Santa Sofia 64, 95125 Catania, Italy) Giuseppe Angilella (Dipartimento di Fisica e Astronomia,
Università di Catania, Via Santa Sofia 64, 95125 Catania, Italy) Rossella Di Giugno (Distretto Tecnologico Micro e Nano Sistemi S.c.a.r.l., Z. I. VIII
Strada 5, 95121 Catania, Italy)

Here we present a generic multi-scale atomistic simulation method of different graphene manipulation processes based on a
Kinetic Monte Carlo approach formulated on augmented lattices. The stochastic simulation method is calibrated by "ab-initio"
calculations of stable and meta-stable configurations and eventually coupled to the continuum simulation of the kinetics and the
reactions in the gas phase when it is relevant for some particular cases. We consider the following cases: thermal annealing of
defects and impurities in graphene, Chemical Vapour Deposition (CVD) and selective Si evaporation synthesis techniques are
considered on metal (Cu) and silicon carbide (SiC) substrates. It is noteworthy that in the latter case the inner structural
transition from the SiC crystal structure to the graphene lattice structure is also simulated. Defects and impurity evolution show
peculiar characteristic due the effects of effective coalescence barriers. Kinetics of the deposited atomic layer kinetics proceeds
by islands' nucleation and (Ostwald ripening type) growth in the case CVD processes; whilst structural transition from SiC to
graphene is mediated by disordered weakly bounded carbon-carbon configurations in the carbon rich regions generated by the
selective Si sublimation. Simulations of the nitrogen atoms (Ns) incorporation during the CVD growth predict a sub-lattice
symmetry breaking due the preferential sitting of N atoms in perfect zig-zag configuration at the growing edges. Quantitative
predictions of the process evolution in term of crystal state and defects' generation as a function of the initial state and the
process's parameters (temperature, pressure, gas flows) can be obtained and readily compared with experimental structural
characterization of processed samples.
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#230 - Chiral optofluidics
Gabriella Cipparrone (I) - Università della Calabria, Dipartimento di Fisica
Other Authors: R. J.Hernández, Nanotec CNR, Licryl Lab., 87036 Rende (CS), Italy A.Mazzulla, Nanotec CNR, Licryl Lab., 87036 Rende (CS), Italy
P. Pagliusi, Dipartimento di Fisica, Università della Calabria,87036 Rende (CS), Italy C. Provenzano,Dipartimento di Fisica, Università della
Calabria,87036 Rende (CS), Italy D. Kasyanyuk, Institute of Physics, National Academy of Sciences of Ukraine, pr. Nauky 46, Kyiv 03028, Ukraine

Chirality in soft matter is emerging as a tool to address innovative concepts in materials science, colloidal systems, optical and
photonics devices, optomechanics, optofluidics etc..
Two examples are presented; the first one refers to chiral optofluidic devices and the second one to optofluidics strategies for
nanoparticles assembling and manipulation.
We investigate the optical forces and torques on spherical polymeric particles with chiral arrangement of the inner structure
consisting of supramolecular helices (left or right-handed). The methodological approach used for micro-particles preparation is
such that the helical arrangement self-organizes in precursor cholesteric liquid crystal droplets by proper selection of a chiral
dopant. The helical pitch is adjusted from nanometer to micrometer range by means of the dopant concentration. The helicoidal
arrangement can leads to a shell structure of the refractive index and to a selective Bragg phenomenon that makes them to behave
as chiral spherical mirrors for light propagating along the helical axis and wavelength within the stop band. The circularly polarized
light component having the same handedness of the chiral arrangement is reflected leaving its spin state unchanged. On the
contrary, the light having opposite handedness is transmitted unaffected. The sign and strength of the optical force depend on the
particles reflectance. Moreover, in contrast to conventional reflecting particles, these chiral particles can be set in rotation because
of the transfer of spin angular momentum. We investigate the tunability and the coupling of the optical forces and torques by
controlling the amount of the reflected light. Chirality-controlled optical trapping and manipulation opens novel strategies for
optomechanics and optical sorting.
We exploit chiral photosensitive materials to move nanoparticles-charged disclination lines in anisotropic chiral fluids. We
demonstrate the ability to trap nanoparticles and to manipulate them at large scale by low power incoherent light. The chirality is
introduced at two levels, by the boundary architectures and by a photosensitive chiral dopant. The first permits to design the
topological defects templates, the second to move nanoparticles-charged disclination lines without disrupting them. Full
reconfigurability and time stability make this strategy attractive for future developments and practical applications.
We acknowledge the MPNS COST Action 1205 “Advances in Optofluidics: Integration of Optical Control and Photonics with
Microfluidics” for supporting these activities.

#231 - Red Blood Cell behaves as an adaptive liquid micro-lens
Lisa Miccio (I) - CNR - ISASI Institute of Applied Science & Intelligent Systems
Other Authors: Pasquale Memmolo (IIT Naples), Francesco Merola (CNR-ISASI), Paolo Netti (IIT Naples), Pietro Ferraro (CNR-ISASI)

Red Blood Cells (RBCs) behave as micro-lenses with specific focal lengths, magnification and tunability properties.
Erythrocytes, in their mature state and under physiological and healthy conditions, are flexible biconcave disks with homogeneous
distribution of the refractive index. By an optical point of view, the lack of nucleus and organelles allows to model RBC as a sort of
disk-shaped micro-structure envelope exploitable as micro-lens. The focal length, the aberrations and the magnification are
theoretically predicted and experimentally demonstrated.
Furthermore, RBCs membrane present a great deformability in comparison to other cells so that the focal length can be tuned by
changing the RBC shape. A complete analogy between RBC and adaptive lens exists. RBC morphology variation is achievable by
triggering the liquid buffer osmolarity thus permitting swelling from biconcave microfludic disk (Volume = 90fL) up to a sphere
(Volume = 150fL). Taking into account the average refractive indexes of RBCs and buffer, the focal length changes from negative
value (about -6.0μm) to positive ones (about 10µm) when the transition between discocyte and spherocyte is induced.
A direct application of this discovery is in terms of diagnosis. Indeed, many blood disorders are reflected in RBC shape anomalies
(for examples Sickle-cell disease, Malaria, Spherocytosis and Anemias). Such modifications in the cell shape is detectable by the
optical properties of the RBC. Indeed, healthy erythrocytes present unique optical characteristics and any differences can be
evaluated by the analysis of the wavefront aberrations as in adaptive optics technology.

#232 - Integrated opto-microfluidics platforms in lithium niobate crystals for sensing applications
Cinzia Sada (I) - University of Padova, Physics and Astronomy Department
Other Authors: Giacomo Bettella (1), Gianluca Pozza (1), Annamaria Zaltron (1), Giampaolo Mistura (1), Matteo Pierno (1), Enrico Chiarello (1),
Sebastian Kroesen (2), Michael Esseling (2), Cornelia Denz (2), Mathieu Chauvet (3) (1) Physics and Astronomy Department, University of Padova
and CNISM, Padova (Italy) (2) Nonlinear Photonics Group, Institute of Applied Physics, University of Münster, Münster (Germany) (3) FEMTO-ST
institute and, University of Franche-Comté, Besançon (France)

Microfluidic technology holds great promise as it can perform typical laboratory applications using a fraction of the volume of
reagents in significantly less time. Applications for microfluidics have significantly advanced from its root in micro-analytical
chemistry to include high throughput screening, biological analysis of cells and proteins and reaction kinetics and mechanism
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studies [1]. Although novel microfabrication techniques are continuously being developed, the development of micro-devices with
appropriate fluidic interfacing scheme is still under debate to get lab-on-chip system [2-3]. Among the others, even lithium niobate
(LiNbO3) crystals have been proposed in microfluidics since allows for high efficient acoustic waves generation to move droplets on
the substrate in a very controlled way, flow mixing and pumping, pyro-electric and photo-galvanic particle and droplet actuation.
Quite surprisingly, all the above mentioned applications were realized without producing a microfluidic circuit directly on
LiNbO3 substrates and without the integration of optical sensing stages, although it is a material thoroughly exploited in the
photonic and integrated optics industry. Recently lithium niobate has been also proposed as candidate for application in optomicrofluidic technology [4-6], thus combining the tools typical of microfluidics with the potentialities offered by this material. In
this work, the recent results on the integration of a microfluidic circuit with optical waveguides will be presented with particular
care to the exploitation of an integrated input waveguide to illuminate the fluid in micro-fluidic channel and how to collect the
transmitted light by way of output waveguide engraved on the same substrate. By monitoring the optical transmission spectrum,
the analysis of the optical response of the fluid components can be achieved, with applications to optical sensing platforms in a labon-chip system entirely based on LiNbO3 substrate.
[1] J.P. McMullen et al. Annu. Rev. Anal. Chem., 3, 42, 2010
[2] D. Psaltis, et al., Nature, 442, 381, 2006
[3] M. Sin et al. Jour. Biol. Eng., 5, 1, 2011
[4] M. Esseling et al., Appl. Phys. Lett. 103, 061115, 2013
[5] G. Pozza et at. Opto. Micro. Nanofluidics vol.1 iss.1 34-42, 2014
[6] G. Bettella et al. Proc. SPIE 9365, 936517, 2015

#233 - Studying and controlling drop motion on inclined surfaces
Silvia Varagnolo - CNISM and University of Padova, Dept. Physics and Astronomy "G. Galilei"
Other Authors: Paolo Sartori (CNISM and University of Padova, Dept. Physics and Astronomy "G. Galilei"), Davide Ferraro (CNISM and
University of Padova, Dept. Physics and Astronomy "G. Galilei"), Matteo Pierno (CNISM and University of Padova, Dept. Physics and Astronomy
"G. Galilei"), Giampaolo Mistura (CNISM and University of Padova, Dept. Physics and Astronomy "G. Galilei"), Mauro Sbragaglia (University of
Rome 'Tor Vergata', Department of Physics and INFN)

We present an overview about the motion of drops on inclined surfaces, including different liquids (newtonian and non-newtonian
fluids) and substrates having homogeneous and chemically heterogeneous surfaces.
The sliding of water drops down homogeneous surfaces is compared to that of polymeric solutions featuring different nonnewtonian behavior (shear thinning or normal stress difference effects) [1]. A significant deviation between newtonian and nonnewtonian sliding drops appears at high inclination angles and is stronger at higher polymer concentration: for newtonian drops
the steady sliding velocity scales linearly with the down plane component of the gravity force, while non-newtonian drops follow
this linear dependence at small inclination angles and at high inclinations a sublinear trend or a plateau appear.
Similar measurements have been also performed with water drops on chemically heterogeneous surfaces formed by hydrophilic
and hydrophobic domains of different shape (stripes, squares and triangles) arranged in different patterns [2-4]. The wettability
contrast between the hydrophilic and hydrophobic regions causes the drop to undergo a particular stick-slip dynamics
characterized by steps of the front and rear contact points and a mean velocity depending on the pattern geometry. These studies
show that chemical patterns can be successfully exploited to passively control drop velocity.
An active method to control drop motion on inclined homogeneous surfaces involves the application of vertical acoustic vibration
to the substrate [5]. According to the combination of amplitude and frequency of vibration, a drop can slide down, be pinned or
even climb up against gravity. The liquids investigated are water and newtonian aqueous solutions of glycerol, isopropanol and
ethanol. For all these fluids the behavior is similar except for the more wetting solutions that cannot climb.
All these experimental results have been completed and confirmed by numerical simulations.
[1] S. Varagnolo et al.,Sliding of viscoelastic non-newtonian droplets, submitted to Langmuir
[2] S. Varagnolo et al., Phys. Rev. Lett . 111, 066101 (2013)
[3] M. Sbragaglia, et al., Phys. Rev. E 89, 012406 (2014)
[4] S. Varagnolo et al., Langmuir 30, 2401-2409 (2014)
[5] P. Sartori et al., Drop motion induced by vertical vibrations, submitted to New Journal of Physics

#234 - Role of viscoelasticity in droplet formation inside a microfluidic T-junction
Enrico Chiarello - University of Padova
Other Authors: E. Chiarello, P. Sartori, S. Varagnolo, M. Pierno, G. Mistura CNISM and Department of Physics and Astronomy “G. Galilei”,
University of Padova, Via Marzolo 8, 35131 Padova, Italy E. Piccin Departamento de Química, Universidade Federal de Minas Gerais, Belo
Horizonte, MG, Brazil A. Gupta, M. Sbragaglia Department of Physics and INFN, University of “Tor Vergata”, Via della Ricerca Scientifica 1,
00133 Roma, Italy

The progressive break-up of a fluid thread into a number of small drops [1] is a rich physical phenomenon which impacts many
applications [2,3]. In particular, droplet-based microfluidic devices have gained a considerable deal of attention, due to their
importance in studies that require high throughput control over droplet size. Common droplet generator designs used in these
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devices are T-shaped geometries [4,5] and flow-focusing devices [6–8]. With a few exceptions [10–12], previous research has been
mainly restricted to Newtonian fluids. However, the processing of biological fluids with high molecular weight macromolecules
inevitably results in considering a non-Newtonian viscoelastic behaviour. Consistently, the use of viscoelastic liquids in flowfocusing devices [10,11] or T-junction geometries [12] has recently taken into account, but needs further investigation. Here we
investigate the role of viscoelasticity in droplet formation in a microfluidic T-junction, where newtonian oil droplets are dispersed in
a non-newtonian aqueous polymer solution of Polyacrylamide (PAA), which displays normal stress effects, at different
concentrations in the semidilute regime. The experiments are performed in a hydrophilic chip made in NOA, which enables to have
oil-in-water droplets if a surfactant is added to the continuous phase [9]. Numerical simulations with lattice Boltzmann and FENE-P
model [13] are performed on the same system, enabling us to visualize the normal stress distribution in the viscoelastic continuous
phase. The simulations display a normal stress build-up upstream of the emerging droplet. This contributes as an extra force in the
droplet break-up resulting in smaller droplet sizes, in qualitative agreement with the experimental observations. References [1] J.
Eggers, Rev. Mod. Phys. 69 (1997) 865 . [2] G.F. Christopher, S.L. Anna, J Phys D Appl Phys 40 (2007) R319. [3] S. Teh, R. Lin, L. Hung,
A. Lee, Lab. Chip 8 (2008) 198. [4] M.D. Menech, P. Garstecki, F. Jousse, H.A. Stone, Jour. Fluid. Mech. 595 (2008) 141. [5] M.D.
Menech, Phys. Rev. E 73 (2006) 031505. [6] H. Liu, Y. Zhang, J. Appl. Phys. 106 (2009) 034906. [7] H. Liu, Y. Zhang, Physics of Fluids
23 (2011) 082101. [8] L. Derzsi, M. Kasprzyk, J.P. Plog, P. Garstecki, Phys. Fluids 25 (2013) 092001. [9] E. Piccin, D. Ferraro, P. Sartori,
E. Chiarello, M. Pierno, G. Mistura, Sensors and Actuators B. 196 (2014) 525–531. [10] P.E. Arratia, J.P. Gollub, D.J. Durian, Phys.
Rev. E 77 (2008) 036309. [11] B. Steinhaus, A.Q. Shen, R. Sureshkumar, Phys. Fluids 19 (2007) 073103. [12] J. Husny, J. CooperWhite, J. Non-Newton. Fluid Mech. 137 (2006) 121. [13] A. Gupta, M. Sbragaglia, A. Scagliarini, Journal of Computational Physics
291 (2015) 177–197.

#235 - Catalytic oxygen production mediated by smart capsules to modulate elastic turbulence under a laminar
flow regime
Alessandra Zizzari - Dipartimento di matematica e Fisica "Ennio de Giorgi", Università del Salento
Other Authors: Monica Bianco (CNRNanotec, Istituto di Nanotecnologia Lecce, Italy) Loretta Laureana del Mercato (CNRNanotec, Istituto di
Nanotecnologia Lecce, Italy) Mauro Carraro (ITM-CNR e Università di Padova, Padova, Italy) Marcella Bonchio (ITM-CNR e Università di
Padova, Padova, Italy) Giuseppe Gigli (CNRNanotec, Istituto di Nanotecnologia Lecce, Italy) Rosaria Rinaldi ( NNL, Nano-CNR e Università del
Salento, Lecce, Italy) Ilenia Viola (CNRNanotec, Istituto di Nanotecnologia Lecce, Italy) Valentina Arima (CNRNanotec, Istituto di Nanotecnologia
Lecce, Italy)

Movement of fluids and an efficient mixing are the first step to perform a number of chemical and biological microfluidic processes.
The progress in microfluidic technologies has made possible the complicated manipulation of solutions at the microscale [1,2], but
many devices have relied on external instruments such as microsyringe pumps or power sources. Moreover, liquid flow in
microchannels is completely laminar and uniaxial, with a very low Reynolds number regime [3,4]. To increase fluid mixing, complex
three-dimensional networks inducing chaotic advection have to be designed. Alternatively, turbulence in the liquid can be
generated by active mixing methods (magnetic, acoustic waves, etc.) or adding small quantities of elastic materials (viscoelastic
polymers) to the working liquid [5,6].
We have used polyelectrolytemultilayer capsules (PMCs) embodying a catalytic polyoxometalate complex (Ru4POM)[7]to propel
fluids inside microchannels and to create elastic turbulence. The overall effect is enhanced and controlled by feeding the
polyoxometalate-modified capsules with hydrogen peroxide, H2O2, thus triggering an on-demand propulsiondue to oxygen
evolution resulting from H2O2 decomposition [7]. The capillary dynamics of the aqueous mixtures with different concentrations of
H2O2 in a microchannel have been analyzed and this study has allowed the quantification of some structural parameters of motion
such as speed, pressure, viscosity, and Reynolds and Weissenberg numbers. The increases in fluid speed as well as the capsuleinduced turbulence effects are proportional to the H2O2 added and therefore dependent on the kinetics of H2O2dismutation [8].
References
[1] G. M. Whitesides, Nature, 2006, 442, 368–373
[2] L. Restrepo - Perez et al, Lab Chip, 2014, 14, 1515–1518
[3] S. W. Jones et al, J. Fluid Mech. , 1994, 2 8 0,149–172
[4] A. D. Stroock et al, Science, 2002, 295, 647–651
[5] A. Groisman et al, Nature, 2000, 405, 53–55
[6] A. Groisman et al, Nature, 2001, 410, 905–908
[7] L. L. del Mercato et al, Chem. – Eur. J.,2014, 20, 10910–10914
[8] A. Zizzari et al, Lab on a Chip, 2014, 14, 4391–4397
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#236 - Small-angle X-ray scattering from biomacromolecular solutions
Dmitri Svergun (I) - EMBL Hamburg
Small-angle X-ray scattering (SAXS) experiences a renaissance in the studies of macromolecular solutions allowing one to study the
structure of native particles and complexes and to rapidly analyze structural changes in response to variations in external
conditions. Novel data analysis methods significantly enhanced resolution and reliability of structural models provided by the
technique [1]. Emerging automation of the experiment, data processing and interpretation make solution SAXS on high brilliance
synchrotron sources a streamline tool for large scale structural studies in molecular biology. The method provides low resolution
macromolecular shapes ab initio and is readily combined with other structural and biochemical techniques in hybrid approaches. Of
special interest is the joint use of SAXS with the high resolution methods like crystallography and NMR, but also with
complementary biophysical and biochemical techniques. Rapid validation of predicted or experimentally obtained high resolution
models in solution, identification of biologically active oligomers and addition of missing fragments to high resolution
crystallographic models are possible. For macromolecular complexes, quaternary structure can be effectively analyzed in terms
rigid body movements/rotations of individual subunits, if their structures are available. SAXS can also be applied to characterize the
solution states of flexible and intrinsically disordered macromolecules. The methods will be illustrated by examples of recent
applications and the perspectives of the synergistic use of SAXS with other techniques in structural biology will be reviewed.
1. Svergun, D. I., Koch, M. H. J., Timmins, P. A., and May, R. P. (2013) Small angle x-ray and neutron scattering from solutions of
biological macromolecules, Oxford University Press, 358 pp.

#237 - Phototransformable fluorescent proteins: a mechanistic view.
Dominique Bourgeois (I) - Institut de Biologie Structurale
Other Authors: Romain Berardozzi (IBS, Institut de Biologie Structurale Jean-Pierre Ebel, CEA, CNRS, Université Joseph Fourier, 71 rue Jules
Horowitz, 38044 Grenoble, France), Chenxi Duan (IBS, Institut de Biologie Structurale Jean-Pierre Ebel, CEA, CNRS, Université Joseph Fourier, 71
rue Jules Horowitz, 38044 Grenoble, France) Virgile Adam (IBS, Institut de Biologie Structurale Jean-Pierre Ebel, CEA, CNRS, Université Joseph
Fourier, 71 rue Jules Horowitz, 38044 Grenoble, France) Martin Byrdin (IBS, Institut de Biologie Structurale Jean-Pierre Ebel, CEA, CNRS,
Université Joseph Fourier, 71 rue Jules Horowitz, 38044 Grenoble, France)

Phototransformable fluorescent proteins (PTFPs) have received considerable attention in recent years because they enable many
new exciting modalities in fluorescence microscopy and biotechnology. Upon illumination with proper actinic light, PTFPs undergo
long-lived transitions between various fluorescent or nonfluorescent states, resulting in processes known as photoactivation,
photoconversion or photoswitching. These processes come in addition to stochastic photoblinking and irreversible photobleaching,
which universally characterize fluorescent molecules. The highly complex photophysical behavior of PTFPs can be investigated at
the molecular scale by a combination of X-ray crystallography, in crystallo optical spectroscopy (UV-vis absorbance, fluorescence
and Raman), mass spectrometry and simulation methods such as quantum-chemistry/molecular-mechanics hybrid approaches. In
this way, it is possible to decipher the subtle conformational dynamics driving phototransformations in PTFPs, eventually facilitating
the rational engineering of better performing markers for advanced nanoscopy or biotechnological applications. Based on our
studies of IrisFP, a fascinating PTFP which exhibits combined green-to-red irreversible photoconversion and on-off reversible
photoswitching in both its green and red states, we will detail how photoactivated structural dynamics in PTFPs control their
complex photophysics. We will in particular focus on mechanisms that lead to photoblinking and photobleaching.

#238 - The Effect of Room-Temperature Ionic Liquids on the Structure and Dynamics of Bio-Membranes and
their Hydration Water: a Neutron Scattering and Computer Simulation Study
Antonio Benedetto - Paul Scherrer Institut (PSI)
Other Authors: Pietro Ballone (Center for Life Nano Science and Phys. Dep., Roma La Sapieza, Italy)

The molecularly thin layer of water in direct contact with bio-molecules in a physiological environment plays a major role in
determining their properties and functions. In this context, water is a shorthand notation for “water electrolyte solution”, since
almost without exception a variety of ions dissolved in water are needed to ensure the stability of bio-systems, greatly contributing
to their complex behaviours.
In recent years, the development of compounds of the so-called room-temperature ionic liquid (RTIL) family has enormously
expanded the number of ionic systems that could be used to modify the properties of the interfacial water, and thus to affect the
behaviour of bio-systems.
Our study concerns the microscopic mechanisms underlying RTIL effects on biosystems (e.g. phospholipid bilayers, proteins, and
nucleic acids) through their hydration water, and relies on the combination of neutron scattering and molecular dynamics (MD)
simulations.
We present the results for the interaction of imidazolium-based RTILs with phospholipid bilayers [1,2]. Neutron reflectometry and
MD simulations confirm the tendency of cations to be absorbed into the lipid phase, enhancing the penetration of water into the
bilayer. Neutron scattering and MD reveal apparent changes in the relaxation time of water in close contact of the lipid head upon
addition of RTILs, that reflect phase changes in the structure and dynamics of the system.
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[1] A. Benedetto, et al. J. Phys. Chem. B, 2014, 118, 12192.
[2] A. Benedetto, et al. J. Chem. Phys., 2015, 142, 124706.

#239 - New insight into the function of bacterial amyloids
Véronique Arluison - University Paris Diderot
Other Authors: Emilie Fortas1, Federica Piccirilli2, Antoine Malabirade1, Valeria Militello2, Sylvain Trépout3, Sergio Marco3 , Aziz Taghbalout4
and Véronique Arluison1,5 1 Laboratoire Léon Brillouin UMR12 CEA/CNRS, CEA – Centre de Saclay, 91191 Gif-sur-Yvette, France 2 Department
of Physics and Chemistry, University of Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy 3 Institut Curie Centre de Recherche & INSERM
U1196, Campus Universitaire d’Orsay, bât 112, 91405, Orsay Cedex, France 4 Department of Molecular Biology and Biophysics, University of
Connecticut Health Center, 263 Farmington Avenue, Farmington, CT, 06032, USA 5 Univ Paris Diderot, Sorbone Paris Cité, 75013 Paris, France

Accumulating evidence indicates that RNA metabolism components assemble into supramolecular cellular structures to mediate
functional compartmentalization within the cytoplasmic membrane of the bacterial cell. This cellular compartmentalization could
play important roles in the processes of RNA degradation and maturation. These components include Hfq, the RNA chaperone
protein, which is involved in the post-transcriptional control of protein synthesis mainly by the virtue of its interactions with several
small regulatory noncoding RNAs. The E. coli Hfq is structurally organized into two domains. An N-terminal domain that folds as
strongly bent b-sheets within individual protomers to assemble into a typical toroidal hexameric ring. A C-terminal flexible domain,
that encompasses about one-third of the protein, seems intrinsically unstructured. RNA binding function of Hfq mainly lies within
its N-terminal core, whereas the function of the flexible domain remains controversial and largely unknown.In this paper, thanks to
the structural studies with biochemical and biophysical methods, we demonstrate that the Hfq C-terminal region has an intrinsic
property to self-assemble into long amyloid-like fibrillar structures in vitro. We show that normal localization of Hfq within
membrane-associated coiled structures in vivo requires this C-terminal domain. This finding establishes for the first time a function
for the hithertopuzzling C-terminal region, with a plausible central role in RNA transactions.

#240 - Protein and hydration water dynamics in folded and intrinsically disordered proteins
Giorgio Schirò - CNRS Institut de Biologie Structurale
Hydration water is the natural matrix of biological macromolecules and is essential for their activity in cells. The coupling between
water and protein dynamics has been intensively studied, yet it remains controversial. We combined protein perdeuteration,
neutron scattering and molecular dynamics simulations to explore the nature of hydration water across the so-called protein
dynamical transition [1], in the intrinsically disordered human protein tau and the globular maltose binding protein. We generalized
the notion that the translational diffusion of water molecules on a protein surface promotes the large-amplitude motions of
proteins that are required for their biological activity [2]. We also studied the dynamics of hydration water at the surface of fibers
formed by the full-length human tau, one of the pathological hallmarks of Alzheimer disease. We found that water is more mobile
in tau fibers than in nonaggregated tau, thus corroborating that methodologies sensitive to the diffusion of water, such as diffusion
magnetic resonance imaging, could be used to diagnose Alzheimer patients in an early stage of the disease [3].
[1] G. Schirò et al. (2012) Phys. Rev. Lett. 109: 128102.
[2] G. Schirò et al. (2015) Nature Commun. 6: 6490
[3] Y. Fichou, G. Schirò et al. (2015) PNAS 112: 6365.

#241 - MediaChrom: a new class of versatile polarity-sensitive dyes for imaging applications
Luca Ronda - Department of Neurosciences, University of Parma, Italy
Other Authors: Riccardo Piano (Department of Neurosciences, University of Parma, Italy), Monica Dell’Acqua (DiSFarm, University of Milan,
Italy), Giorgio Abbiati (DiSFarm, University of Milan, Italy), Sara Pellegrino (DiSFarm, University of Milan, Italy), Francesca Clerici (DiSFarm,
University of Milan, Italy), Andrea Mozzarelli (Department of Pharmacy, University of Parma, Italy), Stefano Bettati (Department of Neurosciences,
University of Parma, Italy), Maria Luisa Gelmi (DiSFarm, University of Milan, Italy)

Modern biological research needs a continuous development of new fluorescent dyes, to be used as markers or probes,
characterized by improved performances.These molecules should allow a highly specific and sensitive monitoring for a wide range
of biological processes. A particular class of dyes, called environment-sensitive dyes, are able to change their spectroscopical
properties in response to the change of physico-chemical features of their environment. Among them, polarity-sensitive dyes (also
called solvatochromic dyes) have the unique feature to display a different emission maximum as a function of the environment
polarity. This property makes them the ideal probes to monitor the local properties of particular cell districts, as well as different
types of biomolecular interactions (e.g., peptide-nucleic acid, protein-protein, and peptide-lipid interactions).
Several polarity-sensitive dyes have been developed, but most of them are far to meet simultaneously all the optimal spectroscopic
requirements for biological applications, i.e., a strong solvatochromism, absorption in the visible range, high extinction coefficient,
high quantum yield, good photostability.
We designed a new class of polarity-sensitive dyes, named MediaChrom, that absorb and emit light in the visible range with good
extinction coefficient and quantum yield. MediaChrom proved to be highly sensitive to the environment polarity and easily
conjugated to proteins and peptides for directing them to defined biological targets.
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#242 - Protein-Lipid Interface in Na,K-ATPase Membranes by pulsed EPR
Rita Guzzi - University of Calabria, Department of Physics and CNISM Unit
Other Authors: Rosa Bartucci (Department of Physics, Molecular Biophysics Laboratory and CNISM Unit, University of Calabria, 87036, Rende,
Italy), Mikael Esmann (Department of Biomedicine, Aarhus University, Aarhus, Denmark), Derek Marsh (Max-Planck-Institut für biophysikalische
Chemie, Göttingen, Germany)

The Na,K-ATPase active transport enzyme is an integral protein of the plasma membrane that is responsible for maintaining ionic
balance in eukaryotes.
Spin-echo EPR is used to study the profiles of the librational motion and water penetration in Na,K-ATPase membranes by using
lipids labelled at selected C-n positions along the acyl chain. The torsional librations in the protein are coupled to librational
fluctuations of the lipid chains and, at the same time, the protein influences the characteristics of the hydrophobic barrier in the
membrane.
Lipid librations at the protein interface have a flat profile, whereas librational fluctuations of the bilayer lipids increase
progressively from C-9 onwards, then levelling off towards the terminal methyl end of the chains. This difference is accounted for
by an increased torsional amplitude at the chain ends in bilayers, whilst the amplitude remains restricted throughout the chain at
the protein interface with a limited lengthening in correlation time. The temperature dependence of chain librations at the protein
interface strongly resembles that of the spin-labelled protein side chains. This suggests that solvent-mediated transitions in the
protein are coupled by fluctuations in the lipid environment.
In native Na,K-ATPase membranes and bilayers of the extracted membrane lipids, the D2O-ESEEM intensities decrease
progressively with position down the fatty acid chain. The profile decreases sharply in the lipid bilayers and is much broader in
membranes. For positions at either end of the chains, the D2O concentrations at the interface are greater than in the lipid bilayer.
In particular, there is a significant water concentration at the membrane mid-plane adjacent to the protein. The polarity and
concentrations of intramembrane water at the lipid interface with integral proteins are higher and the hydrophobic barrier is less
sharp than in the lipid-bilayer regions of biological membranes.

#243 - Structural and functional alterations of connexin 32 channels with a C-terminal truncation causing
Charcot-Marie-Tooth disease.
Mario Bortolozzi - University of Padua, Department of Physics and Astronomy "G.Galilei"
Other Authors: Alessandro Leparulo(1, 2), Andrea Carrer(1), Giulia Crispino(1, 2), Catalin Dacian Ciubotaru(3), Francesco Zonta(2) and Mario
Bortolozzi(1, 2). -1 Venetian Institute of Molecular Medicine, Padua, Italy. -2 University of Padua, Department of Physics and Astronomy “G.
Galilei”, Padua, Italy. -3 CNR Institute of Neurosciences, Padua, Italy.

The X-linked form of Charcot–Marie–Tooth disease (CMT1X) is the second most common form of hereditary motor and sensory
neuropathy, for which there is no cure. Over 400 different mutations associated with CMT1X have been identified in the gene
encoding connexin 32 (Cx32), atetraspan membrane protein which forms hemichannelsand reflexive junctional channels in the
Schwann cell myelin sheath, providing critical, fast radial pathways for the passage of ions and signaling molecules. A key feature
that has emerged from the huge number of studies on normal (wild-type, WT) and mutated Cx32 expression and functionhas been
the identification of so-called functional mutations, which retain the basic capacity to ensure electrical coupling but display still
unknown abnormalities causing CMT1X.
In this study we performed experiments in Cx32-transfected HeLa cells to determine whether a functional channel with C-terminal
truncation (R220stop) could indeed present with abnormal expression, permeability or gating properties. Interestingly, mutant
2+
hemichannels exhibited altered conductance sub-states and abnormal openings during cell depolarization or cytosolic Ca
increase. Our Cx32 hemichannel model, the first based on molecular dynamics simulations and derived by homology modelling
from the recent Cx26 crystallographic structure of Maeda et al. (Nature, 2009), suggests that lack of the C-terminal can alter the
gating properties of the channel by increasing the mobility of the entire cytoplasmic region. Immunofluorescence analysis
combined with electrophysiology experiments highlighted also defective formation of Cx32-R220stop junctional plaques (gap
junctions, GJ), by a 2.5 fold reduction of the GJ area in respect to WT, due to presumed impaired trafficking of the mutant protein.
+
By contrast, FRET experiments combined with dual patch-clamp revealed that the single GJ channel permeability to ions (K ),
second messengers (cAMP) and larger exogenous solutes (lucifer yellow) is similar in the WT and R220stop.
Altogether, these results clarify the physiological function of Cx32 C-terminal domain and provide a mechanistic explanation for
CMT1X pathogenesis, as defectivehemichannel opening or plaque formation may damage the cell through perturbation of ionic
gradients and metabolite exchange between the Schwann cell and its axon.
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#244 - Dense active nematics
Julia Yeomans (I) - University of Oxford
Active systems, such as bacterial suspensions and the cytoskeleton, driven by molecular motors, provide their own energy and
hence operate out of thermodynamic equilibrium. Continuum models describing active systems are closely related to those
describing liquid crystal hydrodynamics, together with an additional ‘active’ stress term. I shall discuss recent results from
simulations of dense active nematics and discuss their applicability to cell motility and cell division.

#245 - Hydrodynamic trapping of swimming bacteria by convex walls
Roberto Di Leonardo (I) - CNR-NANOTEC & Dip. Fisica Sapienza
Swimming bacteria display a remarkable tendency to move along flat surfaces for prolonged times. This behavior may have a
biological importance, but can also be exploited using microfabricated structures to manipulate bacteria. The main physical
mechanism behind the surface entrapment of swimming bacteria is however still an open question. By studying the swimming
motion of Escherichia coli cells near microfabricated pillars of variable size, we show that cell entrapment is also present for convex
walls of sufficiently low curvature. Entrapment is however markedly reduced below a characteristic radius. Using a simple
hydrodynamic model, we predict that trapped cells swim at a finite angle with the wall and that a precise relation exists between
the swimming angle at a flat wall and the critical radius of curvature for entrapment. Both predictions are quantitatively verified by
experimental data. Our results demonstrate that the main mechanism for wall entrapment is hydrodynamic in nature, and show
the possibility of inhibiting cell adhesion, and thus biofilm formation, using convex features of appropriate curvature.

#246 - Phase separation and coarsening in an active dumbbell system
Giuseppe Gonnella (I) - Università di Bari
Active matter refers to systems driven out of equilibrium by internal or
external energy sources continuously transformed into movement or work on the enviroment.
systems are characterized by many peculiar properties not present in their passive counterparts,
like clustering, anomalous diffusion, giant fluctuations, unexpected rheological properties.

Active matter

Here, we will shortly review the results obtained from the study of a two-dimensional system of active dumbbells, introduced as a
paradigmatic example of a system of non symmetrical brownian particles with self-propulsion.
Each dumbbell is composed by two colloids kept together
by a rigid spring, with an excluded volume interaction modeled through a Weeks-Chandler-Anderson (WCA) potential.
They are immersed in an implicit solvent modeled by the
Langevin equation. The activity or self-propulsion is modeled by a constant force acting on the principal direction
of the dumbbell. This model wants to be a coarse-grained characterization of the behavior of simple bacteria
and tries to study them from a statistical point of view. Hydrodynamic interactions are ignored.
As in a fluid of spherical swimmers, we find that activity triggers a nonequilibrium phase separation if the
density exceeds a critical threshold and if the Peclet number is high enough. We study the kinetics of the aggregates of dumbbells
in the phase separated region. The clusters spontaneously break chiral symmetry and rotate; they also display a nematic ordering
with spiral patterns. We can also determine the growth law for the size of these clusters.

#247 - Polymer dynamics in viscoelastic, active baths
Carlo Vanderzande - Hasselt University
Other Authors: Hans Vandebroek, Hasselt University

We study the dynamics of an ideal polymer chain in viscoelastic materials and in the presence of active forces. We determine the
motion of the centre of mass and of individual monomers. We find that on time scales that are comparable to the persistence time
of the active forces, monomers can move superdiffusively while on larger time scales subdiffusive behaviour occurs. We quantify
the difference between this subdiffusion and that in absence of active forces. We show that the the polymer swells in response to
active processes and determine how this swelling depends on the viscoelastic properties of the environment. We compare our
results to recent experiments on the motion of chromosomal loci in bacteria.

#248 - Boundary information inflow enhances correlation in flocking systems
Francesco Ginelli - University of Aberdeen
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It is an obvious statement that many biological systems do not operate in isolation, but constantly
interact with a complex external environment. In this talk we address the specific example of a flock
interacting with a dynamic external environment. Environmental perturbations directly affect the flock
boundary, and are then transferred to the bulk via local interactions (social forces).
By means of numerical simulations and theoretical calculations, we show that this information inflow
triggers long-range spin-wave modes, thus giving rise to anomalously long-ranged correlations
in velocity fluctuations.
This results is compared with experimental data in 3D starlings flocks, showing that the velocity fluctuations
correlation function is not only scale-free -- as expected in any system spontaneously breaking a continuous
symmetry -- but also very slow decaying. In fact, the exponent ruling the decay of the velocity correlation function,
g
C(r) ~ r , is found to be vanishing in both the boundary-perturbed model and the experimental data.

#249 - Spatial Confinement of Bacterial Solutions
Paolo Sartori - CNISM and University of Padova, Dept. Physics and Astronomy "G. Galilei"
Other Authors: Gaurav Jayaswal (CNISM and University of Padova, Dept. Physics and Astronomy “G.Galilei”), Enrico Chiarello (CNISM and
University of Padova, Dept. Physics and Astronomy “G.Galilei”), Matteo Pierno (CNISM and University of Padova, Dept. Physics and Astronomy
“G.Galilei”), Giampaolo Mistura (CNISM and University of Padova, Dept. Physics and Astronomy “G.Galilei”), Enzo Orlandini (University of
Padova, Dept. Physics and Astronomy “G.Galilei” and INFN), Paola Brun (University of Padova, Dept. Molecular Medicine)

A systematic investigation of the spatial distribution of two different types of bacteria, E. Coli and P. Aeruginosa, confined between
two flat walls having a separation of tens of microns was carried out by counting motile bacteria at different distances from the
bottom wall [1]. A custom tracking software was developed in order to distinguish swimming bacteria from passive ones. In
agreement with previous studies [2], an enhancement of the density of motile bacteria close to the walls was observed. Different
concentrations of bacteria in suspension and different wall separations, ranging from 100 um to 250 um, were tested. The same
systems were also studied by means of numerical simulations, using a collection of self-propelled rod-like particles interacting only
through steric interactions. Numerical results are in agreement with the experimental profiles suggesting that steric interactions
are sufficient to produce the density enhancement effect.
[1] P. Sartori et al., in preparation.
[2] A. P. Berke, L. Turner, H. C. Berg, E. Lauga, Phys. Rev. Lett. 101, 038102 (2008).

#250 - Freezing of Hard Colloidal Cubes
Carina Karner - University of Vienna
Other Authors: Christoph Dellago, University of Vienna

Nucleation of Hard Colloidal Cubes
Carina Karner and Christoph Dellago
Abstract
Currently, research on hard anisotropic colloids is receiving a lot of attention from various experimental and theoretical groups in
the soft matter community, partly due to the availability of new fabrication techniques making it possible to produce colloidal
particles with various anisotropic shapes or interactions [1]. Recent results obtained from computer simulations and theory
indicate that many three dimensional hard anisotropic particles of polyhedral shape exhibit a first order phase transition from an
unordered fluid to an ordered crystal. Hard colloidal cubes belong to this class of particles and have recently been studied
numerically [2] as well as experimentally [3].
Unlike isotropic particles, cubic particles have to assume not only positional but also orientational order as they crystallize.
Therefore the natural question to ask is how the interplay of orientatioanl and translational degrees of freedom influences the
course of the transition.
In order to gain insight into the dynamics of the freezing transition, we employed kinetic Monte Carlo in combination with rare
event sampling methods. Using free energy and nucleation rate calculations, we show that even at low over-pressuring, cubic
colloids transition extremely fast from the metastable liquid to the cubic crystal. Our findings provide further evidence that hard
colloidal cubes assume first orientational order, whereas translational cubic order only emerges in sufficiently large clusters of
orientational order.
Despite its simplicity, the hard cube system clearly exhibits an intricate pathway to nucleation, suggesting that other anisotropic
particle systems might show similarly complex kinetic behaviour.
[1] S. Sacanna, D. J. Pine, Current Opinion in Colloid & Interface Science, 16(2), 96–105 (2011).
[2] F. Smallenburg, L. Filion, M. Marechal, M. Dijkstra, Proceedings of the National Academy of Sciences, 109(44), 17886–17890
(2012).
[3] L. Rossi, S. Sacanna, W.T.M. Irvine, P.M. Chaikin, D.J. Pine, A.P. Philipse, Soft Matter, 7, 4139-4142 (2011).
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#251 - Active Model H: Scalar Active Matter in a Momentum-Conserving Fluid
Adriano Tiribocchi - Department of Physics and Astronomy, University of Padua
Other Authors: Raphael Wittkowski (Institut für Theoretische Physik II, Heinrich-Heine-Universität Düsseldorf, D-40225 Düsseldorf, Germany ),
Davide Marenduzzo (SUPA, School of Physics and Astronomy, University of Edinburgh, Edinburgh EH9 3FD, United Kingdom), Michael E. Cates
(SUPA, School of Physics and Astronomy, University of Edinburgh, Edinburgh EH9 3FD, United Kingdom)

Recent theories predict phase separation among orientationally disordered active particles whose propulsion speed decreases
rapidly enough with density. Coarse-grained models of this process show time-reversal symmetry (detailed balance) to be restored
for uniform states, but broken by gradient terms; hence detailed-balance violation is strongly coupled to interfacial phenomena. To
explore the subtle generic physics resulting from such coupling we introduce a phase-field model that minimally violates detailed
balance via a leading-order square-gradient term and in which a scalar concentration field is coupled to a momentum-conserving
solvent. We find that, in the so called “dry” systems (where there is no momentum conservation, such as in contact with a
momentum-absorbing wall) the additional detailed-balance violation term has modest effects on coarsening dynamics, but alters
the static phase diagram by creating a jump in (thermodynamic) pressure across flat interfaces. On the other hand, in “wet”
systems (where momentum is conserved) activity creates a contribution to the deviatoric stress that causes a negative interfacial
for contractile swimmers. We predict that domain growth ceases at a length scale where diffusive coarsening is balanced by active
stretching of interfaces, and confirm this numerically.

134

Light Manipulation

30 Sept

#252 - Quantum walk of twisted photons
Lorenzo Marrucci (I) - Università di Napoli Federico II
The angular momentum of a light beam in the paraxial limit can be split into spin and orbital components (SAM and OAM). Usually
these components are independent of each other (in the paraxial limit), but a spin-orbit coupling can be obtained by means of
suitable optical devices named q-plates. A q-plate is based on a space-variant birefringent medium, typically a liquid crystal, whose
optic axis is azimuthally patterned in the transverse plane with a topological singularity of integer or semi-integer charge q at the
center. A number of applications of these devices have been demonstrated in classical photonics and in quantum optics during the
last few years.
In this talk, I will show how a sequence of q-plates combined with polarization optics can be used to carry out quantum-walk
simulations in the OAM space of photons. Based on this idea, a new platform to carry out quantum simulations with photons
travelling in a single free-space beam, without spatial interferometers, has been demonstrated [1]. This new platform allows one to
study novel aspects of the quantum walk phenomena that are not so easily accessible with other approaches, including the system
underlying band structure and the dynamics of delocalized quantum states [1].
[1] F. Cardano, F. Massa, H. Qassim, E. Karimi, S. Slussarenko, D. Paparo, C. de Lisio, F. Sciarrino, E. Santamato, R. W. Boyd, L.
Marrucci, Science Advances 1, e1500087 (2015).

#253 - Manipulating and Measuring Light at the Nanoscale
Peter Banzer (I) - Max Planck Institute for the Science of Light
Other Authors: Gerd Leuchs (Max Planck Institute for the Science of Light)

Light can exhibit a very complex spatial structure. For instance when light gets highly confined or focused to dimensions on the
order of the wavelength, the polarization, phase and intensity distributions may form three-dimensional field landscapes. Tailoring
or manipulating the spatial structure of light at the nanoscale paves the way for an incredibly wide range of applications in the
fields of super-resolution imaging and microscopy, nano-optics, plasmonics, quantum optics and material processing. In addition,
highly confined light fields may also feature intriguing novel properties, such as counter-intuitive topologies, hidden in the complex
field. However, measuring the fully vectorial distribution of the electromagnetic field of light at the nanoscale, including the
amplitude and phase distributions of individual field components, is a sophisticated task. Available methods require complex nearfield measurement systems and calibration techniques, or they lack the capability of measuring the full field information. Recently,
we have introduced a nanointerferometric method, which is based on coherent nano-probing. This very versatile particle-based
experimental approach in combination with a theoretical algorithm allows for the measurement of electric field distributions with
nanometer spatial resolution. Furthermore, it enables both the characterization of optical systems as well as highly confined fields
used as tools in the above-mentioned fields of research and the experimental study of novel electromagnetic phenomena hidden in
complexly tailored light fields. Also the experimental study of purely evanescent nanoscale fields is possible with a recent extension
of the theoretical algorithm. In this presentation, we want to introduce the basic concept of the aforementioned method and
highlight recent experiments on the manipulation of light at the nanoscale.

#254 - Manipulating CV quantum correlation by tailoring the environment noise
Alberto Porzio (I) - CNR - SPIN Napoli
Other Authors: Daniela Buono (Dipartimento di Ingegneria Industriale, Univ. di Salerno), Gaetano Nocerino (Trenitalia spa, DPR Campania,
Ufficio di Ingegneria della Manutenzione, IMC Campi Flegrei, Napoli, Italy), Fabrizio Illuminati (CNSIM, INFN and Dipartimento di Ingegneria
Industriale, Univ. di Salerno)

The amount of quantum correlations owned by a pure quantum state is uniquely determined by the entanglement measure.
Contrarily, for mixed quantum states, there is no a unique measure able to spill-out the correlation content of a bipartite
unseparable state.
Quantum Discord, a class of geometric measures, is able to distil quantum from classical-like correlations. In particular, the
Gaussian discord of response is related to the error probability of a quantum reading protocol [1].
In this contribution we show experimentally how the presence of noisy environment can enhance the quantum correlations
strength in a bipartite continuous variable unseparable state. In particular we investigated the behaviour of a squeezed state by
looking at its evolution in a Gaussian lossy channel where the lossy transmission mirrors the addition of thermal photon in the state
generation Hamiltonian.
[1] W. Roga, D. Buono, and F. Illuminati, New J. Phys. 17, 013031 (2015)

#255 - GLASS-BASED 1-D DIELECTRIC MICROCAVITIES
Alessandro Chiasera - IFN - CNR CSMFO Lab.
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Other Authors: Alessandro Chiasera IFN - CNR CSMFO Lab. & FBK CMM, Francesco Scotognella Politecnico di Milano, Dipartimento di Fisica
and IFN-CNR & Center for Nano Science and Technology@PoliMi, Istituto Italiano di Tecnologia, Sreeramulu Valligatla IFN - CNR CSMFO Lab.
& FBK CMM & Dipartimento di Fisica, Università di Trento & School of Physics, University of Hyderabad, Stefano Varas IFN - CNR CSMFO Lab.
& FBK CMM, Jacek Jasieniak CSIRO Manufacturing Flagship, Ian Wark Laboratory, Luigino Criante Center for Nano Science and
Technology@PoliMi, Istituto Italiano di Tecnologia, Rogeria Rocha Gonçalves Departamento de Química, Universidade de São Paulo, Anna
Lukowiak Institute of Low Temperature and Structure Research, Poland, Davor Ristic Ru đer Bošković Institute, Division of Materials Physics,
Laboratory for Molecular Physics & Center of Excellence for Advanced Materials and Sensing Devices, Research unit New Functional Materials,
Stefano Taccheo College of Engineering, Swansea University, Mile Ivanda Ru đer Bošković Institute, Division of Materials Physics, Laboratory for
Molecular Physics & Center of Excellence for Advanced Materials and Sensing Devices, Research unit New Functional Materials, Giancarlo C.
Righini Centro di Studi e Ricerche Enrico & IFAC - CNR, MiPLab, Roberta Ramponi Politecnico di Milano, Dipartimento di Fisica and IFN-CNR,
Alessandro Martucci Dipartimento di Ingegneria Industriale, Università di Padova, Maurizio Ferrari IFN - CNR CSMFO Lab. & FBK CMM &
Centro di Studi e Ricerche Enrico Fermi,

The development of optically confined structure is a major topic in both basic and applied physics including information
engineering, biological and medical sciences, sensing. One-dimensional photonic crystals have been widely investigated and still
remain an outstanding tool for new photonics, being the simplest system to exhibit a so-called photonic bandgap and therefore
one of the easiest to handle in order to obtain tailored optical devices. RF sputtering techniques has demonstrated to be a viable
technique for fabrication of 1D-photonic crystals allowing management and manipulation of the spectroscopic properties of optical
and spectroscopic properties [1,2]. Here we will present recent results obtained by our consortium regarding: (i) 1D photonic
3+
4
4
crystals allowing Er luminescence enhancement concerning the I13/2- I15/2transition; (ii) disordered 1D photonic structures that
are very interesting for the modelization and realization of broad band filters and light harvesting devices; (iii) 1D microcavities,
activated by a layer based on poly-laurylmethacrylate matrix containing CdSe@Cd0.5Zn0.5S quantum dots, leading to coherent
emission.
[1] A. Chiasera, J. Jasieniak, S. Normani, S.Valligatla,A. Lukowiak, S.Taccheo, D.N. Rao, G.C.Righini, M. Marciniak,A.Martucci, M.
Ferrari, Ceramics International41(2015)7429-7433.
[2] F. Scotognellaa, A. Chiasera, L. Criante, S. Varas, I. Kriegel, M. Bellingeri, G.C. Righini, R. Ramponi, M. Ferrari, Proc. of SPIE 9364
(2015) 93640Y-1/8.
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The research activity was performed in the framework of COST Action MP1401 Advanced fibre laser and coherent source as tools
for society, manufacturing and lifescience (2014-2018), the CNR-PAS joint project Nanostructured systems in opal configuration for
the development of photonic devices (2014-2016) and the MaDEleNA PAT project. R.R. Gonçalves and M. Ferrari acknowledge
Brazilian Scientific Mobility Program "Ciências sem Fronteiras".

#256 - Optically Controlled Elastic Microcavities
Sara Nocentini - LENS- European Laboratory for Non-Linear Spectroscopy
Other Authors: A. Flatae (Institute of Applied Physics, KIT, Karlsruhe, Germany), M. Burresi (LENS, University of Florence, Italy), H. Zeng (LENS,
University of Florence, Italy), S. Wiegele (Institute of Applied Physics, KIT, Karlsruhe, Germany), C. Parmeggiani (LENS, University of Florence,
Italy), H. Kalt (Institute of Applied Physics, KIT, Karlsruhe, Germany) and D. S. Wiersma (LENS, University of Florence, Italy)

Polymeric micro-photonic structures are particularly attractive for their high quality, low cost and versatility in integrated photonics
devices. A reversible and stable tuning of the optical properties provides a higher level of functionality. We present the photoinduced tuning of a whispering gallery mode (WGM) microlaser obtained by employing a liquid crystal elastomers (LCE) actuator.
Taking full advantage of the mechanical properties of this material, we demonstrate the possibility to opto-mechanically tune
different polymeric integrated devices.
Polymeric microgoblet resonators [1], doped with a laser dye, are processed on a silicon substrate by electron beam lithography.
Opto-mechanical control of the lasing frequency of the structure is obtained with a LCE microcylinder positioned in the center of
the PMMA cavity. The cylinders are fabricated employing direct laser writing (DLW) on a LCE mixture kept in the nematic phase [2]
with the uniaxial alignment parallel to the symmetric axis of the cylinder. The WGM resonator was pumped with a nanosecond
pulsed laser at 532 nm with 1 kHz repetition rate, so that the lasing modes of the resonator can be excited and the LCE cylinder can
be heated up exploiting the absorption of the thermal effect dye present in the LCE mixture. Once the LCE temperature overcomes
the transition temperature, a phase transition from nematic to isotropic state is induced. As a result the molecules become
disordered yielding an in-plane isotropic expansion of the microcylinder, which in turn expands the goblet changing its resonance
wavelength. We report a continuous reversible resonance shift up to 2 nm of the lasing modes by varying the laser pump power
[3].
Exploiting the 3D high resolution of the DLW lithographic technique, engineered LCE structures have been integrated in 3D
polymeric micro-circuits constituted by WGM resonators coupled to single mode waveguides to achieve the optical dynamic tuning
of their photonic properties.

[1] T. Grossmann, M. Hauser, T. Beck, C. Gohn-Kreuz, M. Karl, H. Kalt, C. Vannahme, and T. Mappes, Appl. Phys. Lett. 96, 013303
(2010).
[2] H. Zeng, D. Martella, P. Wasylczyk, G. Cerretti, J. C. G. Lavocat, C. H. Ho, and D. S. Wiersma, Adv. Mat. 26, 2319 (2014).
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[3] A. M. Flatae, M. Burresi, H. Zeng, S. Nocentini, S. Wiegele, C. Parmeggiani, H. Kalt and D. S. Wiersma, Light: Science&Application
4, e282; doi:10.1038/lsa.2015.55

#257 - Laser coherence manipulation: narrow linewidth mid-infrared sources
Simone Borri - CNR-INO Istituto Nazionale di Ottica
The demand of narrow-linewidth, metrological-grade laser sources is common to a variety of applications ranging from highsensitivity spectroscopy to frequency metrology, remote sensing, cold atoms and molecules, communication technology. Here we
summarize our recent achievements in the manipulation of the coherence properties of mid-infrared laser sources, by means of a
variety of methods ranging from optical injection to all-electronic linewidth narrowing techniques (e.g. frequency locking to narrow
resonances or phase locking to stable optical references). Preliminary results and perspectives of laser frequency stabilization to
high-finesse whispering gallery mode microresonators will be discussed.

#258 - Light robot: Laser fabrication of liquid crystalline elastomer for photonic applications
Hao Zeng - LENS - European Laboratory for Non-Linear Spectroscopy
Other Authors: Piotr Wasylczyk (Institute of Experimental Physics, Faculty of Physics, University of Warsaw) Camilla Parmeggiani (European
Laboratory for Non Linear Spectroscopy (LENS), University of Florence,) Daniele Martella (European Laboratory for Non Linear Spectroscopy
(LENS), University of Florence,) Diederik Sybolt Wiersma (European Laboratory for Non Linear Spectroscopy (LENS), University of Florence,)
1,2

Liquid crystalline elastomers (LCEs) have been considered as one of the best candidate for artificial muscles, and have been used
3
in creating bio-mimetic micro-robot. Recently developed Direct Laser Writing (DLW) technique enables to fabricate 3D highresolution LCE structureswhich can be actuated bylight. This new concept allows for the realization of free-form microscopic
4
actuators with multiple functionalities . Applications can be foresee in tunable photonics and light controlled robotics. Here,we
5
introduce the first artificial walker equipted with LCE micro-muscle. The walker ispowered totally by light energy, smaller than any
known living walking species, and capable of random or directional walking, rotating or jumping on different surfaces.These robots
can be considered as a tiny platform to study different physics ruling on microscopic scale, and have the capacity of creating
interactions between light and movement. One can even envision to embed the robots with a tiny piece of photonic structure as a
photonic crystal or random laser.
[1] M. Yamada, et al, Angew. Chem. 2008, 120, 5064.
[2] M. Moua, R. R. Kohlmeyer, J. Chen, Angew. Chem. Int. Ed. 2013, 52, 9234.
[5]H. Zeng, et al. Adv. Mater. 2014, 26, 2319.
[4] H. Zeng, et al. Appl. Phys. Lett. 2015, 106, 111902.
[5] H. Zeng, et al. Adv. Matt. 2015, 27, 3883.
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#259 - GENERATION OF “STRONG SHOCKS” FOR THE SHOCK IGNITION APPROACH TO ICF
Dimitri Batani (I) - CELIA / Univesrité de Bordeaux
Other Authors: D. Batani1, L. Antonelli1,2, G. Boutoux1, A. Colaitis1, E. Le Bel1, Y.Maheut1, T. Nguyen-bui1, Ph. Nicolai1, D. Raffestin1, X.
Rybeire1 K. Jakubowska1 S. Atzeni2, A. Marocchino2, A. Schiavi2, S. Baton3, M. Koenig3, C. Rousseaux4, S. Brigoo4, J. Badziak5, T. Pisarczyk5, Z.
Kalinowska5, T. Chodukowski5, M. Rosinski5, G. Cristoforetti6, L.A. Gizzi6, P. Köster6, E. Krousky7, O. Renner7, M. Smid7 K. SHigemori8, A.
Morace8, H. Nishimura8 1CELIA, University of Bordeaux, Talence, France 2University of Roma «La Sapienza», Italy 3LULI, Ecole
Polytechnique, Palaiseau, France 4CEA, Bruyères-le-Châtel, France 5Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland, 6Intense
Laser Irradiation Laboratory, INO-CNR, Pisa, Italy, 7Institute of Physics, Prague, Czech Republic, 8ILE, University of Osaka, Japan

The contribution describes the results obtained in experiments performed on the “Shock Ignition” approach to ICF at the LULI and
LIL (France), PALS (Czech Republic) and GEKKO (Japan) laser facilities, aimed at study the process of shock generation and the
16
2
physics of laser-plasma interaction at intensities up to 10 W/cm . In all experiments we used different laser beams or pulse
shaping first to produce a pre-plasma and second to launch a strong shock.
The first goal of the experiments was to study the shock created at 1ω and at 3ω in order to demonstrate the generation of very
large shock pressures. The second goal was to study the backscattering of light. We recorded spectra and measured the total
reflected energy. The third goal was to study the production of supra-thermal electrons in order to investigate their possible
contribution to the generation of the shock wave.
We measured the shock breakout time at the backside of the target with SOP and VISAR diagnostics, the back scattered light (SBS
and SRS reflected energy), the plasma extension with interferometry, plasma temperature with X-ray spectroscopy, and the hot
electrons with an X-ray imager.
At LULI and LIL we also studied shock dynamics in planar plastic targets as compared to “hemispherical” targets, The bigger laser
energy and longer pulse duration available at LIL allowed to extend the study in conditions which are closer to a real ICF scenario
(LIL is the prototype laser chain for LMJ).
Finally at LULI and GEKKO we used X-ray radiography as a diagnostics of shock dynamics. The shock front was studied at different
times by changing the temporal delay between the beam producing the shock and a ps-backlighing beam producing a Kasource.
In all cases, we compared the results with CHIC 2D simulations in order to infer the maximum pressure inside the target.

#260 - Kinetic treatment of collisionless plasmas in non-symmetric configurations
Claudio Cremaschini (I) - Silesian University in Opava
Other Authors: Massimo Tessarotto (Institute of Physics, Faculty of Philosophy and Science, Silesian University in Opava, Bezru čovo nám.13, CZ74601 Opava, Czech Republic; Department of Mathematics and Geosciences, University of Trieste, Via Valerio 12, 34127 Trieste, Italy), Zden ěk
Stuchlík (Institute of Physics, Faculty of Philosophy and Science, Silesian University in Opava, Bezru čovo nám.13, CZ-74601 Opava, Czech
Republic)

The talk deals with the Vlasov-Maxwell theory recently established for the kinetic description of non-symmetric equilibria in
collisionless magnetized astrophysical plasmas. The non-relativistic regime is treated first. Two different configurations are
considered, respectively the case of spatially non-symmetric kinetic equilibria and the case of equilibria which do not exhibit a
functional dependence on the single-particle energy (energy-independent equilibria). Solutions for the equilibrium kinetic
distribution functions are explicitly constructed and expressed by generalized Gaussian distributions which depend on the relevant
set of single-particle adiabatic invariants. In this reference, the role of the magnetic moment conservation predicted by gyrokinetic
theory is discussed. Qualitative properties of these solutions are investigated, including the calculation of fluid fields and the
investigation of the constraints posed by the Maxwell equations. Both the configurations are shown to exhibit a kinetic dynamo,
whereby the equilibrium magnetic field can be self-generated by the equilibrium plasma currents. As a notable feature, energyindependent equilibria are proved to be generally non-neutral and characterized by the absence of the Debye screening effect,
while admitting absolute stability criteria with respect to axisymmetric electromagnetic perturbations. Finally, the covariant
formulation of the theory appropriate for the treatment of relativistic astrophysical plasmas in curved space-time is illustrated.

#261 - Magnetic islands in the high plasma density regime on FTU
Gianluca Pucella (I) - ENEA, C.R. Frascati
Other Authors: Paolo Buratti (ENEA Frascati), E. Giovannozzi (ENEA Frascati), M. Marinucci (ENEA Frascati), O. Tudisco (ENEA Frascati)

In tokamak fusion devices it is of great interest to operate at high plasma density, that is observed to be limited by the appearance
of catastrophic events causing of plasma disruption [1]. The process usually considered to be the cause of the tokamak density limit
is a radiation instability occurring when the radiation loss near the edge region overcomes the heat flux emerging from the core.
This produces a contraction of the temperature profile, and accordingly a shrinkage of the current profile. As a result of the current
profile change, a global MHD mode, such as the tearing mode, is driven unstable, leading to the density limit disruption. Dedicated
density limit experiments were performed on the Frascati Tokamak Upgrade (FTU), exploring the high density domain in a wide
range of values of plasma current and toroidal magnetic field [2, 3]. The development of large-amplitude tearing modes in
proximity of the density limit on FTU shows a complex behaviour that can be outlined in three stages during the density ramp-up.
First stage: the magnetic island grows smoothly at constant rotation frequency. Second stage: amplitude and frequency feature
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large cycles of oscillations, with peak amplitude increasing progressively across cycles; in particular, the amplitude and frequency
oscillations show a well defined phase portrait, determining a so called “limit cycle” on the amplitude/frequency plane [4]. Third
stage: the island grows quickly to large amplitude and locks; this stage generally ends in a disruption. The main results of the
performed experiments will be summarized. [1] M. Greenwald, Plasma Phys. Control. Fusion 44, R27-R80 (2002) [2] G. Pucella, O.
Tudisco, et al., Nucl. Fusion 53, 083002 (2013) [3] G. Pucella, et al., Proc. 40th EPS Conf. on Plasma Phys., P5.139 (2013) [4] G.
Pucella, et al., Proc. 42nd EPS Conf. on Plasma Phys., P4.112 (2015)

#262 - Radiation transport effects on the electron energy distribution function under high speed flows for
aerospace and astrophysical applications
Giuliano D'Ammando - CNR
Other Authors: Gianpiero Colonna Lucia Daniela Pietanza Annarita Laricchiuta Mario Capitelli

Radiation transport effects on the electron energy distribution function under high speed flows for aerospace and astrophysical
applications
1,2
1
1
1,2
G. D’Ammando , G. Colonna , L. D. Pietanza , A Laricchiuta and M. Capitelli
1
CNR, Via Amendola 144/D, 70126 Bari, Italy
2
Dipartimento di Chimica, Universitá degli studi di Bari, Via Orabona 4, 70125 Bari, Italy
A state-to-state (STS) kinetic model, coupling the master equations for internal distributions of heavy species with the Boltzmann
equation for the free electrons and the radiative transfer equation (RTE) has been developped. Local plasma emissivity and
absorption coefficient are calculated using an accurate model [1] taking into account bound-bound, bound-free and free-free
transitions. Solution of the RTE is performed to determine self-consistent values for the rate coefficients of photoinduced
atomictransitions and photoionization [2]. Rate coefficients of electron-impact processes are self-consistently calculated integrating
the local non-equilibrium electron energy distribution function over the relevant cross section [3]. A detailed collisional-radiative
+
+
+
−
model (CMR) of a H2, H2 , H, H , He, He and e plasma, including the most significant radiative, electron impact and heavy particle
impact elementary processes, is applied to study the structure of a steady radiative shock created at the impact of an hypersonic
vehicle (v=20−50 km/s) with high-temperature Jupiter’s atmosphere. The supersonic expansion of the plasma in an high enthalpy
flow is also investigated, showing that the radiation model has a strong impact on the evolution of the distributions and internal
temperatures generating large structures in the electron energy distribution functions [4,5]. Preliminary results concerning the
application of this model to low density conditions of relevance in astrophysical shocked flows [6] are also reported.
References
[1] G. D’Ammando, L.D. Pietanza, G. Colonna, S. Longo and M. Capitelli, Spectrochim. Acta B 65, 120-129 (2010)
[2] G. Colonna, L.D. Pietanza and G. D’Ammando, Chem. Phys. 398, 37-45 (2012)
[3] G. Colonna, L.D. Pietanza and M. Capitelli, Spectrochimica Acta Part B 56, 587-598 (2001)
[4] G. D'Ammando, M. Capitelli, F. Esposito et al., Physics of Plasmas 21, 093508 (2014)
[5] G. Colonna, G. D'Ammando, L. D. Pietanza and M. Capitelli, Plasma Phys. Controll. Fusion, In press, (2015)
[6] Yu. A. Fadeyev and D. Gillet, Astronom. Astrophys. 354, 349-364 (2000)

#263 - 3D evolution of an externally injected electron beam in a plasma in the presence of a plasma wake field
driven by an ultra-short electron bunch: hollow formation and stability analysis
Fatema Tanjia - Università di Napoli Federico II and INFN Sezione di Napoli
Other Authors: Renato Fedele (Università di Napoli Federico II, Napoli, Italy and INFN Sezione di Napoli), Sergio De Nicola(CNR-SPIN, Napoli
and INFN Sezione di Napoli), Dusan Jovanovic (Institute of Physics, University of Belgrade, Belgrade, Serbia), Tahmina Akhter (Università di
Napoli Federico II, Napoli, Italy and INFN Sezione di Napoli)

A 3D evolution of an electron beam, externally injected in a plasma in the presence of a plasma wake field, is carried out. The wake
is driven by an ultra-short relativistic axially-symmetric femtosecond electron bunch. Within the thermal wave model description,
the spatiotemporal evolution of the beam is governed by a Schrodinger-like equation which accounts for both the plasma wake
potential driven by the electron bunch and the self-interaction. The plasma wake potential driven by the bunch obeys to a Poissonlike equation which takes suitably into account the interplay between the sharpness and high energy of the bunch. It is shown that
a channel through the beam is formed longitudinally. This seems to be a final stage of the 3D evolution of the beam which involves
the appearance of small filaments and bubbles around the longitudinal axis. The bubbles coalesce forming a relatively stable axiallysymmetric hollow beam structure.

#264 - Macroscopic dynamics, topology and transport barrier formation in Reversed Field Pinch plasmas
Marco Veranda - Consorzio RFX
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Other Authors: M. Veranda (Consorzio RFX (CNR, ENEA, INFN, Università di Padova, Acciaierie Venete SpA) Corso Stati Uniti 4, 35127 Padova,
Italy), D. Bonfiglio (Consorzio RFX (CNR, ENEA, INFN, Università di Padova, Acciaierie Venete SpA) Corso Stati Uniti 4, 35127 Padova, Italy Istituto Gas Ionizzati - Consiglio Nazionale delle Ricerche), S. Cappello (Consorzio RFX (CNR, ENEA, INFN, Università di Padova, Acciaierie
Venete SpA) Corso Stati Uniti 4, 35127 Padova, Italy - Istituto Gas Ionizzati - Consiglio Nazionale delle Ricerche), L. Chacòn (Los Alamos National
Laboratory, Los Alamos, New Mexico 87545, USA), D. F. Escande (Aix-Marseille Université, CNRS, PIIM, UMR 7345, 13013 Marseille, France), P.
Franz (Consorzio RFX (CNR, ENEA, INFN, Università di Padova, Acciaierie Venete SpA) Corso Stati Uniti 4, 35127 Padova, Italy), M. Gobbin
(Consorzio RFX (CNR, ENEA, INFN, Università di Padova, Acciaierie Venete SpA) Corso Stati Uniti 4, 35127 Padova, Italy - Istituto Gas Ionizzati Consiglio Nazionale delle Ricerche), M. E. Puiatti (Consorzio RFX (CNR, ENEA, INFN, Università di Padova, Acciaierie Venete SpA) Corso Stati
Uniti 4, 35127 Padova, Italy - Istituto Gas Ionizzati - Consiglio Nazionale delle Ricerche), the RFX team

The reversed-field pinch configuration for the magnetic confinement of fusion plasmas is characterized by the emergence of selforganized quasi-helical states found both in magnetohydrodynamics (MHD) simulations and in high current RFP experiments.
Numerical modeling can reproduce with high fidelity the MHD dynamics of high current RFP experiments, which are characterized
by the formation of helical states, quasi-periodically relaxed to 3D states by strong reconnection events [1]. Seed helical
perturbations at the magnetic boundary are expected to direct the plasma towards alternative helical states and first experimental
tests have indeed confirmed this capability. Of particular interest is the possibility to stimulate non-resonant helical states, which
feature better topological properties [2, 3]. Simulation results and first experimental evidence of alternative helical states
formation in RFX-mod will be presented, together with a discussion of the different magnetic topology properties and their impact
on transport barrier formation [4].
[1] Bonfiglio et. al. “Experimental-like Helical Self-Organization in Reversed-Field Pinch Modeling”, PRL 111, 085002 (2013)
[2] Veranda et. al. “Impact of helical boundary conditions on nonlinear 3D magnetohydrodynamic simulations of reversed-field
pinch”, PPCF 55 074015 (2013)
[3] Veranda et. al. in preparation
[4] Rubino et. al. “Detection of magnetic barriers in a chaotic domain: first application of Finite Time Lyapunov Exponent method to
a magnetic confinement configuration”, PPCF 57 085004 (2015)

#265 - A transport beam-line solution to control optically accelerated proton beams
Francesco Schillaci - INFN-LNS
Other Authors: G.A.P. Cirrone1, F. Romano1, F. Schillaci1, V. Scuderi1,2, A. Amato1, L. Andò 1, A. Attili3, M. Borghesi4, G. Candiano1, L.
Cosentino1, M. Costa1, G. Cuttone1, G. De Luca1, D. Doria4, G. Gallo1, G. Korn2, R. Leanza1,6, M. Maggiore5, R. Manna1, V. Marchese1, D.
Margarone2, A. Maugeri1, G. Milluzzo1,6, A. Musumarra1, L. Pandola1, G. Petringa1,6, S. Pulvirenti1, D. Rifuggiato1, D. Rizzo1, S. Salamone1, M.
Sedita1, A. Seminara1, A. Tramontana1,6, B.Trovato1, C.Viglianisi1 1 Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud, Via Santa
Sofia 62, Catania, Italy 2 Department of Experimental Program at ELI-Beamlines, Institute of Physics of the ASCR, ELI-Beamlines project, Na
Slovance 2, Prague, Czech Republic 3 Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Via P. Giuria 1, Torino, Italy 4 Centre of Plasma
Physics, School of Mathematics and Physics, The Queen’s University of Belfast, United Kindom of Great Britain 5 Istituto Nazionale di Fisica
Nucleare, Laboratori Nazionali di Legnaro, Viale dell’Università 2, Legnaro (Pd), Italy 6 Universita di Catania, Dipartimento di Fisica e
Astronomia, Via S. Sofia 64, Catania, Italy

Laser-target acceleration represents a very promising field for several potential applications, from the nuclear physics to the
medical ones. However, some extreme features, not suitable for multidisciplinary applications, as a poor shot-to-shot
reproducibility and a wide energy and angular distributions, characterize optically accelerated ion beams. Therefore, beyond the
improvements at the laser-target interaction level, a lot of efforts have been recently devoted to the development of specific beam
transport devices in order to obtain controlled and reproducible output beams.
In this framework, a three years contract has been signed between the INFN-LNS (IT) and Eli-Beamlines (CZ) to provide the design
and the realization of a complete transport beam-line, named ELIMED, dedicated to transport, the diagnostics and dosimetry for
laser-driven ion beams. The transport devices will be composed by a set of permanent quadrupoles able to collect, focus and preselect in energy laser driven beams up to 60 MeV/u, and an energy selector system made of conventional resistive magnets. The inair section will consist of ionization chambers, optimized for high dose-rate ion beam and of an innovative Faraday Cup, accurately
designed to optimize the absolute dose measurement of high-pulsed ion beams. In this contribution an overview of the current
status of design and development of the ELIMED beam-line along with a discussion of the adopted solution will be given. Moreover,
some experimental results obtained with both transport and dosimetry prototypes, already realized at the INFN-LNS and tested
both with conventional and laser-driven beams, will be presented.

#266 - Inverse Faraday Effect driven by Radiation Friction
Tatyana Liseykina - University of Rostock/Institut of Physics
Other Authors: Andrea Macchi (CNR, Istituto Nazionale di Ottica, Pisa, Italy)

In the interaction of extremely intense laser pulses with thick targets, as foreseen with next generation lasers such as ELI, radiation
friction effects are expected to convert a major fraction of the laser energy into incoherent radiation. For a circularly polarized laser
pulse, the radiative dissipation allows to absorb electromagnetic angular momentum, which in turn leads to the generation of an
ultrastrong (Gigagauss) magnetic field. Such Inverse Faraday Effect driven by radiation friction in demonstrated and analyzed in
three-dimensional simulations.
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#267 - Magnonic Crystals: controlling spin wave propagation on the nanoscale
Gianluca Gubbiotti (I) - Istituto Officina dei Materiali del CNR (CNR-IOM), Unità di Perugia
Magnonic crystals (MCs) represent a new class of metamaterials with periodically modulated magnetic properties[1,2] where,
similarly to light in photonic crystals,[3]the spin waves (SWs) dispersion is characterized by the presence of allowed magnonic
states and ranges of forbidden frequencies.[4]The latter are related to the appearance of Brillouin Zones, induced by the artificial
periodicity of the pattern geometry. MCs offer better prospects for miniaturization of a new generation of spin logic devices, filters,
and waveguides operating in the GHz frequency range.[5]To this respect, knowledge of the magnonic band structure and of the
physics underpinning the dispersion curves of magnonic modes is of paramount importance for any desired application.[6]In this
presentation, recent results obtained by Brillouin light scattering for the SW band diagram of one and two-dimensional MCs
consisting of arrays of identical elements (stripes and dots),[7,8]and antidot arrays where circular holes are drilled into a
continuous ferromagnetic film,[9,10,11,12] are presented.
This work was partially supported by MIUR-PRIN 2010-11 Project2010ECA8P3 "DyNanoMag".

[1] V. V. Kruglyak et al., J. Phys. D: Appl. Phys. 43, 264001 (2010).
[2] B. Lenk et al., Phys. Rep. 507, 107 (2011)
[3] E. Yablonovitch et al., Phys. Rev. Lett. 63, 1950 (1989).
[4] G. Gubbiotti et al., J. Phys. D: Appl. Phys. 43, 264003 (2010).
[5] G. A. Melkov et al., J. Appl. Phys. 99, 08P513 (2006).
[6] S. Tacchi et al., Phys. Rev. Lett. 107, 127204 (2011).
[7] J. Ding et al., Phys. Rev. Lett. 107, 047205 (2011).
[8] G. Gubbiotti et al., Appl. Phys. Lett. 90, 092503 (2007).
[9] S. Tacchi et al., Phys. Rev. B 86, 014417 (2012).
[10] G. Duerr et al., Appl. Phys. Lett. 99, 202502 (2011).
[11] S.Tacchi et al., Phys. Rev. Lett. 109, 137202 (2012).
[12] S. Tacchi et al Scientific Report 5, 10367 (2015).

#268 - Dynamical properties of 2D ferromagnetic antidot lattices
Perla Malagò - Dipartimento di Fisica e Scienze della Terra and CNISM, Unità di Ferrara, Università di Ferrara
Other Authors: Loris Giovannini (Dipartimento di Fisica e Scienze della Terra and CNISM, Unità di Ferrara, Università di Ferrara), Roberto Zivieri
(Dipartimento di Fisica e Scienze della Terra and CNISM, Unità di Ferrara, Università di Ferrara)

The effects of the ground-state magnetization on the dynamical properties of a two dimensional (2D) magnonic crystals
represented by an array of antidot lattices (ADLs) are theoretically studied. ADLs are composed of circular nanoholes of diameter d
= 200 nm, periodicity a = 610 nm embedded into a CoFeB film having thickness of 41 nm [1]. The analysis of collective modes has
been carried out by means of a micromagnetic method, named Dynamical Matrix Method (DMM). The mode propagation is
studied starting from two different ground state magnetization: a) applying an external magnetic field H along the z-axis and the
Bloch wave vector K parallel to the x-axis, b) placing H along the y-axis and K parallel to the x-axis. The aim of this study is to
describe the dynamic properties in terms of effective quantities and to investigate the influence of the two different ground state
magnetizations on the dispersion relations. From the inspection of spatial profiles of collective modes it is identified, for both the
static magnetization configurations, an effective wavelength commensurable with the periodicity a of the system which is related
to the Bloch wavelength. Correspondingly, it is defined an effective wave vector k linked to the Bloch wave vector. It is found that,
independently of the magnetization ground-state studied, a simple relation between the effective quantities and the Bloch
quantities holds. It is demonstrated that the Bloch rule depending on the Bloch wave vector can be derived from the effective rule
involving the effective wave vector independently of the ground-state magnetization [2,3]. On the other hand, other two
characteristic physical quantities typical of collective modes like the group velocity and the band width strictly depend on the
ground-state magnetization. In particular, the group velocity is higher for in-plane magnetization than for out-plane magnetization,
while the band width behavior is reversed. A discussion of the possible reasons at the basis of the different trend of these physical
quantities is also carried on.
This work was partially supported by MIUR-PRIN 2010-11 Project2010ECA8P3 "DyNanoMag".
[1] P. Malagò, L. Giovannini, and R. Zivieri, “Effective properties of perpendicularly magnetized 2D antidot lattices”, in press
in
Eur. Phys. J. Appl. Metam.
[2] R. Zivieri and L. Giovannini, Metamaterials 6 (2012) e127.
[3] R. Zivieri and L. Giovannini, Photon. Nanostruct: Fundam. Appl. 11 (2013) 191.
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#269 - Ferroelectric control of magnetic anisotropy in CoFeB/BaTiO3 heterostructures with perpendicular
magnetic anisotropy
Lorenzo Baldrati - Dipartimento di Fisica, Politecnico di Milano
Other Authors: Christian Rinaldi (Dipartimento di Fisica, Politecnico di Milano), Marco Asa (Dipartimento di Fisica, Politecnico di Milano), Matteo
Cantoni (Dipartimento di Fisica, Politecnico di Milano), Stefano Bertoli (Dipartimento di Fisica, Politecnico di Milano), Riccardo Bertacco
(Dipartimento di Fisica, Politecnico di Milano)

Electric control of magnetic properties has recently received great attention from both the technological and fundamental points of
view: the electric flipping of the magnetization for instance allows to provide low-power switching in MRAMs.[1] Many efforts of
the community were devoted to the study of multiferroic materials, since they provide a direct interplay between the electric and
magnetic degrees of freedom. Magneto-electric coupling (MEC) in heterostructures made of ferroelectric and ferromagnetic
materials is a promising route towards room-temperature electric-field-controlled memory and logic spintronic devices. We have
already demonstrated the on-off switching of the ferromagnetism in the interfacial Fe layers of the Fe/BaTiO3 (BTO) system, via an
electric field applied across the BTO. [2,3] Here we present the demonstration of room temperature ferroelectric control of
magnetic anisotropy and voltage-assisted magnetization flip in inorganic microcapacitors based on the prototypical CoFeB/BaTiO3
interfacial multiferroic, at TTL compatible values (±4V).[4] Ta(2 nm)/ CoFeB(~1 nm)/ BTO(150 nm)/ La 0.7Sr0.3MnO3(50 nm)
multilayers were grown on SrTiO3 (001) single crystal substrates by Pulsed Laser Deposition and Magnetron Sputtering.
Perpendicular magnetic anisotropy of the CoFeB layer was obtained below a CoFeB thickness of 1.3 nm, after magnetic field
annealing. Microcapacitors (100x70 microns) were patterned on the stack in a top-top configuration by means of optical
lithography and ion beam etching. LSMO serves as a conducting and lattice matching layer while Ta is used for capping and
stabilization of the out-of-plane anisotropy of the CoFeB layer. We performed a complete magnetic and ferroelectric
characterization by Vibrating Sample Magnetometry, micro-Kerr, Positive Up Negative Down and Dynamic Hysteresis Measurement
techniques. We found a magnetic coercive field variation up to 60% versus voltage applied to BTO, and we attributed this variation
to purely electronic effects related to ferroelectric polarization. Noteworthy, we were able to flip the magnetization from
downwards to upwards and vice versa by reversing the voltage polarity across the BTO in a magnetic bias field of ±2.8 mT.
Reversing this uniform low bias field and addressing each pad via voltage pulses, allows to reversibly switch the magnetization of
individual spintronic devices in a chip.
[1] J. Ma et al. Adv. Mater. 23, 1062 (2011). [2] G. Radaelli et al, Nat. Comm. 5, 3404 (2014). [3] G. Radaelli et al, J. App. Phys. 115,
172604 (2014). [4] L. Baldrati et al., manuscript in preparation.

#270 - Asymmetries arise when a ferromagnet meets a heavy metal
Paolo Moras - Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, 34149 Trieste, Italy
Other Authors: Gustav Bihlmayer (Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich and JARA, 52425
Jülich, Germany), Polina Sheverdyaeva (Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, 34149 Trieste, Italy), Sanjoy
Mahatha (Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, 34149 Trieste, Italy), Marco Papagno (Dipartimento di Fisica,
Università della Calabria, 87036 Arcavacata di Rende (Cs), Italy and Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, 34149
Trieste, Italy), Jaime Sánchez-Barriga (Helmholtz-Zentrum Berlin für Materialien und Energie, Elektronenspeicherring BESSY II, Albert-EinsteinStraße 15, 12489 Berlin, Germany), Oliver Rader (Helmholtz-Zentrum Berlin für Materialien und Energie, Elektronenspeicherring BESSY II, AlbertEinstein-Straße 15, 12489 Berlin, Germany), Luka Novinec (Materials Research Laboratory, University of Nova Gorica, Vipavska 13, 5000 Nova
Gorica, Slovenia), Sandra Gardonio (Materials Research Laboratory, University of Nova Gorica, Vipavska 13, 5000 Nova Gorica, Slovenia), Carlo
Carbone (Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, 34149 Trieste, Italy)

We observe asymmetric electron band dispersion in ferromagnetic cobalt films grown on a heavy metal tungsten crystal, in
apparent contrast to electron band behavior in centro-symmetric solids. Theoretical analysis ascribes these effects to the large
exchange and Rashba spin-orbit fields, that characterize the two materials and combine at their interface. The recent discovery
ofcurrent-induced magnetization reversal inferromagnetic/heavy metal bilayers represents one of the most promising novelties in
the field of spintronics. The mechanism beneath this phenomenon is currently under debate. In the present work we examine the
fundamental interactions that define the electronic structure of ferromagnetic/heavy metal junctions. As a model system we
consider ferromagnetic cobalt films on a tungsten support. The discrete and spin-polarized bands of the cobalt films display strong
asymmetries in the band dispersionalong structurally equivalent directions, which fully reverse upon switching the magnetization.
Experimental and theoretical evidence shows how high exchange and high Rashba spin-orbit interactions of different materials can
be combined at an interface. A component of the Rashba field is added to the exchange field, leading to a dependence of the
electronic bands on the magnetization direction. These results give new and direct insights for the understanding of the
microscopic origin of spin-orbit-induced magnetization reversal effects.

#271 - Collective nature of spin excitations in superconducting cuprates probed by resonant inelastic x-ray
scattering
Matteo Minola - Max Planck Institute for Solid State Research
Other Authors: Greta Dellea (CNISM, CNR-SPIN and Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy), Hlynur Gretarsson (MaxPlanck-Institut f ur Festk orperforschung, Heisenbergstr. 1, 70569 Stuttgart, Germany), Ying-Ying Peng (CNISM, CNR-SPIN and Dipartimento di
Fisica, Politecnico di Milano, 20133 Milano, Italy), Yi Lu (Max-Planck- Institut f ur Festk orperforschung, Heisenbergstr. 1, 70569 Stuttgart,
Germany), Juan Porras (Max-Planck-Institut f ur Festk orperforschung, Heisenbergstr. 1, 70569 Stuttgart, Germany), Toshinao Loew (Max-
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Planck-Institut f ur Festk orperforschung, Heisenbergstr. 1, 70569 Stuttgart, Germany), Flora Yakhou (European Synchrotron Radiation Facility,
71 Avenue des Martyrs, Grenoble F-38043, France), Nicholas B. Brookes (European Synchrotron Radiation Facility, 71 Avenue des Martyrs,
Grenoble F-38043, France), Yao-Bo Huang (Swiss Light Source, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland), Jonathan Pelliciari
(Swiss Light Source, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland), Thorsten Schmitt (Swiss Light Source, Paul Scherrer Institut, CH5232 Villigen PSI, Switzerland), Giacomo Ghiringhelli (CNISM, CNR-SPIN and Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy),
Bernhard Keimer (Max-Planck-Institut f ur Festk orperforschung, Heisenbergstr. 1, 70569 Stuttgart, Germany), Lucio Braicovich (CNISM, CNRSPIN and Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy), Mathieu Le Tacon (Max-Planck- Institut f ur Festk orperforschung,
Heisenbergstr. 1, 70569 Stuttgart, Germany).

In recent years resonant inelastic x-ray scattering (RIXS) showed that high-Tc superconducting cuprates [1-3] exhibit damped but
well defined spin-excitations (paramagnons) at all dopings, with dispersions and spectral weights closely similar to those of
magnons in undoped cuprates, even far away from the antiferromagnetically ordered state, where Tc vanishes and electrons
behave as in a Fermi Liquid. These observations are rather counter-intuitive: magnon-like excitations indeed are expected to damp
heavily - and eventually to vanish – when entering the Stoner particle-hole continuum. On the other hand, individual excitations of
this continuum (including spin-flip excitations) are expected to grow with doping, and eventually to become the dominant
excitations in the Fermi Liquid regime.The debate involves also theoretical results: recent state-of-the-art numerical work [4]
showed that magnons can indeed persist up to rather high doping but, on the other hand, explicit calculations of the RIXS crosssection of the particle-hole excitations [5] suggested that all Cu-L3 RIXS results could be interpreted in terms of band structure
effects. In order to solve this controversy, we used RIXS, for the first time also with the analysis of the scattered photon
polarization, to understand the nature of dispersive spin excitations in the high temperature superconductor YBa2Cu3O6+x over a
wide range of dopings (0.1 ≤ x ≤1) [6]. We monitored the excitation profiles as the incident photon energy was detuned away from
the resonant condition, and we found that the spin excitations energy is independent of detuning for all doping levels up to the
optimal one. These findings demonstrate that the largest fraction of the spin-flip RIXS profiles in doped cuprates arises from
magnetic collective modes, rather than from incoherent particle-hole excitations as suggested in Ref. [5]. On the other hand,
preliminary measurements on a highly overdoped Tl2Ba2CuO6+x suggest that band structure effects may play a crucial role deep
inside the Fermi Liquid regime. I will discuss the experimental findings and their implications for the theoretical description of the
electron system in the cuprates.
[1] M. Le Tacon et al., Nat. Phys. 7, 725 (2011)
[2] M. Le Tacon et al., Phys. Rev. B 88, 020501(R) (2013)
[3] M.P.M. Dean et al., Nat. Materials 12, 1019-1023 (2013)
[4] C. J. Jia et al., Nat. Comm. 5, 3314 (2014)
[5] D. Benjamin et al., Phys. Rev. Lett. 112, 247002 (2014)
[6] M. Minola et al., arXiv1502.02583 (2015)

#272 - Structural flux closure transitions in magnetic filaments
Pedro A. Sánchez - Computational Physics, University of Vienna
Other Authors: Joan J. Cerdà (IFISC (CSIC-UIB), Universitat de les Illes Balears, E-07122 Palma de Mallorca, Spain) Tomas Sintes (IFISC (CSICUIB), Universitat de les Illes Balears, E-07122 Palma de Mallorca, Spain) Sofia S. Kantorovich (Computational Physics, University of Vienna, 1090
Wien, Austria; and Ural Federal University, 620083 Ekaterinburg, Russia)

Magnetic colloids tend to assemble into linear chains with a head-to-tail alignment of their dipole moments. This assembly is
favored by external magnetic fields and/or relatively strong dipole-dipole interactions. The formation of such chains and their
behavior is a key factor in the properties of magnetic fluids and magnetic soft matter systems, like magnetic gels and filaments. In
the latter system, the chains of magnetic colloids are stabilized by permanently crosslinking the colloids with polymers, forming
supramolecular semiflexible polymer-like chains.
In diluted dispersions of both free magnetic colloids and filaments under low entropy conditions, the dipolar chains tend to not
remain open, rather they form closed rings that add an extra dipolar bond and close the magnetic flux inside the cluster. These
rings are responsible of the non monotonic magnetic response of ferrofluids at low temperatures. As the concentration of the
system increases and the intrachain iteractions become dominant, the isolated ring-shaped chains are replaced by aggregates with
different branching points, up to the limit of forming a single percolating network.
In this contribution we the study the flux closure structural transitions that take place in systems of magnetic filaments with
decreasing temperature, and analyze the difference brought by the permanent links with respect to dispersions of free colloids. We
combine extensive Langevin dynamics simulations with analytical models based on density functional theory and network analysis.
We pay a special attention to the determination of the charachteristic temperature at which the closure occurs as a function of the
chain length and linking mechanism for the case of a single chain, and compare the results to those for the filament gas.

#273 - Towards room temperature IrMn/MgO-based antiferromagnetic memories: investigation of the MgO
influence on the IrMn properties
Matteo Cantoni - Dipartimento di Fisica, Politecnico di Milano
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Other Authors: Christian Rinaldi, Lorenzo Baldrati, Stefano Bertoli, Matteo Di Loreto, Daniela Petti, Edoardo Albisetti, Riccardo Bertacco
(Dipartimento di Fisica, Politecnico di Milano)

Memory elements based on antiferromagnets (AF) deserve large interest because of their high packaging density and robustness
versus external perturbations. In a previous work [1] we demonstrate that in Ta/MgO/IrMn(2.5 nm) tunnelling junctions, grown on
SrTiO3 substrates, two distinct metastable resistance states can be set by field cooling the heterostructures from above the Néel
temperature (~170 K) with the external magnetic field along different orientations.Tunneling Anisotropic Magnetoresistance
(TAMR) [2] up to 10% at 120 K upon field cooling along the in-plane or out-of-plane direction provided the first demonstration of an
electrically readable magnetic memory device, in which the information is stored within the AF active layer.
Two key steps towards the diffusion of this technology are 1) extending the operation of the device to room temperature and 2)
moving to silicon. To this scope, we investigated by Vibrating Sample Magnetometry the temperature dependence of the exchange
bias and magnetic coercive field of CoFeB thin layers embedded in Si/SiO2//CoFeB/IrMn(t)/MgO/Ru structures. We found that, for
IrMn thickness (t) smaller than 6 nm, the presence of MgO suppresses the exchange bias, while it is present for Ru capping down to
2.5 nm. Instead, from t=6 nm the exchange bias is present even with MgO capping, with a blocking temperature of about 180 °C,
largely allowing for room temperature operation of the device.
In order to clarify the role of MgO in inhibiting exchange bias below 6 nm of IrMn, we investigated by photoemission spectroscopy
the effect of the MgO or Ru capping on the IrMn (oxidation, stoichiometry, band alignement, etc.) and we end up with the
realization of IrMn/MgO/Ru tunnel junctions to understand the feasibility of TAMR at room temperature.
[1] D. Petti et al., Appl. Phys. Lett. 102, 192404 (2013)
[2] A. B. Shick, Phys. Rev. B 81, 212409 (2010)

#274 - Slow relaxation of the magnetization in an Isostructural series of Zinc-Lanthanide complexes: an
integrated EPR and AC susceptibility study
Dr. ASMA AMJAD - INSTM Research Unit, LAboratorio di Magnetismo Molecolare (LA.M.M.) Università degli Studi
di Firenze
Other Authors: Andrea Caneschia & Lorenzo Soracea ( INSTM Research Unit – LAMM Dipartimento di Chimica "U. Schiff", Università di Firenze,
Sesto Fiorentino(FI), Italy ) Augustin Madalan, Marius Andruh (University of Bucharest, Faculty of Chemistry, Inorganic Chemistry Laboratory,
Bucharest, Romania )

Lanthanide based molecular complexes have shown potential to behave as single molecule magnets proficient to function above
3+
3+
3+
cryogenic temperatures. In this work we explore the dynamics of one such family,[Zn(LH)2Ln](NO3)3∙6H2O- (Ln = Nd , Dy , Tb ,
3+
3+
3+
Ho , Er , Yb , where LH is the monoanion of a dicompartmental Schiff base ligand derived from 2-formyl-6-hydroxymethyl-pcresol and 1,3-diamino-2-propanol). The series has a single lanthanide ion as a magnetic center in a low symmetry environment;
the energy landscape, magnetic properties and dynamics of the series is explored using X-band EPR, DC and AC magnetic
susceptibility techniques over a range of temperature, field and frequency. DC magnetic data show χT values consistent with
3+
3+
3+
expected single ion values. Yb , Nd and Er derivative show EPR spectra typical for easy-axis and easy-plane respectively. No
peaks in the out-of-phase susceptibility measurements are observed even in an external applied field for the complexes. However,
3+
Dy derivative show slow relaxation of the magnetization both in zero and applied field up to 30 K and is EPR silent. Magnetization
3+
versus applied field measurements of the Dy derivative at 2 K reveal a butterfly hysteresis which tends to close with increase in
temeperature, thus confirming single molecule magnet behavior in DyZn2 complex. Dynamic susceptibility measurements as a
function of increasing field show more than one peak in the out-of-phase suseptibility data, thus indicating that relaxation in the
DyZn2 complex is governed by multiple processes, like Direct, Raman and Orbach processes, which we investigated in detail.
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#275 - Nanoscale YBCO devices to look at the microscopic mechanism of high critical temperature
superconductivity
Floriana Lombardi (I) - Chalmers University of Technology
Other Authors: R. Arpaia, R. Baghdadi, M. Arzeo, T. Bauch Quantum Device Physics Laboratory, Mc2, Chalmers University of Technology, SE41296, Göteborg, Sweden

The phase diagram of the high-Tc cuprate superconductors (HTS) is shaped by the spontaneous emergence of various ordered
states, tuned by doping and driven by the many competing degree of freedom, where not only charge and spin are of relevance,
but also lattice and orbitals have an active role in building up the ground state. The identification of all ordered states is crucial for
understanding high-temperature superconductivity. In strongly correlated systems, the tendency of the valence electrons to
segregate in periodically modulated structures can lead to the formation of a peculiar charge order. The evidences for a new
charge state, ubiquitous in all cuprates families and with translational/rotational symmetrybreaking have recently come from major
developments of synchrotron based X-ray scattering. However, while X-ray scattering experiments have clearly shown that the
charge order competes with superconductivity, the consequences of such a local arrangements of charge carriers on
the transport properties of HTS devices remain to be seen.
In this contribution I will review our recent experiments on HTS nanoscale devices showing how they can be decisive to get new
insights into the microscopic mechanism leading to superconductivity in these materials.
I report on our progress in realizing a novel spectroscopic technique, based on an YBa2Cu3O7-x(YBCO) underdoped nanoisland, that
allows an unprecedented energy resolution, thanks to Coulomb blockade effects, a regime practically inaccessible up to now in
these materials. An all YBCO Single Electron Transistor (SET) has been fabricated by using biepitaxial grain boundaries as tunnel
barriers. In such a devices we find that the energy required to add an extra electron to a nanometer size YBCO island depends on
the parity (odd/even) of the excess electrons on the island itself and increases with magnetic field. This is inconsistent with a pure
2 2
dx −y -wave symmetry and demonstrates a complex order parameter component on the island that needs to be incorporated into
any theoretical model of HTS. I will also present unconventional transport properties in YBCO nanowires. We have been able to
2
engineer pristine YBCO nanowires, with cross sections as small as 40×50 nm , retaining the full superconductive properties with
record values for the critical current density Jc. Starting from untwinned thin YBCO films grown on MgO (110) close to the optimally
doped regime, nanowires of the same length but different width, have been patterned at different angles. Preliminary
measurements of the critical current density have revealed an unconventional JC angular dependence for nanowire’s width below a
certain threshold (w≈80 nm), that cannot be accounted for by considering the anisotropy of the London penetration depth along a
and b YBCO axis.

#276 - Superconductors for future accelerators
Amalia Ballarino (I) - CERN
After the discovery of the Higgs boson and the completion of the Standard Model, future accelerator facilities, which will help in
understanding some of the still unanswered questions of fundamental physics, are under study. While operation and exploitation
of the LHC will continue until about 2035, with an upgrade in luminosity planned in 2023, higher-energy colliders are proposed as
powerful tools that will address some of the outstanding questions of particle physics. These colliders are based on high-field (16 T20 T) magnets, which will need superconductors with performance well above that of today state-of-the-art materials. A review of
the potential of Low Temperature Superconductors and High Temperature Superconductors for future accelerator facilities is
presented, with a focus on performance of the presently available materials and on the needs for further development.

#277 - Superconducting cables: an enabling technology for nuclear fusion reactors
Luigi Muzzi (I) - Superconductivity Laboratory, ENEA
The application of superconducting materials in large magnets for plasma confinement has been identified as a key aspect of
nuclear fusion reactors since the early stage of their development. Superconducting magnets are now recognized as an enabling
technology for fusion machines based on magnetic confinement, due to the large size and to the long pulse duration required. The
main experiment in the field, ITER (International Thermonuclear Experimental Reactor), currently under construction in southern
France as a worldwide collaboration of seven partners (EU, China, India, Japan, US, Russia and South Korea), makes extensive use of
Nb-based, low temperature superconductors. Within this frame, the design of large size – high current Cable-in-Conduit conductors
(CICC) based on the mature technology of Nb3Sn and NbTi multi-filamentary wires, has been greatly optimized in the last decade,
also thanks to the improved comprehension of structural behavior and transport phenomena at microscopic scale. The state-ofthe-art of CICC technology, well represented by the ITER conductors, will be illustrated; the optimization margins to be envisaged
will be discussed, together with possible prospects of solutions based on High Temperature Superconducting (HTS) materials.

#278 - Vortex-Antivortex coexistence in Nb based Superconductor/Ferromagnet heterostructures
Domenico D'Agostino - University of Salerno
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Other Authors: F. Bobba 1; C. Di Giorgio1; A.M. Cucolo 1; M. Iavarone 2; S.A. Moore 2; G. Karapetrov 3; V. Novosad 4; V. Yefremenko 4. 1
Department of Physics "E.R. Caianiello", University of Salerno, Salerno, Italy. 2 Temple University, Philadelphia , PA, United States. 3 Drexel
University, Philadelphia, PA, United States. 4 Argonne National Laboratory, Argonne, IL, United States.

We used low temperature Magnetic Force Microscopy to investigate the vortex dynamics in Superconductor/Ferromagnet (S/F)
heterostructures
realized
by
Py/Nb
thin
films.
By
tuning
the
magnetic state of the ferromagnet new physical phenomena can be observed due to the interaction between the Abrikosov
vortex
lattice
in
the
Nb
layer
and
the
periodic,
stripe-like,
Py
magnetic domains. The analysis of the different behaviors of these systems is of great importance for applications, allowing
to predict and control the electronic properties of the S/F hybrids. In our samples Nb thickness (ds) varied in the range 100÷360 nm
and Py thickness (dPy) in the range 1÷4 μm. To ensure that the F and S layers were only magnetically coupled a 10 nm SiO2 was
deposited
on
top
of
the
Py
film.
The
behavior
above
and
below
the
Nb
superconducting
critical temperature was analyzed by means of a cryogenic Scanning Force Microscope.
Low temperature MFM allowed us to collect topographic and magnetic force maps in the same area of the sample at different tipsample heights varying in the range of 50÷280 nm. We used commercial Si cantilevers with magnetic coating, resonance frequency
2
fo of about 75 kHz, magnetic moment 0.3×10-16 Am and coercivity <3 ×104 A/m. Before measuring the tip was magnetized in the
upward direction. In our experiments a variety of different behaviors were observed [1-3], depending on the intensity of the out of
plane magnetization component M0 of the Py layer as well as on the interrelations among some “geometrical” parameters of the
hybrids, i.e., the Nb penetration depth λ and thickness dsand the Py stripe half period width w. When w > λ, in zero external applied
field, depending on ds, the samples showed “spontaneous” Vortices-Antivortices (V-AV) formation in a chain-like configuration
along the magnetic stripes due to the alternating out of plane component M0of the Py stray field. We have analyzed the
observed experimental results within a theoretical model which deals with M0intensity threshold, causing spontaneous V-AV
formation [4], finding the estimates M0>17G for the Py-4μm, M0>21G for the Py-2μm and, finally, 15G<M0<25G for the Py-1μm [5].

[1] M.Iavarone et al. IEEE Magnetics Society 48, 11 (2012)
[2]A.M. Cucolo et al., Journal of Superconductivity and Novel Magnetism, 25, 2167-2171 (2012)
[3] M.Iavarone, et al. Phys. Rev. B 84, 024506 (2011)
[4] R. Laiho, et al, Phys. Rev. B 67, 144522 (2003)
[5]F. Bobba, et al. Phys. Rev. B 89, 214502 (2014)

#279 - Sine-Gordon breathers in long Josephson junctions
Claudio Guarcello - Dipartimento di Fisica e Chimica, Università di Palermo, Interdisciplinary Theoretical Physics
Group
Other Authors: Kirill Fedorov (Physikalisches Institut, Karlsruhe Institute of Technology, Wolfgang-Gaede-Str. 1, D-76131, Karlsruhe, Germany.
National University of Science and Technology MISiS, Leninskiy prosp. 4, Moscow, 119049, Russia. Walther-Meißner-Institut, Bayerische Akademie
der Wissenschaften, D-85748 Garching, Germany.), Alexey Ustinov (Physikalisches Institut, Karlsruhe Institute of Technology, 76131 Karlsruhe,
Germany. National University of Science and Technology MISIS, Leninsky prosp. 4, Moscow, 119049, Russia.), Davide Valenti (Dipartimento di
Fisica e Chimica, Interdisciplinary Theoretical Physics Group, Università di Palermo and CNISM, Unità di Palermo, Viale delle Scienze, Edificio
18, I-90128 Palermo, Italy.), Bernardo Spagnolo (Dipartimento di Fisica e Chimica, Interdisciplinary Theoretical Physics Group, Università di
Palermo and CNISM, Unità di Palermo, Viale delle Scienze, Edificio 18, I-90128 Palermo, Italy. Radiophysics Department, Lobachevsky State
University of Nizhni Novgorod, 23 Gagarin Avenue, Nizhni Novgorod 603950, Russia. Istituto Nazionale di Fisica Nucleare, Sezione di Catania, Via
S. Sofia 64, I-90123 Catania, Italy.)

The formation of breathers in a properly excited long Josephson junctions (LJJ) is computationally investigated. The features of a LJJ
are related to the behavior of the order parameter φ, that is the phase difference between the macroscopic wave functions
describing the superconducting condensate in the two electrodes. The dynamics of φ is described by a nonlinear partial differential
equation, the well-known sine-Gordon (SG) equation, in this work used including a damping term and an applied bias current. The
SG equation admits plasma waves and several traveling wave solutions, that is solitons, i.e. kink and antikink, and stationary or
moving breathers. In particular, a breather is a bound kink/antikink pair oscillating with an internal frequency and decaying in time.
Several theoretical and computational studies about breathers in LJJ exists, despite of the lack of experimental works devoted to
their detection. The experimental observation of breathers in LJJ is nowadays a challenge and many impediments exist. Indeed, a
breather has to efficiently generated and entrapped and, moreover, it doesn't manifest itself as clear mean voltage difference or
magnetic flux through the junction. This work is devoted to establish an experimental setting to produce breathers in a LJJ. The
study is based on the phenomenon called the nonlinear supratransmission (NLS). Due to the nonlinearity of the medium, that is the
junction, energy transmission can also occur exciting the system using a signal with a frequency in ranges usually forbidden. In our
model, one end of the junction is sinusoidally driven by a pulse of amplitude A and frequency ω lower than the JJ plasma frequency.
A 2D parameters space (A,ω) is split in two areas, one with the absence of NLS, that is without energy flowing into the system, and
another in which every combinations of SG solutions are generated and propagate along the junction. Finally, in correspondence of
specific (A,ω) values, the creation of only breathers comes to light. The analysis is enhanced modifying the damping parameter, the
duration of the external pulse and the applied bias current. The robustness of the generated breathers is evaluated including a
Gaussian noise source into the “perturbed” SG model. Therefore, we compute the percentage of surviving breathers as a function
of the noise intensity and how their lifetime is affected by the thermal fluctuations.
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#280 - An experimental approach to observe energy spectrum in superconducting film with periodic hole arrays
Muhammad Kamran - Department of Physics, COMSATS Institute of Information Technology, Islamabad, Pakistan
Other Authors: X.G. Qiu1, A. D. Thakur 2,*, H. Cai1, S. Ooi2, K. Hirata2, X. Hu2, Y.G. Yao1, T. Xiang1, H.F. Yang1, W.H. Cao1, S.P. Zhao1, Q.
Niu3, X.C. Xie1,4 1Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China, 2National Institute for Material Science, 1-2-1 Sengen,
Ibaraki 305-0047, Japan, 3Department of Physics, Univ. of Texas at Austin, U.S.A., 4Department of Physics, Oklahoma State Univ., U.S.A.

The problem of electrons under the influence of a two-dimensional periodic potential (Bloch electrons) and a uniform applied
1
magnetic field was studied theoretically three decades ago by Hofstadter , who obtained a fractal energy spectrum composed of
sub-bands and mini-gaps called the Hofstadter butterfly. However, experimental verification of the Hofstadter butterfly has been
hindered by the fact that the magnetic field required to study the physics related to the Hofstadter butterfly of Bloch electrons in a
crystalline lattice would be several hundred Tesla which is not accessible experimentally. Here, we report that, an applied magnetic
field and superconducting thin films perforated with periodic hole (anti-dot) arrays in the superconducting state, we have
discovered an approach capable of revealing the characteristics of the Hofstadter butterfly. We demonstrate that when the
parameters such as the diameter and the period of the hole array are carefully chosen, several characteristics of the Hofstadter
butterfly can be observed. Our approach opens a way to study the Hofstadter butterfly and related physics using conventional
laboratory facilities.

#281 - Flux-Flow Instability in Mesoscopic Superconductors
Antonio Leo - Dipartimento di Fisica, Università degli Studi di Salerno and CNR-SPIN Salerno
Other Authors: Gaia Grimaldi (CNR-SPIN Salerno), Anita Guarino (Dipartimento di Fisica, Università degli Studi di Salerno and CNR-SPIN),
Giovanni Carapella (Dipartimento di Fisica, Università degli Studi di Salerno and CNR-SPIN Salerno), Paolo Sabatino (Dipartimento di Fisica,
Università degli Studi di Salerno and CNR-SPIN Salerno), Angela Nigro (Dipartimento di Fisica, Università degli Studi di Salerno and CNR-SPIN
Salerno), Sandro Pace (Dipartimento di Fisica, Università degli Studi di Salerno and CNR-SPIN Salerno)

Conventional and quantum superconducting electronics are based on micro- and nano-scaled devices often operating in the socalled mesoscopic regime. In this regime, superconductors exhibit peculiar phenomena intimately connected to their intrinsic
properties.
Flux-Flow Instability (FFI) is the name used to classify a group of phenomena related to different fundamental mechanisms (mostly
electronic or thermal) connected to quasiparticle energy relaxation processes. Regardless of the mechanisms, in terms of CurrentVoltage Characteristic (CVC) a unique feature is observed, i.e. an abrupt jump from the flux-flow branch to the normal state. A
critical value for the velocity of the Abrikosov vortex lattice is associated to the point in the CVC where the jump is observed,
namely the instability point.
In this work we investigate the so far totally unexplored interplay between mesoscopic regime and FFI. Here we present
experimental data showing how such confinement can strongly influence the FFI behaviour as a function of the applied magnetic
field. These experimental findings are supported by simulation based on Time-Dependent Ginzburg-Landau model. We find that
flux-flow motion is limited by reaching an upper threshold of the vortex critical velocity at low fields.
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#282 - Topological spin-triplet superconductors: interface to magnets and edge states
Mario Cuoco (I) - CNR-SPIN and Dipartimento di Fisica, Università di Salerno
Other Authors: CNR-SPIN and Dipartimento di Fisica, Università di Salerno

The past decades have been marked by a growing interest in the study of the interplay between superconductivity and magnetism
in heterostructures, both for the potential applicative impact and the underlying fundamental phenomena. The physical properties
of heterostructures are strongly interrelated to the nature of the interface and its electronic states at the cross-talk region. A
special position in the variety of electronic states is taken by gapless modes at the boundary of materials whose bulk is gapped and
owe their existence on the global symmetries of the bulk state without depending on the details of the surface scattering and other
sample-dependent parameters. Simple band insulators or superconductors do not support robust low-energy states at the
boundary. The topological non-trivial nature of the bulk state and the bulk-boundary correspondence theorem are fundamental
aspects that determine the existence of surface states. Within the superconducting systems, a notable class of superconductors
with non-trivial topological number is the two-dimensional (p+i p)-wave superconductor with time reversal symmetry breaking,
which has in the single layered SrRuO compound its leading candidate. The rapid growth of interest in this areas has also led to the
proposal of an additional class of spin-triplet superconductors with time reversal invariance, that contrary to the chiral ones can
have zero modes that come in pairs and can support counterpropagating edge states of opposite spins near the boundary that
carry a spin-current. In this talk we analyze the emergent phenomena that occur at the boundary of chiral and helical spintriplet superconductors and at the interface with a magneti system. We discuss the basic mechanisms that enter in the coupling
between magnetism and superconductivity at the interface and the important consequences on the electronic edges states and the
spin/charge electronic transport.
This work has been done in collaboration with:
P. Gentile, C. Noce, and A. Romano, CNR-SPIN and Dipartimento di Fisica, Università di Salerno, Fisciano, Italy
D. Terrade and D. Manske, MPI Stuttgart, Stuttgart, Germany
I. Vekhter, University of Louisiana, Baton Rouge, USA
P. Brydon, University of Maryland, College Park, USA

#283 - Subgap spectrum of normal-superconductor nanowire junctions: helical regime and Majorana bound
states from exceptional points
Ramon Aguado (I) - Consejo Superior de Investigaciones Científicas (CSIC)
The linear conductance through a helical region, such as a depleted semiconducting nanowire with strong Rashba spin-orbit
coupling and in the presence of a Zeeman field, is expected to exhibit a reentrant behavior with a helical gap of half-quantum
conductance [1]. If one takes into account the finite length of the depleted section, this ideal scenario changes and the
conductance acquires superimposed Fabry-Perot oscillations [2,3]. These normal transport features translate into distinct subgap
states when the leads become superconducting (i.e. in a SNS junction geometry). In particular, Fabry-Perot resonances within the
helical gap become zero-energy crossings, well below the critical field Bc at which the superconducting leads become
topological. As a function of Zeeman field or Fermi energy, these crossings form characteristic loops and evolve continuously into
Majorana bound states as the Zeeman field exceeds Bc. As I will argue, this characteristic loop pattern could be used to
unambiguously identify the helical regime in nanowires [3].
Interestingly, when a helical normal region becomes a long contact in a NS geometry, the junction may host Majorana states well
below Bc (namely with S in the trivial regime) after crossing an `exceptional point' in parameter space, defined as a degeneracy in
the complex eigenvalues of the effective non-Hermitian Hamiltonian of the NS junction. The Majorana character of these states,
derived from the eigenvalue bifurcation at the exceptional point, is protected by particle-hole symmetry and is not a result of fine
tuning while their finite lifetime can be tuned to arbitrarily large values as the junction approaches perfect Andreev reflection. I will
show how exceptional-point Majoranas exhibit the full range of properties associated to conventional closed-system Majorana
bound states, while not requiring topological superconductivity [4].
[1] P. Streda and P. Seba, , PRL, 90, 256601 (2003).
[2]D. Rainis and D. Loss, PRB, 90, 235415 (2014).
[3] J. Cayao, E. Prada, P. San-Jose and R. Aguado, PRB 91, 024514 (2015)
[4] P. San-Jose, J. Cayao, E. Prada, and R. Aguado, arXiv:1409:7306

#284 - Dirac single particle and plasmon excitations in topological insulators
Stefano Lupi (I) - Department of Physics, Sapienza University
Topological Insulators (TIs), like Bi2Se3 and Bi2Te3, are one of the most intriguing issues at focus in Condensed Matter Physics. TIs
exhibit a band gap in the bulk like ordinary insulators, but have intrinsic 2D conducting states on their edge and surface. This means
that the topology, associated with the electronic wavefunctions of the system, changes discontinuously when passing from the bulk
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to the surface. The edge states arise from a strong spin-orbit coupling, and they are backscattering protected, i.e. not sensitive to
disorder (except that coming from magnetic impurities). Such as graphene, TIs surface charge transport is carried out by Dirac
13
-2
fermions, with a very high surface carrier density (n ≥ 10 cm ), compared to typical values on metal surfaces. Apart single particle
excitations, Dirac fermions in TIs sustain exotic plasmonic (collective) modes whose properties of tunability and temperature
dependence can be used for photonics applications at the nanoscale. Moreover, unlike plasmons in metals, Dirac plasmons in TIs
are expected to be strongly affected by an external magnetic field B due to fact that the cyclotron frequency is comparable to the
the plasmon frequency, in particular when plasmons are engineered in the terahertz region of the electromagnetic spectrum.
In this talk, after a general review on the properties of Topological Insulators, I will discuss the terahertz linear response of Dirac
plasmons in TIs and their behavior under a strong magnetic field up to 30 T. The appearance of strong non-linear optical effects,
when the THz electric field reaches values on the order of 1 MV/cm, will be also discussed.
Both the linear and unlinear experiments provide a unifying picture of single particle and collective electronic excitations in
Topological Insulators.

#285 - Fractional charge spectroscopy and non-equilibrium effects in topological protected edge states
Alessandro Braggio - CNR-SPIN
We investigate how to extract information on the fractional quantum hall phases by investigating the response of a resonant circuit
coupled to quantum point contact kept at extremely low temperatures[1]. This setup is a sort of spectroscopic tool of the different
fractional excitations that not trivially populate the quantum hall phase. After we apply some of the developed concept in order to
investigate the non-equilibrium physics in the topological protected edge modes of a topological insulator and how to detect them
[2]. The general formalism discussed would be in general applicable also to quantum Hall systems showing the non-trivial role of
interactions in the edge dynamics.
[1] D. Ferraro, M. Carrega, A. Braggio and M. Sassetti “Multiple quasiparticle Hall spectroscopy investigated with a resonant
detector” New J. Phys. 16, 043018 (2014)
[2] M. Carrega, I. Levkivskyi, N. Magnoli and A. Braggio, work in progress

#286 - Adsorption of organic and metallorganic molecules on Bismuth Selenide: investigating the robustness of
surface states
Marco Caputo - Laboratoire de Physique des Solides - Université Paris-Sud
Other Authors: Simone Lisi (Dipartimento di Fisica - Università di Roma La Sapienza), Mirko Panighel (ICN2-Institut Catala de Nanociencia i
Nanotecnologia), Lama Khalil (Laboratoire de Physique des Solides - Université Paris-Sud), Giovanni Di Santo (Laboratory Micro & Nano Carbon
Consorzio INSTM UdR Trieste-ST c/o ELETTRA - Sincrotrone Trieste S.C.p.A.), Evangelis Papalazarou (Laboratoire de Physique des Solides Université Paris-Sud), Andrzej Hruban (Institute of Electronic Materials Technology), Marchin Konczykowski (Laboratoire des Solides Irradiés,
CNRS-UMR 7642 & CEA-DSM-IRAMIS, Ecole Polytechnique), Ivana Vobornik (Istituto Officina dei Materiali (IOM)-CNR, Laboratorio TASC), Jun
Fuji (Istituto Officina dei Materiali (IOM)-CNR, Laboratorio TASC), Andrea Goldoni (Laboratory Micro & Nano Carbon Consorzio INSTM UdR
Trieste-ST c/o ELETTRA - Sincrotrone Trieste S.C.p.A.), Marino Marsi (Laboratoire de Physique des Solides - Université Paris-Sud)

Topological insulators constitute a new class of materials that is attracting the attention of scientific community in the latest years.
While semiconductor in the bulk, 3D topological insulators (Bi₂Se₃ and Bi₂Te₃ among the others) possess surface states crossing the
Fermi level protected by time-reversal symmetry. Strong spin-orbit coupling characteristic of such heavy elements locks the spin to
the momentum, forbidding backscattering for electrons occupying their surface states. All these features make Topological
insulators an ideal candidate in the field of spintronics.
Organic molecules have demonstrated their potential in the same field. Molecular-based spin valves have already been realized,
while metallophthalocyanines (MPc) paved the way for the so-called molecular magnetism. New physics can arise by the
interaction of metalorganic molecules and topological insulators, with completely new perspectives in the field of spintronics.
Here we show results froman Angle Resolved Photemission Spectroscopy (ARPES) study of the prototypical Cobalt Phthalocyanine
(CoPc)/Bi₂Se₃ and Metal-free Phthalocyanine (2HPc)/Bi₂Se₃ interfaces. Special care will be devoted to the different modification of
the surface states induced by the adsorption of the metalorganic and the metal-free molecules.

#287 - Interaction effects in nonequilibrium transport properties of a four-terminal topological corner junction
Francesco Romeo - University of Salerno
Other Authors: Roberta Citro, (Dipartimento di Fisica "E. R. Caianiello", University of Salerno, Italy)

We study the transport properties of a four-terminal corner junction made by etching a two-dimensional
topological insulator to form a quantum point contact (QPC) [1]. The QPC geometry enables interboundary tunneling
processes allowing for the coupling among states with different helicity, while the tight confinement in the QPC
region activates charging effects leading to the Coulomb-blockade physics. Peculiar signatures of these effects
are theoretically investigated using a scattering field theory modified to take into account the electron-electron
interaction within a self-consistent mean field approach. The current-voltage characteristics and the current
fluctuations (noise) are derived beyond the linear response regime. Universal aspects of the thermal noise of the
corner junction made of helical matter are also discussed.
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[1] F. Romeo and R. Citro, Phys. Rev. B 90, 155408 (2014) and references therein.

#288 - Spin fractionalization in topological insulators
Alessio Calzona - Università di Genova, Dipartimento di Fisica
Other Authors: Matteo Carrega (CNR-SPIN), Giacomo Dolcetto (CNR-SPIN), Maura Sassetti (Dipartimento di Fisica Genova)

The interacting helical edge states of two-dimensional topological insulators represent a new paradigm of the one-dimensional
world, where peculiar quantum phenomena can be investigated. Motivated by recent experiments on charge fractionalization, we
theoretically analyze and propose a setup, based on a topological insulator platform, that allows to observe the fractionalization of
the spin degree of freedom. An electron wavepacket injected from one metallic lead into an interacting helical region splits into
charge and spin fractional excitations. By inducing spin-charge separation, the two degrees of freedom can be decoupled, and thus
independently investigated by time-resolved electrical measurements. Moreover, this device allows the detection of single neutral
excitations with fractionalized spin only via electrical probes.

#289 - Electronic structure and topological states in curved nanostructures
Paola Gentile - CNR-SPIN, Salerno
Other Authors: Mario Cuoco (CNR-SPIN and Dipartimento di Fisica "E. R. Caianiello", Università degli Studi di Salerno, Fisciano (Salerno), Italy)
Carmine Ortix (Institute for Theoretical Solid State Physics, IFW Dresden, Dresden, Germany)

The past few years have been characterized by increasing theoretical and experimental efforts aiming at the identification of new
classes of materials with non-trivial topological properties. The example of topological insulators have taught that spin-orbit
coupling is usually a key ingredient to generate topological phases. This requirement largely restricts the number of potential
candidates materials. Within this context, an appealing perspective comes from recent predictions [1] about the possibility to
induce via geometric strain, or equivalently via geometric curvature, a sizeable Rashba spin-orbit interaction in materials that
intrinsecally do not possess an appreciable spin-orbit coupling. From this concept it follows that the palette of possible materials
where non-trivial topological states may emerge can be drastically enlarged through the geometric manipulation of conventional
materials. The feasibility of novel curved nanoarchitectures looks very promising, especially in consideration of the recent great
experimental advances in the synthesis of complex three-dimensional nanostructures with curved geometries. These systems
represent an excellent example of solid-state platforms where to investigate novel quantum effects rising because of the influence
of space curvature on the physical properties of quantum objects. Within this context we have analyzed the specific features of the
electronic structures characterizing curved nanostructures as a function of the geometric curvature, also investigating the
conditions for the possible emergence of topological states.
[1] P. Gentile, M. Cuoco, C. Ortix, SPIN, Vol. 3, No. 2 (2013) 1340002
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#290 - Solitons, bifurcation and bistability with beams of light in nematic soft matter
Gaetano Assanto (I) - Tampere University of Technology and Univ. Roma Tre
Other Authors: A. Piccardi (U. Roma Tre), A. Alberucci (Tampere Univ. technology)

Light self-localization in liquid reorientational media such as nematic liquid crystals supports the formation of spatial optical
solitons. These nonlocal solitons are stable and robust in the presence of perturbations, collisions, interactions [1]. When the optic
axis of the uniaxial medium is orthogonal to the electric field of the propagating light beam, the nonlinear optical response features
an abrupt change versus excitation and a power threshold, the so called optical Freedericks transition, with a nonlinear bifurcation
via symmetry breaking. Optical wavepackets and inherent noise, in fact, can alter the initial symmetry and turn into self-trapped
beams with opposite transverse velocities. We demonstrate that such system can give rise to optical bistability versus input power,
with hysteretic switching between soliton and diffractive states of the beam [2].
[1] M. Peccianti and G. Assanto, “Nematicons”, Phys. Rep. 516, 147-208 (2012).
[2] N. Kravets, A. Piccardi, A. Alberucci, A. Buchnev, M. Kaczmarek and G. Assanto, “Bistable self-trapping with optical beams in a
reorientational medium”, Phys. Rev. Lett.113, 023901 (2014).

#291 - Meta-Molecules for nonlinear nano-photonics
Joseph Zyss (I) - University
Other Authors: Radoslaw Kolkowski, Clément Lafargue (Laboratoire de Photonique Quantique et Moléculaire (LPQM), École Normale Supérieure
de Cachan, 61 Avenue du Président Wilson, 94230 Cachan, France), Adi Salomon, Yehiam Prior (Department of chemical physics, Weizmann
Institute of Science, Rehovot, Israel), Justyna Szeszko, Benjamin Dwir, Eli Kapon (Laboratory of Physics of Nanostructures (LPN), Swiss Federal
Institute of Technology Lausanne - EPFL, 1015, Lausanne, Switzerland), Massimo Rippa, Lucia Petti (Institute of Applied Sciences and Intelligent
Systems - ISASI, CNR, Via Campi Flegrei, 34, 80078 Pozzuoli (Napoli), Italy

The ongoing field of molecular engineering for nonlinear optics is aiming at improving the performances of organic molecules and
polymers, from the definition of optimized molecular templates, to their assembly into functional materials and devices. However
fruitful per se, this approach does not fill the 20 to 400 nanometers gap, in-between point-like molecules and the wavelength
dimension, with its potential to connect micro- to nano-photonics and bring photonics at a par with electronics. In the wake of of
nanotechnologies and nano-photonics, this gap came to be increasingly occupied over the past decade by nonlinear plasmonics,
entailing both new physics and applications of major interest [1]. Over recent years, the concept of "meta-molecules" has emerged
in this field, based on relevant associations of "meta-atomic" building blocks in the form of either metallic nano-cavities or
nanoparticles, enabled by advanced “top-down” technological tools including e-beams, ion beams and semiconductor based wet
etching technologies. In parallel, nonlinear optics developed a new branch in multiphoton microscopy, allowing to perform detailed
investigations down to unprecedented scales, with polarization resolved second-harmonic generation confocal microscopy (2) has a
forefront tool. At the upstream conceptual end, the design of nanostructures remains driven by fundamental symmetry
considerations, now implemented in the different frame of localized and propagative plasmon excitations [2-5], that require more
elaborate models to account for non-local excitations extending over a fraction of the wavelength and more.
We will review some recent developments in this fast evolving domain [6-8], including the various enabling fabrication
technologies, the relevance of symmetry lowering considerations and a number of experimental advances confronted to
theoretical models, which have all contributed to the emergence of nonlinear meta-structures as relevant building blocks for
nonlinear photonics. Future work will be addressing hybrid nano-architectures tailored towards nano-biophotonics applications and
consisting of metallic nano-patterns decorated by functional molecules.

1.
2.
3.
4.
5.
6.
7.
8.

M.Kauranen and A. Zayats, Nature Photonics, 737 (2012)
S. Brasselet, V. Le Floc’h, F. Treussart, J. F. Roch, A. Ibanez , J. Zyss , Phys. Rev. Lett. 92(20), 207401 (2004)
M. I. Stockman, D. J. Bergman, S. Brasselet, J. Zyss, Phys. Rev. Lett. 92 (5), 057402-1 (2004
M. I. Stockman, K. Li, S. Brasselet, J. Zyss, Chem. Phys. Lett. 433, 130–135 (2006)
A. Salomon, M. Zielinski, R. Kolkowski, J. Zyss, Y. Prior, J. Phys. Chem. C 117, 22377−22382 (2013)
A. Salomon, Y. Prior, M. Fedoruk, J. Feldmann, R. Kolkowski, J. Zyss , J. Opt. 16, 114012 (2014)
R. Kolkowski, J. Szeszko, B. Dwir, E. Kapon, J. Zyss, Opt. Express 22, 30592-30606 (2014)
R. Kolkowski, L. Petti, M. Rippa, C. Lafargue, J. Zyss, ACS Photonics (June 2015)

#292 - Geometric origin of rogue solitons in optical fibres
claudio conti (I) - Institute for Complex Systems (ISC-CNR)
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Other Authors: Andrea Armaroli (FOTON (CNRS-UMR 6082)), Fabio Biancalana, (School of Engineering and Physical Sciences, Heriot-Watt
University)

Nondeterministic giant waves, denoted as rogue, killer, monster, or freak waves, have been reported in many different branches of
physics. Their physical interpretation is however still debated: despite massive numerical and experimental evidence, a solid
explanation for their spontaneous formation has not been identified yet. Here we propose that rogue waves [more precisely, rogue
solitons (RSs)] in optical fibers may actually result from a complex dynamical process very similar to well-known mechanisms such
as glass transitions and protein folding. We describe how the interaction among optical solitons produces an energy landscape in a
highly dimensional parameter space with multiple quasi-equilibrium points. These configurations have the same statistical
distribution of the observed rogue events and are explored during the light dynamics due to soliton collisions, with inelastic
mechanisms enhancing the process. Slightly different initial conditions lead to very different dynamics in this complex geometry; a
RS turns out to stem from one particularly deep quasi-equilibrium point of the energy landscape in which the system may be
transiently trapped during evolution. This explanation will prove to be fruitful to the vast community interested in freak waves.

#293 - Microwave generation by nonlinear crystals irradiated ith a high-power, 1064 nm, mode-locked laser
Armando Francesco Borghesani - University of Padua, Department of Physics and Astronomy, CNISM Unit
Other Authors: C . Braggio, University of Padua, Department of Physics and Astronomy and Istituto Nazionale Fisica Nucleare (sez. Padova) G .
Carugno, University of Padua, Department of Physics and Astronomy and Istituto Nazionale Fisica Nucleare (sez. Padova)

We report a new technique to produce microwave (MW) in the cm band, in which nonlinear crystals are irradiated with a highpower, near-infrared (IR), mode-locked laser.
Typically, microwave are produced by optical heterodyning techniques, in which the superposition of two adjacent laser lines in a
nonlinear crystal leads to a beat at the difference frequency that lies in the microwave domain.
By contrast, we have devised a new techinique [1], in which a high-intensity mode-locked laser at 1064 nm induces the second
order dielectric response of nonlinear crystals such as potassium orthotytanylphosphate, and others. The laser delivers trains of
2000, 10-ps short, optical pulses at a repetition rate in the GHz domain. The phenomenon of optical rectification gives origin of a
time-dependent polarization of the crystals at a frequency determined by the repetition rate of the laser.
We have studied the emitted WM radiation by enclosing the crystals either in a MW cavity that acts as a selective filter or in a
waveguide that is a broad band receiver. By investigating the relationship between laser intensity and MW amplitude we have
demonstrated that the generation of MW is due to the second order nonlinearity of the crystal polarization that is also responsible
for the generation of the second harmonic.
We have also investigated the effect of the tensor nature of the second order nonlinear dielectric susceptibility by studying how the
MW production depens on the orientation of the plane of laser light polarization with respect to the crystallographic axis of the
crystals.
We have also shown that the present phenomenon can be used to realize an inline, ultrafast monitor of the quality of a modelocked IR laser because the crystal dielectric response at optical frequencies is due only to electrons and does not have any ionic
contribution. Moreover, such crystals are transparent in the near IR range and a laser can pass trhough them without losing any
appreciable amount of energy [2].
References:
[1] A. F. Borghesani, C. Braggio, and G. Carugno, Optics Lett., vol. 38, 4465 (2013)
[2] C. Braggio and A. F. Borghesani, Rev. Sci. Instrum., vol. 85, 023105 (2014)

#294 - Sub-kHz-linewidth mid-infrared optical parametric oscillator
Iolanda Ricciardi - CNR-Istituto Nazionale di Ottica
Other Authors: Simona Mosca (CNR-INO, Istituto Nazionale di Ottica, Via Campi Flegrei 34, 80078 Pozzuoli (NA), Italy), Maria Parisi (CNR-INO,
Istituto Nazionale di Ottica, Via Campi Flegrei 34, 80078 Pozzuoli (NA), Italy), Pasquale Maddaloni (CNR-INO, Istituto Nazionale di Ottica, Via
Campi Flegrei 34, 80078 Pozzuoli (NA), Italy), Luigi Santamaria (CNR-INO, Istituto Nazionale di Ottica, Via Campi Flegrei 34, 80078 Pozzuoli
(NA), Italy), Maurizio De Rosa (CNR-INO, Istituto Nazionale di Ottica, Via Campi Flegrei 34, 80078 Pozzuoli (NA), Italy), Giovanni Giusfredi
(CNR-INO, Istituto Nazionale di Ottica, Largo E. Fermi 6, 50125 Firenze, Italy), Paolo De Natale (CNR-INO, Istituto Nazionale di Ottica, Largo E.
Fermi 6, 50125 Firenze, Italy)

Highly stable and spectrally pure laser sources are crucial for a wide range of demanding applications, including frequency
metrology, precision tests of fundamental physics, and high-resolution spectroscopy in the mid-infrared region of the
electromagnetic spectrum, where intense ro-vibrational transitions of many molecules are present. Among the mid-infrared
sources, OPOs combine in the same device unique features, such as high power, single mode emission, tunability and wide spectral
coverage, thus proving their suitability for high-sensitivity spectroscopy. A large number of visible and near infrared lasers have
been narrowed down to sub-Hertz-linewidth and their frequency absolutely stabilized up to the level of the best optical frequency
standards, while sub-kHz narrowing of mid-infrared sources is limited to a couple of gas lasers and more recently to quantum
cascade lasers. Here, we report on sub-kHz linewidth narrowing of an optical parametric oscillator (OPO) idler mode.
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#295 - Frequency comb generation in nonlinear media
simona mosca - CNR-INO, Istituto Nazionale di Ottica
Other Authors: Iolanda Ricciardi (CNR-INO, Istituto Nazionale di Ottica, Pozzuoli (NA), Italy), Maria Parisi (CNR-INO, Istituto Nazionale di Ottica,
Pozzuoli (NA), Italy), Pasquale Maddaloni (CNR-INO, Istituto Nazionale di Ottica, Pozzuoli (NA), Italy), Luigi Santamaria (CNR-INO, Istituto
Nazionale di Ottica, Pozzuoli (NA), Italy), Paolo De Natale (CNR-INO, Istituto Nazionale di Ottica, Firenze, Italy), Maurizio De Rosa (CNR-INO,
Istituto Nazionale di Ottica, Pozzuoli (NA), Italy)

Optical frequency combs, originally conceived for frequency metrology, are nowadays routinely used in a wide range of scientific
and technological applications. Ultrafast mode-locked lasers, first used for comb generation, have then been joined by
continuously-pumped Kerr microresonators, exploiting the third-order nonlinearity of the materials, and by quantum cascade
lasers. Materials with second-order susceptibility, χ(2), have been used for transferring otherwise generated OFCs to different
spectral regions. We experimentally demonstrate frequency comb generation in a continuously-pumped cavity-enhanced secondharmonic generation (SHG) system, where multiple, cascaded χ(2) nonlinear processes enable the onset of broadband χ(2)-comb
emission, both around around the fundamental pump frequency and its second harmonic. Our system shows a striking similarity
with generation and dynamics of frequency combs in Kerr microresonators, as confirmed by a simple three-wave theoretical model
we developed and extended to a general number of comb modes. This analogy unveils the possibility to predict and observe most
of the effects occurring in Kerr-medium-filled cavities, such as multistable regimes, temporal solitons, FWM amplification,
intermodal phase coherence and mode-locking, pulsed emission, etc., paving the way for a novel class of highly efficient and
versatile frequency comb synthesizers based on second-order nonlinear materials.

#296 - Irreversible quantum mechanics in nonlocal nonlinear optics
Maria Chiara Braidotti - CNR- ISC e Università dell'Aquila
Other Authors: Silvia Gentilini (Institute for Complex Systems, National Research Council (ISC-CNR), Via dei Taurini 19, 00185, Rome (IT)), Giulia
Marcucci (Department of Physics, University Sapienza, Piazzale Aldo Moro 5, 00185, Rome (IT)), Eugenio Del Re (Department of Physics,
University Sapienza, Piazzale Aldo Moro 5, 00185, Rome (IT)), Claudio Conti (Institute for Complex Systems, National Research Council (ISC-CNR),
Via dei Taurini 19, 00185, Rome (IT) and Department of Physics, University Sapienza, Piazzale Aldo Moro 5, 00185, Rome (IT))

We review one of our recent theoretical and experimental developments on the simulation of fundamental physical models by
nonlocal nonlinear optics. Specifically, we consider dispersive shock waves which dominate wave-breaking phenomena in
Hamiltonian systems. In the absence of loss, these highly irregular and disordered waves are potentially reversible. However, no
experimental evidence has been given about the possibility of inverting their dynamics and turn them into a regular wave-front.
Nevertheless, the opposite scenario, i.e., a smooth wave generating turbulent dynamics is well studied and observed in
experiments. Here we introduce a new theoretical formulation for the dynamics in a highly nonlocal and defocusing medium
described by the nonlinear Schroedinger equation, showing that a defocusing medium realizes the optical analog of a reversed
harmonic oscillator in the highly nonlocal regime. It has been shown [A. R. Bohm, R. Scurek, and S. Wikramasekara, “Resonances,
Gamow Vectors and Time Asymmetric Quantum Theory," (1999), arXiv:nucl-th/9902076v1 [nucl-th]; A. R. Bohm, J. Math. Phys. 22
(1981); D. Chruscinski, Open Sys. Information Dyn. 9, 207221 (2002), arXiv:math-ph/0206009v1 [math-ph]] that this theoretical
model is the paradigm for irreveribility and can describe dissipative systems where no time-symmetry holds.
Our theory is based on the concept of Gamow vectors, that are commonly adopted in the Rigged Hilbert Space formulation of
irreversible quantum mechanics. This nonlinear vectors are a power dependent generalizations of the counter-intuitive and hereto
elusive exponentially decaying states in Hamiltonian systems. We show that nonlinear Gamow vectors play a fundamental role in
nonlinear Schroedinger models: they may be used as a generalized basis for describing the dynamics of the shock waves, and affect
the degree of irreversibility of wave-breaking phenomena. Gamow vectors allow to analytically calculate the amount of breaking of
time-reversal with a quantitative agreement with numerical solutions.
We also report on the experimental observation of these states, characterized by a quantized decay rate, generated by an optical
photothermal nonlinearity [S. Gentilini, N. Ghofraniha, E. DelRe, and C. Conti, Phys. Rev. A 87, 053811 (2013)].

#297 - Optomechanics of random and nonlinear media
Silvia Gentilini - ISC-CNR
Other Authors: Robert William Boyd (Department of Physics, University of Ottawa, Ottawa ON K1N6N5 Canada), Claudio Conti (ISC-CNR U.O.S.
Sapienza c/o P.A. Moro 5, 00185 Rome)

We report on a theoretical investigation on the effect of randomness and nonlinearity on optical forces. We find that disorder
enhances the light-induced mechanical effects and that ultra-fast nonlinear polarization may give a negative contribution to the
optical pressure.
The Balazs block (BB) furnishes a simple way for understanding the origin of optical pressure in terms of photon momentum
exchange at the interface between a dielectric block and the surrounding medium. Albeit this analysis is oversimplified and hides a
variety of fundamental problems, BB gives simple insights on optical pressure, p, and suggests that a possible way to take into
account both disorder and nonlinear effects is through the total transmission T(λ).
Several recent investigations show that light propagation and amplification in disordered matter can be controlled, and this
possibility allows several applications. However, there is a specific field in which the benefits of randomness has not yet been
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investigated, and that is optomechanics. Even if, from the perspective of optically activated nano-structured devices, understanding
opto-mechanical forces (OMFs) due to many interfaces and to the related multiple scattering of light is pivotal.
Because of the small values of the OMFs, we solve the fully vectorial Maxwell equations within few-microns-sized systems made of
disordered assemblies of dielectric nano-particlesby by means finite-difference-time-domain (FDTD) numerical simulations. By
combining the calculus of the OMFs and the analysis of the light transport regime of ultra-short light pulses, we find that with
increasing disorder the transverse components of the OMFs statistically broaden, correspondingly the diffusion constant and the
transport mean free path decrease, and the optical pressure reaches a maximum. This maximum demonstrates that the
momentum transferred to a disordered micron-sized composite object increases when approaching the localization regime. These
findings open the road to the exploitation of photon random walk to determine the light-induced pressure for several microdevices.
Another important effect that can affect the optical pressure emerging from a transparent material if irradiated by a laser beam is
the ultra-fast optical nonlinearity. However, the effect of nonlinearity on optical pressure is often overlooked, even if a nonlinear
optical effect may potentially be employed in many applications, such as optical manipulations, biophysics, optical tractor, and is
relevant in fundamental problems such as the Abraham-Minkowsky dilemma. We theoretically show that an ultra-fast nonlinear
polarization of Kerr type can give rise to a negative contribution to the optical pressure, whose estimated order of magnitude is
such as to be observable by measuring the deflection of a graphene membrane.
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#298 - Silicon nanostructures for optoelectronic and photovoltaic applications: first-principle results
Ivan Marri (I) - University of Modena and Reggio Emilia, Department of Sciences and Methods for Engineering
In recent years particular attention has been devoted to Silicon (Si) nanocrystals and nanowires, a powerful class of nanostructures
which is opening substanctial opportunities for optoelectronics and photovoltaics. These nanostructures are zero- and onedimensional materials with diameter from few to some tenths of nanometers. They present unique size dependent electronic,
optical and transport properties that are intrinsically associated with their low dimensionality and quantum confinement effect. In
the recent years we have performed several ab-initio calculations in the framework of the Density Functional Theory and the
Many-Body Perturbation Theory for free and matrix embedded Si nanocrystals and for Si and Ge nanowires. Among the different
results we will concentrate here on Si nanocrystals. We will evaluate, in particular, effects induced by doping and co-doping on
transport, optical and electronic properties of Si nanocrystals embedded in different matrices or passivated by H- or OH- groups.
Moreover, we will investigate carrier multiplication dynamics in systems of isolated and interacting H-terminated Si nanocrystals.
Effects induced by nanocrystals interplay on carrier multiplication processes will be analyzed.

#299 - Whispering gallery microresonators to give a new twist to silicon photonics
Lorenzo Pavesi (I) - University of Trento
Internet boom can be slowed down by power hungry data centers. Silicon photonics is the technology to face this. A new twist to
silicon photonics is provided by microresonators which enable complex functions and devices. Microrings show different properties
that can be integrated into functional silicon photonic devices. Single, coupled or cascaded microring geometries can be used to
achieve complex functions. Still many aspects of the physics of photon confinement in small optical cavities have to be investigated.
Therefore silicon microresonators are ideal devices for looking at new phenomena and new physics. Here we review and
summarize few of these.
Specifically, within the European project SYMPHONY, we are developing a biosensor to detect aflatoxin in milk. We want to
investigate Microresonators photonic structures with different dimensions and materials in order to figure out which one has the
best performances. These are based on PECVD SiON and SiO2. Since we aim at a full integration in silicon, the photonic sensing unit
operates in the near infrared (~850 nm) where suitable silicon photodetectors are available.
Another example is the coupling between a physical system and its environment which is known to activate new channels through
which the system may dissipate energy. Along this, the coupling may induce a shift of energy levels of the system. In atomic
context, the manifestation of these phenomena are described through well-known examples of the Coherent Population Trapping
for decay channels and the electronic Lamb shift of electronic states of the Hydrogen atom.

#300 - Interacting plasmonic nanostructures for nanophotonics and nonlinear optics applications
Tiziana Cesca (I) - Department of Physics and Astronomy, University of Padova
Other Authors: Boris Kalinic (Department of Physiscs and Astronomy, University of Padova, Padova, Italy), Niccolò Michieli (Department of
Physiscs and Astronomy, University of Padova, Padova, Italy), Hector Sanchez Esquivel (Departemento de Óptica, Centro de Investigación
Científica y de Educación Superior de Ensenada, Ensenada, Mexico), Raul Rangel Rojo (Departemento de Óptica, Centro de Investigación Científica
y de Educación Superior de Ensenada, Ensenada, Mexico), Carlo Scian (Department of Physiscs and Astronomy, University of Padova, Padova,
Italy), Paolo Mazzoldi (Department of Physiscs and Astronomy, University of Padova, Padova, Italy), Giovanni Mattei (Department of Physiscs and
Astronomy, University of Padova, Padova, Italy)

The capability to control light-matter interaction at the nanoscale is one of the main challenges in nanophotonics. To this aim, an
efficient strategy is to exploit plasmonic effects (coherent oscillations of conduction electrons) in noble metal nanostructures. The
coupling of light to surface plasmons in metallic nanostructures with tailored shapes and/or composition induces intense
enhancements of the local electromagnetic field at the nanostructures, which can be further increased by exploiting the interaction
among the plasmonic nano-building blocks. These properties are of great interest for nanophotonics and nonlinear optics
applications since they can be effectively exploited to design plasmonic nanosystems with tunable and amplified nonlinear optical
response and to control the quantum efficiency of emitters properly placed in close proximity to the plasmonic nanostructures. In
this presentation, we will report on the results of our recent experimental investigation on the properties of some peculiar kinds of
interacting plasmonic nanostructures synthesized by nanosphere lithography (NSL), that is, triangular nanoprism arrays (NPA),
semi-nanoshell arrays (SNSA) and nanohole arrays (NHA). The plasmonic properties have been also theoretically investigated in the
framework of a finite element model (FEM) electrodynamicapproach. The results proved that the intense local-field enhancements
occurring in these nanosystems give rise to a significant boost of their nonlinear optical response, activating phenomena otherwise
not accessible in the intensity range that has to be employed to investigate the response of these materials without damaging the
3+
matrix. Moreover, particularly for the NHA configuration, the interaction with optical emitters (Er ions) at specific distance allows
to get a high control over the radiative properties of the emitters both in terms of the decay rate and of the emission pattern, and a
3+
strong enhancement of the Er radiative efficiency in far-field is obtained with very modest losses in the plasmonic layer.
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#301 - Single-dot spectroscopy of silicon nanocrystals: ultranarrow linewidth and Auger biexciton recombination
Federico Pevere - KTH Royal Institute of Technology, Department of Materials and Nanophysics, Stockholm, Sweden
Other Authors: Ilya Sychugov (KTH Royal Institute of Technology, Department of Materials and Nanophysics, Stockholm, Sweden), Fatemeh
Sangghaleh (KTH Royal Institute of Technology, Department of Materials and Nanophysics, Stockholm, Sweden), Anna Fucikova (KTH Royal
Institute of Technology, Department of Materials and Nanophysics, Stockholm, Sweden), Zhenyu Yang (University of Alberta, Department of
Chemistry, Edmonton, Canada), Jonathan Veinot (University of Alberta, Department of Chemistry, Edmonton, Canada), Jan Linnros (KTH Royal
Institute of Technology, Department of Materials and Nanophysics, Stockholm, Sweden)

The photoluminescence of silicon nanocrystals (Si-NCs) was studied using single-dot spectroscopy at different temperatures and for
different host matrices. Ultranarrow homogeneous linewidths (resolution-limited, ~200 ueV) were detected at low temperatures
(10 K) for NCs encapsulated in a very thin oxide shell, while broader lines were measured for particles with thicker passivation
layers. This effect can be explained in terms of low-energy acoustic phonon modes, whose energies and coupling strengths depend
on the surrounding medium. In addition, power-dependence measurements performed on narrow-linewidth Si-NCs revealed PL
saturation at high excitations with no clear evidence of biexciton emission lines, suggesting dominant Auger recombination.
However, single-dot time-resolved measurements allowed detection of the biexciton emission as a fast (∼ns) initial transient under
stronger excitation in the PL decay curve (∼μs). The extracted Auger lifetimes, much shorter than the expected biexciton radiative
decay times, seem to vary from dot-to-dot. Finally, the obtained temperature dependence of the biexciton quantum yield, not
exceeding 0.1% below 10 K, provided explanation of the lack of specific lines in the low-temperature spectra of single Si-NCs.

#302 - Optimization of plasmonic back reflector for broadband light trapping in thin-film solar cells
Isodiana Crupi - CNR-IMM MATIS
Other Authors: Seweryn Morawiec (MATIS IMM-CNR, via S. Sofia 64, I-95123, Catania, Italy), Manuel J. Mendes (CENIMAT/I3N, Departamento
de Ciência dos Materiais, and CEMOP/UNINOVA, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, 2829-516 Caparica,
Portugal), Salvatore Mirabella (MATIS IMM-CNR, via S. Sofia 64, I-95123, Catania, Italy), Francesco Priolo (MATIS IMM-CNR, via S. Sofia 64, I95123, Catania, Italy and Scuola Superiore di Catania, Università di Catania, Via Valdisavoia 9, 95123 Catania,Italy

Light trapping is an attractive solution to increase the optical path length of sunlight in thin-film solar cells in order to improve their
efficiency [1]. Among various structures proposed in literature, subwavelength noble-metal nanoparticles (NPs) have attracted
significant attention due to their pronounced scattering properties at the localized surface plasmon resonance (LSPR), with the
2
theoretical possibility of exceeding the theoretical 4n limit, also known as the Yablonovitch limit [2].
Enhanced photocurrent in thin film solar cells has been demonstrated by placing the NPs on the rear side of the cell, forming what
is known as a plasmonic back reflector (PBR) [3,4]. In such configuration, the NPs embedded in the Transparent Conductive Oxide
(TCO) layer, which commonly separates the back mirror from the absorber, interact only with light that is not absorbed during the
first pass through the cell material. The morphology of the NPs has a strong impact on the optical properties of the PBRs and can be
tuned by an appropriate selection of the fabrication conditions [5]. High annealing temperature and long annealing time of the 12
nm thick precursor Ag film favor the formation of uniform NPs, in terms of size and shape. This results in desirable improvements of
their optical response, namely increase of diffused reflectance, reduction of parasitic absorption and slight blue-shift of the
resonance peak. By considering the average diffuse reflectance in the spectral range of interest, we address the optimization of PBR
structures for a broadband light trapping in photovoltaic applications.
[1]
[2]
[3]
[4]
[5]

H.A. Atwater et al., Nat. Mater. 9, 205–13 (2010)
E. Yablonovitch, J. Opt. Soc. Am. 72, 899-907 (1982)
S. Morawiec et al., Opt. Express 22, A1059–70 (2014)
M. Mendes et al., Nanotechnology 26, 135202 (2015)
S. Morawiec et al., Nanotechnology 24, 265601 (2013)

#303 - Enhanced second harmonic generation from multiresonant plasmonic nano-structures
Marco Finazzi - Dipartimento di Fisica, Politecnico di Milano
Other Authors: M. Celebrano, M. Baselli, P. Biagioni, L. Duò, F. Ciccacci - Physics Department, Politecnico Milano, P.zza Leonardo Da Vinci 32,
20133 Milano, Italy. A. Locatelli, C. De Angelis - Department of Information Engineering, University of Brescia, Via Branze 38, 25123 Brescia, Italy.
R. Osellame - IFN-CNR - Physics Department, Politecnico Milano, P.zza Leonardo Da Vinci 32, 20133 Milano, Italy. G. Cerullo - Physics
Department, Politecnico Milano, P.zza Leonardo Da Vinci 32, 20133 Milano, Italy. IFN-CNR - Physics Department, Politecnico Milano, P.zza
Leonardo Da Vinci 32, 20133 Milano, Italy. X. Wu - Nano-Optics & Biophotonics Group - Department of Physics - Experimental Physics 5,
University of Würzburg, Am Hubland, 97074 Würzburg, Germany. Present Address: Ultrafast Nanooptics Group – Department of Physics –
Experimental Physics III, University of Bayreuth, Universitätsstraße 30, 95447 Bayreuth, Germany. S. Großmann, B. Hecht - Nano-Optics &
Biophotonics Group - Department of Physics - Experimental Physics 5, University of Würzburg, Am Hubland, 97074 Würzburg, Germany.

Second Harmonic Generation (SHG) is well known to be a powerful imaging tool for background-free and non-damaging live tissues
investigation. Field enhancements in plasmonic nanostructures are often exploited to effectively compensate for the lack of phasematching in confined volumes with the aim of obtaining brighter nanoscale nonlinear probes. Recently, nanoantenna designs
featuring a double resonance at both the excitation and the emission wavelengths have been proposed to improve SHG [1].
However, the high degree of symmetry in plasmonic materials at the atomic scale and in nanoantenna designs have so far poor

156

Photonic and plasmonic materials and devices

30 Sept

SHG efficiency [2]. We have circumvented these limitations and engineered gold single-crystalline nanoantennas working in the
near-infrared that show unprecedented SHG efficiency thanks to (i) a multi-resonant response occurring at both the excitation and
SH wavelength, (ii) a significant spatial overlap of the localized fields at the wavelengths of interest and (iii) a broken-symmetry
geometry to achieve dipole-allowed SHG [3]. The effective combination of these key features in a single plasmonic antenna,
characterized by the absence of local defects, allows optimizing SHG efficiency in a well-controlled fashion.
[1] K. Thyagarajan et al., Opt. Express 20, 12860 (2012).
[2] M. Finazzi et al.,Phys. Rev. B76, 125414 (2007).
[3] M. Celebrano et al., Nat. Nanotech. 10, 412 (2015).

#304 - Genetically designed L3 photonic crystal cavities with measured quality factor exceeding one million
Giulia Urbinati - University of Pavia
Other Authors: Yiming Lai (University of Rochester, USA), Stefano Pirotta (University of Pavia, Italy), Dario Gerace (University of Pavia, Italy),
Momchil Minkov (EPFL, Switzerland), Vincenzo Savona (EPFL, Switzerland), Antonio Badolato (University of Rochester, USA), Matteo Galli
(University of Pavia, Italy)

Photonic crystal (PhC) cavities are becoming a leading approach in modern integrated nanophotonics due to their ability to confine
light in small mode volumes (V) for long times (i.e., with large quality factors (Q)). One of the key goals in research is to develop
cavities that can reach ultra-high Q/V ratio with a high degree of integration. We will present the experimental realization of an
6
optimized 2D PhC L3 nanocavity that features Qs above 10 while maintaining a very small footprint.
Starting from the basic L3 cavity design, the guided-mode expansion (GME) method has been exploited for the optimization,
combined with a genetic algorithm to explore the entire parameter-space [1,2]. This procedure enabled the determination of the
6
optimal design with a computed maximum Q-factor of Qth=5x10 at λ=1550 nm. According to the new design, cavities have been
fabricated in commercially available silicon on insulator (SOI) wafers, with additional support structures to suppress the buckling of
the PhC silicon membrane. Then optical characterization of the fundamental cavity mode resonance has been performed, by crosspolarization resonant scattering spectroscopy [4]. A 10 MHz resolution tunable laser was used to excite resonantly the cavity mode,
and the light scattered by the cavity was collected vertically in far-field with a NA=0.9 objective. Thanks to the cross-polarization
setting, we have precise control over the extinction of the reflected laser light and the linear polarized response of the cavity mode
can be easily detected. Laser wavelength calibration is controlled through the fringes of a Fabry-Pérot interferometer with known
6
free spectral range. The highest Q-factor measured is Qexp=1.96x10 [4], 20 times larger than the highest Q previously reported on
L3 cavities. The other nominally identical cavities on the same chip all displayed a clear resonance, with Qs lying systematically in
6
the 1x10 range. We will also present new experimental insight into the effect of disorder and absorption on the statistical
distribution of measured Qs.
These genetically optimized PhC cavities are highly promising building blocks for integrated photonics applications, including silicon
photonics, on-chip scalable platforms for quantum state control, and cavity optomechanics.
[1] L. C. Andreani et al, PRB 73, 235114 (2006).
[2] M. Minkov et al, Scientific reports 4 (2014).
[3] M. Galli et al, APL 94, 071101 (2009).
[4] Y. Lai et al, APL 104, 241101 (2014).
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#305 - The complex structure of chromatin
Guido Tiana (I) - Department of Physics, University of Milano and INFN
Other Authors: Luca Giorgetti (Friedrich Mischer Institute, Basel) Edith Heard (Institut Curie, Paris)

Chromatin is the whole DNA chain bound to proteins and RNA in the cellular nucleus. It is believed that the biological role of
chromatin is not only that of packing DNA in a small volume, but also that of controlling gene expression, resulting in an epigenetic
control on the cell. Recently, a class of experimental techniques were used to obtain contact maps of chromatin on the length scale
of few kilobases; these contact maps are structured in blocks, suggesting that the chromatin fibre is assembled in small globules.
Making use of polymer theory and of computer simulations based on the available experimental data, we investigate the
conformational properties of the chromatin chain, trying to relate them to the activity of the associated genes.

#306 - How chaperones assist the life of proteins: pulling, unfolding and Maxwell’s demons
Paolo De Los Rios (I) - Ecole Polytechnique Fédérale de Lausanne
Chaperone proteins are crucial for the maintenance of protein homeostasis in the cell. Among the several classes
of chaperones that have been identified, Hsp70s stand out because in the course of evolution they have
taken up a host of constitutive roles, besides the more traditional stress related ones.
Here we will review the present understanding of the mechanism of function of Hsp70 proteins
in protein translocation and in protein folding, discussing how they relate to the modern description
of non-equilibrium biochemical cycles.

#307 - Stretching response of knotted and unknotted chains
Michele Caraglio - Università di Padova, Dipartimento di Fisica e Astronomia "Galileo Galilei"
Other Authors: Cristian Micheletti (SISSA, International School for Advanced Studies), Enzo Orlandini (Università di Padova, Dipartimento di
Fisica e Astronomia "Galileo Galilei")

Knots arise spontaneously in polymers that are sufficiently long or densely packed, and hence are ubiquitous in biopolymers where
these conditions are met in vivo.
In recent years, the advent of more and more powerful single molecule manipulation and imaging techniques enabled direct
measurements of mechanical and dynamical properties of knotted polymers and knots can even be artificially introduced into
biopolymers such as actin filaments and linear DNA. The presence of knots is now known to affect the physical and functional
properties of the hosting chain and, in principle, such differences in the behavior of knotted and unknotted chains can be exploited
to detect the presence of knots in single biomolecules without the need of using single molecule imaging techniques, which are
notoriously challenging.
Here we investigate, through molecular dynamics simulations, how and to what extent, the presence of knots can be inferred from
a chain response to mechanical stretching. To this aim the behavior of tensioned knotted chains has been characterized in the
whole range of pulling forces and compared to the behavior of unknotted chains.
We find that the stretching response has a very significant and non-trivial dependence on chain topology at low forces. In
particular, the extension of knotted chains, normalised to unknotted ones, has a non-monotonic behaviour as a function of the
applied tension. This notable feature is more pronounced when the complexity of the knot increases and could be exploited in
force spectroscopy measurements to detect knots types in both flexible and semi-flexible chains.

#308 - An efficient algorithm to perform local concerted movements of a chain molecule.
Stefano Zamuner - SISSA - Group: "Molecular and Statistical Biophysics"
Other Authors: Alex Rodriguez (SISSA,Trieste) Flavio Seno (Dipartimento di Fisica e Astronomia G.Galilei, Universita' degli Studi di Padova)
Antonio Trovato (Dipartimento di Fisica e Astronomia G.Galilei, Universita' degli Studi di Padova)

The devising of efficient concerted rotation moves that modify only selected local portions of chain molecules is a long
studied problem. Possible applications range from speeding the uncorrelated sampling of polymeric dense systems to
loop reconstruction and structure refinement in protein modelling. The efficiency of the methodology capitalizes on the
inherent geometrical structure of the manifold defined by all chain configurations compatible with the fixed degrees of
freedom. The chain portion to be moved is first opened along a direction chosen in the tangent space to the manifold,
and then closed in the orthogonal space. As a consequence, in Monte Carlo simulations detailed balance is easily
enforced without the need of using Jacobian re-weighting. Moreover, the relative fluctuations of the degrees of freedom
involved in the move can be easily tuned. We show different applications: the manifold of possible configurations is
explored in a very efficient way for a protein fragment and for a cyclic molecule; the “local backbone volume”, related
to the volume spanned by the manifold, reproduces the mobility profile of all-&alpha; helical proteins; the refinement
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of small protein fragments with different secondary structures is addressed. The presented results suggest our
methodology as a valuable exploration and sampling tool in the context of bio-molecular simulations.
#309 - The structure of protein polymers, revealed by HPLC-SAXS experiments
Vincenzo Martorana - National Research Council of Italy, Institute of Biophysics
Other Authors: Vincenzo Martorana,1 James Irving,2 Sarah V. Faull,3 Matteo Levantino,4 Imran Haq,1 Samuele Raccosta,1 Loredana Randazzo,1
Rosina Noto,1 David A. Lomas,2 Mauro Manno1 1. Inst. of Biophysics, Natl. Res. Council of Italy , via Ugo La Malfa 153, 90146 Palermo, Italy; 2.
Wolfson Institute for Biomedical Research, U.C.L., London, UK; 3. Cambridge Institute for Medical Research, Cambridge University, UK; 4. Dept.
of Physics and Chemistry, University of Palermo, Palermo, Italy.

Serpinopathies are genetic diseases related to the deficiencyof a serpin (SERin Protease Inhibitor) and/or its accumulation as
polymer chain. The formation of protein polymerscan also be triggered in solutions of a wild-type serpin bymild thermal stress. The
first model for the serpin polymerformation, involving the insertion of the solvent exposed reactive loop of molecule A into the
central beta-sheetof molecule B, has been recently challenged by two different crystallographic structures showing a varying
degree ofdomain-swapping. In a series of experiments we measuredthe SAXS patterns of samples of alpha1-antitrypsin (AAT)
purified from plasma, incubated for short times at 55 °C.The X-rays scattering was measured just after the passagethrough a
chromatographic column that perform a partialseparation of the polymers of different lengths. Furthermore,data obtained from
SAXS experiments are known to be difficult to interpret when the systems are not homogeneous.To extract valuable information
on the structure of AATpolymers we devised a model based on a collection of lowresolution rigid monomer particles. Polydispersity
was easily taken into account, thus allowing the fitting of the entireset of partially separated polymer populations at once.

#310 - Volume exclusion effects in detailed balance systems
Claudia Cianci - University of Edinburgh
Other Authors: Ramon Grima, Stephen Smith University of Edinburgh

It is well known that the cell is a crowded environment and that many of the biochemical reagents exist in very low concentrations.
Both of these facts increase the relevance of stochastic modelling. The accepted stochastic model of reactions on this scale is the
Chemical Master Equation (CME), or Reaction Diffusion Master Equation (RDME) when spatial effects must be considered. In this
paper, we show that the RDME reduces to the CME for detailed balance systems, and proceed to investigate how volume exclusion
effects can alter the CME solution. We particularly focus on the crowding-induced changes that occur to the Fano factor, the
coefficient of variation, and the skewness of the resulting distributions. We will consider two general classes of chemical systems,
with and without chemical conservation laws. For each class of systems we will treat a specific example and we will verify our
analytical results with simulation data obtained with the Stochastic Simulation Algorithm (SSA).

#311 - The role of the antibody conformation in the formation of encounter complexes with small antigens
Marta Galanti - Università degli Studi di Firenze, Dipartimento di Fisica e Astronomia and INFN
Other Authors: Duccio Fanelli, Università degli Studi di Firenze, Dipartimento di Fisica e Astronomia and INFN, via G. Sansone 1, IT-50019 Sesto
Fiorentino, Firenze, Italia. Francesco Piazza, Université d'Orléans, Centre de Biophysique Moléculaire, CNRS-UPR4301, Rue C. Sadron, 45071,
Orléans, France

Antibodies are large, extremely flexible molecules, whose internal dynamics is certainly the key to their astounding ability to bind
antigens of all sizes, from

small hormones to giant viruses. In this work, we build a shape-based coarse-grained model of IgG molecules
and show that it can be used to generate 3D conformations in agreement
with single-molecule Cryo-ET data. Furthermore, we elaborate a theoretical
model that can be solved to any desired accuracy to compute the binding rate constant
of a small antigen to an IgG in a prescribed 3D conformation.
Our model shows that the antigen binding process is tightly related to the internal dynamics of the IgG. We find that
such link is more complex the more important are non-specific interactions with sites far from the paratopes. Our
findings pave the way for further investigations of the subtle connection between the dynamics and the function of
large, flexible multi-valent molecular machines.
#312 - Design of Proteins and Biopolymers in explicit water: a Coarse-Grain Approach
Valentino Bianco - University of Vienna, Faculty of Physics, Computational Physics
Other Authors: Ivan Coluzza, University of Vienna, Faculty of Physics, Computational Physics

Protein/bio-polymer design concerns the “optimization” of a sequence of residues, given an alphabet of monomers, that folds in a
target structure.
We present a new approach, based on a combination of water-protein coarse-grain model able, for a wide range of temperatures
and pressures, to deeply explore the configurational space of a water- protein solutions. Accounting for the influence of protein
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interfaces on the thermodynamic properties of the hydration shell, we show how the design of specific target structures is affected
by the solvent properties. In turn, we show how the folding properties for different sequences, designed at different
thermodynamic conditions, change.

[1] I. Coluzza, PloS ONE 6 (7): e20853 (2011).
[2] V. Bianco, S. Iskrov, and G. Franzese, J. Biol. Phys. 38, 27 (2012).
[3] I. Coluzza, P. Van Oostrum, B. Capone, E. Reimhult, and C. Dellago, Soft Matter 9, 938 (2013).
[4] I. Coluzza, PloS ONE 9 (12), e112852 (2014).
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#313 - A unified theoretical framework for cuprates, pnictides and fullerides
Massimo Capone (I) - International School for Advanced Studies (SISSA) and CNR-IOM
The link between high-temperature superconductivity and the physics of strong correlations has been forged by an immense
number of studies of the copper-based superconductors (cuprates) in which a robust d-wave superconducting state emerges
doping an antiferromagnetic Mott insulator. In this talk I will discuss the generality of this paradigm by demonstrating the role of
Mott physics in the iron-based superconductors and in alkali-metal doped fullerides.
For the iron-based superconductors, I will not argue that the metallic parent compounds (LaFeOAs, BaFe2As2 , ...), which have 6
electrons in the d orbitals, are close to a Mott transition, but rather than the whole phase diagram as a function of doping is
dominated by the distance from the Mott insulating global half-filling (5 electrons in the d orbitals) which plays the same role of the
parent compound of the cuprates. I will review the experimental evidence for this and the theoretical understanding, based on an
important role of the Hund's coupling leading to a strong differentiation between the orbitals [1]. This will lead to a surprising
unification of the phase diagrams of cuprates and iron-based superconductors.
For the alkali-doped fullerides I will discuss recent results combining ab-initio estimates of parameters with many-body methods
which faithfully reproduce the experimental phase diagram of Cs3C60 in which the ambient pressure Mott insulator turns into an swave superconductor under pressure, with a critical temperature which has a bell-shaped behavior which reminds the doping
dependence in the cuprates [2]. This confirms previous theoretical studies suggesting that fullerides are electron-phonon
superconductors which benefit from strong correlations [3].
This work has been financed by FP7/ERC through the Starting Grant SUPERBAD (Grant Agreement 240524)
[1] L. de' Medici, G. Giovannetti, M. Capone, Phys. Rev. Lett. 112, 177001 (2014)
[2] Y. Nomura, S. Sakai, M. Capone and R. Arita, arXiv:1505.05849
[3] M. Capone, M. Fabrizio, C. Castellani, and E. Tostti, Science 296, 2364 (2002); Rev. Mod. Phys. 81, 943 (2009)

#314 - Vortex formation and dynamics in elongated Bose-Einstein condensates
Giacomo Lamporesi (I) - INO-CNR BEC Center
Other Authors: Matteo Barbiero, Franco Dalfovo, Michele Debortoli, Simone Donatello, Gabriele Ferrari, Fabrizio Larcher, Lev Pitaevskii, Simone
Serafini, Marek Tylutki.

I will report on the experimental observation of solitonic vortices in an elongated Bose-Einstein condensate.
A rapid quench across the BEC transition implies the spontaneous creation of defects in the phase of
the resulting condensate [1], following the Kibble-Zurek mechanism. The most stable form of defects that lives long in
the elongated BEC is represented by vortical lines, mainly oriented along the short axis of the BEC.
We study the properties of these stable topological defects (solitonic vortices) by imaging
them from three orthogonal directions and through interferometric techniques [2, 3]. A stroboscopic method allows
us to make a real-time imaging of a vortex orbiting in a BEC. We can detect the variation of the orbital period due
to the atom number reduction on the long term, but also effects due to the interaction among vortices on the short
term.

[1] G. Lamporesi et al., Nature Physics 9, 656 (2013)
[2] S. Donadello et al., PRL 113, 065302 (2014)
[3] M. Tylutki et al., EPJ-ST 224, 577 (2015)

#315 - Solutions of the Two Dimensional Hubbard Model: Benchmarks and Results from a Wide Range of
Numerical Algorithms
Luca Fausto Tocchio - SISSA
Other Authors: The Simons Collaboration on the Many-Electron Problem

We present numerical results, obtained from a large collaboration, for ground state and excited state properties of the singleorbital Hubbard model on a two-dimensional square lattice, in order to provide an assessment of our ability to compute accurate
results in the thermodynamic limit. Besides variational and diffusion Monte Carlo with a fixed node approximation, that will be
described in more detail, many other methods are employed, including auxiliary field quantum Monte Carlo, bare and bold-line
diagrammatic Monte Carlo, method of dual fermions, density matrix embedding theory, density matrix renormalization group,
dynamical cluster approximation, unrestricted coupled cluster theory, and multi-reference projected Hartree-Fock. Comparison of
results obtained by different methods allows for the identification of uncertainties and systematic errors. The importance of
extrapolation to converged thermodynamic limit values is emphasized. Cases where agreement between different methods is
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obtained establish benchmark results that may be useful in the validation of new approaches and the improvement of existing
methods.
[1] J. P. F. LeBlanc, Andrey E. Antipov, Federico Becca, Ireneusz W. Bulik, Garnet Kin-Lic Chan, Chia-Min Chung, Youjin Deng, Michel
Ferrero, Thomas M. Henderson, Carlos A. Jiménez-Hoyos, E. Kozik, Xuan-Wen Liu, Andrew J. Millis, N. V. Prokof'ev, Mingpu Qin,
Gustavo E. Scuseria, Hao Shi, B. V. Svistunov, Luca F. Tocchio, I. S. Tupitsyn, Steven R. White, Shiwei Zhang, Bo-Xiao Zheng, Zhenyue
Zhu, Emanuel Gull, arXiv:1505.02290

1505.02290

#316 - Localized Majorana-like modes in a number conserving setting
Davide Rossini - Scuola Normale Superiore
Other Authors: Fernando Iemini (1), Leonardo Mazza (2), Sebastian Diehl (3), Rosario Fazio (2) (1) Departamento de Fisica - ICEx - Universidade
Federal de Minas Gerais, Belo Horizonte - MG, Brazil (2) NEST, Scuola Normale Superiore & Istituto Nanoscienze-CNR, I-56126 Pisa, Italy (3)
Institute of Theoretical Physics, TU Dresden, D-01062 Dresden, Germany

We present an exactly solvable model of interacting fermions in a two-wire geometry [1]. Our model describes a topological
superconductor supporting non-local zero-energy Majorana-like edge excitations and retains the fermionic number as a welldefined quantum number. The construction of the Hamiltonian with local two-body interactions and of its ground state draws
inspiration from recent works on dissipative state preparation for ultracold atomic fermions [2], here applied to spinless fermions.
The model has an exactly-solvable line, on varying the density of fermions, described by a topologically non-trivial ground state
wave-function.
Moreover, by tuning the ratio of interaction vs. kinetic energy, we can further explore its properties outside the exactly-solvable
line by means of the numerical density matrix renormalization group. We characterize its topological properties, establish the
presence of a gap in its single particle spectrum while the Hamiltonian is gapless, and compute the correlations between the edge
modes as well as the superfluid correlations. The topological phase covers a sizeable portion of the phase diagram, the solvable line
being one of its boundaries . This finding is rationalized by pointing out a relation to the ferromagnetic XXZ chain.
[1] F. Iemini, L. Mazza, D. Rossini, S. Diehl, R. Fazio, arXiv:1504.04230
[2] S. Diehl, E. Rico, M. A. Baranov, and P. Zoller, Nature Phys. 7, 971 (2011)

#317 - Regularization of quantum fluctuations in the BCS-BEC crossover
Luca Salasnich - University of Padua
Other Authors: Flavio Toigo (University of Padua)

I discuss very recent theoretical results [1,2] on the divergent zero-point energy
of the superfluid Fermi gas in the BCS-BEC crossover.
The divergent zero-point energy
of the system is due to both fermionic single-particle excitations
and bosonic collective excitations [1,2].
The regularization of the
zero-point energy gives remarkable analytical results for composite bosons
in two dimensions [1] and in three dimensions [2].
[1] L. Salasnich and F. Toigo, Phys. Rev. A 91, 011604(R) (2015).
[2] L. Salasnich and G. Bighin, Phys. Rev. A 91, 033610 (2015).
#318 - One-dimensional helium-4 beyond Luttinger theory
Mario Motta - Dipartimento di Fisica, Universita' degli Studi di Milano
Other Authors: Gianluca Bertaina (Dipartimento di Fisica, Universita' degli Studi di Milano), Maurizio Rossi (Dipartimento di Fisica e Astronomia,
Universita' degli Studi di Padova), Ettore Vitali (Dipartimento di Fisica, Universita' degli Studi di Milano), Davide Emilio Galli (Dipartimento di
Fisica, Universita' degli Studi di Milano)
4

We investigate zero temperature liquid He in strictly one dimension [1] by means of state-of-the-art Quantum Monte Carlo and
analytic continuation techniques [2,3]. The system displays the unique feature of spanning all the possible values of the TomonagaLuttinger liquid parameter KL by only changing the linear density. We explore the behavior of the dynamical structure factor beyond
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the limits of applicability of Tomonaga-Luttinger liquid theory in the whole range of KL. We observe a crossover from a weakly
interacting Bose gas regime at low density to a quasi-solid regime at high density, which we interpret in terms of novel analytical
expressions for the spectrum of hard-rods [4]. During this transition the interplay between dimensionality and interaction makes
the dynamical structure factor manifest a pseudo particle-hole continuum typical of a fermionic system, while the Bogoliubov mode
evolves into a remnant of the roton mode. We provide also a perturbative estimation of the drag force experienced by a soft
impurity moving along the system [5].
[1] G. Bertaina, M. Motta, M. Rossi, E. Vitali, and D.E. Galli, arXiv:1412.7179
[2] D. E. Galli and L. Reatto, Molecular Physics 101, 1697 (2003)
[3] E. Vitali, M. Rossi, L. Reatto, and D. E. Galli, Phys. Rev. B 82, 174510 (2010)
[4] A. Imambekov, T. L. Schmidt, and L. I. Glazman, Rev. Mod. Phys. 84, 1253 (2012)
[5] A. Y. Cherny, J.-S. Caux, and J. Brand, Front. Phys. 7, 54 (2012).

#319 - Meissner to vortex phase transition in hard-core bosonic ladders
Roberta Citro - Department of Physics E.R. Caianiello, University of Salerno
Other Authors: M. Di Dio, S. De Palo (CNR-IOM-Democritos National Simulation Centre, UDS Via Bonomea 265, I-34136, Trieste, Italy), E.
Orignac, (Laboratoire de Physique de l' Ecole Normale Superieure de Lyon, CNRS UMR5672, 46 Allee d'Italie, F-69364 Lyon Cedex 7, France) M.
L. Chiofalo (Dept. of Physics "Enrico Fermi" and INFN, Universita di Pisa Largo Bruno Pontecorvo 3 I-56127 Pisa, Italy)

The phase diagram of a half-filled hard core bosonic ladder in a flux is investigated by means of Density Matrix Renormalization
Group (DMRG) simulations and bosonization. We follow the transition from commensurate Meissner to incommensurate vortex
state for increasing interchain hopping by calculating the leg current and the momentum distribution and we find that beyond a
critical hopping the Meissner state is stable at any flux. For very high flux, we observe the formation of a second type of
incommensuration in the vortex state that could be revealed in experiments with cold atoms. Other observables, like the rung
current and bond-order wave correlations are also discussed.

#320 - Vortex arrays in trapped Fermi gases throughout the BCS-BEC crossover
Pierbiagio Pieri - University of Camerino
Other Authors: S. Simonucci and G. Calvanese Strinati

Vortex arrays in type-II superconductors admit the translational symmetry of an infinite system.
There are cases, however, like ultra-cold trapped Fermi gases and the crust of neutron stars, where finite-size effects make it quite
more complex to account for the geometrical arrangement of vortices. We self-consistently generate these arrays of vortices at
zero and finite temperature through a microscopic description of the non-homogeneous superfluid based on a differential equation
for the local order parameter, obtained by coarse graining the Bogoliubov-de Gennes (BdG) equations.
In this way, the strength of the inter-particle interaction is varied along the BCS-BEC crossover, from largely overlapping Cooper
pairs in the BCS limit to dilute composite bosons in the BEC limit. Detailed comparison with two landmark experiments on ultra-cold
Fermi gases, aimed at revealing the presence of the superfluid phase, brings out several features that makes them relevant for
other systems in nature as well.
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#321 - Advances in the Time-resolved Imaging of Paintings
Austin Nevin (I) - Istituto di Fotonica e Nanotecnologie - Consiglio Nazionale delle Ricerche
Other Authors: Sara Bellei (IFN-CNR), Sara Mosca (Politecnico di Milano), Valentina Capogrosso (Politecnico di MIlano) Gianluca Valentini
(Politecnico di Milano), Daniela Comelli (Politecnico di Milano)

Time resolved luminescence imaging of paintings and pigments can yield maps of the distribution of different fluorescent and
phorphorescent materials. In cultural heritage semiconductors are commonly found which exhibit long-lived fluorescence due to
the presence of crystal defects and trapped ions. The instrumentation used for imaging which will be described in detail is based on
coupling a ns laser (in our case the 2nd or 3rd Harmonic of a Nd:YAG emitting at 532 nm or 355 nm) to a time-gated intensifier. By
varying the emission of the laser different luminophores are probed. Analysis of historical samples using time-resolved
spectroscopy and complemetary techniques allows a better understanding of the origin or luminescence in complex materials,
many of which differ significantly from their modern equivalents. Examples of applications of luminescence imaging will include the
detection and mapping of modern and ancient materials will be shown which include historical samples of lithopone and Egyptian
blue, cadmium and other zinc-based pigments. Case studies and examples of analysis in situ will be shown to highlight the power of
the technique to resolve details which complement multispectral imaging.

#322 - Review on Digital Holographic Speckle Patterns Interferometry system and applications with emphasis on
new results for environmental impact assessment in simulated climate conditions
Vivi Tornari (I) - Institute of Electronic Structure and Laser/Foundation for Research and Technology - Hellas
Other Authors: Eirini Bernikola, IESL/FORTH Kostas Hatzigiannakis, IESL/FORTH Michalis Andrianakis, IESL/FORTH Elsa Tsiranidou,
IESL/FORTH Nota Tsigarida, IESL/FORTH

In many artwork maintenance problems structural responses determine the conservation approach to sustain the long-term
stability of the structure. The structural responses are primarily the dimensional changes caused by a physical or artificial impact
forcing a change in the spatial coordinates. To measure changes of spatial coordinates an interferometric technique sensitive to
optical path changes in three dimensions it is employed. The developed system based on the technique is termed Digital
Holographic Speckle Pattern Interferometry (DHSPI) and is custom made to satisfy the critical boundary conditions required and be
best suited in measurements for cultural heritage applications and especially the demand for portable system performance outside
the laboratory. Examples of system application inside and outside laboratory are to be presented into a number of different
conservation problems.
Also it is herein employed the optical laser geometry of holographic interferometry for providing the highest information content
as it is the only method capable to capture dimensional effects rather than damage events only. The dimensional effects represent
the impact of various factors onto the structure and the potential behavioral change of it whereas the damage events require
fracture to take place. One of the most updated applications today favored of the holographic interference properties is the study
of environmental effects on artwork structures and materials. In this paper the use of the DHSPI system in the study of the impact
of environmental and climate or microclimate variability is presented. The relative displacement due to environmental changes is
captured in remote real time automated operation allowing the continuous monitoring of surface displacement. The experimental
methodology and procedure are presented with characteristic results.

#323 - LUMINESCENCE DATING: RECENT RESULTS AND NEW PERSPECTIVES IN THE STUDY OF
GLASS MOSAICS
Anna Galli - CNR-IFN and Dipartimento di Scienza dei Materiali, Università Milano Bicocca
Other Authors: Marco Martini(1,2), Emanuela Sibilia(1,2) (1) Dipartimento di Scienza dei Materiali, Università degli Studi di Milano-Bicocca Via
Cozzi, 55 - 20125 Milano (2) INFN, Sezione di Milano Bicocca, Piazza della Scienza 1, I-20126 Milano

The crystalline inclusions of ceramics (mainly quartz and feldspars) act as thermoluminescence (TL) dosimeters, the irradiation
source being the natural radiation field. On this grounds various ceramic-like materials (pottery, bricks, cooked clays, bronze claycores) can be dated by TL. Similarly, Optically Stimulated Luminescence (OSL) has been exploited in more recent applications, using
light instead of heat to detrap electrons previously excited by ionising radiation.
In principle, Luminescence Dating can be used even with silica glass, once solved the main drawbacks of this application, i.e. the
lack of crystallization and the transparency.
Up to now the feasibility of Luminescence Dating was investigated only with mosaic glass tesserae, a particular kind of glass,
whose technology requires the addition to the basic mixture of different additive acting as coloring and opacifying agents. Many
compounds were used through the centuries to make opaque glass, namely lead and calcium antimoniate and tin-based opacifiers.
In some cases also grains of quartz were intentionally added to vitreous matrix with the same purpose.
Recent results [1, 2, 3] showed that the dosimetric properties of mosaic glasses depend on the presence of microcrystals in the
silica network, sensitivity being possibly correlated to the crystallinity degree of the glass. Using specific techniques typical of the
analysis of TL glow curves, like the “initial rise” following series of “partial cleanings” it has been possible to distinguish the TL
emission due to the vitreous base of the tesserae from the emission given by crystalline micro-inclusions.
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Various samples have been analysed through their TL and OSL emissions. Specific TL protocols have been developed to test
sensitivity and sensitivity changes, the extent of optical bleaching and the signal regeneration by sunlight.
Despite the encouraging results, the protocols are far from being well defined, due to the difficulty in separating the vitreous
component, strongly affected by anomalous fading, from the dosimetric component due to the crystalline micro-inclusions.
REFERENCES
1. Dating ancient mosaic glasses by luminescence: the case study of San Pietro in Vaticano, A. Galli, M. Martini, E. Sibilia, M.
Vandini, I. Villa. Eur. Phys. J. Plus (2011) 126: 121
2. The role of opacifiers in the luminescence of mosaic glass: characterization of the optical properties of cassiterite (SnO2). A. Galli,
M. Martini, E. Sibilia, F. Fumagalli Radiation measurements (2012),47, 814-819.
3. An attempt of dating mosaic glass rich in crystalline quartz using the pre-dose technique , A. Galli, M. Martini, E. Sibilia MAA, 13,
3 17-24 (2013).

#324 - Comparison between NMR and MIP in characterizing porosity of limestone used in Cultural Heritage
Martina Zuena - Department of Environmental Sciences, Informatics and Statistics, Ca’ Foscari University of Venice
Other Authors: Elisabetta Zendri (Department of Environmental Sciences, Informatics and Statistics, Ca’ Foscari University of Venice, Via Torino
155/B, 30170 Venezia Mestre, Italy) Anna Longo (Department of Physics and Chemistry, University of Palermo, Viale delle Scienze, Edificio 18,
90128 Palermo, Italy) Maria Francesca Alberghina (Department of Physics and Chemistry, University of Palermo, Viale delle Scienze, Edificio 18,
90128 Palermo, Italy) Maurizio Marrale (Department of Physics and Chemistry, University of Palermo, Viale delle Scienze, Edificio 18, 90128
Palermo, Italy) Maria Brai (Department of Physics and Chemistry, University of Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy)

Limestone with different porosity are used extensively as a sculptural and architectural stone in artistic-architectural field. As it is
known, this kind of material is subjected to physico-chemical decay that involves the loss of surface and in-depth cohesion [1].
Consolidation interventions are performed in order to preserve building and decorative surfaces of architectural monuments, to
reduce their degradation rate and to improve cohesion and adhesion in the stone [2].
Porosity of stone and pore size distribution are important factors to evaluate the effectiveness of a consolidation treatment and
they are normally performed using a single technique such as mercury intrusion porosimetry, MIP [3].Unfortunately, the
instrumental limitations of this technique such as the assumptions on pore geometry lead to incomplete, sometimes deceptive
results if used alone. Moreover, it leads to the destruction of the analyzed material and to the impossibility to test the same sample
after a consolidation treatment.
Nuclear Magnetic Resonance (NMR) relaxometry of water 1H nuclei can be also exploited to investigate pore space structure in
high surface-to-volume ratio (S/V) systems (characterized by small pore size). NMR relaxation times of confined water depend on
properties of the porous medium such as S/V and pore size distribution. Furthermore, in the last years portable devices for NMR
relaxometry have been developed for in situ, non-destructive and non-invasive measurements consequently these
instrumentations are able to analyze pore distribution before and after consolidation treatment [4].
In this experimental investigation results from NMR relaxometry and mercury intrusion porosimetry are compared with the aim at
studying various type of limestone materials with different porosity. The performances of the two technique are compared and
results are discussed. This analysis is preliminary for any investigation of the effectiveness of consolidation treatment.
References
1. DOEHNE E., PRICE C. A. Stone conservation: an overview of current research, Second Edition, Los Angeles: Getty Conservation
Institute, 2010.
2. LAURENZI TABASSO M. Acrylic polymers for the conservation of stone: advantages and drawbacks, APT Bulletin, Vol. 26, No. 4,
Preservation of Historic Masonry 1995, 17-21.
3. DIAMOND, S., Mercury porosimetry. An inappropriate method for the measurement of pore size distributions in cement-based
materials. Cement Concrete Research, 2000, 30, 1517-1525.
4. BRAI M., CASIERI C., DE LUCA F., FANTAZZINI P., GOMBIA M., TERENZI C. Validity of NMR pore-size analysis of cultural heritage
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#325 - Fano Physics on ultrashort time scales
Thomas Pfeifer (I) - Max-Planck Institute for Nuclear Physics
Quantum states and resonances associated with transitions between them are among the most fundamental building blocks of
physics and chemistry. To comprehensively understand states and resonances, it may be helpful to go beyond their (traditional)
energy representation, and to study them from a time-domain perspective. This is particularly important for time-dependent
interactions such as quantum systems exposed to weak or intense ultrashort laser fields, the key processes at the heart of timeresolved experiments.
The Fano mechanism describes a general physics phenomenon, traditionally understood as a resonance produced by an isolated
state coupled to a continuum of states. This process plays a role across many scientific areas, including nuclear, atomic and
molecular physics, optics, and solid-state physics. Applications are manifold, as the process builds a bridge between the
microscopic (localized, bound quantum states) and the macroscopic world (continuum states, quasi-classical wavepackets)
governing observables such as ionization yields or transport properties in matter.
Here, I will discuss time-domain measurements and laser control of atomic Fano resonances in helium atoms. Using extremeultraviolet (XUV) attosecond-pulsed light from high-harmonic generation (HHG), we study Fano resonances arising in the doubleexcitation of both helium electrons after the absorption of a single XUV photon. The XUV absorption spectrum was recorded after
the passage of the broadband HHG pulse through a gaseous He medium, as a function of time delay and intensity of a synchronized
and coherently locked near-visible (VIS) laser pulse.
The modification of the original Fano absorption profiles during the interaction with the VIS laser pulse can be understood by
considering a single ultrafast time-domain phase control operation. As a result, the Fano resonance and the defining asymmetry (q)
parameter could be mapped onto a phase of the dipole response. This understanding also enables resonant amplification of light
without inversion by a short-pulsed (impulsive) strong-field control operation, thus complementing the traditional dressed-state
picture of electromagnetically-induced transparency. The same physical mechanism allows to measure quantum-state-resolved
phase changes of individual doubly-excited states and thus to reconstruct a real-space representation of a laser-controlled twoelectron wave packet. In the future, the ability to steer pairs of electrons that constitute molecular bonds may open new routes for
laser-driven chemistry and reaction control.

#326 - Attosecond photoemission time delay - another insight into electron correlation.
Mathieu Gisselbrecht (I) - Lund University
Other Authors: E. Månsson (Lund University), D. Guénot (Lund University), D. Kroon (Lund University), M. Kotur (Lund University), E. W. Larsen
(Lund University), M. J. Dahlström (Stockholm University), E. Lindroth (Stockholm University), A. S. Kheifets (The Australian National University),
C. L. Arnold (Lund University), J. Mauritsson (Lund University), S. Sorensen (Lund University), A. L'Huillier (Lund University)
-18

The understanding of ultrafast processes dynamics at the attosecond time scale (10 s) has revived interest in single photon
ionization. Traditionally studied in the energy domain, photo-ionization was considered an instantaneous process. However recent
time-resolved measurements of electron emission in atoms, molecules and solids shed light on a dispersion dynamic of the electron
wave packets in a potential well [1-8]. Here we present work carried out in Lund aimed at characterising the influence of electron
correlations on the attosecond dynamics of these wave packets.
The experiments were performed using attosecond pulse trains in the 30 to 42 eV photon energy range. Each pulse train
corresponds to a frequency comb of odd order harmonics of an infrared laser (IR). The kinetic energy of the emitted electrons is
analysed with a magnetic bottle spectrometer, which also allows for the coincident detection of particles (see Figure 1). The
dispersion of electron wave packets in different noble gases is characterised by a technique of interferometry with an IR laser
probe [9]. These measurements provide directly temporal information about the photoionization dynamics [8].
Supported by theoretical calculations, we show that the group delay of the electronic wave packet contains information about the
nuclear potential after subtracting contributions related to the interaction with the probe laser [4, 5]. We show that it is possible to
study the electronic correlations in the case of direct or resonant photoionization (Fano resonance) [6, 8]. Finally, we discuss the
case of the double ionization of xenon where coincidence techniques allow us to identify the multiple double ionization
mechanisms. [7] Hence, we can isolate the direct non-sequential double ionization mechanism and interpret our observations
within a many-body perturbation theory in terms of shake-off and knockout mechanisms [10].
This methodology opens the door to the study of dynamics correlated multi-electronics and nuclear power in the molecules and
aggregates.
References
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#327 - Molecular orbital tomography by high-order harmonic generation
Matteo Negro (I) - CNR-IFN
Other Authors: Salvatore Stagira (Politecnico di Milano - Dipartimento di Fisica), Caterina Vozzi (Istituto di Fotonica e Nanotecnologie - CNR),
Michele Devetta (Istituto di Fotonica e Nanotecnologie - CNR), Davide Faccialà (Politecnico di Milano - Dipartimento di Fisica), Anna Gabriella
Ciriolo (Politecnico di Milano - Dipartimento di Fisica), Sandro De Silvestri (Politecnico di Milano - Dipartimento di Fisica)

High-order harmonic generation (HHG) driven by ultrashort laser pulses in matter represents a powerful tool for
spectroscopy, providing insight into a number of properties of atomic and molecular species.
The imaging of the highest occupied molecular orbital (HOMO) by HHG in molecular gases [1] can be performed by
measuring, in amplitude and phase, the harmonic field emitted by molecules for different molecular orientations with
respect to the laser polarization direction.
Complex phenomena occurring during HHG, like multi-orbital contributions and the influence of the ionic Coulomb
field, make the tomographic reconstruction procedure very difficult to apply to large molecules. A possible approach to
overcome those issue is based on HHG by a few-cycle mid-infrared pulse [2] in an impulsively aligned molecular beam,
where molecular alignment is induced by a second laser pulse.
In this work we report results obtained in some molecules (carbon dioxide, N 2O, acetylene); we show that, from the
evolution of the harmonic spectra measured in those species as a function of the delay between the aligning and the
driving laser pulses, it is possible to reconstruct the harmonic field emitted by the molecules both in amplitude and
phase.
The reconstruction is based on a suitable retrieval algorithm, which takes into account the influence of the ion Coulomb
field on the recolliding electron in a first order perturbative approach; the algorithm provides access to the emitted
harmonic field as a function of the molecular orientation.
The map of the amplitude and phase of the harmonic field emitted by the target molecules can then be exploited for the
reconstruction of their HOMO [3,4].
The mid-IR ultrashort laser pulses exploited in our experiments provide higher spectral cutoff energies and lower
ionization levels with respect to standard Ti:Sapphire laser sources, thus enabling the HOMO reconstruction in fragile
molecules with high spatial resolution.
[1] J. Itatani et al., Nature 432, 867 (2004).
[2] C. Vozzi et al., Optics Letters 32, 2957 (2007).
[3] C. Vozzi et al., Nature Physics 7, 823 (2011).
[4] M. Negro et al., Faraday Discussions 171, 133 (2014).
#328 - Measuring photon correlations simultaneously in time and frequency
Blanca Silva Fernández - CNR NANOTEC - Istituto di Nanotecnologia
Other Authors: Alejandro González-Tudela (Max- Planck Institut f ur Quantenoptik, 85748 Garching, Germany), Carlos Sánchez (Departamento de
Fsica Teorica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autonoma de Madrid, E-28049, Spain),
Dario Ballarini (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100 Lecce), Milena
de Giorgi (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100 Lecce), Elena del
Valle (Departamento de Fsica Teorica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC), Universidad Autonoma de
Madrid, E-28049, Spain), Daniele Sanvitto (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via
Monteroni - 73100 Lecce), Fabrice P. Laussy (Departamento de Fsica Teorica de la Materia Condensada and Condensed Matter Physics Center
(IFIMAC), Universidad Autonoma de Madrid, E-28049, Spain)

Photon correlations are at the focus of research in quantum optics due to their ability to characterize the nature of a source from
the relationship between emitted photons. With their seminal experiment, Hanbury Brown and Twiss provided the first evidence of
inherent correlations between photons due to their bosonic nature. These correlations are described by the second order
correlation function g(2).
In this work we report a technical and conceptual advance by measuring simultaneously photon correlations both in time and
frequency, by using a streak camera. This allows us to measure the full two-photon correlation spectrum (2PS) [1,2], a map of
photon correlations in time-frequency space, for a condensate of exciton-polaritons. Unlike the usual approach using beam splitters
and avalanche photodiodes, our procedure allows us to obtain both the energy and temporal information in only one
measurement.
The resulting landscape of correlations shows an excellent agreement with the theoretical prediction, calculated thanks to a new
theory of frequency-resolved correlations [3,4]. The 2PS unravels a richer dynamics of quantum emission than when disregarding
the frequency as correlations are then washed out and reduced to a single number. We show how, on the contrary, the 2PS
displays bunching in the diagonal (w1 = w2) and color-antibunching in the antidiagonal (w1 = −w2), providing the first observation of
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anticorrelations at the single particle level in a condensate of exciton-polaritons. We show that the observed tendency of photons
to clutter when they are equal and repel when they are different is not a specific feature of the system under consideration, but a
general property of photon themselves due to its bosonic nature that can be described by a general bosonic form factor. This
fundamental observation deepens our understanding of the nature of the intrinsic correlations between bosons, extending
Glauber's conventional theory of photon correlations.

#329 - Space-charge effects in hard X-ray photoelectron spectroscopy
Adriano Verna - Dipartimento di Scienze - Università Roma Tre
Other Authors: Giorgia Greco (Dipartimento di Scienze - Università Roma Tre), Valerio Lollobrigida (Dipartimento di Matematica e Fisica Università Roma Tre), Francesco Offi (Dipartimento di Scienze - Università Roma Tre), Giovanni Stefani (Dipartimento di Scienze - Università
Roma Tre)

The development of the new X-ray free-electron lasers (FELs) opens new opportunities in the application of pump-and-probe
techniques in photo-emission spectroscopy (PES) and offers new possibilities to investigate the ultrafast dynamics of the chemical,
electronic and magnetic processes [1]. Moreover, excitation of the electrons by hard X-rays allows to overcome the strong surface
sensitivity of conventional PES and to study the properties of buried (~nm) interfaces [2]. Despite these promising applications , the
use of intense light pulses in PES is limited by the space charge created by the high number of electrons emitted at the same time,
as evinced in experiments carried on with 3rd generation synchrotron radiation [3], ultraviolet lasers [4] and X-ray FELs [5]. Mutual
interactions among the photoelectrons determine the broadening and the energy shift of the structures in the photoemission
spectra. Theoretical models [6] and calculation procedures [7] have been implemented to predict the space-charge effects for
future experiments. In this presentation we discuss the detrimental effects dur to the space charge in the forthcoming PES
experiments with hard X-ray (5-10 keV) pulses. Considering elemental metals as a case of study, we simulated the broadening of
core-level peaks due to the interactions in the electron cloud using the Barnes-Hut many-body algorithm [8]. The numerous
secondary electrons usually do not contribute to the typically observed photoemission structures but are the main responsible for
the space-charge effects. The dependence of the energy broadening as a function of the number of photons per pulse and of the
size of the beam spot on the sample surface is investigated. We found that the distortion of the energy distribution mostly occurs
within few picoseconds after the emission and then in the very initial part of the flight of the photoelectrons and a time constant
for the energy-broadening process can be easily estimated. The feasibility of pump-and probe photoemission experiments at new
facilities like the European X-FEL with a tolerable energy broadening (0.1 eV or less) is discussed.
[1] P. Rebernik Ribic and G. Margaritondo, J. Phys. D: Appl. Phys., 45, 213001 (2012).
[2] F. Borgatti, F. Offi, P. Torelli, G. Monaco, G. Panaccione, J. Electron Spectrosc. 190, 228 (2013).
[3] X. J. Zhou et al., J. Electron Spectrosc. 142, 27 (2005).
[4] J. Graf et al., J. Appl. Phys. 107, 014912 (2010).
[5] A. Pietzsch et al., New J. Phys. 10, 033004 (2008).
[6] J. P. Long and B. S. Itchkawitz and M. N. Kabler, J. Opt. Soc. Am. B 13, 201 (1996).
[7] S. Hellmann, K. Rossnagel, M. Marczynski-Bühlow, L. Kipp, Phys. Rev. B 79, 035402 (2009).
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#330 - XUV-induced electron dynamics in aromatic amino acids
Mattea Carmen Castrovilli - CNR-IFN
Other Authors: D. Ayuso (Departamento de Química, Módulo 13. Universidad Autónoma de Madrid. 28049 Madrid, Spain), A. Trabattoni
(Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, I-20133 Milano, Italy), S. De Camillis (Centre for Plasma Physics,
School of Maths and Physics, Queen’s University Belfast, BT7 1NN, UK), A. Palacios (Departamento de Química, Módulo 13. Universidad
Autónoma de Madrid. 28049 Madrid, Spain), P. Decleva (Dipartimento di Scienze Chimiche e Farmaceutiche, Università di Trieste, 34127, and
CNR-IOM, Trieste, Italy), J. Greenwood (Centre for Plasma Physics, School of Maths and Physics, Queen’s University Belfast, BT7 1NN, UK), F.
Martín (Departamento de Química, Módulo 13. Universidad Autónoma de Madrid. 28049 Madrid, Spain), F. Calegari (Institute for Photonics and
Nanotechnologies, IFN-CNR, Piazza Leonardo da Vinci 32, I-20133 Milano, Italy), M. Nisoli (Dipartimento di Fisica, Politecnico di Milano, Piazza
Leonardo da Vinci 32, I-20133 Milano, Italy)

Electron transfer within a single molecule is the fundamental step for many biological processes and chemical reactions. Theoretical
studies have pointed out that very efficient charge dynamics can be driven by purely electronic effects, which can evolve on a
temporal scale ranging from few femtoseconds down to tens of attoseconds
Here we report on a clear experimental measurement of charge migration in aromatic amino acids, after attosecond excitation. In
our experiments, charge migration was measured by using a two-color, pump-probe technique. Charge dynamics was initiated by
isolated sub-300-as pulses, with photon energies in the spectral range between 17 eV and 35 eV and probed by 4-fs, waveformcontrolled near infrared (NIR) pulses, with central wavelength of 720 nm. A clean plume of neutral amino acids (phenylalanine and
tryptophan) was generated by evaporation from a thin metallic foil heated by a CW diode laser. The ions produced by the
interaction of the molecules with pump and probe pulses were then collected by a linear time-of-flight device for mass analysis.
In the case of phenylalanine we have measured the evolution of the yield of the doubly charged immonium ion (m/z = 60) as a
function of the delay between the attosecond pump pulse and the NIR probe pulse. By performing the measurement with a
temporal resolution of 500 as we were able to identify the presence of a fast modulation of the dication yield with a periodicity of
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4.3 fs. This fast dynamics can only be assigned to a pure electron dynamics, since nuclear dynamics usuallycomes into play on a
longer temporal scale.
To better understand the observed dynamics, we performed numerical calculations. Despite the complexity of the charge dynamics
triggered by the attosecond pulse, we were able to identify beatings between the amine and the carboxylic functional groups
characterized by oscillation frequencies in good agreement with the experimental results. Electronic beatings were also identified
in tryptophan, for which a modulation of the doubly charged immonium ion (m/z=79.5) with a periodicity of 3.9 fs was measured.
This ultrafast dynamics can be also associated to a charge migration. These ultrafast electronic processes constitute the first
experimental measurements of charge migration in biologically relevant molecules.

#331 - The hRIXS project at the Eurpean FEL
Giacomo Ghiringhelli - Politecnico di Milano - Dipartimento di Fisica
Other Authors: Ying Ying Peng (Politecnico di Milano), Alexander Föhlisch (HZB, and Potzdam University, Germany), Tim Laarmann (DESY
Hamburg), Wilfrid Wurth (DESY Hamburg), Simone Techert (DESY Hamburg), Andreas Scherz (European XFEL)

An international user consortium will equip the SCS beam line of the European XFEL with a high resolution soft x-ray spectrometer
for ultra-advanced resonant inelastic x-ray scattering (RIXS). The hRIXS project aims at adding the time resolution to high resolution
RIXS studies, therefore hitting the intrinsic limit of Heisenberg uncertainty problem in x-ray energy loss spectroscopy. Moreover
XFEL offers the opportunity to explore multi-photon processes, which could open the way to 4-wave scattering experiments in the
x-ray regime.
The optial design of the 5 meter-long hRIXS spectrometer for the 300-1500 eV energy range,has been completed by the team of the
Politecnico di Milano, in strict contact with the SCS beam line scientific staff, with the main partner and head of the Consortium
(HZB), and with a number of other members of the Consortium.
The scientific goals, the technical and conceptual challenges behind hRIXS, and the final optical layout of the spectrometer will be
presented.
The optical design work has been entirely covered by the PIK project “POLARIXS” of the MIUR (Italian Ministry of University and
Research).
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#332 - A statistical benchmark for BosonSampling
Andreas Buchleitner (I) - Albert-Ludwigs-Universitaet
Computing the state of a quantum mechanical many-body system composed of indistinguishable
particles distributed over a multitude of modes is one of the paradigmatic test cases of computational
complexity theory: Beyond well-understood quantum statistical effects, the coherent superposition of
many-particle amplitudes rapidly overburdens classical computing devices - essentially by creating
extremely complicated interference patterns, which also challenge experimental resolution. With the advent
of controlled many-particle interference experiments, optical set-ups that can efficiently probe many-boson
wave functions - baptised BosonSamplers - have therefore been proposed as efficient quantum simulators
which outperform any classical computing device, and thereby challenge the extended Church-Turing thesis,
one of the fundamental dogmas of computer science. However, as in all experimental quantum simulations of
truly complex systems, there remains one crucial problem: How to certify that a given experimental measurement
record is an unambiguous result of sampling bosons rather than fermions or distinguishable particles, or of
uncontrolled noise? We describe a statistical signature of many-body quantum interference, which can be used
as an experimental (and classically computable) benchmark for BosonSampling.

#333 - Quantum information processing by quantum plasmonics
Stephane Guerin (I) - University Bourgogne Franche Comté
Other Authors: B. Rousseaux, D. Dzsotjan, G. Colas des francs, H.R. Jauslin (University Bourgogne Franche Comté)

Controlling quantum emitters (atoms, molecules, quantum dots, etc.), light and its interactions is a key issue for implementing alloptical devices and information processing at the quantum level. This generally necessitates a strong coupling of emitters to
photonic modes, as achieved by a high Q-cavity.
A nanoscale plasmonic platform has been envisioned to transpose strong coupling of quantum optics to plasmonics which takes
advantage of the strong mode confinement of surface plasmon polaritons (SPP). Recent progress in quantum plasmonics showed
the possibility of quantum emitters to reach the strong coupling regime to SPP fields. However, its application appears notoriously
limited in practical situations due to the intrinsic presence of numerous and lossy modes, which complicates the description and
the interpretation of the interaction, and introduces strong decoherence in the system. These drawbacks are known to limit
severely the practical use of quantum plasmons for coherent manipulation of quantum emitters at the nanoscale.
In this presentation, we show how to solve these two issues. First, we derive an effective model from the fully quantized
description allowing one to interpret the complete plasmonic coupling as a multimode lossy cQED interaction. The potential of our
model is demonstrated in a second step: We show that we can engineer a specific coherent manipulation, where externally
manipulating a pair of emitters coupled by SPPs, we make full use of the strong coupling while circumventing plasmonic losses via
the use of unpopulated plasmonic modes. This is achieved by adapting the technique of stimulated Raman adiabatic passage
(STIRAP), known to lead to an efficient and robust transfer of population between two metastable states commonly coupled to a
lossy excited state, via a dark state immune to loss, thanks to adiabaticity usually reached for relatively modest durations and
energies of the external control pulses. Here the STIRAP technique and its variant, the fractional STIRAP, are applied between the
multi-emitter states driven by external fields: They allow the robust control of a complete or partial population transfer between
two emitters, leading in particular to their high-fidelity entanglement.

#334 - Nonequilibrium dissipation-driven steady many-body entanglement
Bruno Bellomo - Institut UTINAM - UMR CNRS 6213, Université de Franche-Comté
Other Authors: Mauro Antezza ( 1: Laboratoire Charles Coulomb (L2C), UMR 5221 CNRS-Université de Montpellier, Montpellier, F-France; 2:
Institut Universitaire de France - 103, bd Saint-Michel, F-75005 Paris, France )

This work concerns the manipulation of quantum systems by engineering the properties of the environment they interact with. It is
based on recent studies regarding the properties of the radiation field produced in a given configuration when macroscopic bodies
are kept at different temperatures [1]. Indeed, it has been shown that the interaction of small atomic systems (one or two atoms)
with a field produced in a configuration kept out of thermal equilibrium may permit a strong manipulation of the atomic dynamics
[2-5].
Here we study an ensemble of more than two two-level quantum systems (qubits) interacting with a common electromagnetic field
in proximity of a dielectric slab whose temperature is held different from that of some far surrounding walls.
We show that the dissipative dynamics of the qubits driven by this stationary and out of thermal equilibrium field, allows the
production of steady many-body entangled states, differently from the case at thermal equilibrium where steady states are always
non-entangled. By studying up to ten qubits, we point out the role of symmetry in the entanglement production, which is exalted in
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the case of permutationally invariant configurations. In the case of three qubits, we find a strong dependence of tripartite
entanglement on the spatial disposition of the qubits, and in the case of six qubits, we find several highly entangled bipartitions
where entanglement can, remarkably, survive for large qubit-qubit distances up to 100 micron [6].
Our analysis points out the potentialities of rich yet simple configurations involving macroscopic bodies held at different
temperature, which are within experimental reach. They may permit the production and manipulation of steady multipartite
entanglement, resistant for large inter-qubits distances, offering then new tools possibly exploitable for quantum computational
tasks. All this is obtained without any further external actions on the qubits, being the result of the qubits dissipative dynamics
itself. These protocols are then intrinsically robust to environmental effects and do not need of initializing the total system in a
given configuration.
[1] R. Messina and M. Antezza, Phys. Rev. A 84, 042102 (2011); Europhys. Lett. 95, 61002 (2011).
[2] B. Bellomo, R. Messina, and M. Antezza, Europhys. Lett. 100, 20006 (2012).
[3] B. Bellomo, R. Messina, D. Felbacq, and M. Antezza, Phys. Rev. A 87, 012101 (2013).
[4] B. Bellomo and M. Antezza, Europhys. Lett. 104, 10006 (2013); New J. Phys. 15, 113052 (2013).
[5] B. Leggio, B. Bellomo, and M. Antezza, Phys. Rev. A 91, 012117 (2015).
[6] B. Bellomo and M. Antezza, Phys. Rev. A 91, 042124 (2015).

#335 - Thermally activated nonlocal amplification in quantum energy transport
Bruno Leggio - Laboratoire Charles Coulomb, Université de Montpellier
Other Authors: Riccardo Messina (Laboratoire Charles Coulomb, CNRS-Université de Montpellier) Mauro Antezza (Laboratoire Charles Coulomb,
CNRS-Université de Montpellier)

We study energy transport efficiency in 2D and 3D configurations of two-level atoms. We show that, if these systems are
embedded in a common blackbody radiation, the transport efficiency can be greatly increased with respect to the case at T=0. To
understand this phenomenon we exploit the exact knowledge of field self-correlations, and show that excitations can travel along
the atomic system due to two alternative physical effects: in addition to the standard excitation hopping thanks to the atomic
dipole interactions, atoms can affect each other's internal energy also by collective dissipation induced by non-local selfcorrelations of the electromagnetic field. This latter term has been neglected in previous phenomenological approaches since its
effect has been assumed to be negligible. Although this assumption is well justified for regular systems where hopping dominates,
it breaks down in more general, non-regular configurations. By a microscopic analysis of atomic dynamics, we show that these nonlocal terms, triggered by the thermal noise induced by the blackbody radiation, play a fundamental role in atomic energy transport.
This generates a counter-intuitive temperature dependence of transport efficiency, which gets largely amplified in certain ranges of
temperature. Thanks to this effect excitations can travel along paths where hopping is forbidden, with efficiencies remarkably
higher than100%

#336 - Spanning the full Poincaré sphere with polariton Rabi oscillations
Stefano Donati - Italian Institute of Technology IIT-CBN
Other Authors: David Colas (IFIMAC-UAM, Madrid), Lorenzo Dominici (CNR-NANOTEC, Lecce), Dario Ballarini (CNR-NANOTEC, Lecce)

The coupled dynamics of exciton and photon in semiconductor microcavities produces light-matter oscillations (polariton Rabi
oscillations) ruled by the time-dependent occupation of the eigenstates of the system (upper and lower polariton branches). Here,
thanks to a comprehensive model of exciton-polariton Rabi dynamics and a digital holography technique for ultrafast spectroscopy
of the polariton emission, we show how the time-dependent intensity and polarization of the emitted light can be precisely
controlled by consecutive pulsed excitation of the system. Experimentally, the intensity of the emission is given by the photonic
part of the polariton field, while the complete evolution of the system is described by a fundamental model of coupled bosonic
fields. Interestingly, also the Poincaré sphere in the polarization basis can be spanned in time intervals as short as 10 ps, with a full
control of the polarization dynamics on a femtosecond timescale.
[1] L. Dominici et al., Phys. Rev Lett 113, 226401 (2014).
[2] D. Colas et al., arXiv:1412.4758 (2014).

#337 - Matter-Wave Interferometry of a Levitated Nanodiamond Induced and Probed by a Spin
Matteo Scala - Imperial College London
Other Authors: Chuanqi Wan (Imperial College London), Myungshik Kim (Imperial College London), Gavin W. Morley (Warwick University), Peter
F. Barker (University College London), and Sougato Bose (University College London)
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Quantum mechanics has always puzzled scientists be- cause its features do not seem to be valid in everyday life, as exemplified by
the well known paradox of Schroedinger’s cat, where a cat can be in a superposition of dead and alive states. Since quantum
mechanics works extremely well when we describe the microscopic world, there must be a boundary which establishes to what
extent the theory gives the correct predictions and when the microscopic world be- comes macroscopic.
Optomechanics is a new field of quantum optics whose aim is to test the validity of quantum mechanics with ob- jects (such as
vibrating mirrors interacting with the quan- tized electromagnetic field) which we would like to take bigger and bigger.
In our contribution, we propose a novel optomechanical system, where an oscillating nanodiamond interacts with the spin of a
defect embedded in it. The spin-motion cou- pling is realized by means of a suitable magnetic field gradi- ent, which induces a spindependent conditional displace- ment on the center of mass of the bead. We show that the evolution of the spin evidences phases
which come from the interaction of the diamond with the gravitational field. The possibility of revealing quantum superpositions of
the motional states of the nanodiamond by measuring the spin only may considerably simplify future tests of the validity of
quantum mechanics and shed new light on our understand- ing of the microscopic/macroscopic transition. To this aim, we consider
also extensions of our scheme which would al- low us to test models of quantum collapse with our device.
Finally we discuss practical metrological applications aimed at building miniaturized gravimeters.

#338 - Direct evidence of Rabi oscillations and anti-resonance in a strongly coupled organic microcavity
Sai Kiran Rajendran - Politecnico di Milano
Other Authors: Wei2 Wang2 (Institut für Physik and Center of Interface Science, Carl von Ossietzky Universität Oldenburg, D-26111 Oldenburg,
Germany ), Daniele3 Brida3 (Department of Physics and Center for Applied Photonics, University of Konstanz, D-78457 Konstanz, Germany ),
Antonietta2 De Sio2, Ephraim2 Sommer2, Ralf2 Vogelgesang2, David4 Coles4, David4 G. Lidzey4, Giulio1 Cerullo1(Istituto di Fotonica e
Nanotecnologie – CNR, Dipartimento di Fisica, Politecnico di Milano, P.zza Leonardo Da Vinci 32, 20132 Milano, Italy), Christoph2 Lienau2,
Tersilla1 Virgili1

Cavity polaritons exhibit a wealth of fascinating phenomena, due to the strong coherent coupling between their photonic and
excitonic components.The microscopic origin of these phenomena lies in the coherent interaction between excitons and cavity
photons, via coupling of the excitonic transition dipole moment to fluctuating (vacuum) electromagnetic fields stored within the
cavity. This strong coupling results in the formation of new hybrid lower (LP) and upper (UP) exciton-photon polariton modes,
separated in energy by the normal mode splitting.
In our work, we report the direct observation of 30-fs period Rabi oscillations between excitons and cavity photons in a strongly
coupled J-aggregate microcavity[1]. The transmission of ultrashort pulses through the polariton modes was temporally resolved
using time-resolved up-conversion to reveal ultrafast coherent exchange of energy taking place at a Rabi time period of about 30fs
for a Rabi splitting energy of about 140meV at room temperature. Further evidence of strong coupling in the microcavity was
obtained using linear spectral interferometry. The phase of transmitted electric field through the angle-tuned microcavity was
extracted. Distinctive anti-resonance feature, typical of coupled systems, was observed at the resonant absorption frequency of the
J-aggregate exciton. This antiresonance selectively probes the uncoupled exciton excitation, and its observation uncovers the
coherent and ultrafast exchange of energy between the optically excited cavity and the J-aggregate excitons. As expected for the
exciton absorption mode, this anti-resonant phase shift was dispersion-less with respect to angle-tuning. The time domain Rabi
oscillations as well as the frequency domain anti-resonance feature were well supported by theoretical simulations of the strongly
coupled microcavity.
[1] S. K. Rajendran et al, Direct evidence of Rabi oscillations and anti-resonance in a strongly coupled organic microcavity. Physical
Review B 91, 201305(R) 2015.

#339 - Ultracold atomic bosons in double, triple, and four-well potentials.
Giovanni Mazzarella - Università degli Studi di Padova-Dipartimento di Fisica e Astronomia "G. Galilei"
We consider ultracold atomic bosons confined in double, triple, and four-well shaped potentials. We study such systems within the
framework of the (two,three,four-site) Bose-Hubbard model. By varying the atom-atom interaction, we investigate the bosonic
ground state. This latter exhibits a variety of forms ranging from the coherent state in the delocalization regime to a macroscopic
cat-like (in the case of two and three spatial modes) and two-pulse states (four-site configuration) with (quasi)-fully localized
populations.

#340 - Critical behaviour of ultra-cold bosonic gases in a confining potential
Giacomo Ceccarelli - Dipartimento di Fisica dell'Universita' di Pisa and INFN, Sezione di Pisa
Other Authors: Jacopo Nespolo (Dipartimento di Fisica dell'Universita' di Pisa and INFN, Sezione di Pisa), Christian Torrero (CNRS, Aix-Marseille
Université, Université de Toulon), Ettore Vicari (Dipartimento di Fisica dell'Universita' di Pisa and INFN, Sezione di Pisa)
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Experiments with ultra-cold atoms use a confining potential to keep the sample
trapped in place. However, the presence of the trap is most often neglected in
the modelling and analyses, in favour of treatments based on homogeneous
descriptions. The trap qualitatively modifies the critical behaviour of these
systems near a phase transition: most notably, it bounds the correlation length
to remain finite.
The trap-size scaling can provide a sound treatment of the effects of the
confining potential. In this seminar, I shall review some general aspects of
trap-size scaling. I shall then concentrate on its application to the threedimensional Bose-Hubbard model, which realistically describes a bosonic gas in
an optical lattice.
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#341 - Tracking fast electrons at organic interfaces by core hole clock spectroscopy
Dean Cvetko (I) - University of Ljubljana
Other Authors: Dean Cvetko Department of Physics, Faculty for mathematics and physics, University of Ljubljana, Jadranska 19, SI-1000, Ljubljana,
Slovenia, CNR-IOM Laboratorio Nazionale TASC, Basovizza SS-14, km 163.5, I-34012

Understanding the interplay between molecular bonding and charge transfer pathways in heterojunctions is a key issue for
molecular engineering and design of novel organic nanodevices. Experimentally, different pathways for carrier transfer within
molecular assemblies can be probed with resonant photoemission (RPES) by measuring the time of electron and/or hole
delocalization from the specific site of creation. The detection of ultrafast charge delocalization may then reveal the preferred
pathways for carrier transport and provide unique insight in the origin of the nanoassembly’s conductive properties. The basics of
core-hole-clock (CHC) experiments [1] of the RPES will be presented in relation to various organic molecular systems. Ultrafast
electron dynamics in amine terminated and pyridine based molecular overlayers on Au(111) will be presented in relation to recent
results of single molecule break junction experimentsthat may provide a direct comparison between quantum and mesoscopic
properties of such systems. The models used to extract the time scale of the excited charge delocalization and the spatial
correlation of core and valence molecular states will be briefly discussed. CHC measurements of fast electron dynamics in a few
organic systems with p-pand donor-acceptor molecular coupling will be presented to evidence the essential coupling motifs for
efficient transport in molecular junctions [2].
References
[1] P.A.Bruhwiler et al., Review of Modern Physics,74, 703 (2002); A. Föhlisch et al., Nature, 436 , 373 (2005).
[2] G.Kladnik et al., The journal of physical chemistry.C, Nanomaterials and interfaces, 117, 16477, (2013), A.Batra et al., Nature
communications, 3, 1086-1, (2012), T.Schiros et al., Advanced energy materials, 3, 894-902 (2013).

#342 - Energy level alignment at metal-organic interfaces probed via molecular self-assembly
Giovanni Costantini (I) - University of Warwick
Most applications in organic electronics and organic photovoltaics require the deposition of a thin molecular film onto conductive
electrodes. The growth of the first few molecular layers represents a crucial step in the device fabrication since the organicelectrode interface carries the entire device functionality. Nevertheless, the ability to rationally tune and modify the electronic
configuration of these systems is extremely limited because the energy level alignment at metal-organic interfaces is influenced by
a complex combination of factors. As a result, most work in the field is still based on a trial-and-error approach.
In this talk I will present a new method to investigate the formation of metal-organic interfaces based on studying the relation
between molecule-substrate charge transfer and the development of specific molecular assembly patterns. In particular, I will show
that the driving force for charging an individual molecule depends not only on the position of its frontier orbitals with respect to
the substrate Fermi level, but also on the electrostatic interaction with its local neighbours’ environment. The resulting interplay of
long-range attractive or repulsive forces acting between interfacial molecular dipoles and short-rangeattractive interactions,
determines the emergence of peculiar assembly patterns that are a direct consequence of the local electronic configuration.
Using a series of ad-hoc designed molecules I will show that combining scanning tunnelling microscopy and spectroscopy with
atomistic simulations allows to study the elementary processes responsible for the observed self-assembly behaviour. The talk will
focus on molecules characterised by anomalous coarsening caused by reversible charge transfer [1] and on two-component
systems where specific co-assembly patterns result from the electron accepting behaviour of one molecule being selectively
induced by the presence of the other [2].
References
[1] A. Della Pia et al., ACS Nano 8, 12356 (2014)
[2] A. Della Pia et al., in preparation.

#343 - Cu Chiral Nanostripes induced by Metal Organic Complexes
Celia Rogero (I) - Centro de Física de Materiales (CSIC/UPV/EHU)
The trend of miniaturization to the nanoscale that new technological devices are promoting requires a detailed control of the
processes that take place at this level, and represents a significant challenge in every aspect of the design and manufacture. In
particular, fields such as surface engineering, electrochemistry, catalysis or energy demand the use of specific and carefully
controlled physical-chemical processes at nanostructured surfaces. This opens the way to study, for example, on-surface reactions,
crystal growth, or chirality of photoactive molecules on surfaces for applications in solar cells, pharmacology or spintronic.
In this context, our work is focused on the study of tetrapyrrole molecules, phthalocyanines, on Cu(110). Combining multiple
surface science techniques ̶ Scanning Tunneling Microscopy (STM), X-ray Photoelectron Spectroscopy (XPS), or Near Edge X-ray
Absorption Spectroscopy (NEXAFS) ̶ with Density Functional Theory (DFT) we have investigated a novel molecular/substrate
interaction mechanism [1]. We determine that varying the nature of the central macrocycle, from non-metalated to metalated
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molecules, it is possible to control the adsorption of the molecules from being just physisorbed to inducing a complete reshaping of
the surface. This derives in the formation of chiral arrays of Cu nanorstripes even when the molecules are achiral. At variance with
the conventional changes of metal reconstructions upon molecular adsorption observed so far, the presented faceting is found to
involve a massive reorganization of Cu adatoms. The energy gain of the final system comes not only from the preferential
adsorption position of phthalocyanines on the copper surface, but also from their interaction with the surrounding adatoms. We
demonstrate that indeed the mechanism behind the massive surface reshaping involves a molecular mediated uni-directional
blocking of diffusing surface adatoms.
[1] Abadía, M., González-Moreno, R., Sarasola, A., Otero-Irurueta, G., Verdini, A., Floreano, L., Garcia-Lekue, A., Rogero, C.
Journal of Physical Chemistry C 118 (2014) 29704 - 29712

#344 - Unoccupied surface features induced by epitaxial graphene on metal surfaces
Simona Achilli - Università Cattolica del Sacro Cuore, CNR-ISTM, via Golgi 19, 20133 Milano, Italy)
Other Authors: S. Tognolini (I-LAMP and Dipartimento di Matematica e Fisica, Università Cattolica, 25121 Brescia, Italy), L. Longetti
(Dipartimento di Fisica, CNISM, Università di Roma “La Sapienza”, 00185 Roma, Italy), E. Fava (I-LAMP and Dipartimento di Matematica e
Fisica, Università Cattolica, 25121 Brescia, Italy), L. Bignardi (Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4,
9747AG Groningen, The Netherlands), G. Galimberti (I-LAMP and Dipartimento di Matematica e Fisica, Università Cattolica, 25121 Brescia, Italy),
P. Rudolf ( (Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747AG Groningen, The Netherlands), F. Parmigiani
(Universita degli Studi di Trieste - Via A. Valerio 2, Trieste 34127, Italy Elettra - Sincrotrone Trieste S.C.p.A, Strada Statale 14, km 163.5, 34149
Basovizza, Trieste, Italy), C. Mariani (Dipartimento di Fisica, CNISM, Università di Roma “La Sapienza”, 00185 Roma, Italy), M.I. Trioni
(Dipartimento di Chimica, Università degli Studi di Milano and CNR-ISTM, via Golgi 19, 20133 Milano, Italy), S. Pagliara (I-LAMP and
Dipartimento di Matematica e Fisica, Università Cattolica, 25121 Brescia, Italy)

Unoccupied surface features induced by epitaxial graphene on metal surfaces
The interaction between graphene and metal surfaces has been often classified as strong or weak depending on the degree of
destruction of the Dirac cone, as due to the hybridization of graphene states with the d band of the metal. Nevertheless away from
the Fermi level, in the unoccupied spectrum, graphene always shows relevant perturbing effects on the surface states localized
outside the surface Although these states are a very sensitive probe for understanding the graphene-substrate coupling and can
significantly affect the electron dynamics at the surface they are poorly characterized, especially from an experimental point of
view.
We present a joint experimental-theoretical work exploiting angle-resolved nonlinear photoemission technique and Density
Functional Theory calculations to characterize the unoccupied spectra of graphene on different metal surfaces, namely Cu(111),
Ni(111), Ir(111).
We show that both in strongly (G/Ni) and weakly (G/Cu) interacting systems the variations of electronic potential in the vacuum
region give rise to the appearance of a quantum well state localized between the surface and graphene layer.
Furthermore the carbon layer affects the screening charge of the surface leading to partially modified image states with respect to
the clean surface.
We characterize these features in term of their binding energy, effective mass, spin character and wave function. We found that
the energetic and spatial proximity of the quantum well state and the first image state can give rise to hybridization effects, as in
the case of G/Cu.
The epitaxial graphene determines also a decrease of the metal surface work function. On Ir(111) this allows to efficiently populate,
by using photon energies in the near ultra-violet region, the first image state at k|| different from the Gamma point. For the first
time, we report on the experimental evidence of a Rashba-type spin splitting in n = 1 image
potential state, that we find to be five time smaller than one measured on the same surface on
the occupied SS. On the basis of theoretical considerations we show that this difference can be ascribed both to the
smaller amplitude and asymmetry of the image state charge density with respect to the SS around the Ir nuclear position.

#345 - Simulating Scanning Tunnelling Spectroscopy through quantum Monte Carlo
Matteo Barborini - CNR-NANO Centro S3
Other Authors: Sandro Sorella (SISSA, International School for Advanced Studies & DEMOCRITOS National Simulation Center, Via Bonomea 265,
34151 Trieste, Italy), Massimo Rontani (CNR-NANO Centro S3, Via Campi 213/a, 41125 Modena, Italy), Stefano Corni (CNR-NANO Centro S3, Via
Campi 213/a, 41125 Modena, Italy)

Scanning tunnelling spectroscopy (STS) is an experimental technique able to visualize electronic states in nano-objects, such as
quantum dots or molecules. Ideally, through Scanning Tunneling Spectroscopy (STS), the many-body observable that is accessible at
1
low temperatures is the spectral density resolved in space and frequency. After integrating over the energy in a neighborhood of
the electrochemical potential, one obtains a positively defined function that can be regarded as the square modulus of the quasiparticle Wave Function (QPWF) (or Dyson orbital) of the electron that is subtracted (hole QPWF, hQPWF) or added (electron QPWF,
2,3
eQPWF) to the N electron molecule during the STS experiment.
Therefore, the spectra and topological images of STS sometimes contain fundamental contributions from electronic correlation and
1-3
have thus been proposed as a way to visualize these correlation effects in quantum dots and molecules. A computational method
able to go beyond the single particle representation is needed to highlight such effects, and recently, to this end, different
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approaches have been devised using ab initio methods like Configuration Interaction (CI) and Coupled Cluster (CC), both truncated
3
at the second order expansion (CISD, CCSD).
In this work we present a quantum Monte Carlo (QMC) algorithm to calculate the hQPWF and the eQPWF with a procedure that
4
extends the correlated sampling technique already used to calculate energy differences and wave function overlaps in QMC. With
this procedure we overcome different limitations of the previous ab-initio approaches, recovering an higher level of electronic
correlation.
In particular, we present first results on molecules at the Variational Monte Carlo (VMC) level, using the Jastrow Antisymmetric
5
Geminal Power (JAGP) wave function which is able to recover both the dynamical and the static contributions to the electronic
correlation of various molecular systems such as diradicals.
This work is supported by MIUR- PRIN 2012 MEMO.
1

G. Maruccio et al., Nano Lett. 7, 2701 (2007); M. Rontani et al. J. Appl. Phys. 101, 081714 (2007).
M. Rontani and E. Molinari, Phys. Rev. B 71, 233106 (2005).
3
D. Toroz, M. Rontani and S. Corni, J. Chem. Phys. 134, 024104 (2011); D. Toroz, M. Rontani and S. Corni, Phys. Rev. Lett. 110,
018305 (2013).
4
C. J. Umrigar, Int. J. Quantum Chem.: Quantum Chem. Symp. 23, 17 (1989).
5
Casula M. et al., J. Chem. Phys. 121, 7110 (2004).
2

#346 - Two-dimensional metal-organic network synthesis and characterization
Matteo Lo Cicero - Department of Chemistry, University of Rome, "La Sapienza"
Other Authors: Matteo Lo Cicero (Department of Chemistry, University of Rome, "La Sapienza"), Oualid Ourdjini (Department of Phisics, University
of Rome, "La Sapienza"), Maria Grazia Betti (Department of Phisics, University of Rome, "La Sapienza"), Carlo Mariani (Department of Phisics,
University of Rome, "La Sapienza"), Mauro Sambi (Department of Chemistry, University of Padova), Ada Della Pia (Department of Phisics,
University of Rome, "La Sapienza"), Francesco Sedona (Department of Chemistry, University of Padova)

The development of synthetic routes leading to ordered and periodically well-defined two-dimensional (2D) covalent molecular
sheets, would open-up unique technological and theoretical aspects, which are likely to present a huge impact on the nanoscience
and nanotechnology using advanced materials [1].
Metal-organic polymeric networks constitute particular intriguing and interesting self-assembled 2D systems, formed by metal
atoms and organic ligands. If the metal is magnetic, this kind of systems can provide a groundwork for high-density memory devices
with low energy magnetic switching, due to the presence of an easy magnetization axis, and high operation rate. Such systems may
be also designed to mimic the catalytic centers of some types of enzymes for potential biological applications [2].
The network we present in this work is based on tetrahydroxyquinone (THQ) molecules deposited on single-crystal Cu(111).
Molecular monomers temperature dependence surface-assisted dehydrogenation and resulting surface metal adatom extraction
evidences will be shown. Due to overlayer adatom extraction and small-size monomers, this particular system present peculiar subnanometric intermetallic distances, feature that makes it particularly interesting within spintronic field.
THQ/Cu(111) system thermal activation, lead to covalent metal organic network synthesis. We report detailed experimental X-ray
photoelectron spectroscopy (XPS) measurements concerning observed surface-assisted THQ dehydrogenation, as a function of
time and temperature. Chemical bonds breaking and formation has been followed by core level energy measurements. Several 2D
ordered phases formed at different temperatures, have been characterized by low-energy electron-diffraction (LEED). Finally,
preliminary scanning tunneling microscopy (STM) measurementsat nanometric scale, confirmed geometries provided by LEED.
Information like unitary cell size and azimuthal orientation of both monomeric and polymeric adsorbate are presented.
[1] J. Sakamoto, et al. Two-dimensional polymers: just a dream of synthetic chemists? Angew. Chem. Int. Ed. Engl. 48(6), 1030–1069
(2009)
[2] H.-M. Zhang, et al. Zheng One step fabrication of metal-organic monolayers on Au(111) surfaces. J. Phys. Chem. C, 111,
7570−7573, (2007)

#347 - PDIF-CN2 organic thin-film deposited at room temperature by supersonic molecular beam deposition for
n-type OTFT
Fabio Chiarella - CNR-SPIN and Physics Department, University of Naples
Other Authors: Barra Mario (CNR-SPIN and Physics Department, University of Naples, Piazzale Tecchio 80, I-80125 Naples, Italy), Chianese
Federico (CNR-SPIN and Physics Department, University of Naples, Piazzale Tecchio 80, I-80125 Naples, Italy), Toccoli Tullio (IMEM-CNR-FBK
Division of Trento, Via alla Cascata 56/C, I-38123 Povo, Italy), and Cassinese Antonio (CNR-SPIN and Physics Department, University of Naples,
Piazzale Tecchio 80, I-80125 Naples, Italy

The possibility to get high-mobility n-type transistors avoiding thermal treatments during or after the deposition could significantly
extend the number of substrates suitable to the fabrication of flexible high-performance complementary circuits. In this
contribution, we report on the fabrication of N,N’-1H,1H-perfluorobutildicyanoperylenediimide (PDIF-CN2) organic thin-film
transistors (OTFT) by Supersonic Molecular Beam Deposition (SuMBD) on silicon dioxide dielectric treated with
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Hexamethyldisiloxane (HMDS) in the bottom contact-bottom gate configuration. The best device exhibited mobility (µ) up to 0.2
cm2/Vs even if the substrate was kept at room temperature during the organic film growth. This µ value exceeds by three orders of
magnitude the electrical performance of PDIF-CN2 films grown at the same substrate temperature by conventional Organic
Molecular Beam Deposition (OMBD). This achievement is possible thanks to the high kinetic energy (Ek is at most 18 eV) reached by
the molecules during SuMBD process, where Ek plays very effectively the equivalent role of the substrate temperature in the
OMBD technique [1]. By SuMBD, however, the PDIF-CN2 film growth turns out to be very critical with respect to the deposition
parameters (in particular the deposition rate). For example, it is possible to observe the critical dependence of the measured
charge carrier mobility on the deposition rate assumed during the film growth. Moreover, it was observed that the reported final
electrical response can be obtained only waiting for some days after the deposition. Just after deposition, indeed, these OTFT
display very poor electrical performances. This effect is associated to a post deposition crystallization and molecular reorganization
effect monitored through Atomic Force Microscopy and X-ray diffraction measurements.
References: [1] F. Chiarella, T. Toccoli, M. Barra, L. Aversa, F. Ciccullo, R. Tatti, R. Verucchi, S. Iannotta, and A. Cassinese APPLIED
PHYSICS LETTERS 104, 143302 (2014)
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#348 - Graphene Based Gas Sensors
Wojtek Wlodarski (I) - RMIT University
GRAPHENE BASED GAS SENSORS Wojtek Wlodarski School of Electrical and Computer Engineering RMIT University Melbourne,
AUSTRALIA The application of graphene for the gas sensing has become recently a new fast growing area of interest. Graphene has
the tremendous potential for development of gas and vapour sensors. This is in part due to the fact that each atom in the structure
interacts directly with the sensing environment and in part due to the ease with the electron properties of graphene can be
modified by this interaction. Graphene and related materials could be combined with different transducing platforms such as:
conductometric, Surface Acoustic Waves (SAW), Bulk Waves (BW), Shottky diodes, mass sensitive, Field Effect Transistors (FET),
optical as well as based on the noise spectra measurements. Combining these transducers with graphene results in the
development of new generation of sensitive, reversible and stable gas and vapour sensors with several advantages which will be
discussed. Numerous examples of recently developed gas and vapour sensors for NO2, CO, CO2, SO2, H2, NH3, CH4, VC and H2 will
be presented.

#349 - Trace gas detection through a comb-locked cavity-ring-down spectrometer
Marco Marangoni - Politecnico di Milano and IFN-CNR
Other Authors: Davide Gatti, Riccardo Gotti, Tommaso Sala, Roberta Ramponi, Paolo Laporta (Dipartimento di Fisica - Politecnico di Milano and
IFN-CNR, Piazza Leonardo da Vinci 32, 20133 Milano, Italy) Marco Prevedelli, (Dipartimento di Fisica e Astronomia, Università di Bologna, Via
Berti-Pichat 6/2, 40127 Bologna, Italy)

High-sensitivity detection of gases is obtained with a novel comb-locked cavity-ring-down spectrometer operating in the nearinfrared, from 1.5 to 1.63 micron. Key feature of the approach is the tight frequency locking of the probe laser to the comb,
ensuring very high reproducibility and accuracy to the frequency axis upon scanning the comb repetition rate, as well as an efficient
light injection into a length-swept high-finesse passive cavity containing the gas sample. Spectroscopic tests on carbon dioxide
demonstrate a limit of detection as low as 5.7∙10-11 cm-1 together with an accuracy of ~36 kHz on the determination of the line
centre frequency in a Doppler broadening regime over the time scale of about 5 minutes, corresponding to four consecutive
spectral scans of the absorption line.

#350 - Different techniques, compared for the indigenous mould characterisation
Veronica Sberveglieri - CNR-INO Sensor lab
Other Authors: Giovanna Navarra ( University of Palermo, Department of Physics and Chemistry, Viale delle Scienze Ed.18, 90128 Palermo, Italy )
Estefania Nunez Carmona ( CNR – INO Sensor Lab, Via Branze 45, 25123 Brescia, Italy ) Maurizio Leone ( University of Palermo, Department of
Physics and Chemistry, Viale delle Scienze Ed.18, 90128 Palermo, Italy ) Giorgio Sberveglieri ( CNR – INO Sensor Lab, Via Branze 45, 25123
Brescia, Italy )

Mould contamination of food and feed it’s a worldwide concerning problem due to the production of harmful metabolites like
micotoxins by this microorganisms.
The early detection of the occurrence of these contaminants became mandatory to assure food safety and to avoid economic loses
in industry.
Current detection methods require time, special skills, and are still quite expensive.
The aim of this study was to compare and find the fast, economic technique for the early detection and identification of mould
contaminants in different foodstuff.
The preliminary part of this work was performed isolating mould from food matrix. To Isolate and select, 4 different kinds of
Aspergillus Niger, 2 kinds of AspergillusFlavus, 1 AspergillusOchraceus.
Classical microbiological, chemical and optical techniques were compared in this work. GC-MS with an autosampler SPME and a
Small sensor system (S3) device equipped with an array of 6 chemical metal oxide nanowire gas sensors has been selected [1].
Nanowire sensor arrays has been prove to be a remarkable tool to be use in food quality control and safety [2][3].
Fundamental cooperation to obtain the creation of “Standard Mold Map” (SMM). SMM will be able to distinguish unequivocally the
mould species.
The subsequently part was used to identify the faster/cheaper and useful method to create the SMM. In particular, several molds
were characterized by spectroscopic methods, Vis/UV absorption, fluorescence and FTIR absorption [4].
The varieties of techniques used in this work strongly suggest the use of SMM techniques able to distinguish univocally the mould
spieces.
Acknowledgment
This work was partially supported by CAFIS "Utilizzo
di tecniche analitiche per la determinazione di indici di qualità
nel caffè verde, tostato e macinato", Progetto Operativo FESR 2007-2013
– CUP G73F12000120004.

179

Gas Sensors and Biosensors for Health and Wealth

1 Oct

[1] E. Núñez Carmona, V. Sberveglieri, A. Pulvirenti, “Detection of Microorganisms in Water and different Food Matrix by Electronic
Nose”, in Proceedings of the 2013 Seventh International Conference on Sensing Technology, ICST2013, pp. 703-707, 2013.
[2] V. Sberveglieri, E. Núñez Carmona, E. Comini, D Zappa, A. Pulvirenti, “Electronic nose for the early detection of different types of
indigenous mold contamination in green coffee”, in Proceedings of the 2013 Seventh International Conference on Sensing
Technology, ICST2013, pp. 461-465, 2013.
[3] V. Sberveglieri, E. Núñez Carmona, A. Pulvirenti, “Nanowire Technology to Asses the Bacterial Presence in Water and other Food
Stuff”, Springer International Publishing, Sensors, pp. 223-227, 2015.
[4] G.Navarra, M. Cannas, M. D’Amico, D. Giacomazza, V. Militello, L. Vaccaro, M. Leone, “termal oxidative process in extra-virgin
olive oils studied by FTIR, rheology and time-resolved luminescence”, Food Chem, 126, pp. 1226-1231, 2011.

#351 - MULTI-FUNCTIONALIZATION OF GRAPHENE OXIDE FOR SENSING APPLICATIONS
Alessandro Catanzaro - Dipartimento di Scienze Chimiche - Università degli Studi di Catania
Other Authors: Alessandro Catanzaro (Dipartimento di Scienze Chimiche, Università degli Studi di Catania, Catania, Italy), Patrizia Di Pietro
(Dipartimento di Scienze Chimiche, Università degli Studi di Catania, Catania, Italy), Luisa D’Urso (Dipartimento di Scienze Chimiche, Università
degli Studi di Catania, Catania, Italy), Giuseppe Consiglio (Dipartimento di Ingegneria Industriale, Università degli Studi di Catania, Catania,
Italy), Giuseppe Forte (Dipartimento di Scienze del Farmaco, Università degli Studi di Catania, Catania, Italy), Giuseppe Grasso (Dipartimento di
Scienze Chimiche, Università degli Studi di Catania, Catania, Italy), Carmelo Sgarlata (Dipartimento di Scienze Chimiche, Università degli Studi di
Catania, Catania, Italy), Thomas Godfroid (Chimie des Interactions Plasma Surface (ChIP) Research Institute for Materials Science and Engineering
Université de Mons (UMONS) & Materia Nova Research Center, Mons, Belgium), Rony Snyders (Chimie des Interactions Plasma Surface (ChIP)
Research Institute for Materials Science and Engineering Université de Mons (UMONS) & Materia Nova Research Center, Mons, Belgium), Cristina
Satriano (Dipartimento di Scienze Chimiche, Università degli Studi di Catania, Catania, Italy).

The present work tackles the functionalization of graphene oxide (GO) sheets to fabricate multifunctional nanoplatforms whose
assembly states can be controlled in response to different stimuli for in-vitro diagnostic application. Specifically, a versatile and
smart GO-based substrate - responsive to pH (chemical stimulus), temperature (physical stimulus) and enzymes (biological
stimulus) – was prepared by covalent and/or non-covalent binding respectively of acrylates, acrylamides and dye-labeled peptides
onto the GO surfaces. The latter GO functionalization was achieved both by simple physisorption, through hydrophobic and pi-pi
interactions, and by the grafting of reactive amino-groups via nitrogen-argon plasma treatment. The microwave plasma was
created by a surfaguide pulsed at 2.44 GHz, and the plasma discharge was set in pulsed mode. To avoid an overheating and a
massive etching of the carbonious matrix of the GO, the sample was collocated in the post discharge zone of the plasma, where a
flux of H2 was introduced during the plasma treatment, to increase the amino selectivity. This configuration was found the most
efficient to achieve a good grafting yield and selectivity, keeping at the same time the integrity of the surface.
The cooperative effects due to the manifold functionalization were scrutinized with a multitechnique approach of spectroscopic
(Raman, X-ray photoelectron spectroscopy, UV-visible, fluorescence) and microscopic (confocal and atomic force microscopy,
scanning electron microscopy) methods, both in solution and at the solid surface. In addition, First Principle and Molecular
Dynamics calculations were performed in parallel with the experiments. Results indicate the promising performances of the
developed nanomaterials for the understanding control of the processes, both kinetics and thermodynamics aspects, at the
graphene-(bio)molecule interface as well as for the (bio)molecule-target interaction in solution.

#352 - Metal Oxide Nanowires preparation and integration in chemical sensing devices
Elisabetta Comini - Sensor, Dipartimento di Ingegneria dell'informazione, CNR & università di Brescia
Other Authors: E. Comini, A.Bertuna, N.Kaur, N. Poli, D. Zappa, G. Sberveglieri SENSOR Lab, Dipartimento Ingegneria dell’Informazione,
Università degli Studi di Brescia & CNR-INO, Brescia, Italy

Oxides materials show properties covering almost all aspects of material science and physics in areas including oxide electronics,
superconductivity, ferroelectricity, magnetism…
Metal oxide nanostructures are studied in many areas such as solar cells, TFTs, LEDs, energy harvesting for their functional
properties. In the field of health and wealth they can be used as gas sensors to detect toxic gaseous species or to monitor chemical
compounds that may be related to the well being of a person. Acetone for example is useful for diabetes monitoring. In fact, the
people suffering from diabetes have a particular breath odor, because of producing large amount of acetone through their normal
metabolic processes.
Metal oxides are already established in the field of gas sensing, the sensing mechanism consists in an electrical resistance variation
upon gas chemisorption. The advantages of using single crystal nanowire of metal oxides compare to films are: a very large surfaceto-volume ratio, the downsizing of sensing materials that improves the sensor performances, their stability (high degree of
crystalline order), the higher capability to accommodate strain in presence of lattice mismatch, while the main challenges remains
the integration in macroscopic devices with good and stable electrical contacts.
Oxides like tin, zinc, copper, nickel, tungsten and niobium oxide were synthesized by vapor-liquid-solid technique, thermal
oxidation or hydrothermal methods. Functional properties of these structures as gas sensors were tested to different pollutants
and towards acetone at different working temperatures, showing the capability to use the devices in real applications.
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#353 - Multipurpose lab on chip – From medical diagnostics to food and environmental monitoring
Giuseppe Maruccio - University of Salento
Other Authors: E. Primiceri *,◊, M.S. Chiriacò *,▼, A. G. Monteduro*,▼, R. Rinaldi*,◊, G. Maruccio*,▼ * Department of Mathematics and
Physics University of Salento, Lecce, 73100, Italy ▼ CNR-Institute of Nanotechnology, Lecce, 73100, Italy ◊ CNR-Institute of Nanoscience, Lecce,
73100, Italy

Recently the development of lab-on-chip devices attracted large interest for detection of specific analytes/markers, cellular studies,
drug screening as well as food and environmental monitoring. In this respect, electrochemical impedance spectroscopy is a
powerful tool.
Here the development of a multipurpose biochip with integrated microfluidic components is described. Specifically, the layout
consists of various sensing areas, each one including an array of transducers (gold interdigited electrodes), while microfluidic
channels are used for the delivery of functionalization and sample solutions into the chambers. Such biochips are first
1
demonstrated to be suitable for viability assays, cytotoxicity tests and migration assays on cell populations . Then other
applications are discussed concerning the ultrasensitive (pM) detection of biorecognition events in flow immunoassays, such as in
2
the case of cholera toxin in solution or cancer biomarkers in sierra .
Our recent publications demonstrate that these biochips are very suitable for clinical analysis, being faster and more reproducible
than traditional techniques. In particular our attention was so far focused mainly on cancer diseases. For example, by means of
appositely developed biochips, we assessed the presence of autoantibodies against Ser-419-phosphorylated ENOA in sera
3
originating from patients with pancreatic ductal adenocarcinoma (PDAC) . Biochip results are in agreement with those from
traditional techniques, such as ELISA and Western Blot, but measurements are much more sensitive and specific increasing the
possibility of PDAC diagnosis. Similar chips also allowed to evaluate the free-to-total PSA ratio useful for screening of prostate
4
cancer risk . On a different approach, these biochips were modified to enable automatic tests to quantify the invasive potential of
5
cell lines by detecting the migratory activity of hepatocellular carcinoma (HCC) cells as a function of microenvironment .
Similar biochips were also applied for food and environmental monitoring. For example, we recently reported a portable gliadinimmunochip for contamination control on the food production chain which was validated for both liquid and solid food matrixes by
6
analysing different beers and flours .
7
Presently, we are integrating monolithic valves for fluid handling using thermo-responsive hydrogels .
References:
1. E. Primiceri et al., Biosensors and Bioelectronics, 2010, 25, 2711-2716.
2. M. S. Chiriacò et al., Lab on a Chip, 2011, 11, 658-663.
3. M. S. Chiriacò et al., Lab on a Chip, 2013, 13, 730-734.
4. M. S. Chiriacò et al., Analyst, 2013, 138, 5404-5410.
5. E. Primiceri et al.,Lab on a Chip, 2011, 11, 4081-4086.
6. M. S. Chiriacò et al.,Talanta 2015, 142, 57-63.
7. A. G. Monteduro et al., in preparation.

#354 - Integration of magnetic tunneling junction based devices in a portable platform for biosensing
applications
Parikshit Sharma - Dipartimento di Fisica, Politecnico di Milano
Other Authors: E. Albisetti (Politecnico di Milano), D. Petti (Politecnico di Milano), M Massetti (Politecnico di Milano), G. Gervasoni (Politecnico
di Milano), G. Ferrari (Politecnico di Milano), F. Damin (ICRM CNR), M. Cretich (ICRM CNR), M. Chiari (ICRM CNR), M. Sampietro (Politecnico
di Milano), R. Bertacco (Politecnico di Milano)

In recent years, magnetoresistive (MR) biosensor arrays combined with magnetic markers have emerged as a new promising
platform for biosensing. The most widely used scheme relies on the detection of molecular recognition events between the probe
molecules, bound onto the sensor surface, and the magnetically labeled target molecules, which bind specifically to the
complementary probes. The magnetic field of the superparamagnetic labels on the surface of the sensor causes a change in the
electrical resistance of the sensor, which is related to the concentration of the immobilized target molecules. In this work, we
demonstrate the detection of natural DNA hybridization events from different classes of pathogens, precisely Hepatitis E virus
(HEV) and Pathogenic bacteria (Listeria monocytogenes), using highly sensitive magnetic tunneling junction (MTJ) based devices.
The sensor stack is deposited by magnetron sputtering and processed by optical lithography and ion milling [1][2]. Moreover, we
successfully integrate the MR devices in a portable, compact platform provided with in-built electrical and fluidic apparatus. Our
results show that the platform successfully meets the requirements for the detection of hybridized natural DNA. Moreover, this
work represents a fundamental step towards the integration of MTJ-based biosensing platforms in compact Lab-on-a-chip devices
for the straightforward detection of pathogens in the agrifood industry and for further medical applications. [1] Albisetti E. et al.
Biosensors & Bioelectronics 47, 213–7 (2013). [2] Albisetti E. et al. Sensors and Actuators B 200 (2014).

#355 - Recent developments in photoluminescence-based chemical sensing by nanostructured metal oxide
materials
Stefano Lettieri - CNR-SPIN
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Other Authors: D. Pallotti (University of Napoli "Federico II" & CNR-SPIN), E. Orabona (University of Napoli "Federico II"), S. Amoruso
(University of Napoli "Federico II"), P. Maddalena (University of Napoli "Federico II" & CNR-SPIN), A. Fioravanti (CNR-IMAMOTER), M.C.
Carotta (CNR-IMAMOTER), R. Paoluzzi (CNR-IMAMOTER), L. Passoni (IIT- Center for Nanoscience and Nanotechnology), F. Di Fonzo (IITCenter for Nanoscience and Nanotechnology)

Metal oxide (MOX) nanoparticles are at the basis of many important applications including chemical sensing (e.g. tin and zinc
oxide), heterogeneous photocatalysis and environmental remediation (e.g. titanium dioxide) and solar energy conversion (e.g. zinc
oxide, titanium dioxide). These properties are decisively controlled by MOX photophysical characteristics.
Ambient-controlled Photoluminescence (PL) analysis provides important information on these latter characteristics, while also
representing a possible multi-parametric route to chemical sensing. Our recent researches in this field focused on (A): fundamental
studies on interactions between polluting gas molecules (e.g. ozone, NOx, volatile organic compounds et al) with MOX
nanoparticles and on (B): application of MOXs as optical nanosensors. These topics are investigated through different variants of PL
technique (static, excitation-resolved, time-resolved).
In this contribution we debate on some recent findings shading light on the possible “static quenching” mechanism that drives the
response of ultraviolet emission in zinc oxide ZnO toward oxidizing molecules. Moreover, we discuss on the feasibility of the use of
mixed-phase TiO2 for efficient and multi-parametric oxygen sensing. In this latter case, we evidence that O2 produces opposite
responses in rutile and anatase photoluminescence efficiency, highlighting interesting potentialities for future double-parametric
optical sensing based on titania.
The results underline an important role of lattice oxygen atoms, suggesting that the standard Schottky barrier mechanism driving
the response toward gas species in most used metal-oxide sensors (e.g., tin dioxide) is not the only active mechanism in TiO2. This
is of great importance in understanding and explaining the known differences existing between TiO2-based gas sensors and those
based on a standard chemoresistive material, namely SnO2.
A physical model explaining the different effects induced by oxygen on the PL activity of the two TiO2 polymorphs will be
presented, also underlining how such a proposed mechanism can drive PL-based optochemical toward improved performances of
interest for applications.

#356 - Integrated wearable sensors for elderly people critical event detection in home environment
Pietro Siciliano - IMM-CNR,
Other Authors: Alessandro Leone, Luca Francioso

This paper presents a multi-sensor wearable system for the detection of people critical events in the home environment.
The main reason for the development of the presented integrated and wearable multi-sensor-system is to allow non
completely self-sufficient people (e.g. older people) to live comfortably in their own houses as long as possible and
since one of the major causes of injury and fear for older people is the risk of critical and dangerous events, technology
should be exploited to automatically provide fast assistance when needed. In particular, the developed sensor system, in
case of emergency, communicates with care holders and relatives of the assisted person through an internet-based
gateway. Furthermore, in order to prevent false alarms the use of redundant or multi-sensory systems is mandatory.
Details on materials and technologies for sensors and MEMS fabrication on flexible substrate will be also provided.

#357 - AlN texturing and piezoelectricity on flexible substrates for sensor applications
Alessandra Alberti - CNR-IMM
Other Authors: Emanuele Smecca1, Francesco Maita2, Giovanna Pellegrino1, Vincenzo Vinciguerra3, Luigi La Magna3, Salvo Mirabella4, Luca
Maiolo2,Guglielmo Fortunato2, Guglielmo G. Condorelli5 1CNR-IMM, Zona Industriale Strada VIII, n°5, 95121, Catania , Italy 2 CNR-IMM, Via
del Fosso del Cavaliere 100, 00133 Roma, Italy 3 STMicroelectronics, Stradale Primosole 50, 95121, Catania , Italy 4 CNR-IMM, Matis Via Santa
Sofia n°64, 95123, Catania , Italy 5Dipartimento di Scienze Chimiche, Università degli Studi di Catania, V.le A.Doria 6, 95125 Catania, Italy.

We show that AlN-based piezocapacitors with relatively high piezoelectric coefficient (d33) values (3-4 pC/N) can be fabricated on
polyimide (PI) substrates at 160 °C or even at room temperature by sputtering processes. With respect to PI, a reduction of the
piezoelectric performances was observed on polyethylene naphthalate (PEN). With the same approach, a d33 value as high as 8
pC/N was achieved on rigid substrates (SiO2/Si). In all cases, a thin Al buffer layer was deposited, immediately before AlN, without
breaking the vacuum in the deposition chamber, in order to preserve the interface from contaminations that would obstruct the
optimal atomic stratification with the desired [0001] growth axis. The piezoelectric behavior was thus correlated to the degree of
texturing of the AlN layer through the evaluation of the XRD texturing coefficients and to the morphology by means of AFM
analyses. We show that a high level of roughness introduced by the PEN substrate, coupled with the effect of the substrate on the
piezoelectric coefficient , reduces the impact of the AlN texturing on the d33 values.
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#358 - FLEXIBLE NON-ENZYMATIC GLUCOSE SENSOR BASED ON LOW-COST NI NANOFOAM
Salvo Mirabella - CNR-IMM Matis
Other Authors: K. O. Iwu1, R. Sanz1, A. Lombardo2, S. Scirè2 1MATIS IMM-CNR, Via Santa Sofia 64, Catania, Italy 2Department of Chemical
Science, University of Catania, V.le A. Doria 6, Catania

Accurate and fast glucose sensing is of paramount importance in several key technology areas, such as health care, food industry
and biotechnology. Most current commercial devices are typically based on enzymatic glucose detection, which usually suffers
from poor stability of the immobilized glucose oxidase enzyme. Non-enzymatic glucose sensors have recently attracted great
-1
-2
scientific attention as reliable, selective and fast glucose sensing (sensitivity of fews mA mM cm ) can be achieved. The use of Ni
2+
3+
as electrocatalyst for glucose biosensing takes advantage of the Ni /Ni red-ox shuttle which is capable of fast and effective
glucose oxidation. Still, the preparation of high surface area nanostructured Nickel is still challenging, sometimes involving the use
of high temperature, pressure and vacuum systems, as well as exotic substrates. Here we present a simple route for the
preparation of high surface area Ni nanostructures which are used for low-cost fabrication of flexible (plastic substrate) glucose
biosensors with high efficiency.
Ni nanostructures are obtained through room temperature chemical bath deposition involving Nickel sulfate, potassium persulfate
and ammonia solution. FTO (Fluorine doped Tin oxide) covered glass or ITO (Indium Tin oxide) covered UPILEX plastic (50 µM thick)
were used as substrates. The synthesis created a highly porous film of intertwined NiO sheets (nanowalls, NWL) which, after
forming gas annealing at 350°C converts into a packed ensemble of small (20 nm) Ni particles (nanofoam, NF). Scanning electron
microscopy, X-ray Diffraction, temperature programmed reduction, BET surface area analyses, were used for chemical and
structural characterization, while a VersaStat 4 potentiostat was used for voltammetry and chronoamperometry studies in a three
electrodes set-up. The Ni NF electrode (both on plastic and glass substrates) was conditioned for glucose sensing by cyclic
voltammetry (CV) between -0.1 and 0.8 V in 0.1 M NaOH solution. Chronoamperometry (current vs. time) analyses were carried out
by monitoring changes in the amount of current increase with increase in glucose concentration of the 0.1 M NaOH electrolyte at
-1
-2
0.5 V vs SCE. The results show a linear response in the 10-700 mM glucose concentration and a sensitivity of 3mA mM cm . Longterm stability, high selectivity, fast response and excellent resistance to chloride ions were demonstrated.
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#359 - Recent advances in the integration of optical fibers and fiber-based sensors in nuclear environments
Sylvain Girard (I) - University of Saint-Etienne/ Lab. Hubert Curien
In this talk, the recent advances about the integration of optical fibers and fiber-based sensors in nuclear environments will be
reviewed.
For operation in such harsh environments, fiber-based devices present key advantages compared to other technologies such as low
weight, multiplexing capabilities, electromagnetic immunity… However, their integration remains limited by three degradation
mechanisms that are radiation induced attenuation (RIA), radiation induced emission (RIE) and radiation induced refractive index
changes (RIRIC). The amplitudes and kinetics of these changes are mainly driven by the nature, optical and structural properties of
the point defects created by ionization of displacement damages in the amorphous pure or doped silica of the fiber core and
cladding.
As a consequence, several intrinsic and extrinsic parameters influence the fiber or sensor radiation response such as the fiber
composition, the irradiation characteristics (dose, dose rate,), the temperature or operating wavelength. A survey about these
parameters and their impact on RIA will be given at the conference together with guidelines for the selection of fibers for data
transmission in major radiation environments (space, military, fusion or fission facilities)…
More recently, there is an increasing needs for fiber-based sensors using the fiber itself at the sensitive element to external
parameters such as radiation dose, temperature, strain, pressure. These systems combined with reflectometry techniques
authorize today to monitor these measurands with one meter spatial resolution over kilometers (Raman, Brillouin sensors) or
millimeter resolution over tenths of meters (Rayleigh sensors) whereas punctual measurements are possible with Fiber Bragg
Grating technology. Potential of these sensors for operation in the extreme conditions of the nuclear industry, nuclear waste
storage and high energy physics facilities will be discussed.

#360 - Large-area luminescent solar concentrators based on ‘Stokes-shift-engineered’ nanocrystals
Francesco Meinardi (I) - Dipartimento di Scienza dei Materiali, Università degli Studi di Milano Bicocca
Other Authors: Victor Klimov (Center for Advanced Solar Photophysics, Los Alamos National Laboratory, NM 87545, USA), Sergio Brovelli
(Dipartimento di Scienza dei Materiali, Università degli Studi di Milano-Bicocca, via Cozzi 55, I 20125 Milano, Italy)

Luminesce solar concentrators (LSCs) were proposed for the first time more than three decades ago as a cost-effective alternative
to Si-based solar cells. They consist of semitransparent plastic slabs doped or coated with highly emissive chromophores which,
after the absorption of the sunlight, emit long-wavelength photons. The luminescence is guided by total internal reflection to the
waveguide edges, where it is converted into electricity by conventional PV cells installed along the slab perimeter. Thanks to their
easy integration into active architectural elements, which enormously extends the surfaces exploitable for the light harvesting, LSCs
are actually one of the most promising complement for the realizations of net zero-energy consumption buildings in highlypopulate urban areas. However, despite a great flurry of activity in the field leading to a plethora of patents, the integration of LSCs
in real-word applications is still hindered by the intrinsic limitation imposed by organic molecules and conventional quantum dots
commonly used as emitters. In particular, reabsorption losses and a partial coverage of the solar radiation prevent the realization of
large-area devices with suitable efficiency.
Recently we demonstrated two different strategies for realizing LSC with reduced absorption losses and high efficiency for
dimension up to tens of centimeters, by employing both wavefunction engineered [Nature Photonics, 8, 392 (2014)] and ternary
[patent application MI2015A000041] quantum dots (QDs). In the first case the active chromophores are CdSe/CdS QDs with a giant
shell (responsible for the absorption) and a small core (responsible for the emission). In the second one, ZnS-coated CuInSe2-xSx QDs
provide a Stokes-shifted emission due to deep intra-gap states associated with native defects. The feasibility of these approaches
was proved by fabricating high-optical-quality nanocomposites embedding the selected QDs in polymethylmethacrylate or
polylauryl-methacrylate matrixes properly polymerized in order to preserve the optical properties of the emitters. In such a way,
we obtained large-area, freestanding, colorless polymer slabs achieving an optical power efficiency of 3.2%without the assistance
of back-reflectors. Monte-Carlo simulations show that, with few improvements of the QD photoluminescence quantum yield, high
efficiency LSC as large as one square meter can be easily obtained opening the way for the fabrication of photovoltaic windows.

#361 - Silicon carbide materials for photo-sensing applications: optical and structural characterization
Angela Malara - Università “Mediterranea” di Reggio Calabria
Other Authors: Giuliana Faggio (Dipartimento di Ingegneria dell'Informazione, delle Infrastrutture e dell'Energia Sostenibile (DIIES), Università
“Mediterranea” di Reggio Calabria, 89122 Reggio Calabria, Italy), Giacomo Messina (Dipartimento di Ingegneria dell'Informazione, delle
Infrastrutture e dell'Energia Sostenibile (DIIES), Università “Mediterranea” di Reggio Calabria, 89122 Reggio Calabria, Italy), Sandro Rao
(Dipartimento di Ingegneria dell'Informazione, delle Infrastrutture e dell'Energia Sostenibile (DIIES), Università “Mediterranea” di Reggio
Calabria, 89122 Reggio Calabria, Italy), Francesco Giuseppe Della Corte (Dipartimento di Ingegneria dell'Informazione, delle Infrastrutture e
dell'Energia Sostenibile (DIIES), Università “Mediterranea” di Reggio Calabria, 89122 Reggio Calabria, Italy)

Wide-bandgap semiconductors are widely used for applications in the field of optoelectronics and microelectronics. Among these,
silicon carbide (SiC), both in its amorphous and crystalline form, is regarded a promising material due to its outstanding properties
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in harsh environment [1]. Extreme thermal stability and large electric breakdown fields make it suitable for the development of
high-temperature, high power, high-frequency applications and UV optoelectronic devices [1].
Crystalline SiC forms long range ordered structures and according to the possible stacking sequence along the crystallographic axis
direction, it is characterized by many different polytypes, each one identified by their own featuring electrical and optical
properties [2]. Among all the polytypes, the hexagonal structure 4H-SiC, has been studied as a proper material for optoelectronic
applications [3]. Indeed, synthesis is mainly focused on 4H-SiC production because, regarding other polytypes, it has substantially
higher carrier mobility, shallower dopant ionization energies and low intrinsic carrier concentration [4]; moreover, it is
characterized by transparency to the visible spectrum, high sensitivity to photons and radiation-hardness [5].
In this work, we provide a detailed study of variously doped 4H-SiC properties for photo-sensing applications. In order to obtain
information on defects, doping, and spatial uniformity of films, an accurate analysis by means of micro Raman spectroscopy and
Raman mapping is performed. The films are also optically characterized using spectroscopic ellipsometry to determine optical and
electro-optical parameters.

[1] M. Kildemo, Thin Solid Films 455-456 (2004) 187.
[2] P.G. Neudek, Journal of Electronic Materials 24(4) (1995) 283.
[3] F. Zhao et al, Electron Device Letters IEEE 30(11) (2009) 1182.
[4] M.B.J. Wijesundara, R. Azevedo, Springer, New York (2011) 33.
[5] A. Akturk et al, Journal of Applied Physics 104 (2008) 026101.

#362 - Proton beams Bragg peak imaging by LiF color centers-based photoluminescent detectors
Massimo Piccinini - ENEA C.R. Frascati - UTAPRAD-MNF
Other Authors: M. Piccinini, F. Ambrosini, A. Ampollini, F. Bonfigli, S. Libera, L. Picardi, C. Ronsivalle, M. Vadrucci, M.A. Vincenti, R.M.
Montereali (ENEA, C.R. Frascati, Technical Unit for Development and Applications of Radiations, Via E. Fermi 45, 00044 Frascati, Rome, Italy), E.
Nichelatti (ENEA, C.R. Casaccia, Technical Unit for Materials Technologies, Via Anguillarese 301, 00123 S. Maria di Galeria, Rome, Italy)

Lithium fluoride (LiF) is a well-known material for photonic applications [1] and dosimetry. LiF crystals and thin films have also been
proposed and tested as high spatial resolution luminescent solid-state x-ray imaging detectors [2,3]. In recent years, the use of
hadrons (i.e. protons and carbon ions) in oncological radiotherapy has seen a considerable expansion because of the excellent
ballistic properties of heavy particles which lose most of their energy just at the end of their path in tissue, called Bragg peak, with a
modest lateral diffusion and preserving the surrounding healthy organs during tumor irradiation.
Proton beams of 3, 7 and 11.6 MeV energy, produced by a linear accelerator at ENEA C.R. Frascati, were used to irradiate in a
particular geometry LiF thin films thermally evaporated on silicon, inducing the formation of stable primary and aggregate color
+
centers (CCs). In particular, F2 and F3 defects (two electrons bound to two and three anion vacancies, respectively) possess almost
overlapping absorption bands, located at a wavelength of about 450 nm; under optical excitation in this spectral region they emit
broad photoluminescence (PL) bands peaked at 678 nm and 541 nm, respectively.
By a standard fluorescence microscope, images of the top surface of the exposed LiF films allowed evaluating the Bragg peak
+
position. The spectrally integrated PL emitted by radiation-induced F2 and F3 CCs, whose local concentrations are proportional to
the energy deposited by protons in LiF [4], exhibits a strong increase at a distance from the edge of the film, which depends on the
proton beam energy. As the PL signal is proportional to the local defects concentrations, this strong increase appears to be related
to the Bragg peak position. At the investigated proton beam energies, the estimated distance between the film edge and the PL
peak intensity is in satisfactory agreement with the simulations obtained by using The Stopping and Range of Ions in Matter (SRIM)
software. These preliminary results strongly encourage the use of LiF thin films for advanced diagnostics of proton beams.
[1] R.M. Montereali, “Point Defects in Thin Insulating Films of Lithium Fluoride for Optical Microsystems”, Handbook of Thin Film
Materials, 3, Academic Press, pp. 399-431 (2002).
[2] S. Almaviva, F. Bonfigli, I. Franzini, A. Lai, R.M. Montereali, D. Pelliccia, A. Cedola, S. Lagomarsino, Appl. Phys. Lett. 89 (2006)
54102.
[3] R.M. Montereali, F. Bonfigli, E. Nichelatti, M.A. Vincenti, Nuovo Cimento C 36 (2) (2013) 35.
[4] M. Piccinini, F. Ambrosini, A. Ampollini, M. Carpanese, L. Picardi, C. Ronsivalle, F. Bonfigli, S. Libera, M.A. Vincenti, R.M.
Montereali, J. Lum. 156 (2014) 170.

#363 - Structure and fluorescence mechanism of highly N-doped Carbon nanodots
Fabrizio Messina - Dipartimento di Fisica e Chimica - Università degli Studi di Palermo
Other Authors: L. Sciortino (Dipartimento di Fisica e Chimica – Università degli Studi di Palermo), R. Popescu (Laboratory for Electron
Microscopy, Karlsruhe Institute of Technology, Karlsruhe, Germany), G. Buscarino (Dipartimento di Fisica e Chimica – Università degli Studi di
Palermo), A. M. Venezia (Istituto per lo Studio dei Materiali Nanostrutturati, CNR, Palermo, Italy), S. Agnello (Dipartimento di Fisica e Chimica –
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Università degli Studi di Palermo), M. Cannas (Dipartimento di Fisica e Chimica – Università degli Studi di Palermo), F. M. Gelardi (Dipartimento
di Fisica e Chimica – Università degli Studi di Palermo)

Carbon nanodots (CDs) are an emerging family of carbonaceous nanoparticles capable of an intense and tunable fluorescence in
the visible. CDs can be synthetized by a variety of methods ranging from electrochemical oxidation of graphite to microwave2
induced decomposition of organic molecules. CDs often consist in a crystalline core rich of sp -carbon, surrounded by an oxidized
surface shell hosting a variety of polar groups which make CDs highly soluble in water. However, their structure and properties
undergo notable variations depending on the synthesis method. For instance, CDs sometimes lack any crystalline order in the core,
and their fluorescence sensibly depends on surface passivation. Apart from C, O and H, CDs are often surface-passivated or coredoped with Nitrogen, as a practical way to enhance their fluorescence quantum yield (QY). The strong fluorescence of CDs,
combined with water solubility, versatile photochemical properties and low cost, has inspired several possible applications in lightemitting devices, sensing, solar energy harvesting and more, which are the subject of intense research. On the other hand, many
questions remain open on the fundamental photo-physics of CDs, such as assigning their emission mechanism to transitions in the
nanocrystalline core, to surface-localized electronic states or both.
We synthetized highly Nitrogen-doped CDs via a bottom-up procedure, and studied in detail their properties by HRTEM, AFM, XPS,
FTIR, Raman, VIS/UV absorption and photoluminescence. Structural analysis via HRTEM, AFM and electron diffraction shows CDs to
be sized ≈3 nm on average and, more importantly, to host a crystalline b-C3N4 core, in contrast with the usual picture of CDs having
an essentially graphitic structure. The surface of CDs hosts plentiful carboxylic and amide groups, as inferred from FTIR and XPS
data. We find CDs to be strongly fluorescent in the visible, with large QYs and nanosecond decay lifetimes under VIS/near-UV
excitations, the fingerprint of strongly dipole-allowed electronic transitions. The evidence that the emission color can be tuned by
selecting the excitation wavelength implies a continuous distribution of fluorophores having inhomogeneously distributed
electronic gaps. Temperature-dependent fluorescence data also reveal these fluorophores to be coupled to a vibrational mode of
defined frequency. We finally attribute the fluorescence to electronic transitions essentially associated to their surface moieties.

#364 - Rare Earth doped Y2SiO5 characterization for Optical Stimulated Luminescence Dosimetry applications.
Daniele Chiriu - University of Cagliari
Other Authors: Pier Carlo Ricci (University of Cagliari), Carlo Maria Carbonaro (University of Cagliari), Riccardo Corpino (University of
Cagliari), Luigi Stagi (University of Cagliari)

Rare Earths doped oxyorthosilicates, (RE2SiO5) are widely used as highly efficient and fast scintillators matrix for γ -ray detection. In
the last decades Ce doped Y2SiO5 (Ce:YSO) crystals, for example, renewed large scientific and technological interest in their
properties as scintillator materials or phosphors. From these point of views, the crystal structure of pure yttrium oxyorthosilicates
(YSO) needs to be free of structural defects in order to avoid unwelcome shallow or deep intragap energy levels that decreases light
yield and can generates afterglow that further reduce the efficiency of the final devices. However in this work we focus on the
possibility to control and use such carrier traps to engineer new devices for optical memory storage. The use of oxyorthosilicates as
dosimeters for the high energies (MeV) is still an open topic of research and in recent years the properties of this material were
compared with other hosts, like carbon doped Al2O3, especially in Optically Stimulated Luminescence Dosimetry (OSLD)
measurements. Indeed, beside their stopping power, the energy and information storage properties of dosimetry materials were
recently investigated in order to find the most promising host for OSLD measurements able to guarantee the right compromise
between high sensitivity and high efficiency in dose reading coupled with a stopping power similar to human tissues. Taking into
account these requests, new Rare Earth doped silicate nanoparticles, were grown by sol gel method and deeply characterized in
comparison to Ce:YSO crystals. In this perspective, the optical and structural characterizations of YSO are presented and the effects
of visible irradiation on the thermoluminescence measurements are discussed. Different trap levels are observed both in nitrogen
atmosphere grown nanoparticles of YSO and silicate samples, and the selective effects of light irradiation show the feasibility, in the
near future, of RE doped silicate crystals as promising OSL dosimeters.

#365 - Bismuth and Erbium co-doped yttrium oxide for efficient photonics devices at 1.54 micron
Adriana Scarangella - Università di Catania, CNR-IMM Matis
Other Authors: Riccardo Reitano Università di Catania Via Santa Sofia 64 95123 Catania, Giorgia Franzò CNR-IMM Matis Via S. Sofia 64 95123
Catania Italy, Francesco Priolo Università di Catania Via Santa Sofia 64 95123 Catania, Maria Miritello CNR-IMM Matis Via S. Sofia 64 95123
Catania Italy.

In the last decades erbium-containing materials have been widely used as active media in large-scale communication systems, due
to the fact that Er emission at 1.54 micron corresponds to a minimum of loss in silica optical fibers. However, in order to introduce
it into active media for efficient silicon microphotonics devices, high Er contents are required but limited by the Er solid solubility,
that leads to the formation of optically inactive Er metallic clusters. To overcome this limit we developed yttrium-erbium based
compounds in which Er concentration can be modulated by Er ions replacement of Y ones in substitutional positions, thus avoiding
22
3
the formation of Er clusters and increasing the Er content up to 10 Er/cm . Moreover to further enhance the optical efficiency of
the system, by increasing the Er excitation cross section, we introduced also a sensitizer that absorbs light more efficiently and
transfers it to Er ions. As sensitizer we chose bismuth because, among the different oxidation states in which it can be stabilized,
3+
Bi is the most common and has an excitation cross section up to four orders of magnitude higher than the Er one. For this
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purpose, we have synthetized (Bi+Er)-doped Y oxide with different Bi contents by ion implantation and magnetron co-sputtering.
The Bi influence on structural and optical properties of the compound have been studied and will be widely discussed. In particular
3+
it has been found that Bi ions in yttrium oxide can occupy two different lattice sites, C2 and S6, having characteristic excitation
bands in the ultraviolet region and emission bands in the green and blue range, respectively. By comparing the photoluminescence
3+
excitation spectra (PLE) of the Bi-doped and of the (Bi+Er)-doped yttrium oxide samples, it has been demonstrated that Bi ions, in
both lattice sites, can excite Er ions. The energy transfer efficiencies have been estimated by evaluating the reduction of Bi decaytime in presence of Er.
By comparing Er PL properties with and without Bi, we have also evaluated the Er effective excitation cross section through the Bi
mediated process, that has been found to be three orders of magnitude higher than the Er direct excitation at 488 nm. The
obtained value is the highest observed in silicon-compatible materials. Moreover, both the approaches of Er-based compounds to
dissolve high Er contents and the use of an efficient sensitizer, such as Bi, have permitted to reach high Er optical efficiency at 1.54
micron. Therefore these results demonstrate the potential of Bi-doped Y-Er oxide as a novel and efficient material to be used as
active medium for photonic applications.

#366 - Enlightening the nature of Fermi level states of Al:ZnO films in a wide doping range
Stefania Benedetti - CNR-NANO Modena
Other Authors: Ilaria Valenti (Dipartimento di Scienze Fisiche Informatiche Matematiche Università di Modena e Reggio Emilia and CNR-NANO
Modena), Alessandro di Bona (CNR-NANO Modena), Valerio Lollobrigida (Dipartimento di Scienze e Dipartimento di Matematica e Fisica,
Università Roma Tre), Andrea Perucchi (INSTM Trieste and Elettra - Sincrotrone Trieste), Paola Di Pietro (INSTM Trieste and Elettra - Sincrotrone
Trieste), Stefano Lupi (CNR-IOM and Dipartimento di Fisica, Università di Roma Sapienza), Sergio Valeri (Dipartimento di Scienze Fisiche
Informatiche Matematiche Università di Modena e Reggio Emilia and CNR-NANO Modena), Piero Torelli (CNR-IOM)

Al-doped Zinc Oxide (AZO) is an attractive material as transparent conductive oxide with applications in photovoltaics,
20
-3
optoelectronic devices and plasmonics, due to its transparency (Eg=3.2 eV), high carrier concentrations (≈10 cm ) and a tunable
plasma frequency in the near infrared [1,2]. Doping up to the solubility limit of ~4 at.% determines the appearance of occupied
states at Fermi Level (FL), due to the occupation of conduction band (CB) states by electrons donated by Al, with the consequent
shift of FL above the CB minimum that allows conduction while preserving transparency [3]. Some works investigate the possibility
that structural/chemical defects in the AZO matrix can induce gap states in the vicinity of the Fermi level that would lead to infrared
(IR) interband transitions [4,5].
In this work we integrate IR absorption and Hard X-ray Photoemission Spectroscopy (HAXPES) to determine the contribution of
defects to the electronic structure and the exact nature of the electronic states at FL of AZO films in a wide doping range. In
particular we focus on the modifications introduced by Al presence at FL and the possible existence of interband transitions in the
infrared range. The population of CB with electrons donated by dopant is confirmed and we exclude the contribution of defects
states, based on the absence of interband transitions at low doping. Then we elucidate the electronic structure of AZO doped
above the solubility limit, where new states appear in the gap near the VB maximum. These states are related to defects introduced
in the oxide, that reduce the number of free carriers and also their mobility, as theoretically predicted [3]. Thedefects determine a
depopulation of the CB and an enlargement of the electronic bandgap. Furthermore the extended doping range allows to study the
evolution of plasma frequency by means of optical absorption in parallel to the electronic structure evolution, to determine the
plasmonic response of the material.
[1] H. Saarenpää et al., Sol. Energy Mater. Sol. Cells 94, 1379 (2010)
[2] A. Boltasseva et al., Science 331, 290 (2011)
[3] M. Bazzani et al., Appl. Phys. Lett. 98, 121907 (2011)
[4] M. Gabas, P. Torelli et al., Phys. Rev. B84, 153303 (2011)
[5] H. H.-C. Lai, et al., J. Appl. Phys.112, 083708 (2012)
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#367 - Hydrogenated Graphene
Stefan Heun (I) - NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore
On SiC(0001), epitaxial graphene is obtained by sublimation of Si from the substrate. The graphene film is separated from the bulk
by a carbon-rich buffer layer which in part covalently binds to the substrate. We report scanning tunneling microscopy (STM)
studies of the buffer layer and of quasi-free-standing monolayer graphene (QFMLG) that is obtained by decoupling the buffer layer
from the SiC(0001) substrate by means of hydrogen intercalation. Atomic resolution STM images of the buffer layer reveal that,
within the periodic structural corrugation of this interfacial layer, the arrangement of atoms is topologically identical to that of
graphene. After hydrogen intercalation, we show that the resulting QFMLG is relieved from the periodic corrugation and presents
no detectable defect sites [1].
Reversible hydrogenation of graphene has been recently reported, and it was shown that hydrogenation opens a bandgap in
graphene. We report on site-selective adsorption of atomic hydrogen on monolayer graphene grown on SiC(0001), and measure a
band gap which increases with increasing hydrogen coverage. Therefore, hydrogenation allows for band-gap engineering in
graphene. We also show that at low coverage hydrogen is found on convex areas of the graphene lattice. No hydrogen is detected
on concave regions. These findings are in agreement with theoretical models which suggest that both binding energy and
adsorption barrier can be tuned by controlling the local curvature of the graphene lattice. This curvature dependence combined
with the known graphene flexibility may be exploited for storage and controlled release of hydrogen at room temperature, making
it a valuable candidate for the implementation of hydrogen-storage devices [2].
Futhermore, we investigate the morphology of QFMLG formed at several temperatures by hydrogen intercalation and discuss its
relationship with transport properties. Features corresponding to incomplete hydrogen intercalation at the graphene-substrate
interface are observed by STM on QFMLG formed at 600 and 800ºC. They contribute to carrier scattering as charged impurities.
Voids in the SiC substrate and wrinkling of graphene appear at 1000ºC, and they decrease the carrier mobility significantly [3].
[1] S. Goler, C. Coletti, V. Piazza, P. Pingue, F. Colangelo, V. Pellegrini, K. V. Emtsev, S. Forti, U. Starke, F. Beltram, and S. Heun,
Carbon 51, 249 (2013).
[2] S. Goler, C. Coletti, V. Tozzini, V. Piazza, T. Mashoff, F. Beltram, V. Pellegrini, and S. Heun, J. Phys. Chem. C 117, 11506 (2013).
[3] Y. Murata, T. Mashoff, M. Takamura, S. Tanabe, H. Hibino, F. Beltram, and S. Heun, Appl. Phys. Lett. 105, 221604 (2014).

#368 - Generating and probing quantum dots with single-atom precision
Stefan Foelsch (I) - Paul-Drude-Institut für Festkörperelektronik
Quantum dots are often called “artificial atoms” because, like real atoms, they confine electrons to quantized states with discrete
energies. This makes them promising candidates for technological applications in photonics, optoelectronics, and quantum
information processing. The main obstacle in the fabrication of semiconductor quantum dots is to control their size, shape, and
arrangement because usually they consist of hundreds or thousands of atoms, resulting in inevitable variations in their energy level
structure. In this presentation, it will be shown that quantum dots with identical, deterministic sizes can be created in a scanning
tunneling microscope one atom at a time. By using the lattice of a reconstructed indium arsenide surface to define the allowed
atomic positions, the shape and location of the dots can be controlled with effectively zero error. The dots are assembled from
positively charged indium atoms, leading to the electrostatic confinement of intrinsic surface-state electrons. The described
approach enables to construct quantum-dot assemblies (quantum-dot “molecules”) whose quantum coupling has no intrinsic
variation but can nonetheless be tuned over a wide range. Quantum dots with precisely defined wave functions and energy levels –
as realized here – are also excellent candidates for studying the behavior of electrons in reduced dimensions, avoiding the
disturbing effect of stochastic variations in size and shape.

#369 - Single-plasmon blockade with metallic nanostructures
Filippo Alpeggiani - Università di Pavia
Other Authors: Stefania D'Agostino (Center for Biomolecular Nanotechnologies @ UNILE - Istituto Italiano di Tecnologia, 73010 Arnesano, Italy),
Daniele Sanvitto (NANOTEC, Istituto di Nanotecnologia - CNR, Via Arnesano, 73100 Lecce, Italy), Dario Gerace (Dipartimento di Fisica,
Università di Pavia, via Bassi 6, 27100 Pavia, Italy)

Localized surface plasmons in ultra-sub-wavelength metallic nanostructures are responsible for a significant enhancement of lightmatter interaction [1-3]. As a consequence, nonlinear quantum effects can be amplified up to a point where the interaction energy
between two single plasmons, in the true sense of single quanta of energy at the nanoscale, becomes comparable with the
plasmon linewidth and the system becomes sensitive to single-plasmon scattering. This regime is characterized by the
phenomenon of single-plasmon blockade, i.e., the inhibition of the absorption of a single plasmon due to the presence of another
one, which mirrors in the field of quantum plasmonics the single-photon-blockade effect [4] that has been recently demonstrated
in cavity-quantum-electrodynamics systems with groundbreaking experiments [5,6].
We discuss the quantization of surface plasmons on the basis of the quasinormal modes formalism [7], and we show that singleplasmon blockade can be realistically predicted for a plasmonic system made of a metallic nanodimer (e.g., in the bowtie
configuration) with local infiltration or deposition of a nonlinear material with a sufficiently high third-order susceptibility in the
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interstitial region of the dimer. Moreover, we show that single-plasmon blockade can be observed under pulsed excitation,
overcoming possible experimental issues related to the plasmon short lifetime. Indeed, at variance from photonic systems, which
typically rely on long-lifetime optical resonators, single-plasmon blockade in plasmonic systems could potentially provide an
unprecedentedly ultra-fast source of quantum states of radiation, turning the short lifetimes of plasmons into an interesting
technological resource.
[1] S. A. Maier, Plasmonics: Fundamentals and Applications (Springer, 2007).
[2] D. E. Chang, A. S. Sorensen, P. R. Hemmer, and M. D. Lukin, Phys. Rev. Lett. 97, 053002 (2006).
[3] A. Ridolfo, O. Di Stefano, N. Fina, R. Saija, and S. Savasta, Phys. Rev. Lett. 105, 263601 (2010).
[4] S. Ferretti and D. Gerace, Phys. Rev. B 85, 033303 (2012).
[5] K. M. Birnbaum, A. Boca, R. Miller, et al., Nature 436, 87 (2005).
[6] A. Faraon, I. Fushman, D. Englund, et al., Nat. Physics 4, 859 (2008).
[7] P. T. Kristensen and S. Hughes, ACS Photonics 1, 2 (2014).

#370 - Local strain and bandgap engineering in layered MoS2
Rafael Roldan - Instituto de Ciencia de Materiales de Madrid ICMM-CSIC
Other Authors: Andres Castellano-Gomez (Kavli Institute of Nanoscience, Delft University of Technology, Delft, The Netherlands), Emmanuele
Cappelluti (Dipartimento di Fisica Universita' La Sapienza, Rome, Italy), Michele Buscema (Kavli Institute of Nanoscience, Delft University of
Technology, Delft, The Netherlands), Francisco Guinea (Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, Spain), Herre S.J. van der
Zant (Kavli Institute of Nanoscience, Delft University of Technology, Delft, The Netherlands), Gary A. Steele (Kavli Institute of Nanoscience, Delft
University of Technology, Delft, The Netherlands)

Graphene has represented in the past 10 years the most promising new material for a new generation of electronic devices and for
the investigation of fundamental physics. The effective employment of graphene-based materials in low-energy electronics is
however hindered by the difficulty of opening bandgap without affecting the mobility and the electronic properties.
New actors have however recently entered on the stage, in particular metal-transition dichalcogenides, as MoS2 and similar
compounds. Also these materials, like graphene, can be exfoliated to reach atomically thickness. In advantage, they present an
intrinsic bandgap whose nature and size results to be highly sensitive to the number of layers and to external conditions (strain,
pressure, electric fields, etc.).
In this talk we demonstrate the possibility to control at a local scale the electronic and optical properties by means of local strain.
Lattice corrugations are induced in few-layer MoS2 samples by means of controlled delamination on an elastic substrate. Local
strain is monitored through the phonon resonance energies in Raman spectroscopy, and the local direct bandgap is measured by
photoluminescence. The direct correlation between these features proves the feasibility to control the bandgap at a local scale by
means a suitable pattern of strain.
To understand these results, we generalize a proper tight-binding model for MoS2 under non-uniform conditions, accounting for
the local modulation of the hopping integrals. Such analysis suggests a possible change between direct- to indirect-bandgap upon
strain at a local scale, and a possible "funnel effect" in large wrinkles.

#371 - Ballistic Transport at the Nanometric Inhomogeneities in Au/Nb:SrTiO 3 Resistive Switches
Andrea Gerbi - CNR-SPIN
Other Authors: Andrea. Gerbi (1), Renato. Buzio (1), Alessandro Gadaleta (1,2), Luca Anghinolfi (3), Michael Caminale (2), Emilio Bellingeri (1)
Antonio Sergio Siri (1,2), Daniele Marrè (1,2) (1) CNR-SPIN National Research Council-Institute for Superconductivity, Innovative Materials and
Devices C.so Perrone 24, 16152 Genova, Italy (2) Physics Department University of Genova Via Dodecaneso 33 16146 , Genova , Italy (3) Paul
Scherrer Institut 5232 Villigen , Switzerland

Nanometer-scale alterations of the Schottky barrier represent one of the microscopic mechanisms proposed to explain the
resistance switching in transition-metal oxide cells. We report on novel Ballistic Electron Emission Microscopy (BEEM) experiments
aimed to directly visualize and quantify the local inhomogeneities of the effective Schottky barrier height on Au/Nb:SrTiO3 Schottky
junctions dominated by interfacial resistance switching effects [1].
The low Schottky Barrier Height (SBH) regions observed in our BEEM data, can be associated to the electron transport through
spatially-localized defects of nanometric size in the interfacial layer. The same value has been observed also for the ON state in the
macroscopic current-coltage (I–V) curves of the device. Outside the nanometric regions with low SBH, most of the interface of the
diode is dominated by a higher value of the Schottky barrier in good agreement with the value extracted by our I–V curves in air
and with the SBH observed in the OFF state.
The voltage-dependent variation of the local barrier height of the nanometric patches could explain the non-ideal behaviour of the
resistance switching effects [2].
[1] Andrea Gerbi , Renato Buzio , Alessandro Gadaleta , Luca Anghinolfi , Michael Caminale , Emilio Bellingeri , Antonio Sergio Siri ,
and Daniele Marré Adv. Mater. Interfaces (2014), 1300057
[2] R. Buzio , A. Gerbi , A. Gadaleta , L. Anghinolfi , F. Bisio , E. Bellingeri , A. S. Siri , D. Marrè , Appl. Phys. Lett. (2012) , 101 , 243505
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#372 - Scanning probe microscopy study of CVD-grown graphene transferred to Au(111)
Nicola Galvanetto - KU Leuven
Other Authors: Koen Schouteden (KU Leuven), Chundong Wang (Huazhong University of Science and Technology), Zhe li (KU Leuven), Chris Van
Haesendonck (KU Leuven)

Graphene was grown by chemical vapor deposition (CVD) on copper films and transferred ex situ to atomically flat Au(111) films,
after which the sample is annealed in ultra-high vacuum (UHV) prior to scanning tunneling microscopy (STM) investigation. STM
imaging at low temperatures reveals large, clean and defect-free atomically flat areas that are separated by graphene wrinkles
and grain boundaries. In addition to the graphene atomic structure, the flat surface regions exhibit patterns with larger periodicity
that can be interpreted as Moir´e patterns formed by the atomic lattices of the graphene and the gold. Our findings show that the
CVD-growth and ex situ transfer of graphene to atomically flat Au(111) surfaces allows to obtain clean and high-quality G/Au
surfaces that are suitable for in situ deposition of, e.g., molecules and atoms, for UHV investigation purposes.
This approach may offer a higher degree of freedom in preparing bare and doped graphene on atomically flat surfaces compared
to a full in situ approach.

#373 - Flexible field effect transistors based on 2D semiconductors for electronics and sensing
Gabriele Fisichella - CNR-IMM
Other Authors: Stella Lo Verso (STMicroelectronics, Catania, Italy ), Silvestra Di Marco (STMicroelectronics, Catania, Italy ), Vincenzo Vinciguerra
(STMicroelectronics, Catania, Italy ), Salvo Di Franco (CNR-IMM, Catania, Italy ), Fabrizio Roccaforte (CNR-IMM, Catania, Italy ), Amaia
Zurutuza (Graphenea, Spain), Sebastiano Ravesi (STMicroelectronics, Catania, Italy), Filippo Giannazzo (CNR-IMM, Catania, Italy )

Two-dimensional (2D) materials such as the widely known graphene (Gr) and the rising family of the transition metal
dichalcogenides (TMDs)are ideal candidates for flexible electronics, thanks to their excellent electrical properties and their
3
4
2 -1 -1
mechanical flexibility. In particular, due to its high carrier mobility (10 -10 cm V s ), Gr can be extremely advantageous both for
high-frequency devices and for interconnects. Furthermore, thanks to some peculiar properties, such as the highest surface to
volume ratio and the finite density of electronics states close to the Dirac point, Gr is extremely susceptible to charge transfer
phenomena from the surrounding environments. This makes Gr membranes suitable for environmental sensing applications (gas,
PH, humidity,..), provided proper functionalization is performed to promote the selectivity to specific analytes. The lack of a
bandgap makes Gr field effect transistors (FETs) unsuitable for switching applications due to the poor on/off current ratio. On the
2 -1 -1
contrary, TMDs such as MoS2 represent a reasonable compromise between a good mobility (~200 cm V s ) and the presence of a
6
band gap (1.2 - 1.8 eV, depending on the layer number) which makes possible a high current on/off ratio (>10 ).
The realization of such systems on plastics (PEN, PET,…) represents a challenge, due to the limitations on the maximum processes
temperatures (<100 °C) and on the use of chemicals imposed by these substrates. In this work we will present innovative solutions
developed for the integration of Gr-based electronic devices (back-gated FETs, resistors, capacitors) and sensing elements (pH
sensor, temperature sensors…) on large area (150 mm) PEN foils. These include novel clean (metal contamination free) methods to
transfer Gr grown by CVD on copper foils to the target substrates [1], as well as low temperature deposition of higk-k dielectrics. A
thermo-compression printing approach based on nanoimprint lithography has been also developed to integrate thin MoS2 flakes
exfoliated from bulk molybdenite on this flexible platform for the fabrication of switching FETS.
The electrical properties of these devices have been extensively characterized, both by static I-V characterization and by nanoscale
electrical analyses based on AFM. Their performances as flexible electronic devices have been evaluated after several bending
cycles, and their environmental sensitivity was investigated as a function of the pH of liquid analytes or as a function of the
environment temperature
[1] G. Fisichella, et al, Appl. Phys. Lett. 104, 233105 (2014).

#374 - Subsurface Pd enrichment in Ag-Pd nanoparticles
Davide Bochicchio - Università degli Studi di Genova
Other Authors: Emanuele Panizon (Physics Department, University of Genoa and CNR-IMEM, Via Dodecaneso 33, 16146, Genoa, Italy) Riccardo
Ferrando (Physics Department, University of Genoa and CNR-IMEM, Via Dodecaneso 33, 16146, Genoa, Italy) Giulia Rossi (Physics Department,
University of Genoa and CNR-IMEM, Via Dodecaneso 33, 16146, Genoa, Italy) Rada Novakovic (National Research Council, Institute for Energetics
and Interphases (CNR-IENI), Via De Marini 6, 16149 Genoa, Italy)

The silver–palladium system is of great interest for applications in catalysis, for example, in hydrogenation reactions with enhanced
selectivity [1]. Ag and Pd are miscible in the bulk phase for all compositions, without formation of ordered phases, while in
nanoparticles there is experimental evidence in favour of some Ag surface segregation. Global optimization studies on small Ag-Pd
clusters showed that Ag prefers to segregate on the surface [2]. However, a systematic study of the equilibrium segregation profiles
in Ag–Pd nanoparticles was still lacking.
In this work, we investigated the preferred chemical ordering in Ag–Pd nanoalloys by means of global optimization searches with
the atomistic Gupta potential [3]. We considered three different fixed geometric structures at selected magic sizes: an fcc
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truncated octahedron (TO) of 586 atoms, an icosahedron (Ih) of 561 atoms and a Marks decahedron (Dh) of 434 atoms.
The results of the optimizations singled out a behaviour whose main features are common to all these geometric structures.
As expected, an Ag surface enrichment is found, but more surprisingly, also a neat subsurface enrichment in Pd. Thus Ag-Pd
nanoparticles prefer a three-shell chemical ordering pattern, in which the surface shell is strongly enriched in Ag, the subsurface
shell is strongly enriched in Pd, and the inner part of the nanoparticle is rather weakly enriched in Pd. This behaviour can be
rationalized in terms of preferred sites for single impurities, and is more pronounced in fcc nanoparticles, because in Ih and Dh
nanoparticles the inner sites in fivefold symmetry axes are quite favourable for Pd inclusions.
We have tested the dependence of these results from the temperature, by means of Montecarlo simulations. It came out that the
subsurface Pd enrichment slowly decreases with temperature, but it is still significant well above room temperature (up to 800 K).
Furthermore, we compared the degree of subsurface enrichment we found in nanoalloys with the theoretical enrichment in bulk
systems, that we obtained using the multilayer thermodynamic model developed by Strohl and King [4]. This comparison
highlighted a stronger effect for nano-systems. This can be explained by the non-negligible amount of sub-edges and sub-vertexes
sites, that are the most favourable for Pd inclusions.
These findings can be relevant to the understanding of the catalytic activity of Ag–Pd nanoparticles, especially for those reactions
for which the role of subsurface sites is important.
[1] S. Gonzalez, K. M. Neyman, S. Shaikhutdinov, H.-J. Freund and F. Illas, J. Phys. Chem. C, 2007, 111, 6852
[2] G. Rossi, R. Ferrando, A. Rapallo, A. Fortunelli, B. C. Curley, L. D. Lloyd and R. L. Johnston, J. Chem. Phys., 2005, 122, 194309
[3] R. P. Gupta, Phys. Rev. B: Condens. Matter Mater. Phys., 1981, 23, 6265
[4] J. Strohl and T. King, J. Catal., 1989, 118, 53

#375 - Ultra-low contact resistance in graphene devices
Paolo Pedrinazzi - Politecnico di Milano
Other Authors: Luca Anzi (L-NESS, Department of Physics, Politecnico di Milano, Via Anzani 42, 22100 Como, Italy), Marco Fiocco (L-NESS,
Department of Physics, Politecnico di Milano, Via Anzani 42, 22100 Como, Italy), Erica Guerriero (L-NESS, Department of Physics, Politecnico di
Milano, Via Anzani 42, 22100 Como, Italy), Aida Mansouri (L-NESS, Department of Physics, Politecnico di Milano, Via Anzani 42, 22100 Como,
Italy), Ashkan Behnam (Electrical and Computer Engineering, University of Illinois, Urbana IL 61801, USA), Enrique A. Carrion (Electrical and
Computer Engineering, University of Illinois, Urbana IL 61801, USA), Amaia Pesquera (Graphenea, Avenida de Tolosa 76, 20018 Donostia/San
Sebastián, Spain), Alba Centeno (Graphenea, Avenida de Tolosa 76, 20018 Donostia/San Sebastián, Spain), Amaia Zurutuza (Graphenea, Avenida de
Tolosa 76, 20018 Donostia/San Sebastián, Spain), Eric Pop (Electrical Engineering, Stanford University, Stanford, CA 94305, USA), Roman Sordan
(L-NESS, Department of Physics, Politecnico di Milano, Via Anzani 42, 22100 Como, Italy)

Two-dimensional materials, such as graphene, MoS2 or WSe2, represent a new paradigm in thin-film transistor technology,
providing also the opportunity for new device concepts. Graphene is one of the possible contenders in high-frequency electronics,
mainly due to its high charge carrier mobility and velocity saturation, which exceed that of conventional high-mobility
semiconductors (III-V or SiGe). Scalable production techniques, such as chemical vapor deposition (CVD), can now deliver graphene
on a large scale which is interesting from the industrial point of view. However, fabrication of graphene field-effect transistors
(GFETs) need further development if graphene is to compete with established semiconductor technologies. One of the main
parameters degrading high-frequency response of GFETs is contact resistance which should be reduced below Ohmxµm to reach
that of conventional high-frequency transistors.
Here we demonstrate graphene/metal contacts with a typical contact resistance of 80 Ohmxµm at the Dirac point. The contact
resistance was determined by transmission line measurements (TLMs) at room temperature. The low contact resistance was
obtained by etching holes in CVD-grown graphene before the deposition of contacts. This increases the contact edge with metal
contacts deposited on top and therefore the injection of carriers at the graphene edges. Pure Au contacts were used without any
adhesion layer or thermal treatment. We performed measurements of two-probe resistances in a typical graphene TLM test device
fabricated on a conventional SiO2 (300 nm)/Si substrate. The lowest contact resistance was 72 Ohmxµm. Such ultra-low contact
resistance is comparable to that of InP THz transistors and provides a viable route to high-frequency GFETs.
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#376 - Computer simulations of gel-formation via catalytic reactions
Walter Kob (I) - University of Montpellier
Other Authors: Virginie Hugouvieux (INRA, UMR1083, University of Montpellier and Montpellier SupAgro, Montpellier, France)

Certain biopolymers transform into a gel by a catalytic reaction in which
a freely moving catalyst transforms the monomers of the polymer into a
multi-functional point. These points stick to each other and make that the
polymer sol slowly transforms into a gel. Important examples for such
systems occur in plant cell walls where polysaccharides (pectins) can
undergo gelation due to the presence of an enzyme (pectin methylesterase).
In this talk I will present a simple model that describes this catalytic
reaction. Using large scale computer simulations to probe the properties
of this model we have investigated how the polymer sol transforms into
the gel. In particular we have studied how the density of the polymers,
the concentration of catalysts, and temperature influence the properties
of the system at long times. We find that, depending on the choice of
these parameters, the catalytic reaction can lead to a phase separation
of the polymer solution, a heterogeneous gel, or a relatively homogeneous
random network, and discuss the properties of these different structures.

#377 - A neural network potential for water: Effect of van der Waals interactions on the thermodynamics,
structure and dynamics of water
Christoph Dellago (I) - University of Vienna
Other Authors: Andreas Singraber (University of Vienna), Tobias Morawietz (University of Bochum), Jörg Behler (University of Bochum)

Realistic molecular dynamics simulations of condensed matter systems require the accurate calculation of the forces acting on
atoms. While ab initio methods can be used for this purpose, their high computational cost often precludes their application to
large systems and/or long simulation times. For instance, ab initio simulations of water are currently limited to roughly one
hundred molecules that can be followed by about 100 picoseconds. Here, we report on a neural network potential we have
recently developed for liquid and solid water. This approach, in which reference data obtained from electronic structure
calculations are used to train a neural network for the prediction of energies and force, yields the accuracy of ab initio simulations
at a fraction of their cost. Using neural network potentials obtained for several density functionals with and without van der Waals
corrections, we simulated the coexistence of water and ice, finding that the inclusion of van der Waals forces is crucial for an
accurate prediction of the freezing point. These weak forces determine the flexibility of the hydrogen bond network and are also
responsible for the density maximum of liquid water.

#378 - Bridging and depletion mechanisms in colloid-colloid effective interactions: A reentrant phase diagram?
Riccardo Fantoni - Universita' Ca' Foscari di Venezia
Other Authors: Andres Santos (Departamento de F´ ısica and Instituto de Computaci´on Cient´ ıfica Avanzada (ICCAEx), Universidad de
Extremadura, E-06071 Badajoz, Spain), Achille Giacometti (Dipartimento di Scienze Molecolari e Nanosistemi, Universit`a Ca’ Foscari Venezia,
Calle Larga S. Marta DD2137, I-30123 Venezia, Italy)

A general class of nonadditive sticky-hard-sphere binary mixtures, where small and large spheres represent
the solvent and the solute, respectively, is introduced. The solute-solute and solvent-solvent interactions are
of hard-sphere type, while the solute-solvent interactions are of sticky-hard-sphere type with tunable degrees
of size nonadditivity and stickiness. Two particular and complementary limits are studied using analytical
and semi-analytical tools. The first case is characterized by zero nonadditivity, lending itself to a Percus–
Yevick approximate solution from which the impact of stickiness on the spinodal curves and on the effective
solute-solute potential is analyzed. In the opposite nonadditive case, the solvent-solvent diameter is zero and
the model can then be reckoned as an extension of the well-known Asakura–Oosawa model with additional
sticky solute-solvent interaction. This latter model has the property that its exact effective one-component
problem involves only solute-solute pair potentials for size ratios such that a solvent particle fits inside the
interstitial region of three touching solutes. In particular, we explicitly identify the three competing physical
mechanisms (depletion, pulling, and bridging) giving rise to the effective interaction. Some remarks on the
phase diagram of these two complementary models are also addressed through the use of the Noro–Frenkel
criterion and a first-order perturbation analysis. Our findings suggest reentrance of the fluid-fluid instability
as solvent density (in the first model) or adhesion (in the second model) is varied. Some perspectives in terms
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of the interpretation of recent experimental studies of microgels adsorbed onto large polystyrene particles are
discussed.

#379 - Physical and chemical constraints on semi-dilute polymer solutions
Barbara Capone - University of Vienna
Other Authors: Emanuela Bianchi (2), Lorenzo Rovigatti (1), Ivan Coluzza (1), Christos Likos (1) (1) Computational Physics, University of Vienna,
Austria (2) Institute of Theoretical Physics, Vienna University of Technology, Vienna, Austria

Multi-scale molecular modeling in polymer physics is a very important tool to access regions in the phase space where
the innhomogeneity of polymers in solution does not allow pure theoretical approaches, and simulations become
prohibitive.
Different levels of coarse graining allow to describe different local or global properties of the system, with qualitative
and quantitative predictive power. In this talk I will present different multi-scale molecular modeling applied to various
systems: concentrated solutions of unknotted and non-concatenated ring polymers in good solvent conditions and block
copolymer with different physical or chemical constraints.
I will show how a detailed \textit{first principles} coarse-graining strategy based on analytically determined effective
pair potentials between subsegments in the polymeric chains, computed at zero density, allows to quantitatively
reproduce single molecule and solution properties of a system with well-defined physical constraints, but how dealing
with temperature effects increases the difficulty of the description.

#380 - Soft self-assembled nanoparticles with temperature-dependent properties
Lorenzo Rovigatti - University of Vienna
Other Authors: Barbara Capone (Faculty of Physics, University of Vienna), Christos N. Likos (Faculty of Physics, University of Vienna)

The fabrication of versatile building blocks that are reliably self-assemble into desired ordered and disordered phases is amongst
the hottest topics in nowadays material science. To this scope, more or less complex microscopic units, aimed at assembling the
target phases, have been thought, designed, investigated and built. Such a path usually requires laborious fabrication techniques,
especially when a specific funcionalisation of the building blocks is required.
Telechelic Star Polymers, that are star polymers made of a number f of di-block copolymers made of solvophobic and solvophilic
monomers grafted on a central anchoring point, have been shown to spontaneously self-assemble into soft patchy particles, i.e.
particles with attractive spots (patches) on the surface.
Here we show that the tunability of such a system can be widely extended by controlling the physical/chemical parameters of the
solution. On top of the athermal self-assembly behaviour, that only depends on the number of arms and/or on the ratio of
solvophobic to solvophilic monomers, it is hence possible to reliably change the number and size of the attractive patches by means
of changes in temperature and/or solvent quality. This allows to change the mesoscopic self-assembly behaviour without modifying
the microscopic constituents.
Interestingly, we also demonstrate that diverse combinations of the parameters can generate stars with the same number of
patches but different radial and angular stiffness. This mechanism could provide a neat way of further fine-tuning the elastic
properties of the supramolecular network without changing its topology.

#381 - Chiral Self-assembly of Helical Particles
Achille Giacometti - Universita' Ca' Foscari Venezia
Other Authors: H.B. Kolli(1), G. Cinacchi (2), A. Ferrarini(3) (1) Dipartimento di Scienze Molecolari e Nanosistemi, Universita' Ca' Foscari
Venezia, Dorsoduro 2137, 30123 Venezia, Italy (2) Departamento de Fisica Teorica de la Materia Condensada, Instituto de Fisica de la Materia
Condensada (IFIMAC) and Instituto de Ciencias de Materiales ``Nicolas Cabrera'',Universidad Autonoma de Madrid, Campus de Cantoblanco, E28049 Madrid, Spain (3)Dipartimento di Chimica, Universita' di Padova, Via Marzolo 1, 35131 Padova, Italy

The shape of the building blocks plays a crucial role in mediating
and directing self-assembly towards the desired architectures
[1,2]. Among the different shapes, helix has a unique position. Helical
structures are ubiquitous in nature and a helical shape is exhibited
by the most important biopolymers like polynucleotides, polypeptides and
polysaccharides, and also by cellular organelles like flagella. Helical
nanoparticles can self-assemble into chiral superstructures,
which can have have a variety of applications, e.g. as photonic
metamaterials [3,4]. Despite their abundance in nature, a clear understanding
of the phase behaviour of helical particles is still lacking. \\
We have recently undertaken an extensive investigation of the
phase diagram of hard helical particles, modelled as chains of
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hard spheres [5,6,7] using Monte Carlo simulations and density
functional theory. We have found a variety of chiral phases with
liquid crystal order, most of which specific to the helical shape. These
feature a new kind of screw-like order, characterised by roto-translational
coupling, of which there is experimental evidence in suspensions
of helical flagella [8]. \\
We have obtained the complete phase diagram, as a function of the helix morphology. This includes
conventional nematic and cholesteric phases, and other chiral phases with
different degrees of hexagonal ordering, as well as possible chiral crystal
structures. The possibility of engineering self-assembly of nanomaterials
through a tuning of the chirality of the building block nanoparticles
is discussed.

References:

1. L. Cademartiri, K. J. M. Bishop, P. W. Snyder, G. A. Ozin,
Phil. Trans. R. Soc. A \textbf{370}, 2824 (2012).\\
2. S. Sacanna, D. J. Pine, G.-R. Yi, Soft Matter \textbf{9}, 8096 (2013).\\
3. K. J. Gansel, M. Thiel, M. S. Rill, M. Decker, K. Bade, V.
Saile, G. von Freymann, S. Linden, M. Wegener, Science \textbf{325},
1513 (2009). \\
4. M. Esposito, V. Tasco, M, Cuscun\'o, F. Todisco, A. Benedetti,
I. Tarantini, M. De Giorgi, D. Sanvitto, A. Passaseo, ACS Photonics \textbf{2},
105 (2015).
5. H. Bindu Kolli, E. Frezza, G. Cinacchi, A. Ferrarini, A.
Giacometti, T. S. Hudson, J. Chem. Phys. \textbf{140}, 081101 (2014)\\
6. H. Bindu Kolli, E. Frezza, G. Cinacchi, A. Ferrarini, A.
Giacometti, C. de Michele, and F. Sciortino, Soft Matter \textbf{10},
8171 (2014)\\
7. E. Frezza, A. Ferrarini, H. Bindu Kolli, A. Giacometti, G.
Cinacchi, Phys. Chem. Chem. Phys. \textbf{16}, 16225 (2014)\\
8. E. Barry, Z. Hensen, Z. Dogic, M. Shribak, R. Oldenbourg, Phys.
Rev. Lett. \textbf{96}, 018305 (2006).

#382 - Interplay between geometrical constrains and alphabet size in the design of patchy polymers
Chiara Cardelli - Computational Physics Group, University of Vienna
Other Authors: Valentino Bianco (Computational Physics Group University of Vienna), Ivan Coluzza (Computational Physics Group University of
Vienna)

Patchy polymers can be designed to self-assemble into specific structures.
The aim of polymer design is to find a sequence of particles along the chain that will fold into a target structure,
according to a given "alphabet" of interacting particles [1-2]. The alphabet size and the geometrical constrain introduced
by the patches affects the designability of the polymer. Here we study, via MC simulation, how the alphabet size and
the number of patches i) determine the phase space of the sequences and ii) make the polymer designable.
[1] J.Phys: Cond. Matt., 24(28), 284111.(2012)
[2] PRL, 110(7), 075501. (2013)

#383 - Janus-like magnetic colloids in theory and simulations.
Sofia Kantorovich - University of Vienna, Ural federal University
Other Authors: Ekaterina Novak (Ural Federal University, Lenin av. 51, 620000, Ekaterinburg, Russia)

Understanding self-assembly of interacting colloidal particles is a key to controlling the pattern formation at the scales from atomic
to macroscopic sizes. There are various types of interactions that can lead to the colloidal aggregation: magnetic or electrostatic
forces, solvophobicity of the building blocks, etc. In this contribution we present our recent results on theoretical analysis and
computer simulations of Janus-like dipolar particles and colloids with dipolar caps. The experimental prototypes for both types of
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colloids are the magnetic Janus particles (Soft Matter, 2013,9, 9174-9181) and magnetically capped colloids (Physical Review E 77
(3), 031407). To describe the basic features of the Janus-type and caped magnetic colloids, we put forward a simple model of a
spherical particle with a dipole moment shifted outwards from the centre and oriented perpendicular or parallel to the particle
radius. We investigate both the ground states of small clusters and the behaviour of bigger systems at various temperatures. We
show how the shift of the dipoles affects the ground states and, as a consequence, leads to a different microscopic behaviour in the
situation when the thermal fluctuations are finite. For magnetic Janus particles we show that the topology of small clusters in the
ground state is compact and the chain configurations are not anymore energetically advantageous. This strongly affects the
response of the Janus-like particle systems to an external magnetic field at finite temperatures (J Phys Condens Matter. 2015 Jun
17;27(23):234102). As for the caped colloids, we show that experimentally observed metastable states occur due to the cap
extension, and one needs to introduce a more accurate model for the cap description than that of a single dipole shifted outwards
from the particle centre of mass. We extensively compare our prediction to the experimental data.
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#384 - Molecular Materials for Artificial Photosynthesis
Marcella Bonchio (I) - University of Padova and ITM-CNR UoS of Padova
Natural Photosynthesis has emerged from the adaptive evolution of light-activated molecular machineries, shaped and optimized
by the dynamic assembly of proteins, pigments and metal-cofactors. Man-made photosynthetic systems lie far behind the natural
paradigm, being largely based on covalent strategies, plagued by unproductive losses and unable to catch up with the up-hill water
oxidation hurdle. The functional core of oxygenic photosynthesis, a unique Mn4O5Ca cluster (PSII-OEC), is in charge of catalytic
water oxidation via a multi-redox manifold; evolving through five electronic states within the protein matrix. The synthetic
transposition of such catalytic cycle is the expected turning point for artificial photosynthesis. We present herein a bio-inspired
approach to photocatalytic water splitting by multi-metal cores, whose coordination sphere is tuned by the ligand set, including
polyoxometalates. Our results address the tailored construction of functional interfaces, shaped at the molecular level and evolved
to hybrid nano-structures.[1-5].
1) F. Paolucci, M. Prato, M. Bonchio et al.Nature Chemistry,2, 826-831 (2010);
2) A. Sartorel, F. Scandola, S. Campagna, M. Bonchio et al. J. Am. Chem. Soc., 134, 11104-1107 (2012).
3) S. Piccinin, A. Sartorel, G. Aquilanti, A. Goldoni, M. Bonchio, S. Fabris PNAS, 110, 4917-4922 (2013).
4). F. Paolucci, M. Prato, M. Bonchio et al.ACS Nano, 7, 811-817(2013).
5) G. Modugno, Z. Syrgiannis, A. Bonasera, M. Carraro, G. Giancane, L. Valli, M. Bonchio, M. Prato. Chem. Commun., 50, 4881-4883
(2014).

#385 - Scanning (Photo-) Electron Microscopy and Spectroscopy of Working Devices under Realistic Conditions
Andrei Kolmakov (I) - Center for Nanoscale Science and Technology, NIST
Scanning (Photo-) Electron Microscopy and Spectroscopy of Working Devices under Realistic Conditions The processes taking place
at the surfaces and at interfaces of micro-(nano-) devices such as sensors, memristors, batteries etc., determine their ionic and
electronic transport properties and eventually a device overall performance. Electron and photoelectron microscopy in
conjunction with surface sensitive electron spectroscopy are ideal tools to probe these properties. In this report, we implement
recent developments in ambient pressure electron microscopy and spectroscopy to access the interplay between interfacial and
transport properties of individual nanodevices operating under realistic conditions. In particular, electrochemical processes such as
metal plating /intercalation from liquid electrolyte can now be probed in real time using ambient pressure XPS. Similarly,
correlative measurements of the electron transport and surface chemistry of operating MEMS metal oxide sensor model device
relate the conductance changes with formation of the specific surface groups upon redox reaction. The perspectives of the device
characterization in operando mode and under real world pressures and temperatures will be outlined.

#386 - First Principle Modelling of Structural, Optical and Charge Generation Properties of Dye/TiO2
Heterointerfaces for Solar Energy and Solar Fuels
Mariachiara Pastore (I) - CNR-ISTM
Other Authors: Filippo De Angelis (CNR-ISTM, Via Elce di Sotto, 8 06123 Perugia (Italy))

Within today’s global challenge to exploit solar energy for a sustainable development, Dye-Sensitized Solar Cells (DSCs) and Solar
1
Photocatalytic Cells (SPCs) offer the promise of low-cost sunlight conversion and storage. In the last decade, theoretical and
computational chemistry has started to play a prominent role in the development of higher efficient devices by helping the
2
elucidation of the basic devices functioning mechanisms. The fundamental information currently amenable to simulations are the
dye geometrical structures, ground state oxidation potential, optical absorption spectra and excited state oxidation potential; and
the semiconductor conduction band energy and/or density of states and its band gap. For the interface description, one needs to
calculate the dye/catalyst adsorption modes onto the semiconductor, the nature and localization of the dye@semiconductor excited
states and the energy level alignment at the dye/semiconductor heterointerface. We will critically address the potential and
limitations of current DFT and TDDFT computational methods to model DSCs. While Ruthenium dyes are accurately modeled by
standard DFT approaches, for highly conjugated organic dyes, characterized by strong charge transfer excited states, specifically
tailored exchange-correlation functionals are needed, to overcome the complete neglecting of excited state density relaxation
3
effects. As matter of fact, currently available DFT/TDDFT methods, however, are not capable to deliver at the same time a balanced
description of the dye@TiO2 excited states and of the alignment of the dye excited states with the semiconductor manifold of
unoccupied states. Finally we will present the basic methodology and selected applications of computational modeling of dye/TiO 2
4,5
interfaces in DSCs and SPCs.
References
1. Grätzel, M., Acc. Chem. Res. 2009, 42 (11), 1788–1798.
2. Pastore, M.; Angelis, F., In Top. Curr. Chem., Springer Berlin Heidelberg: 2014; pp 1-86.
3. Ronca, E.; Angeli, C.; Belpassi, L.; De Angelis, F.; Tarantelli, F.; Pastore, M., J. Chem. Theor. Comp. 2014.
4. Pastore, M.; De Angelis, F., J. Am. Chem Soc. 2015, 137 (17), 5798-5809
5. Pastore, M.; De Angelis, F., J. Phys. Chem. Lett. 2013, 4, 956-974.
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#387 - High Temperature Solar Cells based on Defect Engineered Diamond
Paolo Calvani - CNR-ISM
Other Authors: Alessandro Bellucci (CNR-ISM, Area della Ricerca di Roma 1, Via Salaria km 29.300, Monterotondo Scalo (RM), Italy) Marco
Girolami (CNR-ISM, Area della Ricerca di Roma 1, Via Salaria km 29.300, Monterotondo Scalo (RM), Italy) Daniele Maria Trucchi (CNR-ISM,
Area della Ricerca di Roma 1, Via Salaria km 29.300, Monterotondo Scalo (RM), Italy)

Photon-enhanced Thermionic Emission (PETE) is a novel and very attractive concept for the exploitation of concentrated solar
radiation with a promising conversion efficiency higher than 50%. PETE converters rely on the concept that engineered
semiconductor structures can obtain a thermionic emission significantly enhanced by hot electrons generated by photons with
sufficient energy to produce charge couples and sustained with the high temperatures induced by the absorption of photons with
lower energy (i.e. IR. III-V semiconductors have been already used for the fabrication of a “proof-of-concept”, but their unstable
high temperature operations and the intrinsic high work-function are limiting conditions.
We propose a radically new and efficient PETE cathode based on surface-hydrogenated chemical vapour deposited (CVD) diamond,
one of the few semiconductors to show negative electron affinity and a work function as low as 1.7 eV if nitrogen-doped. This
characteristics assure an efficient thermionic emission at moderate temperatures (up to 780 °C). CVD diamond is transparent to
solar radiation due to its wide bandgap of 5.47 eV, so advanced and novel techniques are needed for preparing an efficient sunlight
absorbing diamond. Surface texturing by fs-laser, boron-implantation, buried graphitic contact structures and other technological
steps allow the fabrication of an innovative defect engineered diamond cathode to be efficiently exploited for the conversion of
concentrated solar light.

#388 - Ab initio calculations of CH3NH3PbI3 degradation mechanisms in vacuum
Ioannis Deretzis - Institute for Microelectronics and Microsystems (CNR-IMM)
Other Authors: Alessandra Alberti (CNR-IMM), Giovanna Pellegrino (CNR-IMM), Emanuele Smecca (CNR-IMM), Antonino La Magna (CNR-IMM)

Lead methylammonium tri-iodide (CH3NH3PbI3) is a hybrid perovskite material with excellent light conversion efficiency that,
however, suffers from fast degradation rates and structural instability. Here we study the mechanisms of CH3NH3PbI3 degradation
and its transformation to PbI2 by means of the density functional theory. We particularly focus on possible degradation
mechanisms that go beyond the catalytic reaction with H2O. We argue that even in the absence of humidity, a disintegration of the
perovskite structure can take place through the statistical formation of molecular defects with a non-ionic character, whose
volatility at surfaces should break the thermodynamic defect equilibria. We finally discuss the strategies that can limit such
phenomenon and subsequently prolong the lifetime of the material.

#389 - Effects of bias stress on dye sensitized solar cell performance
Andrea Scuto - CNR IMM
Other Authors: Gaetano Di Marco (CNR IPCF, Viale F. Stagno d’Alcontres, 37, 98158, Messina, ITALY), Giuseppe Calogero (CNR IPCF, Viale F.
Stagno d’Alcontres, 37, 98158, Messina, ITALY), Ilaria Citro (CNR IPCF, Viale F. Stagno d’Alcontres, 37, 98158, Messina, ITALY), Fabio
Principato (DIPARTIMENTO DI FISICA E CHIMICA, UNIVERSITÀ DI PALERMO, Viale delle Scienze, Ed. 18, 90128, Palermo, ITALY), Clara
Chiappara (DIPARTIMENTO DI FISICA E CHIMICA, UNIVERSITÀ DI PALERMO, Viale delle Scienze, Ed. 18, 90128, Palermo, ITALY), Salvatore
Lombardo (CNR IMM, VIII Strada, 5, Z.I., 95121, Catania, ITALY)

Dye-sensitized solar cells (DSSCs) are promising third generation photovoltaic devices given their potential low cost and high
efficiency. Some factors still affect the DSSC performance, such structure of electrodes, electrolyte compositions, nature of the
sensitizers, issues of power conversion efficiency stability under prolonged electrical stresses, etc. In this work we discuss a
technique based on electrical stresses which allows to improve DSSC performance and mitigate the above mentioned instability
problems. We have investigated the effects of forward and reverse DC bias stress as a function of time, voltage, and illumination
level in the DSSCs sensitized with the N719 Ruthenium complex based dye. We demonstrate that all the major solar cell
performance parameters, i.e., open circuit voltage (VOC), short circuit current (ISC), series resistance (ROC), fill factor (FF), and power
conversion efficiency are strongly influenced by the stress conditions and we show clear reversibility of the parameters on the
stress type. We discuss the effect of temperature, bias level, and illumination intensity, and type of electrolyte and discuss possible
causes of such effects. Our study reveals that by proper device biasing, the DSSCs noticeably improve in terms of efficiency and
long-term stability.*
* This work has been funded by MIUR by means of the national Program PON R&C 20072013, project “Tecnologie per l’ENERGia e
l’Efficienza energETICa (ENERGETIC)”(PON02_00355_3391233).
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#390 - Spontaneous knotting of DNA and other biomolecules: dynamical and functional aspects.
Cristian Micheletti (I) - SISSA
Other Authors: Marco Di Stefano (Univ. Barcelona), Davide Marenduzzo (Edinburgh Univ.), Henri Orland (CEA Saclay), Enzo Orlandini (Univ.
Padova), Guido Polles (SISSA), Angelo Rosa (SISSA), Sumners, De Witt (Florida State Univ.), Luca Tubiana (Wien Univ.)

By using both coarse-grained models and bioinformatics approaches, we shall address a few prototypical examples of the intriguing
implications of entanglement and knotting on the functional, mechanical and folding properties of various types of biomolecules. In
particular, we shall discuss the kinetics of spontaneous knotting of long ssDNA chains and examine the "topological friction"
accompanying their translocation through nanopores equivalent to those used in nanopore sequencing techniques. The broader
implications for the ejection of knotted DNA out of viral capsids will also be discussed.
The material presented is based on the following publications:
- C. Micheletti et al. "Absence of knots in known RNA structures", PNAS, 2015, 112, 2052-2057
- G. Polles et al. "Self-assembling knots of controlled topology", Nature Commun., 2015, 6, art no. 6423
- D. Marenduzzo et al. "Topological friction strongly affects viral DNA ejection", PNAS, 2013, 110 20081- 20086
- L. Tubiana et al. "Spontaneous knotting and unknotting of flexible linear polymers: equilibrium and kinetic aspects", Macromol.,
2013, 46 3669-3678
- A. Rosa et al. "Topological jamming of spontaneously knotted polyelectrolyte chains driven through a nanopore", PRL, 2012, 109 ,
118301

#391 - A fluctuation theorem for ligand binding
Felix Ritort (I) - Universitat de Barcelona/Facultat de Fisica/Small Biosystems Lab
Other Authors: Joan Camunas and Anna Alemany, Universitat de Barcelona, Facultat de Fisica, Small Biosystems Lab

Intermolecular binding reactions drive a myriad of processes central to molecular biology such as gene regulation, recombination,
ribosome assembly and immune response. We introduce a novel fluctuation theorem for ligand binding to measure binding
energies of biomolecular reactions at the single-molecule level. We investigate single oligonucleotides, DNA restriction enzymes,
and small ligands binding to DNA hairpins in single-molecule pulling experiments. Binding energies are directly measured as a
function of ligand concentration providing a direct experimental verification of the law of mass action both for highly specific
interactions and non-specific binding to multiple DNA sites. The possibility of monitoring single binding modes one at a time in
single molecule experiments, in combination with the fluctuation theorem for ligand binding, makes now possible to determine
the energetics of complex multimolecular assemblies with unprecedented reliability and accuracy

#392 - Investigating drug resistance using molecular simulation
Carloni Paolo (I) - Forschungszentrum Jülich, Germany
The abstract will follow

#393 - Binding of amino acids and peptides to gold surfaces
Stefano Corni - Centro S3, CNR Istituto Nanoscienze
The interaction between proteins/peptides and inorganic surfaces and nanoparticles is crucial nanobiotechnology. On one hand,
nanoparticles that contacts biosystems are readily covered by some of the proteins expressed by such biosystems. The resulting
biological identity of the nanoparticle is then determined by which proteins bind, their orientation and possible structural changes
[1]. Nanoparticles and surfaces are also known to affect the rate of protein/peptide fibrillation, i.e., the process leading to amyloid
aggregates [2]. On the other hand, peptides able to recognize surfaces are promising building blocks for self-assembling of complex
structures at the nanoscale [3]. Binding affinities (i.e., adsorption free energies) are crucial quantities in all these applications, both
to quantify the relative propensity to bind and to provide microscopic interpretation to such complex binding phenomena. In
particular, the way the internal free energy landscape of a peptide is modified by the interaction with a nanoparticle or a surface
determines the stable conformations at the surface, and also the barriers separating such stable conformations (i.e., the kinetics of
the conformational changes) [4].
In this contribution, atomistic calculations of binding of amino acids and peptides to gold surfaces in explicit water will be
presented and discussed. These calculations rely on the force fields developed by our group [5], and exploit various enhanced
sampling methods. These simulations provide relevant insights into the relative binding propensity of single amino acids, the nature
of polypeptide conformational changes upon binding and the role of the gold hydration layer.
[1] Lynch, I. et al.Science’s STKE, 2006, pe14 (2006)
[2] Linse, S. et al. PNAS 104, 8691 (2007)
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[3] Sarikaya, M., et al. Nature Mater. 3, 577 (2003)
[4] Bellucci, L.; Corni S. J. Phys. Chem. C 118, 11357 (2014)
[5] Iori, F. et al. J. Comp. Chem. 30, 1465 (2009); Wright, L.B. et al. J. Chem. Th. Comp. 9, 1616 (2013).

#394 - Controlling the motion of knots on tensioned polymers
Luca Tubiana - University of Vienna
Other Authors: Raffaello Potestio, Max Planck Institute for Polymer Research Mainz - Germany, Marco Di Stefano Centro Nacional de Análisis
Genómico (CNAG) Barcelona - Spain, Massimiliano Di Ventra University of California San Diego (CA) - USA, Cristian Micheletti, SISSA-ISAS
Trieste - Italy

Topological entanglement is an ubiquitous feature of many biological as well as artificial polymers. While the equilibrium
properties of entangled chains have been the subject of several studies, the characterization of knot dynamics remains relatively
unexplored. In this talk, we report computational results on two different meanings of affecting the motion of a knot on a
tensioned polymer. Specifically, we show that i) external DC and AC electric fields acting longitudinally on a knotted dsDNA polymer
can drive the knot along the chain and ii) that the onset of transverse waves on a flexible chain, caused by the mechanical driving
of one end of the chain, traps the knot in spatially localized states, effectively discretizing the motion of the knot along the chain.

#395 - Knotting and Unknotting Dynamics of DNA Strands in Nanochannels
Antonio Suma - SISSA - Scuola Internazionale Superiore di Studi Avanzati
Other Authors: Enzo Orlandini (Dipartimento di Fisica, Sezione CNISM, and Università di Padova, via Marzolo 8, I-35131 Padova, Italy), Cristian
Micheletti (SISSA, International School for Advanced Studies, via Bonomea 265, I-34136 Trieste, Italy)

I will report on the theoretical characterization of the typical mechanisms governing the spontaneous tying, untying and the
dynamical evolution of knots in coarse-grained models of DNA chains confined in nanochannels. Earlier studies address the
knotting properties of DNA chains of Lc = 3.6μm confined in channels of different width, D, in the 50 − 300nm range[1]. It was thus
established that knots typically originate from deep looping and back- foldings of the chain ends, and upon lowering D, backfoldings
become shallower and rarer and the lifetime of knots decreases while that of unknots increases. Here, instead, I discuss how these
mechanisms depend on the chain contour length, Lc, at a fixed channel width 56nm, corresponding to the onset of the Odijk scaling
regime where chain backfoldings and hence knots are disfavoured but not suppressed altogether. In this case, the lifetime of knots
grows significantly with Lc, while that of unknots varies to a lesser extent, as the lifetime of unknots is mostly controlled by
backfoldings events at the chain ends, which is largely independent of Lc, while that of knots is controlled by how farther they can
travel along the chain before being untied[2]. The observed interplay of knots and unknots lifetimes underpins the growth of the
equilibrium knotting probability of longer and longer chains at fixed channel confinement. This results can aid the design of
nanochannels capable of harnessing the self-knotting dynamics to quench or relax the DNA topological state as desired.
[1] C. Micheletti, E. Orlandini (2014) Knotting and Unknotting Dynamics of DNA Strands in Nanochannels. ACS Macro Lett. 3 (9),
876–880.
[2] A.Suma, E. Orlandini, C. Micheletti (2015) Knotting dynamics of DNA chains of different length confined in nanochannels. J.
Phys.: Condens. Matter In press.

#396 - SPECTRUS: a dimensionality reduction approach for identifying dynamical domains in protein
complexes from limited structural datasets
Luca Ponzoni - SISSA
Other Authors: Guido Polles (SISSA), Vincenzo Carnevale (Temple University, Philadelphia), Cristian Micheletti (SISSA)

Large-scale movements in proteins or protein complexes often arise from the relative displacements of only few quasirigid domains. Developing computational strategies for identifying such domains from limited sets of alternative
conformers can help unveil the functionally-oriented protein mechanics. A natural way to inspect the internal rigidity
of a protein is to look at the distance fluctuations between pairs of neighboring amino acids throughout a set of relevant
conformations, which provide a straightforward measure of the local flexibility. The matrix of all distance fluctuations
is then used for grouping amino acids into domains, by means of various clustering techniques. One common obstacle
towards this goal is the dependence of the domain identification on the clustering methods used for partitioning, which
are in general strongly affected by the scarcity of available data. A further challenge is the introduction of objective
criteria for establishing the correct number of quasi-rigid domains.
We present a novel domain-decomposition method, named SPECTRUS, which can overcome both obstacles. The
method takes as input the matrix of amino acids pairwise distance fluctuations and uses the Laplacian spectral
projection to optimally expose the innate clustering of the amino acids into quasi-rigid domains, thus making their
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identification practically independent of the chosen clustering scheme. Because of this robustness, SPECTRUS
performs equally well when using distance fluctuation matrices computed from thousands of conformers sampled by
extensive MD simulations, as well as just a pair of alternative crystal structures, or even a single conformer used as a
reference structure for an elastic network model. Furthermore, we introduce a quality score that allows for an easier
identification of the optimal number of domains, based on a measure of statistical significance of a given clustering
compared to a random reference case.
The domain decomposition method was validated and applied to various systems of very different size, including
monomeric globular proteins, multimeric ion channels and viral capsids. For the validation cases, the identified quasirigid domains are in excellent accord with those identified from supervised analysis of experimental or MD data. In the
more challenging contexts where no prior indications of dynamical domains exist, the returned subdivision provide
considerable insight into the functional dynamics of the biomolecules of interest.
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#397 - Anomalous behavior of a driven tracer in a crowded environment
Olivier Benichou (I) - CNRS, UPMC
We study a minimal model of active transport in a dense environment. We consider a discrete system in which a tracer particle
performs a biased random walk in a bath of particles performing symmetric random walks with exclusion interactions. In confined
geometries and in the high-density limit, an analytical calculation of the fluctuations of the tracer particle position predicts a longlived superdiffusive regime. We show that this observation is associated to a velocity anomaly in quasi-one-dimensional systems
(such as stripes or capillaries): the velocity of the tracer particle displays a long plateau before reaching an ultimate lower value.
Finally, we study the case of one-dimensional systems, which is related to the well-known single-file diffusion.

#398 - Non-normalizable densities for strong anomalous diffusion
Eli Barkai (I) - Bar Ilan University
Other Authors: Adi Rabenshtok^1, Sergey Denisov^2, Peter H\"anggi^2 1. Phys. Dept., Bar Ilan University, Israel 2. Phys, Dept, Augsburg
University, Augsburg, Germany.

Strong anomalous diffusion, where
〈|x(t)|^q〉∼t^{qν(q)}
with a nonlinear spectrum
ν(q)≠const,
is wide spread and has been found in various nonlinear dynamical systems and experiments on active transport in living cells. Using
a stochastic approach we show [1] how this phenomena is related to infinite covariant densities, i.e., the asymptotic states of these
systems are described by non-normalizable distribution functions. Our work shows that the concept of infinite covariant densities
plays an important role in the statistical description of open systems exhibiting multi-fractal anomalous diffusion, as it is
complementary to the central limit theorem.
1. Rebenshtok et al. Phys. Rev. Letters 112, 110601 (2014), ibid PRE 90, 062135 (2014).

#399 - Anomalous fluctuations in nonlinear oscillator chains
Stefano Lepri (I) - Consiglio Nazionale delle Ricerche - Istituto dei sistemi complessi
One-dimensional lattices of nonlinear oscillators often display anomalous energy diffusion and transport. This
leads to a breakdown of macroscopic transport relations like e.g. the Fourier law. Recently, it has been argued
that such anomalous fluctuations generically belongs to the universality class of the (seemingly unrelated)
Kardar-Parisi-Zhang equation. We will present some simulation data that support this predictions.

#400 - Superdiffusion and Transport in Lévy-like quenched disorder
Raffaella Burioni - Università di Parma
Other Authors: E. Ubaldi (Università di Parma), A. Vezzani (S3, CNR-Istituto di Nanoscienze)

Superdiffusion is an interesting and complex phenomenon, observed in transport in highly heterogeneous random media, ranging
from engineered experimental samples, to rocks and clouds. These disordered systems are typically composed of regions with very
different diffusion properties, so that the transport process can be described as a Lévy walk: motion consists of a sequence of
scatterings followed by long jumps in non scattering regions. Two concurrent effects make the problem particularly hard: the
quenched randomness, inducing correlation between displacements, and, if the system is heterogeneous on all scales, the typical
broad distribution of the steps length, which can be heavy tailed and Lévy distributed. While uncorrelated Lévy walks are well
understood, the correlation effects, which are expected to exert a deep influence on the diffusion properties, are still to be
characterized.
We consider correlated Lévy walks on a class of deterministic and random Lévy structures, modeled on recent experimental
settings, with correlation between steps induced by their geometry. We characterize their superdiffusive behavior by a "single longjump approximation" that estimate rare events effects, and by a scaling analysis, which applies to experimentally relevant
quantities, such as mean square displacement and transmission probabilities.

#401 - Field-induced superdiffusion and dynamical heterogeneities in one-dimensional models of glasses
Giacomo Gradenigo - Laboratoire Interdisciplinaire de Physique (LIPhy)
Other Authors: Giulio Biroli (CEA, Saclay), Eric Bertin (LIPhy, Grenoble)

We show here that a probe particle immersed in a one-dimensional model of glass
has a transient superdiffusive behaviour when pulled by an external field.
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We explain how this anomalous transport property is related to dynamical heterogeneities,
namely to the broad distribution of time-scales typical of a glass-former at low temperatures.
Results of simulations are compared with exact results obtained by means of the Montroll-Weiss equation.

#402 - Non-isothermal Brownian motion
Gianmaria Falasco - University of Leipzig
Other Authors: Klaus Kroy, Institut für Theoretische Physik, Universität Leipzig, Postfach 100 920, D-04009 Leipzig, Germany

The theory of isothermal Brownian motion relies on fundamental principles of equilibrium classical statistical mechanics, such as
the equipartition theorem, embedded in the stochastic framework of the Langevin equation. In the presence of a nonisothermal
solvent it becomes questionable whether a Langevin-like description still applies and, if so, no general criterion exists which
uniquely determines friction and thermal fluctuations. Starting from the fluctuating hydrodynamics of a solvent in local equilibrium,
we constructively show that a generalized Langevin description does hold and derive the statistics of the corresponding thermal
noise. The coupling between the hydrodynamic modes excited by the particle itself and the solvent temperature gradient turns the
Langevin noise energy spectrum into a frequency-dependent tensor. We derive an explicit expression for this energy spectrum in
the analytically tractable case of hot Brownian motion, i.e. a constantly heated particle generating a comoving radial temperature
field. This allows us to explain the break of energy equipartition and express the energy content of the particle velocity and position
in terms of effective temperatures.

#403 - cooperative and noise in excitonic quantum transport
Fausto Borgonovi - diparitmento di matematica e fisica, università cattolica
Natural photosynthetic systems interact with different environments, which are a source of
noise but can also induce cooperative coherent effects, such as superabsorption of
light and supertransfer of excitation. Both cooperativity and noise can be essential to achieve
efficient energy transport in natural complexes and in bio-inspired quantum devices.
We show this point with the aid of the non Hermitian Hamiltonian approach to open quantum systems
and analyzing both general quantum disordered networks and realistic models of photosynthetic antenna complexes (such as
LHI, FMO).
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#404 - Adsorption properties of linear-cyclic polymer blends
Giuseppe Pellicane (I) - University of Kwazulu-Natal
Other Authors: Mesfin Tsige Department of Polymer Physics, University of Akron, Illinois, USA Mireille Megnidio-Tchoukouegno School of
Chemistry and Physics, University of Kwazulu-Natal, Private Bag X01, Scottsville 3209, Pietermaritzburg, South Africa

We report a molecular dynamics study of bead-spring models of linear-cyclic polymer mixtures in the presence of
vacuum interface. We focus on the regime of low cyclic polymer composition, and we show evidence that the density of linear
polymers is enhanced with respect to the bulk, counter-intuitively as what is expected on the basis of recent theoretical
predictions.
We analyze a number of interfacial properties versus their bulk counterparts, including the radius of gyration and the mobility of
polymer chains. We also provide details about the percolation of the different polymer species.

#405 - Liquids under electric fields: from water dissociation to Miller-like experiments
A. Marco Saitta (I) - Université Pierre et Marie Curie - Sorbonne
Other Authors: Franz Saija (IPCF - CNR Messina), Giuseppe Cassone (Univ. Messina & UPMC Paris), Paolo V. Giaquinta (Univ. Messina), Fabio
Pietrucci (UPMC Paris), François Guyot (UPMC Paris)

Since a few years, thanks to Berry-phase theory and its implementation in DFT schemes, it is possible to study the effect of finite
homogenous electric fields in ab initio molecular dynamics simulations [1]. Here we present a study of bulk liquid water under
intense electric fields [2]. We observe that the hydrogen-bond length and the molecular orientation are significantly modified at
low-to-moderate field intensities. Fields beyond a threshold of about 0.35 V/Å able to dissociate molecules and sustain an ionic
current via a series of correlated proton jumps, in good agreement with experimental values [3]. Upon applying even more intense
fields (~1.0 V/Å), a 15%-20% fraction of molecules are instantaneously dissociated and the resulting ionic flow yields a conductance
-1
-1
of about 7.8 Omega cm . We then undertake the first ab initio computer simulations of the celebrated Miller experiment, that we
perform in the condensed phase [4] Our study shows that glycine spontaneously forms from mixtures of simple molecules once an
electric field is switched on. Moreover, combining the electric field approach with a metadynamics-based analysis of chemical
reactions[5], we identify formic acid and formamide as key intermediate products of the early steps of the Miller reactions, and the
crucible of formation of complex biological molecules.
[1] P. Umari \& A. Pasquarello, Phys. Rev. Lett. 89, 157602 (2002)
[2] A. M. Saitta, F. Saija, P. V. Giaquinta, Phys. Rev. Lett. 108, 207801 (2012).
[3] E. M. Stuve, Chem. Phys. Lett. 519-520, 1 (2012); Z. Hammadi et al. Appl. Phys. Lett. 101, 243110 (2012); W. K. Lee et al., Nano
Res. 6, 767 (2013).
[4] A. M. Saitta \& F. Saija, Proc. Nat. Acad. Sci. USA 111, 13768 (2014); http://www.impmc.upmc.fr/~saitta/press_Miller.html
[5] A. M. Saitta, F. Saija, F. Pietrucci, F. Guyot, Proc. Nat. Acad. Sci. USA 112, E343 (2015).

#406 - The role of convex polyhedra in supercooled water and ice nucleation
Fausto Martelli (I) - Princeton University
Other Authors: Jeremy C. Palmer Huston University Pablo Debenedetti Princeton University Robert Cart Princeton University

Combining the information on the first and the second shell of water, we introduce a new order parameter which directly links the
degree of local order to the formation of convex polyhedra (1) classified in Euclidean geometry as Archimedean (2) and Johnson
solids (3).
We apply our new order parameter to the case of supercooled ST2 water model at various thermodynamical conditions. The
distribution of our order parameter turns out to be trimodal in the free energy landscape at the cohexistence point (4), well
separating high density liquid, low density liquid and cubic ice.
We observe that high density liquid doesn't show any ordered environment, while low density liquid possesses quasi well defined
polyhedra topologies. Furthermore, nucleation turns out to be a process that does not involve the first coordination shell but only
the second one, resulting in a competition amongst two frustrated polyhedra structures.
1) F. Martelli, J. C. Palmer, R. Singh, P. G. Debenedetti and R. Car, In preparation
2) P. R. Cromwell “Polyhedra”, New York: Cambridge University Press (1997)
3) N. W. Johnson, Canadian Journal of Mathematics 18, 169 (1966)
4) J. C. Palmer, F. Martelli, Y. Liu, A. Panagiotopoulos, R. Car and P. G. Debenedetti, Nature 510, 385 (2014)

#407 - Phase portrait of a system near and above the threshold of thermodynamic stability
Santi Prestipino - University of Messina and CNR-IPCF Messina
Other Authors: Gianpietro Malescio (University of Messina)
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Stabilized dispersions of macromolecules are most easily described in terms of the effective interaction between the centers of
mass of the molecules. For polymer chains, dendrimers, etc., the effective pair potential is finite at the origin, meaning that full
overlap of the ``particles'' is allowed. Using a double-Gaussian model (DGM) for demonstration, we studied the system behavior as
a function of the attraction strength \eta. According to a rigorous statistical-mechanical analysis, above a critical strength \eta_c,
the infinite-size DGM system should eventually collapse to a finite cluster. As \eta_c is approached from below, we found that the
liquid-vapor coexistence region widens substantially at low temperature, until the liquid density diverges right at \eta_c. Above the
stability threshold, a well-definite boundary line (BL) divides the thermodynamic plane in two regions, differing in the value of the
mean waiting time for collapse (being small on one side of the boundary, while much larger or even infinite in the other region).
Upon adding a small hard core to the DGM potential, stability is recovered and the BL is converted to the spinodal line between
two fluid phases. We find an interesting parallel between the destabilization of a colloidal dispersion, as induced by e.g. the
addition
of salt, and the process by which an increase in \eta brings eventually the state of a stabilized-DGM system inside the fluid-fluid
spinodal region.

#408 - Cellulose degradation revealed by NMR spectroscopy
Carmelo Corsaro - IPCF-CNR Messina
Other Authors: Mauro Missori (Istituto dei Sistemi Complessi, UOS Sapienza, Dipartimento di Fisica, Università di Roma "La Sapienza", 00185
Roma, Italy), Domenico Mallamace (Dipartimento SASTAS, Università di Messina, 98166 Messina, Italy), Sebastiano Vasi (Dipartimento di Fisica e
Scienze della Terra, Università di Messina, 98166 Messina, Italy ), Luciano Pietronero (Istituto dei Sistemi Complessi, CNR, 00185 Roma, Italy),
Francesco Mallamace (Dipartimento di Fisica e Scienze della Terra, Università di Messina, 98166 Messina, Italy).

The understanding of deterioration pathways of cellulosic materials upon aging can be achieved by studying the hydration process
and by identifying the products arising from cellulose degradation. In fact, the interaction with water molecules provokes
modification of cellulose supermolecular structure and shifts the kinetic equilibrium of chemical reactions, such as acidic hydrolysis
and oxidation, causing the formation of different by-products. The detailed knowledge of these processes is essential in improving
conservation strategies and durability of cellulosic cultural heritage.
We use proton High-Resolution Magic Angle Spinning (HR-MAS) NMR spectroscopy in order to study the structural composition and
dynamics of cellulosic samples as a function of the environmental humidity and samples’ aging. In particular, we measure the
proton relaxation times (both longitudinal and transverse) of the macroscopic magnetization to shed light on the interaction
between cellulose and water. The used experimental technique is able to separate the contribution of the different types of water
that can be found within cellulosic pores and fibers, by measuring the corresponding relaxation times. Furthermore, we detect
different products of cellulose degradation in solid paper samples. For example, our results evidence the presence of simple and
complex carboxylic acids. Since these products can catalyze further degradation, their knowledge is fundamental in order to plan
conservation strategies of historical documents.

#409 - Recalescence from supercooled water
Francesco Aliotta - CNR-Istituto per i Processi Chimico-Fisici
Other Authors: Paolo V. Giaquinta (Dipartimento di Fisica e di Scienze della Terra, Univrsità di Messina), Rosina C. Ponterio (CNR-IPCF,
Messina), Santi Prestipino (Dipartimento di Fisica e di Scienze della Terra, Univrsità di Messina), Franz Saija (CNR-IPCF, Messina), Cirino Vasi
(CNR-IPCF, Messina).

A supercooled liquid returns, in a finite time, to stable thermodynamic equilibrium. The path towards equilibrium begins as a fast
process which adiabatically drives the system to solid-liquid coexistence. Hence, the usual description of solid nucleation as an
isothermal-isobaric process is inherently wrong because the phase transition can be isothermal only under coexistence conditions
(1). Irrespective of the homogeneous or heterogeneous character of solid nucleation, the appearance of the first solid embryo
causes the immediate release of latent heat to the liquid, unavoidably accompanied by large fluctuations of the local temperature.
In this respect, it is clear that the escape from the metastable state towards the stable equilibrium condition, consisting of a
solid/liquid mixture at the coexistence temperature, is an intrinsically non-equilibrium phenomenon and a complex process. At a
mesoscopic level, this implies the occurrence of self-organization. The solidification never proceeds isotropically and the formation
of dendrites is always observed. Dendrite formation is required for an efficient flow of latent heat by transport processes at the
interface. In spite of these considerations, most current theories are limited to mathematical descriptions of branchless needle
crystals growing steadily. Accurately describing the dendritic process is of paramount importance for understanding the
thermodynamics of these irreversible processes. In this work, we report the results from an experimental investigation (through
fast imaging and synchronous local temperature monitoring) of the dendritic growth in supercooled bulk water. Our experiments
reveal that temperature reaches locally its coexistence value in a time of the order of few hundredths of a second (or shorter) when
the supercoiling temperature is lower than 266K, while a definitely slower evolution is observed for smaller undercooling. The
transition between the two regimes takes place over an extremely narrow temperature range. The analysis of the results and their
comparison with theoretical indications give some hints for a better understanding of this interesting and appealing phenomena.
References
1) F. Aliotta, P.V. Giaquinta, M. Pochylski, R.C. Ponterio, S. Prestipino, F. Saija, C. Vasi, J. Chem. Phys. 138, 184504 (2013)
2) F. Aliotta, P.V. Giaquinta, R.C. Ponterio, S. Prestipino, F. Saija, G. Salvato, C. Vasi, Scientific Reports 4, 7230 (2014)
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#410 - Proton transfer in liquid methanol
Giuseppe Cassone - Université Pierre et Marie Curie - Sorbonne Université
Other Authors: Paolo V. Giaquinta (University of Messina); Franz Saija (Institute for Chemical-Physical Processes of the Italian National Research
Council - Messina); Antonino Marco Saitta (Université Pierre et Marie Curie - Sorbonne Université (Paris, France), and French National Centre for
Scientific Research - CNRS).

Proton conduction in molecular liquids under an external or local electric field is a key phenomenon in many branches of science,
from electrolysis to neurobiology but its microscopic description is difficult to achieve experimentally. In the last decade, thanks to
Berry-phase theory and its implementation in density functional theory (DFT) schemes, it has been possible to study the effect of
finite homogeneous electric fields in ab initio molecular dynamics simulations. Recently, relying on this approach, proton transfer in
1
water has been studied with ab initio methods in bulk liquid water . Here we report on a detailed systematic first-principles study
2
of the effect of an external electric field in liquid methanol . The results are compared with the water case. In particular, we
observe that fields beyond a threshold value of about 0.30 V/Å are able to induce instantaneous molecular dissociations. By
increasing the field intensity over 0.35 V/Å a sustained ionic current is measured as for the water. However, the resulting ionic
-1
conductivity (~ 0.40 S cm ) is at least one order of magnitude lower than that of water, a circumstance that evidences a lower
efficiency of proton transfer processes. We interpreted this difference by considering the field-induced fluctuations in the H-bond
distribution of the ionic solvation shells.
[1] A. M. Saitta, F. Saija, and P.V. Giaquinta, Ab Initio Molecular Dynamics Study of Dissociation of Water under an Electric Field,
Phys. Rev. Lett. 108, 207801 (2012).
[2] G. Cassone, P.V. Giaquinta, F. Saija, and A.M. Saitta, Liquid Methanol under a static electric field, J. Chem. Phys. 142, 054502
(2015).
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#411 - Friction, phase changes and earthquake physics
Giulio Di Toro (I) - University of Manchester
Earthquakes mostly originate on preexisting faults and occur because faults weaken with increasing slip and slip rate. It follows that
.
frictional evolution of fault materials is of paramount importance in controlling the seismic rupture and slippage. Because of the
large stresses (hundreds of MPa at >10 km depth) and slip rates (about 1 m/s ) involved, a large amount of frictional work rate
(product of frictional shear stress per slip rate) is dissipated along faults during earthquakes. The frictional work rate can be so large
-2
(1 to 100 MW m ) as to grind and mill the rock (producing particles of nanometric size, or nanopowders), trigger mechanically and
thermally activated chemical reactions, and, eventually, melt the rock. Under these extreme deformation conditions, the fault
surfaces are separated by fluids or other tribochemical products (melts, gels, nano-powders, amorphous, dehydration and
decarbonation products, etc.). It follows that earthquake physics is controlled by the mineral reactions and phase changes
triggered by the passage of the seismic rupture and, as a consequence, by the rheology of the reaction products. Here, by
exploiting the results of (1) field and microanalytical studies conducted on natural fault products, and (2) experimental studies
reproducing the extreme deformation conditions typical of seismic slip, we will discuss the mineral reactions and phase changes
concomitant to and responsible of fault weakening during earthquakes.

#412 - Monitoring Volcanoes at Global Scale by Acoustic waves
Maurizio Ripepe (I) - University of Forence
Other Authors: Emanuele Marchetti (University of Florence), Giorgio Lacanna (University of Florence), Giacomo Ulivieri (University of Florence)

Volcanoes are quite a prolific radiator of acoustic waves. Gas rapidly expanding in the conduit produce infrasound providing
insights into eruption dynamics. Linear theory of sound explains acoustic pressure in terms of outflow mass rate and this has strong
implications for explosive dynamics. Large explosive volcanic eruptions typically generate a plume of hot ash and debris ejected
into the atmosphere and inducing pressure perturbation with frequency content ranging from 0.1-4 Hz down to 1-2 mHz typical of
gravity waves. These waves can be recorded thousands of kilometers away by distant stations. Our ability to detect these pressure
waves can be used to track the ash plume evolution providing the time history of the excess pressure and reflecting the explosive
gas emission. This information could be used as input parameter in the simulations of the ash cloud dispersal in the atmosphere
contributing to a correct risk assessment for civil aviation. Infrasound can be generated also by non-explosive linear sources such as
pyroclastic flows, providing crucial information to volcano monitoring and risk management. Volcano acoustics integrated with
other geophysical measurements, particularly seismic, thermal and ground deformation may assist with their interpretation leading
to important understanding of the volcano dynamics and substantially improving the forecast of volcano-related hazards.

#413 - Measurements of ground deformations and their interpretation
Giuseppe Puglisi (I) - Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania - Osservatorio Etneo
Thanks to the rapid evolution of the geodetic techniques during the last decades, the ground deformation monitoring has became a
key approach to investigate about the dynamics of active areas (e.g.; volcanoes, seismic faults). Currently we are able to cover the
whole spectrum of deformations, both on time and space domains, allowing to investigate crustal geodynamic processes that
originate at different depths and affect areas large up to several hundreds of kilometers. The availability of so large amount of data
coupled with the continuous improvements on the computing resources stimulated the implementation of new approaches for the
data analysis.
The information contained in the deformation data sets is thus exploited to find anomalies in the signals or to fix the parameters of
physical models underlying geodynamic processes such as volcanic eruptions or earthquakes.
The talk will give an overview of the current advanced ground deformation monitoring techniques and data analysis methods by
presenting some recent case studies.

#414 - An observatory for rotational seismology in the underground Gran Sasso National Laboratory
Nicolò Beverini - Università di Pisa
Other Authors: J. Belfi, A. Di Virgilio (INFN, sezione di Pisa); A. Ortolan (INFN, Lab. Naz. di Legnaro); A. Porzio (CNR, SPIN, Napoli); G. De
Luca, G. Saccorotti, (INGV); R. Santagata (Università di Siena)

The lack of instrumentation with suitable sensitivity has prevented up to the recent years the observation of the ground rotations
induced by the seism, although the relevance of this knowledge was well recognize in the literature. The development of large ring
laser gyroscopes (RLG), based on the Sagnac effect and equipped with state–of –art high reflective mirrors, made possible to open
this new field of study, involving many areas of geophysics, from geodesy to seismology to the monitoring of critical structures.
Nowadays the G-ring apparatus in Wettzell (Germany) represents the reference RLG for geodetic and seismological observations. It
is a square laser cavity with 4 m of side around a monolithic bloc of Zerodur, (a glass with null thermal dilation factor), with a record
-13
sensitivity of 10 rad/s, allowing important results from geodesy spanning to the analysis of earthquakes at tele-seismic distances.
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A similar apparatus, much less expensive, has been mounted in the tunnel of the INFN Gran Sasso National Laboratory as a first
step of a larger project of fundamental physics aiming to detect very thin General Relativity effect on the Earth rotation rate. It
consists in a large He:Ne ring laser with a 3.6 meters side square cavity installed over a granite structure integral to the rock in the B
-10
knot tunnel. In the first experimental runs we observed a sensitivity better than 10 rad/s, which make it suitable to observe
rotational seismic noise in the 1000 s - 50 Hz bandwidth. The deep underground location will effectively isolate the instrument from
meteorologic and anthropic noise.
To fully exploit the seismic detection potentiality, in the box with the RLG we have installed auxiliary instrumentation constituted:
• A Nanometrics Trillium 360s seismometer, which is also part of the national earthquake monitoring program of the INGV. It will
provide the data to be compared to the RLG’s rotational data in order to infer a phase velocity measurements during the transit of
shear waves from earthquakes.
• A second more performing broadband seismometer (Guralp CMG 3T–360s) in order to obtain better estimates of differential
velocities and for data redundancy.
• A Lipmann 2-K digital tilt-meter with a resolution better than 1 nrad, placed beside the seismometer in order to monitor the
possible slow ground tilt related to either local or wide scale (solid earth tides) effects.
The preliminary results on seismic data analysis will be presented.

#415 - Mechanical origin of aftershocks
Eugenio Lippiello - Department of Mathematics and Phsyics Second University of Naples
Other Authors: W. Marzocchi, ( Istituto Nazionale Geofisica e Vulcanologia, Via di Vigna Murata 605, 00143 Roma, Italy) Cataldo Godano
(Department of Mathematics and Physics, Second University of Naples, Via Vivaldi 43, 81100 Caserta, Italy) Lucilla de Arcangelis (Department of
Industrial and Information Engineering, Via Roma, 81031 Aversa (CE), Italy.) Ferdinando Giacco (Department of Mathematics and Physics, Second
University of Naples, Via Vivaldi 43, 81100 Caserta)

Aftershocks are the most striking evidence of earthquake interactions and
the physical mechanisms at the origin of their occurrence are still intensively debated.
Novel insights stem from
recent results showing that aftershock occurrence in time
and magnitude is controlled by the faulting style.
Our study shows that the size of the aftershock zone
is a measure of the level of differential stress.
We find that positive correlations among parameters controlling aftershock
organization in time, energy and space are a stable feature of seismicity
independently of magnitude range and geographic areas.
We explain the ensemble of experimental findings by means
of a description of the Earth Crust as an heterogeneous elastic
medium coupled with a Maxwell viscoelastic asthenosphere.
Our results show that heterogeneous stress distribution in an elastic layer combined with a coupling to a viscous flow are
sufficient ingredients to describe the physics of aftershock triggering.

#416 - Towards the numerical modelling of volcano aeroacoustic source processes using Lattice Boltzamnn
strategies
Federico Brogi - University of Geneva
Other Authors: C. Bonadonna*, O. Malaspinas*, M. Ripepe**, B. Chopard*, J. Latt*, J. Falcone* * University of Geneva, Switzerland; **
University of Florence, Italy.

Low frequency (<20Hz) acoustic measurements have a great potential for the real time characterization of volcanic plume source
parameters. Nonetheless many shortcomings have been highlighted in the understanding of the acoustic monitoring. In particular,
the application of the classical acoustic source models to volcanic explosive eruptions has shown to be challenging and a better
knowledge of the link between the acoustic radiation and actual volcanic fluid dynamics processes is required. New insights into
this subject could be given by the study of realistic aeroacoustic numerical simulations of a volcanic jet. Lattice Boltzmann
strategies (LB) provide the opportunity to develop an accurate, computationally fast, 3D physical model for a volcanic jet and wave
propagation. In the field of aeroacoustic applications, dedicated LB schemes has been proven to have the low dissipative properties
needed for capturing the weak acoustic pressure fluctuations. However, when dealing with simulations of realistic flows, artificial
boundaries are defined around the flow region. The reflected waves from these boundaries can have significant influence on the
flow field and overwhelm the acoustic field of interest. A special absorbing boundary layer has been implemented in our model to
suppress the reflected waves. In addition, for highly multi–scale turbulent flows, such as volcanic plumes, the number of grid points
needed to represent the smallest scales might become intractable and the most complicated physics happen only in small portions
of the computational domain. The implementation of the grid refinement, in our model allow us to insert local finer grids only
where is actually needed and to increase the size of the computational domain for running more realistic simulations. 3D LB model
simulations for simple benchmark problems as well as for the more complex jet aeroacoustics have been accurately validated. Both
mean flow and acoustic results are in good agreement with theory and experimental data available in literature.
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#417 - Elicitation Experiment at Etna Volcano
Alfonso Brancato - Istituto Nazionale di Geofisica e Vulcanologia - Osservatorio Etneo
Other Authors: Laura Sandri (Istituto Nazionale di Geofisica e Vulcanologia – Sezione di Bologna), Jacopo Selva (Istituto Nazionale di Geofisica e
Vulcanologia – Sezione di Bologna), Warner Marzocchi (Istituto Nazionale di Geofisica e Vulcanologia – Sezione di Roma1)

Advances in volcano monitoring and forecasting need a multidisciplinary collaborative framework. In light of this, a Bayesian Event
Tree (BET) approach was performed, whose central element is the interpretation of probability distributions of events as a
conditional measure of uncertainty (on a [0, 1] scale) about the occurrence of the same in specific conditions.
The definition of what is background vs anomaly represents the core of the analysis, i.e., the selection of geophysical,
volcanological and geochemical parameters and the quantitative definition of anomalies.
At Mt. Etna different pre-eruptive observations, with different timescales (from months to days/hours), are recorded. A subjectivity
is often the feeling expression of an incoming event, and to minimize such a sensation, an expert opinion can be used.
Weighting of experts varies, even though equal-weighted procedures are still considered. For the present analysis, a consensusbased expert scoring scheme and an expert elicitation method are adopted. In this process, expert opinion is weighted on the basis
of mutual recognition among experts expressed through a regularly repeated blind procedure.
In detail, for each node of the BET, for each parameter (using scores and votes; in this latter case, all the experts have weight equal
th
th
to 1) average, median, and 10 and 90 percentiles of the selected thresholds are estimated. A different setting regards the
thresholds aimed to accept the selected parameters, being evaluated by considering marked slope changes, if they occur in scores
and votes plots.
The INGV, both Osservatorio Etneo (Catania) and Palermo Section, experienced Elicitation I, which involved 40 (out of 58; ca. 70%)
experts who selected parameters and relative critical thresholds at each node of the ET.
Regarding to the scores analysis (weights obtained from scores), it is roughly equivalent to votes analysis for nodes 1 (Unrest) and 2
(Unrest Cause), while significant differences appear at node 3 (Eruption). In particular, both at nodes 1 and 2 there seems to be a
single parameter that has been selected by the majority of experts (among them, some of those with higher score), while all the
other proposed parameters do not aggregate a large consensus and are selected by minorities. At node 3, it appears that the
highest score's experts have voted a few unpopular parameters, while the most popular ones have a low total score (meaning that
the low score's parameter have selected it).
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#418 - Nonlinear x-ray wave mixing
Sharon Shwartz (I) - Bar Ilan University
Today, nonlinear optics is primary focused on the infrared to the visible regimes. In this spectral range, concepts and techniques
based on nonlinear optics are implemented in many diverse fields. For example, laser technology, optical communication, ultrafast
science, quantum optics, and nonlinear spectroscopy techniques. The high brightness and peak power of the new x-ray freeelectron lasers has opened the possibilities of performing novel experiments in the field of nonlinear optics at very short
wavelengths, and of extending concepts from the optical regime into the x-ray regime. X-ray nonlinearities are very different from
conventional nonlinearities in the optical regime, thus their study is interesting in its own right and may lead to new important
applications.
I will describe recently performed experiments demonstrating nonlinear x-ray wave-mixing including x-ray and visible wave mixing,
x-ray second harmonic generation, and x-ray parametric down-conversion. I will present theoretical studies of difference-frequency
generation of optical radiation from two-color x-ray pulses, and x-ray-pulse characterization by spectral shearing interferometry. I
will discuss future directions of exploring nonlinear and quantum effects in the x-ray regime. For example, x-ray parametric downconversion may be developed into a very powerful method to study fundamental effects in quantum optics. X-ray and visible
mixing may lead to atomic scale resolution techniques to study chemical bonds. Nonlinear techniques are expected to be useful in
the inspection of sub-femtosecond temporal pulses.

#419 - Nonlinear pump-probe spectroscopy for x-ray free-electron laser applications
Victor Kimberg (I) - Department of Theoretical Chemistry and Biology, Royal Institute of Technology
Recent invention of the x-ray free electron laser (XFEL) opens new possibilities in pump-probe spectroscopic schemes extended to
x-ray energy range. First, use of x rays addressing deep core-electrons makes x-ray spectroscopy extremely element and site
selective. Second, short (femtosecond) XFEL pulse duration is comparable to a typical scale of nuclear dynamics in molecules, as
well as to charge or excitation transfer in complex compounds, allowing to resolve the ultra-fast processes in the pump-probe
experiment. Finally, high intensities available from XFELs allow to trigger stimulated emission and to study nonlinear effects in the
x-ray energy range. Combination of the all above features in the XFEL based pump-probe techniques provide unique framework for
many new applications in atomic and molecular physics, biology and material science.
In the present talk I would like to overview our resent theoretical results on pump-probe spectroscopy using short intense x-ray and
optical pulses. I will start by presenting principles of IR-x-ray phase sensitive pump-probe spectroscopy and discuss its possible
applications [1]. Then I will focus on all x-ray pump-probe schemes including stimulated emission and lasing [2], stimulated
resonant inelastic x-ray scattering [3], and resonant Auger scattering as control tools for wave packet dynamics in molecular
systems. I will also address experimental feasibility for high-resolution nonlinear pump-probe and stimulated x-ray Raman
spectroscopies. I will conclude by discussing resent experimental results on nonlinear x-ray pump-probe studies at LCLS motivated
by our theoretical predictions.
[1] F. Guimarães, V. Kimberg, F. Gel’mukhanov & H. Ågren, Two-color phase-sensitive x-ray pump-probe spectroscopy. Phys. Rev. A
70, 062504 (2004); F. Guimaraes, et al. Infrared–x-ray pump-probe spectroscopy of the NO molecule. Phys. Rev. A 72, 012714
(2005).
[2] V. Kimberg & N. Rohringer. Amplified X-Ray Emission from Core-Ionized Diatomic Molecules. Phys. Rev. Lett. 110, 043901 (2013);
N. Rohringer, et al. Atomic and Molecular Inner-Shell X-Ray Lasers. In Laser Science (pp. LW2H-2). Optical Society of America (2012).
[3] C. Weninger, et al. Stimulated Electronic X-Ray Raman Scattering. Phys. Rev. Lett. 111, 233902 (2013).

#420 - Extreme ultra violet four wave mixing experiments: from table top lasers to fourth generation light
sources
Riccardo Cucini (I) - Elettra-Sincrotrone Trieste
Other Authors: Andrea Battistoni (Stanford University), Filippo Bencivenga (Elettra-Sincrotone Trieste), Claudio Masciovecchio (Elettra-Sincrotone
Trieste)

The current construction of the FERMI@Elettra Free Electron Laser (FEL) facility will make available Vacuum Ultra Violet (VUV)
photon pulses with unique characteristics [1]. The peculiarities of this source will be exploited in order to develop a time resolved
instrument (TIMER) based on the transient grating scheme. TIMER would be able to probe the collective atomic dynamics in a
-1
momentum (Q=0.02÷1.2 nm ) and energy transfer (E=0.1÷10000 μeV) region that, to date, cannot be accessed by any time or
energy resolved instrument [2].
Particularly, the Q-range exploitable by TIMER is of special interest for the study of disordered systems, since it corresponds to the
characteristic length scale (~10÷100 nm) of topological disorder. On such length scale the dynamical behavior of amorphous solids

209

New physics with ultrashort light and x-ray pulses II

1 Oct

still presents unsolved and strongly debated. Though the study of collective dynamics at the nanoscale is of the greatest relevance
in order to understand the phenomenology of the glassy phase, it is actually harped by the technical impossibility to experimentally
-1
probe the 0.1-1 nm Q-range. This harsh limit would be overcome by TIMER. The unique capabilities of TIMER would also provide a
sensitive probing of interfaces and thin films, as well as heat transport and electron correlations in nanostructured materials.
Different Four wave mixing setups are presented, based on sources ranging from infrared to the extreme ultraviolet region. Each
scheme introduces variations with respect to the previous one, allowing moving from classical table top laser experiments towards
a new four wave mixing scheme based on free electron laser radiation. A comparison between the various setups, the first results
from extreme ultra violet transient grating experiments [3], and the actual state of the new beamline will be discussed.
[1] E. Allaria et al., New Jour. Phys., 14, 113009 (2012)
[2] R. Cucini et al., Nucl. Instrum. Meth. A, 635, S69 (2011)
[3] F. Bencivenga, R.Cuciniet al., Nature, 520, 205 (2015)

#421 - Coherent control in the extreme ultraviolet spectral range using the Free Electron Laser FERMI@Elettra
Paolo Antonio Carpeggiani - Dipartimento di Fisica - Politecnico di Milano
Other Authors: G. Sansone, M. Reduzzi (Dipartimento di Fisica, CNR-IFN, Politecnico di Milano, Piazza Leonardo da Vinci, 32, 20133 Milan. Italy)
A. Grum-Grzhimailo (Dipartimento di Fisica, CNR-IFN, Politecnico di Milano, Piazza Leonardo da Vinci, 32, 20133 Milan. Italy & Skobeltsyn
Institute of Nuclear Physics, Moscow State University, Moscow 119991, Russia), E.V. Gryzlova, S.I. Strakhova (Skobeltsyn Institute of Nuclear
Physics, Moscow State University, Moscow 119991, Russia), K. Bartschat (Drake University, Iowa 50311, USA), D. Iablonskyi, Y. Kumagai, T.
Takanashi, K. Ueda (IMRAM, Tohoku University, Sendai, Japan), A. Fischer (Max-Planck Institute for Nuclear Physics, 69117 Heidelberg,
Germany), F. Stienkemeier (Physikalisches Institut, Universität Freiburg, 79106 Freiburg, Germany), T. Mazza, M. Meyer (European XFEL, AlbertEinstein-Ring 19, 22761 Hamburg, Germany), E. Allaria, C. Callegari, R. Cucini, G. De Ninno, S. Di Mitri, B. Diviacco, E. Ferrari, P. Finetti, D.
Gauthier, L. Giannessi, N. Mahne, G. Penco, O. Plekan, L. Raimondi, P. Rebernik, E. Roussel, C. Svetina, M. Trovò, M. Zangrando, K. C. Prince
(Elettra-Sincrotrone Trieste, 34149 Basovizza, Trieste, Italy).

Coherent control with lasers involves steering a quantum system along two or more pathways to the same final state, and
manipulation of the phase and wavelength of light to favour this state. In some cases this is an interference effect between
transition matrix elements, e.g. M_{1}e^{i\varphi _{1}} , and M_{2}e^{i\varphi _{2}} , where the relative phase \Delta \varphi =\left(
\varphi _{2}-\varphi _{1}\right) between the two paths makes it possible to manipulate the final outcome.
Coherent control has already been demonstrated in the visible domain, where coherent light pulses with different wavelengths can
be generated by nonlinear crystals and the relative phase can be controlled by delaying one pulse with respect to the other. In the
XUV spectral range, however, this approach poses severe challenges due to the lack of suitable delay lines for the control of the
relative phase between different spectral components.
In this work we demonstrate for the first time coherent control in the XUV domain by exploiting the unique characteristics of the
seeded FEL FERMI@Elettra. In the experiment two harmonic fields, a fundamental \omega and its second harmonic 2\omega ,
were generated by the same electron bunch in the first five and the last undulator of FERMI, respectively. An electron delay line
between the fifth and sixth undulators was introduced to slightly delay the arrival of the electron bunch in the second section, thus
resulting in a phase delay between the \omega and 2\omega components.
Neon atoms were irradiated by the combination of the two harmonic fields. The fundamental was tuned at the photon
energy \hbar \omega =19,68eV corresponding to the excitation of the 4s level. The two-photon path corresponds to
photoionization with an outgoing p-wave through the 4s-resonance, while the single-photon path causes the ejection of an s- or dwave electron directly from the 2p orbital. The interference of the linear and nonlinear paths leads to an asymmetric photoelectron
angular distribution that can be quantified in the left-right asymmetry parameter A_{LR}=\left( N_{L}-N_{R}\right) / \left(
N_{L}+N_{R}\right) ,where N_{L} and N_{R} indicate the number of photoelectrons emitted to the left and right, respectively.
This asymmetry was measured as a function of the relative phase between the two fields. Phase differences corresponding to a
delay of 10 attoseconds were introduced. A clear modulation (depth of 12%) was observed, indicating the effective control of the
emission direction of the photoelectron wave packet.
Corresponding numerical calculations, performed by either solving the time-dependent Schrödinger equation directly on a spacetime grid in a single-active electron model or by applying second-order nonstationary perturbation theory, support the
experimental findings.

#422 - Observing sub-nanosecond strain dynamics in a GeTe/Sb2Te3 crystalline superlattice by means of
resonant time resolved x-ray absorption spectroscopy
Marco Malvestuto - Elettra-Sincrotrone Trieste
Other Authors: Barbara Casarin (Elettra-Sincrotrone Trieste), Antonio Caretta (Elettra-Sincrotrone Trieste), Fulvio Parmigiani (University of
Trieste)

Here we use ultrafast optical pump pulses to induce dynamical strain and stroboscopically measure the corresponding lattice
distortions in a GeTe/Sb2Te3 crystalline superlattice (CSL) using 100-ps x-ray pulses from the Elettra storage ring. An ab − ini o
strain model account for a good representation of the observed changes in the absorption signal. The information on the laser
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induced structural strains during the excitation process can lead to paramount insights into the mechanisms at the origin of the
phase-change properties of CSL.

#423 - Optical Gain from Polyfluorene Keto Defects in a Liquid Crystal Mixture
Tersilla Virgili - IFN-CNR
Other Authors: Bolis, Serena (Université libre de Bruxelles), Celebrano, Michele (Politecnico di milano), Ghirardini, Lavinia (Politecnico di
milano), Finazzi, Marco (Politecnico di milano), Botta, Chiara (CNR, ISMAC) Beeckman, Jeroen (University of Ghent), Kockaert, Pascal (Université
libre de Bruxelles)

In this work we show, by means of confocal photoluminescence measurements and fs
pump-probe spectroscopy, that a large polarized stimulated emission from polyfluorene
keto defects is obtained in a mixture of polyfluorene with a nematic low molecular
weight Liquid Crystal (LC). This mixture is placed in 9-micron thick cell constituted by
two polyamide-coated plates rubbed to induce a macroscopic optical anisotropy of the
LC molecules. In this blend a peculiar phase separation generates an ordered network
of LC-rich micro-domains with the most of the polyfluorene chains placed on the microdomains
boundaries. These well-defined phase boundaries have an anchoring effect
so strong that the polymeric chains are forced to align parallel to them, despite the
alignment of the nematic LC induced by the rubbing layers. The isolation and
orientation of the polymeric chains reveal the possibility to obtain polarized optical gain
from the keto defect. The results are expected to have broad implications in the fields
of photophysics and material design of polyfluorene materials, since the fomation of
few fluorenone units can be seen not anymore as a form of degradation of the
polyfluorene but as an improvement of the physical properties of this interesting
polymer.
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#424 - Nonequilibrium fluctuations in quantum heat engines: Theory, example, and possible solid state
experiments
Michele Campisi (I) - NEST, Scuola Normale Superiore and Istituto Nanoscienze-CNR
Other Authors: Rosario Fazio (NEST, Scuola Normale Superiore \& Istituto Nanoscienze-CNR, I-56126 Pisa, Italy), Jukka Pekola (Low Temperature
Laboratory, O.V. Lounasmaa Laboratory, Aalto University, FI-00076 Aalto, Finland)

We study the stochastic energetic exchanges in quantum heat engines. Due to microreversibility, these obey a fluctuation relation,
called the heat engine fluctuation relation, which implies the Carnot bound: no machine can have an efficiency larger than Carnot's
efficiency. The stochastic thermodynamics of a quantum heat engine (including the joint statistics of heat and work and the
statistics of efficiency) is illustrated by means of an optimal two-qubit heat engine, where each qubit is coupled to a thermal bath
and a two-qubit gate determines energy exchanges between the two qubits. We discuss possible solid state implementations with
Cooper pair boxes and flux qubits, quantum gate operations, and fast calorimetric on-chip measurements of single stochastic
events.

#425 - Total correlations of the diagonal ensemble herald the many-body localization transition
John Goold (I) - The Abdus Salam Center for Theoretical Physics
Other Authors: S. R. Clark, Department of Physics, Oxford University, Clarendon Laboratory, Parks Road, Oxford, UK C. Gogolin, ICFO-The
Institute of Photonic Sciences, Mediterranean Technology Park, 08860 Castelldefels (Barcelona), Spain J. Eisert, Dahlem Center for Complex
Quantum Systems, Freie Universitat Berlin, 14195 Berlin, Germany A. Scardicchio, The Abdus Salam International Centre for Theoretical Physics
(ICTP), Trieste, Italy A. Silva, SISSA-International School for Advanced Studies, via Bonomea, 265, 34136 Trieste, Italy

The intriguing phenomenon of many-body localization (MBL) has attracted significant interest recently, but a complete
characterization is still lacking. In this work we introduce the total correlations, a concept from quantum information theory
capturing multi-partite correlations, to the study of this phenomenon. We demonstrate that the total correlations of the diagonal
ensemble provides a meaningful diagnostic tool to pin-down, probe, and better understand the MBL transition and ergodicity
breaking in quantum systems. In particular, we show that the total correlations has sub-linear dependence on the system size in
delocalized, ergodic phases, whereas we find that it scales extensively in the localized phase developing a pronounced peak at the
transition. We exemplify the power of our approach by means of an exact diagonalization study of a Heisenberg spin chain in a
disordered field.

#426 - Phase-coherent thermal devices based on Josephson quantum nanocircuits
Francesco Giazotto (I) - NEST, Instituto Nanoscienze-CNR and Scuola Normale Superiore
The Josephson effect represents perhaps the prototype of macroscopic phase coherence and is at the basis of the most widespread
interferometer, i.e., the superconducting quantum interference device (SQUID). Yet, in analogy to electric interference, Maki and
Griffin predicted in 1965 that thermal current flowing through a temperature-biased Josephson tunnel junction is a stationary
periodic function of the quantum phase difference between the superconductors. In this scenario, a temperature-biased SQUID
would allow heat currents to interfere thus implementing the thermal version of the electric Josephson interferometer.
In this presentation I shall initially report the first experimental realization of a heat interferometer. We investigate heat exchange
between two normal metal electrodes kept at different temperatures and tunnel-coupled to each other through a thermal
`modulator’ in the form of a DC-SQUID. Heat transport in the system is found to be phase dependent, in agreement with the
original prediction. Next, after introducing some basic concepts about diffraction of heat currents I shall present experimental
results on the first quantum `diffractor’ for thermal flux. Specifically, thermal diffraction manifests itself with a peculiar modulation
of the electron temperature in a small metallic electrode nearby-contacted to a Josephson junction when sweeping the magnetic
flux Φ. The observed temperature dependence exhibits a clear reminiscence with a Fraunhofer-like modulation pattern, as
expected fingerprint for a quantum diffraction phenomenon. Our results confirm a recent prediction of quantum heat transport
and exemplify the complementary proof of the existence of phase-dependent thermal currents in Josephson-coupled
superconductors.
Finally, I shall introduce the physics at the basis of thermal rectification with superconducting tunnel junctions, and show the
firstrealization of an ultra-efficient low-temperature hybrid `heat current rectifier’, thermal counterpart of the well-known electric
diode. Our design is based on a tunnel junction between two different elements: a normal metal and a superconducting island.
Electronic heat current asymmetry in the structure arises from large mismatch between the thermal properties of these two. We
demonstrate temperature differences exceeding 60 mK between the forward and reverse thermal bias configurations. This
structure offers a remarkably large heat rectification ratio up to about 140 and allows its prompt implementation in true solid-state
thermal nanocircuits and general-purpose electronic applications requiring energy harvesting or thermal management and isolation
at the nanoscale. Our approach combined with well-known methods for phase-biasing superconducting circuits provides with a
novel tool for mastering heat fluxes at the nanoscale.

212

Quantum thermodynamics and quantum technologies 1

1 Oct

#427 - 3D-Quantum Integrated Optical Simulation
Fabio Sciarrino (I) - Sapienza Università di Roma
Integrated photonic circuits have a strong potential to perform quantum information processing.
Indeed, the ability to manipulate quantum states of light by integrated devices may open new perspectives both for fund
amental tests of quantum mechanics and for novel technological applications. Within this framework we have developed a
directional coupler, fabricated by femtosecond laser waveguide writing, acting as an integrated beam splitter able to support
polarization-encoded qubits [1]. As following step we addressed the implementation of quantum walk. For the first time, we
investigated how the particle statistics, either bosonic or fermionic, influences a two-particle discrete quantum walk [2]. As
following step we have exploited this technology to simulate the evolution for disordered quantum systems observing how the
particle statistics influences Anderson localization [3]. Finally we will discuss the perspectives of optical quantum simulation: the
implementation of the boson sampling to demonstrate the computational capability of quantum systems and the development of
integrated architecture with three-dimensional geometries [4]. We report the experimental observation of three-photon
interference in an integrated three-port directional coupler realized by ultrafast laser writing. By exploiting the capability of this
technique to produce three-dimensional structures, we realized and tested in the quantum regime a three-port beam splitter,
namely a tritter, which allowed us to observe bosonic coalescence of three photons [5]. These results open new important
perspectives in many areas of quantum information, such as fundamental tests of quantum mechanics with increasing number of
photons, quantum state engineering and quantum simulation.
References
[1] L. Sansoni, F. Sciarrino, G. Vallone, P. Mataloni, A. Crespi, R. Ramponi, R. Osellame, Phys. Rev. Lett. 105, 200503 (2010).
[2] L. Sansoni, F. Sciarrino, G. Vallone, P. Mataloni, A. Crespi, R. Ramponi, R. Osellame, , Phys. Rev. Lett. 108, 010502 (2012).
[3] A. Crespi, R. Osellame, R. Ramponi, V. Giovannetti, R. Fazio, L. Sansoni, F. De Nicola, F. Sciarrino, and P. Mataloni, Nature
Photonics 7, 322 (2013)
[4] A. Crespi, R. Osellame, R. Ramponi, D. J. Brod, E. F. Galvao, N. Spagnolo, C. Vitelli, E. Maiorino, P. Mataloni, and F.
Sciarrino, Nature Photonics 7, 545 (2013); N. Spagnolo, C. Vitelli, M. Bentivegna, D. J. Brod, A. Crespi, F. Flamini, S. Giacomini, G.
Milani, R. Ramponi, P. Mataloni, R. Osellame, E. F. Galvao, F. Sciarrino, Nature Photonics 8, 615 (2014); M. Bentivegna, N. Spagnolo,
C. Vitelli, F. Flamini, N. Viggianiello, L. Latmiral, P. Mataloni, D. J. Brod, E. F. Galvao, A. Crespi, R. Ramponi, R. Osellame, F. Sciarrino,
Science Advances 1, e1400255 (2015).
[5] N. Spagnolo, C. Vitelli, L. Aparo, P. Mataloni, F. Sciarrino, A. Crespi, R. Ramponi, and R. Osellame, Nature Comm. 4, 1606 (2013)

#428 - Landauer’s principle in multipartite open quantum system dynamics
Salvatore Lorenzo - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo
Other Authors: R. McCloskey (Centre for Theoretical Atomic, Molecular, and Optical Physics, School of Mathematics and Physics, Queen’s
University, Belfast BT7 1NN, United Kingdom), F. Ciccarello (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, Via Archirafi 36,
I-90123 Palermo, Italy), M. Paternostro (Centre for Theoretical Atomic, Molecular, and Optical Physics, School of Mathematics and Physics,
Queen’s University, Belfast BT7 1NN, United Kingdom), G. M. Palma (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, Via
Archirafi 36, I-90123 Palermo, Italy)

We investigate the link between information and thermodynamics embodied by Landauer’s principle in the open dynamics of a
multipartite quantum system. Such irreversible dynamics is modelled in terms of a collisional model with a finite temperature
reservoir. We demonstrate that Landauer’s principle holds, for such an open configuration, in a form that involves the flow of heat
dissipated into the environment and the rate of change of the entropy of the system. Quite remarkably, such a principle for heat
and entropy power can be explicitly linked to the rate of creation of correlations among the elements of the multipartite system
and, in turn, the non-Markovian nature of their reduced evolution. Such features are illustrated in two paradigmatic cases.

#429 - NEGATIVE ABSOLUTE TEMPERATURES VINDICATED
Pierfrancesco Buonsante - INO-CNR and QSTAR Center
Other Authors: Roberto Franzosi, INO-CNR and QSTAR Firenze Augusto Smerzi, INO-CNR and QSTAR Firenze

Negative absolute temperatures emerge naturally from Boltzmann's definition of "surface" microcanonical entropy in isolated
systems with a bounded energy density. Recently, the well-posedness of negative absolute temperatures has been challenged, on
account that only Gibbs "volume" entropy —and the strictly positive temperature thereof— would give rise to a consistent
thermodynamics.
Here we focus on a discrete nonlinear model characterized by bounded energy densities, describing the propagation of light in
arrays of coupled waveguides. We present analytical and numerical evidence that Boltzmann microcanonical entropy provides a
consistent thermometry for both signs of the temperature. In particular, we show that Boltzmann (negative) temperature allows
the description of phase transitions occurring at high energy densities, at variance with Gibbs temperature. Our results are relevant
also to ultracold gases trapped in optical lattices.
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#430 - Nonclassical features in the distribution of work performed on a quantum system
Paolo Solinas - Istituto SPIN-CNR
Other Authors: Simone Gasparinetti, Department of Physics, ETH Zurich, Zurich, Switzerland

The study of the statistics of work done on a driven quantum system is particularly tricky because of issues related to the
measuring process. In the most used protocol, the system is measured at beginning and at the end of the evolution. In special cases
in which the system is in a statistical mixture of energy eigenstates, this procedure alongside with a statistical sampling allows to
reconstruct the work statistics. However, the first measure causes a wave function collapse and inevitably leads to a change in the
system dynamics. Therefore, the protocol cannot be used is the system is initially in a generic initial state.
Here, we propose a novel approach to define and measure the statistics of work, internal energy and dissipated heat in a driven
quantum system. In our framework the presence of a physical detector arises naturally and work and its statistics can be
investigated in the most general case. In particular, we explicitly show that the quantum coherence of the initial state can lead to
measurable effects on the moments of the work done on the system. At the same time, we recover the known results if the initial
state is a statistical mixture of energy eigenstates. Our method can also be applied to measure the dissipated heat in an open
quantum system. By sequentially coupling the system to a detector, we can track the energy dissipated in the environment while
accessing only the system degrees of freedom.
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#431 - Porphyrin molecules at interfaces
Willi Auwärter (I) - Technische Universität München
Porphyrins and related tetrapyrrole molecules possess an impressive variety of functional properties - including axial ligation,
electron transfer, light harvesting and catalytic transformations - that have been exploited in natural and artificial systems. From a
surface science perspective, porphyrins are thus ideally suited as building blocks for surface-anchored functional nanostructures [13]. After briefly reviewing recent scanning tunneling microscopy and spectroscopy results addressing key aspects of such
tetrapyrrole units with sub-molecular resolution, we will focus on two approaches yielding surface-anchored porphyrin systems
with new properties.The first one bases on on-surface dehydrogenation and ring-closing reactions yielding novel porphyrinoids on
Ag(111), including planar species [4], covalently linked dimers and longer oligomers [5]. We will discuss the impact of molecular
symmetry on the reaction products and characterize them by high-resolution atomic force microscopy and complementary
computational modeling based on density functional theory. In a second approach we use atomically thin boron nitride (BN) layers
grown on Cu(111) as templates dictating the electronic level alignment of the porphyrin nanostructures [6] and supporting distinct
coordination motifs of functionalized porphyrins upon exposure to metal adatoms [7]. In combination with the in-situ metalation of
free-base porphyrins, mixed valence metal-coordination networks can be achieved on the insulating BN spacer layer. These
approaches provide access to new porphyrin-based systems, complex metallo-supramolecular arrays and hybrid architectures with
prospects for functionalities, e.g., in spintronics, photonics, or heterogeneous catalysis.
[1] W. Auwärter et al., Nature Chem. 7, 105 (2015)
[2] K. Seufert et al., Nature Chem. 3, 114 (2011)
[3] W. Auwärter et al., Nature Nanotech. 7, 41 (2012)
[4] G. Di Santo et al., Chem. Eur. J. 17, 14354 (2011)
[5] A. Wiengarten et al., J. Amer. Chem. Soc. 136, 9346 (2014)
[6] S. Joshi et al., ACS Nano 8, 430 (2014)
[7] J.I. Urgel et al., J. Amer. Chem. Soc. 137, 2420 (2015)

#432 - Metalation of porphyrins and the role of the interaction with surfaces
Alberto Verdini (I) - CNR-IOM
Other Authors: G. Montanari (Trieste University, Via Valerio 2, 34100 - Trieste, Italy) , G. Di Santo (ST-INSTM lab., Elettra - Sincrotrone Trieste
S.C.p.A. s.s.14 km. 163.5, 34149 - Trieste, Italy) , M. Caputo (ST-INSTM lab., Elettra - Sincrotrone Trieste S.C.p.A. s.s.14 km. 163.5, 34149 - Trieste,
Italy), M. Panighel (ST-INSTM lab., Elettra - Sincrotrone Trieste S.C.p.A. s.s.14 km. 163.5, 34149 - Trieste, Italy), D. Passerone (EMPA - Theory and
atomistic simulation group, Ueberlandstrasse 129, CH-8600 Dübendorf, Switzerland), A. Cossaro (Lab. CNR-IOM-TASC c/o Area Science Park Basovizza Strada Statale 14 km 163,5 - 34149 Trieste), L. Floreano (Lab. CNR-IOM-TASC c/o Area Science Park - Basovizza Strada Statale 14 km
163,5 - 34149 Trieste), A. Goldoni (ST-INSTM lab., Elettra - Sincrotrone Trieste S.C.p.A. s.s.14 km. 163.5, 34149 - Trieste, Italy)

Metallo-porphyrin are a very important class of organic molecules for their possible use in novel organic devices based on the
interaction of an active nanoscale site with the surrounding medium. Moreover, they can be taken as templates for the ordered
organization of “isolated” metallic atoms, which correspond the metallic ions at the center of the macrocycles. The fine control
on the self-assembling and, possibly, on the metalation of the molecules represent a key issues in the development of these
organic-substrate interfaces with the aim of tailoring suitable properties for organic-based devices. Therefore it is fundamental
to understand how porphyrins (metalated or not) interact with the substrates and in which way the self-assembled organic
monolayer can be controlled and modified. Here we show several methods to metalate the metal-free porphyrins on surfaces, the
modification of these molecules with temperature and the interaction of porphyrins with the substrate. In particular, we illustrate
an interesting way to metalate the porphyrins by picking-up substrate metal atoms on the surface and how the surface oxidation
can dramatically influence this process.

#433 - On-surface synthesis of metal complexes, organic molecules and organometallic compounds
J. Michael Gottfried (I) - University of Marburg
On-surface synthesis of metal complexes, organic molecules and organometallic compounds is a promising approach for surface
modification and functionalization. Surface reactions in ultrahigh vacuum can produce compounds which are not accessible by
conventional synthesis in solution or which are too large or too reactive for vapor deposition. Catalytic and template effects
exerted by the surface can help driving the reaction into the desired direction. The first part of this contribution focuses on the
surface-confined synthesis of large metal complexes based on porphyrins and phthalocyanines [1]. Monolayers and multilayers of
these complexes are synthesized by reaction of the metal-free macrocycle ligands with coadsorbed metal atoms (or metal atoms
from the substrate), sometimes followed by the attachment of another ligand on the metal center. Mechanistic details of this in
situ redox reaction and properties of the resulting complexes will be discussed [1]. The second part deals with supramolecular

215

Organic on Substrates II

1 Oct

assembly and reactions of aryl bromides on metal surfaces. Temperature-dependent studies on Cu(111) show that the C-Br bonds
dissociate already at low temperatures and are replaced by C-Cu-C bonds, which lead to the formation of linear, cyclic or twodimensional organometallic oligomers and polymers. A prominent example for a molecule for which no solution-based synthesis is
available, but which can be made by on-surface synthesis, is hyperbenzene, a hexagonal octadecaphenylen, which is formed by an
Ullmann type reaction from six dibromo-m-terphenyl molecules [2]. As a room-temperature stable intermediate, the corresponding
organometallic macrocycle with 6 C-Cu-C bridges was found, accompanied by other cyclic and chain-like organometallic oligomers
[3]. On Ag(111), the intact aryl bromides form supramolecular structures linked by halogen bonds, for example fractals with the
topology of Sierpinski triangles [4].
Support by the Collaborative Research Center 1083 "Structure and Dynamics of Internal Interfaces" is gratefully acknowledged.
[1] J.M. Gottfried, Surface Chemistry of Porphyrins and Phthalocyanines, Surf. Sci. Rep. 70 (2015) doi:
10.1016/j.surfrep.2015.04.001.
[2] Q.T. Fan et al., Surface-Assisted Organic Synthesis of Hyperbenzene Nanotroughs. Angew. Chem.-Int. Edit. 52 (2013) 4668.
[3] Q.T. Fan et al., Surface-Assisted Formation, Assembly, and Dynamics of Planar Organometallic Macrocycles and Zigzag Shaped
Polymer Chains with C–Cu–C Bonds. ACS Nano 8 (2014) 709.
[4] J. Shang et al., Assembling Molecular Sierpinski Triangle Fractals, Nature Chemistry 7 (2015) doi:10.1038/nchem.2211

#434 - Exploring the structural and electronic properties of Graphene on intercalated magnetic layers: an
experimental and theoretical study
Simone Lisi - Physics Department, University of Rome "La Sapienza"
Other Authors: Daniela Pacilè (Physics Department, University of Calabria, Arcavacata di Rende, Cosenza, Italy), Claudia Cardoso (Centro S3,
CNR-Istituto Nanoscienze, Modena, Italy), Daniele Varsano (Centro S3, CNR-Istituto Nanoscienze, Modena, Italy), Deborah Prezzi (Centro S3,
CNR-Istituto Nanoscienze, Modena, Italy), Andrea Ferretti (Centro S3, CNR-Istituto Nanoscienze, Modena, Italy), Maria Grazia Betti (Physics
Department, University of Rome "La Sapienza")

Investigating Graphene (Gr) structural, electronic and magnetic properties has been the main focus of surface science in the last
decade. On the one hand, a fascinating perspective was represented by the possibility of observing the exotic effects predicted for
this novel material, as the Dirac fermion like dispersion for the low energy charge carriers. On the other hand, many efforts have
been devoted to tune Gr properties, aiming at implementing state-of-the-art technological devices with Gr-based components. To
obtain the desired tuning, a rewarding approach is to exploit Gr mutual interaction with its environment, as supporting metallic
buffer layers and adsorbates. The electronic, structural and magnetic properties of Gr have been proved to be very susceptible to
such interaction and, to date, many different configurations have been achieved: free-standing like Gr can be grown exploiting
weak physisorption on Ir(111), along with a gente and regular corrugation; an enhanced and still regular corrugation can be
achieved on Ru(0001); a magnetic anisotropy can be induces by coupling the carbon sheet with a magnetic substrate like Ni(111).
We present our results on the intercalation of a monolayer of Co atoms underneath a pristine Gr crystal grown on Ir(111). The
intercalation of a metallic species different from the initial buffer-layer one is a suitable approach to obtain new hybrid
configurations. In particular we focused on: the intercalation dynamics and the structural transition induced by the Co interstitial
layer, as probed by fast X-ray photoemission spectroscopy (XPS); modification of the valence and conduction band electronic
configuration, by means of angle resolved photoemission spectroscopy (ARPES) and near edge absorption fine structure (NEXAFS)
spectroscopy. Further insight in our experimental results is provided by density functional theory calculations. The aim of the
calculations is to shed light on the C-Co hybridization process, in order understand the experimentally observed modification in the
valence and conduction density of states.

#435 - Modeling Organic thin film transistors: a journey from electronic to biological applications.
Domenico Alberga - Dipartimento di Fisica, Università di Bari “Aldo Moro”, INFN & TIRES
Other Authors: Giuseppe Felice Mangiatordi (Dipartimento di Farmacia-Scienze del Farmaco, Università di Bari “Aldo Moro", Via Orabona, 4, I70126 Bari, Italy), Luisa Torsi (Dipartimento di Chimica and CSGI, Università degli Studi di Bari "Aldo Moro", I-70125 Bari, Italy), Orazio
Nicolotti (Dipartimento di Farmacia-Scienze del Farmaco, TIRES, Università di Bari “Aldo Moro", Via Orabona, 4, I-70126 Bari, Italy), Gianluca
Lattanzi (Dipartimento di Fisica, Università di Bari “Aldo Moro”, INFN & TIRES, Via Orabona 4, I-70126 Bari, Italy)

Organic Thin Film Transistors (OTFT) are metal−insulator−semiconductor ﬁeld-effect transistors in which the semiconductor is a
conjugated organic material. Such devices have a wide range of applications requiring multi-layer layouts with a various degree of
complexity. Herein, we face the challenge of understanding their functioning at an atomistic scale by means of different
computational techniques, ranging from quantum mechanics (QM) calculations to classical Molecular Dynamics (MD) simulations.
In particular, we focused our attention on two widely used semiconductor polymers, P3HT and PBTTT [1]. Our results describe how
their different morphology and order influence the charge transport properties in the crystal and the amorphous phases [2]. The
combined application of MD and periodic Density Functional Theory unveils that the morphology of the semiconductor layer and
the hole mobility are strongly affected by the self assembled monolayer employed as a substrate [3].
The application of a combined experimental/theoretical approach allowed us also to assess how functionalized OTFTs can be used
as a microscopic laboratory that is able to reveal protein functioning upon binding small organic compounds [4-5], as, for instance,
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in the employment of OTFTs in the construction of an electronic nose that would be able to detect molecules of biological as well as
environmental interest.
[1] Alberga, D.; Mangiatordi, G. F.; Torsi, L.; Lattanzi, G. Effects of Annealing and Residual Solvents on Amorphous P3HT and PBTTT
Films. J. Phys. Chem. C 2014, 118, 8641–8655.
[2] Alberga, D.; Aurélie, P.; Ciofini, I.; Mangiatordi, G. F.;. Lattanzi, G.; Adamo, C.; submitted.
[3] Alberga, D.; Mangiatordi, G. F.; Motta, A.; Nicolotti, O.; Lattanzi, G., submitted.
[4] Mulla, M. Y.; Tuccori, E.; Magliulo, M.; Lattanzi, G.; Palazzo, G.; Persaud, K.; Torsi, L. Capacitance-modulated transistor detects
odorant binding protein chiral interactions. Nat. Commun. 2015, 6, 6010.
[5] Macchia, E.; Alberga, D.; Manoli, K.; Mangiatordi, G. F.; Magliulo, M.; Palazzo, G.; Giordano, F; Lattanzi, G.; Torsi, L.; in
preparation.

#436 - Supramolecular engineering of 2D molecular arrays: porhyrins conformation and metalation on metallic
substrates
Giovanni Di Santo - ELETTRA - Sincrotrone Trieste S.C.p.A.
Other Authors: Carlo A. Pignedoli and Daniele Passerone (Empa, Nanotech@surfaces laboratory, Ueberlandstrasse 129, CH-8600 Dübendorf,
Switzerland), Elena Magnano and Federica Bondino and Alberto Verdini and Luca Floreano (TASC laboratory, Istituto Officina dei Materiali-CNR,
s.s. 14 km 163,5, 34149 Trieste, Italy) Mirco Panighel and Marco Caputo and Andrea Goldoni (ELETTRA - Sincrotrone Trieste S.C.p.A. s.s.14 km.
163.5, 34149 - Trieste, Italy)

Porphyrins are used to fabricate 2D arrays, where metallic centers with nanometer spacing can be inserted. Tailoring the interfacial
properties of such templates at the surface of metals or semiconductors, constitutes a basic step towards the exploitation of
heterogeneous tools, like magnetic, catalytic or opto-electronic devices.free base molecules or directly uptaken from the suitable
substrate. The number of very recent publications on the subject testify that the porphyrin-metal interaction represents an hot
topic in the field of chemistry and physics of materials [1,2].
We have shown that an annealing at ~550 K of 2H-TPP (tetraphenyl porphyrin) monolayer templates on Ag(111), triggers the
irreversible rotation of the phenyl rings into a coplanar molecular structure, while the room temperature adsorbed 2H-TPP
monolayers should have phenyl rings tilted by ~30-60˚ with respect to the macrocycle that is typically parallel to the surface plane
[3,4]. By means of polarization dependent near edge X-ray absorption spectroscopy (NEXAFS) it is possible to directly probe the
rotation of the phenyl rings upon surface annealing. Having established the methodology for a direct evaluation of the moleculesubstrate interaction, by means of a combination of X-ray absorption and photoemission spectroscopies, here we focus on the role
of the metal core in the porphyrin macrocycle with respect to the molecular monolayer adsorption properties on metallic
substrates. Namely we address the evidence that the presence of a d-metal ion in the macrocycle drives the molecule-substrate
interaction inhibiting the possible conformational change easily obtained by annealing the free-base molecules. We also
demonstrate, using high-resolution X-ray spectroscopy supported by density functional theory calculations, that 2H-tetraphenylporphyrins metalate at room temperature by incorporating a surface metal atom when a (sub)monolayer is deposited on 3d
magnetic substrates, like Fe(110) and Ni(111) [5].
These methods indicate novel ways to form, via chemical modification and supramolecular engineering, metal-organic networks on
magnetic substrates with an intimate bond between the macrocycle molecular metal ion and the substrate atoms.
[1]Auwärter W. et al. Chemphyschem 2007, 8, 250-254
[2]Gottfried J.M. et al. J. Am. Chem. Soc. 2006, 128, 5644-5645
[3]Di Santo G. et al. J. Phys. Chem. C. 2011, 115, 4155-4162
[4]Di Santo G. et al. Chem. Europ. J. 2011, 17, 14354-14359
[5]Goldoni A. et al. ACS Nano, 2012, 6 (12), pp 10800–10807

#437 - Toward efficient OLED lighting: the key role of crystal structure in enhancing FIrpic phosphorescence
Vincenzo Maiorano - CNR NANOTEC - Istituto di Nanotecnologia
Other Authors: Antonio Maggiore (Università del Salento), Marco Pugliese (Università del Salento), Francesca Di Maria (Università del Salento),
Gianluca Accorsi (CNR-NANOTEC), Giuseppe Gigli (CNR-NANOTEC)

Researchers usually endorse amorphous films with respect the crystalline-ones in fabricating organic light-emitting diodes. In spite
of this, here we report a singular electro-optical behaviour of sky blue phosphorescent OLEDs (PHOLEDs), incorporating crystal
structures of bis(4’,6’-difluorophenylpyridinato)-iridium(III) picolinate (FIrpic) opportunely dispersed inside a 4,4’,4”-tri(Ncarbazolyl)-triphenylamine (TCTA) matrix. The specific molecular arrangements that lead to the molecular crystal formation provide
a widening of emission spectrum, higher carrier mobility, higher exciton recombination yield and increased material stability.
Consequently, the electro-optical characteristics of sky-blue PHOLEDs are optimized: we underline the unexpected ability of
crystalline FIrpic to reduce the efficiency roll-off at high operating luminance with respect conventional p-i-n sky-blue PHOLEDs:
2
from 6.000 to 26.000 cd/m we report a minimal efficiency roll-off of 2 cd/A.
These results lead to a full employment of FIrpic crystal structure in two colours (sky-blue and orange)-based WOLED for lighting or
2
other high luminance applications up to 10000 cd/m where, to our knowledge, the power efficiency falls down close to zero.
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Particularly, we report a power efficiency of around 20 lm/W at 1000 cd/m , that gradually rolls down up to 13,5 lm/W at 10000
2
cd/m , with an excellent CRI of 76.
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#438 - Elementary excitations in carbon nanotubes
Guglielmo Lanzani (I) - Italian Institute of Technology and Politecnico di Milano
Carbon nanotubes have been considered for several years as band like semiconductors whose frontier states are well described by
a single particle picture, supporting electron and hole as elementary excitation photogenerated by a band to band optical
transition. A wealth of experimental and theoretical results have however pushed forward the importance of Coulomb correlation
and excitonic effects. A smooth transition thus occurred in the community, from thinking at carbon nanotubes as band
semiconductors to considering them as excitonic semiconductors. This well accounts for a number of observations, like optical
properties, yet many phenomena remains puzzling, as for example the efficient charge photogeneration in neat materials free from
"intended" dissociating interfaces. By a careful interpretation of the transient spectra, we are able to show that indeed both charge
carriers and excitons are to be considered in order to fully capture excitation dynamics in carbon nanotubes. In particular following
photoexcitation we find a consistent signature of Stark shift of the excitonic levels that is assigned to the generation of charge
carriers whose dynamics are characteristic in 1D.

#439 - CVD of 1D&2D nanomaterials: from model systems to integrated processing
Stephan Hofmann (I) - University of Cambridge
Chemical vapor deposition (CVD) has become the dominant technique for carbon nanotube (CNT) growth over the last two
decades, and due to its versatility and scalability, CVD is currently also becoming the method of choice for the industrial materials
development of 2D materials. Essential to growth control for 1D and 2D material CVD is an understanding of the underlying growth
mechanisms, specifically the interactions of the precursors and growing structure with the catalyst.
We systematically use in-situ characterisation techniques, ranging from environmental scanning and transmission electron
microscopy (ESEM/ETEM) to high-pressure X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD), combined with
process development for a range of industrial reactors to reveal some of the key mechanisms for the scalable CVD and device
interfacing of these nanomaterials. Here we present our latest results, including insights into the dynamics of the
graphene−catalyst interac on [1], phase control for nanopar culate Fe catalysts during CNT CVD [2] and ra onal catalyst design for
compound 2D materials, such as h-BN [3,4].
References
[1] Weatherup et al. JACS 136, 13698 (2014)
[2] Bayer et al. Appl. Phys. Lett. 105, 143111 (2014)
[3] Kidambi et al. Chem. Mater. 26, 6380 (2014)
[4] Caneva et al. Nano Lett (2015)

#440 - Interfacing nanomaterials to excitable cells: a new family of bio-hybrids exploiting carbon-based material.
Denis Scaini (I) - University of Trieste – Life Science Department
Other Authors: Rossana Rauti (Life Science Department, University of Trieste, Trieste – Italy and International School for Advanced Studies
(SISSA)), Trieste – Italy.), Gloria Mancinelli (Life Science Department, University of Trieste, Trieste – Italy), Ilaria Rago (ELETTRA Synchrotron
Light Source, Trieste – Italy and Physics Department, University of Trieste, Trieste – Italy), Andrea Goldoni (ELETTRA Synchrotron Light Source,
Trieste – Italy), Maurizio Prato (Department of Chemical and Pharmaceutical Sciences, University of Trieste, Trieste – Italy), Laura Ballerini (Life
Science Department, University of Trieste, Trieste – Italy and International School for Advanced Studies (SISSA)), Trieste – Italy) 1 Life Science
Department, University of Trieste, Trieste – Italy; 2 International School for Advanced Studies (SISSA), Trieste – Italy. 3 ELETTRA Synchrotron
Light Source, Trieste – Italy; 4 Physics Department, University of Trieste, Trieste – Italy; 5 Department of Chemical and Pharmaceutical Sciences,
University of Trieste, Trieste – Italy;

Neurobiology increasingly endeavours combining material science, nanotechnology and cell biology to engineer hybrid constructs
where a cellular phase and a synthetic phase are merged together and promote novel function to complex biosystems. Carbon
nanotubes (CNTs), due to their physicochemical properties, have played a key role in this contest. With proven in-vitro and in-vivo
cellular biocompatibility [1] and the ease of immobilisation on virtually every surface, CNTs possess the ability to interact intimately
with neuronal membranes leading to the emergence of a hybrid organic/inorganic interface between cells and CNTs ultimately
responsible of boosting neuronal activity [2].
This powerful symbiosis, although not entirely understood in its mechanisms, is presumably facilitated by the good matching of
CNTs’ (nano)dimensionality with cells’ membrane or cytoskeletal constituents (e.g. actin and tubulin filaments). The most surprising
point is the ability of this local interaction to be translated into cues driving the entire synaptic network development [3] system.
Here we exploit the ability to grow CNTs in form of patterns of any arbitrary shape and dimension on a supporting surface in
addition to that of decorating by CNTs the surface of complex supporting scaffolds to create innovative hybrid interfaces, in both
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2D and 3D fashion. CNT interfaced neurons were characterised in morphology via electron microscopy (EM) and histochemistry
while network functionality was described in terms of activity via calcium imaging analysis. The establishment of a hybrid, CNT
coupled, neuronal network opens, for the first time, to the possibility to develop new composite systems where organic and
inorganic phases will cooperate together to carry out novel effective functionalities. By a parallel approach we investigated cellmembrane interactions with the artificial materials, to address the core mechanisms instructing cell behaviours.
In particular, we used our previous knowledge on nanomaterials and neurons to engineer novel devices towards unconventional
neuro-medicine applications.

[1] Bosi S, Rauti R, Laishram J, Turco T, Lonardoni D, Nieus T, Prato M, Scaini D, Ballerini L From 2D to 3D: novel nanostructured
scaffolds to investigate signalling in reconstructed neuronal networks. Sci. Rep. 2015, 5:9562
[2] Lovat V, Pantarotto D, Lagostena L, Cacciari B, Grandolfo M, Righi M, Spalluto
G, Prato M, Ballerini L. Carbon nanotube substrates boost neuronal electrical signaling. Nano Lett. 2005, 5(6):1107-10.
[3] Cellot G, Cilia E, Cipollone S, Rancic V, Sucapane A, Giordani S, Gambazzi L, Markram H, Grandolfo M, Scaini D, Gelain F, Casalis L,
Prato M, Giugliano M, Ballerini L. Carbon nanotubes might improve neuronal performance by favouring electrical shortcuts. Nat
Nanotechnol. 2009, 4(2):126-33.

#441 - Carbon nanotube based platforms for gas sensing and photon harvesting
Luigi Sangaletti (I) - Università Cattolica del Sacro Cuore, I-Lamp and Dipartimento di Matematica e Fisica
Other Authors: Federica Rigoni (Università Cattolica del Sacro Cuore), Chiara Pintossi (Università Cattolica del Sacro Cuore), Giovanni Drera
(Università Cattolica del Sacro Cuore), Stefania Pagliara (Università Cattolica del Sacro Cuore), Silvano Dal Gobbo (Università di Roma Tor
Vergata), Paola Castrucci ( Università di Roma Tor Vergata), Maurizio De Crescenzi (Università di Roma Tor Vergata), Andrea Goldoni (Elettra
Sincrotrone Trieste S.C.p.A.)

In spite of the huge number of publications on devices and applications, carbon nanotubes (CNT) are still attracting a large interest
in the field of gas sensing and photon harvesting. In the former case, CNT- based chemiresistors have shown to be sensible to low
ppb concentrations of target gas molecules, which make them quite attractive for low-cost diffuse environmental monitoring
applications [1-3]. In the latter case, the role of CNT in PV cells has gone far beyond that of channels for an efficient transport of
photogenerated carriers, as they are a component (usually the p-side) in the heterojunctions with semiconductors [4,5] or metal
oxides. In this presentation it is shown how the combination of both functionalities is within reach, disclosing a rich scenario of
possible applications where the absorption of gas molecules can be affected by internal fields arising at the junction and,
conversely, PV cells efficiencies can be driven by the absorption of selected molecules.
[1] M. Chiesa et al., Journal of Environmental Monitoring, 2012, 14, 1565-1575;
[2] F. Rigoni et al., Analyst, 2013, 138, 7392-7399;
[3] F. Rigoni et al. Carbon, 2014, 80, 356–363;
[4] C. Pintossi et al. J. Phys. Chem. C, 2013, 117, 18688–18696;
[5] C. Pintossi et al. ACS Appl. Mater. & Interfaces, 2015, 7, 9436–9444;

#442 - Solvatochromic properties of fluorescent carbon nanodots
Alice Sciortino - Dipartimento di Fisica e Chimica - Università degli studi di Palermo Other Authors: Fabrizio Messina (Dipartimento di Fisica e Chimica – Università degli studi di Palermo)

Carbon nanodots (CDots) are an interesting class of zero-dimensional nanomaterials discovered in 2004. They consist in spherical
particles with sizes in the range 1-10 nm, mostly constituted by Carbon, Oxygen, Hydrogen. The core of CDots is usually rich of
carbon and can be amorphous or crystalline, while their plentiful surface groups, mostly associated to carbon oxidation, strongly
depend on the synthetic method used to create the nanoparticles. The growing interest on CDots is due to their unusual and
appealing features, particularly their intense and tunable photoluminescence, combined with nontoxicity and biocompatibility. The
mechanisms behind CDots photoluminescence are still debated: many processes have been proposed to be the source of light
emission, but the matter is still unsettled.
In our study, CDots produced by microwave-induced decomposition of organic precursors are found to be very soluble in polar
solvents such as water, alcohols, acetonitrile, and virtually insoluble in apolar media. Hence we have studied their optical
absorption and fluorescence properties when dispersed in solvents with different dielectric constants and/or hydrogen bond
capabilities, in order to better understand their emission mechanisms and to investigate their sensitivity to different environments.
In fact, solvation can cause notable changes in photo-physical properties through the interactions between the solvent and the
emitting fluorophores.
We find that the lowest-energy electronic transitions of CDots, responsible of their fluorescence, stem from two distinct
chromophores which are both sensitive to solvent polarity and H-bonding capability. In fact, the fluorescence quantum yield, the
decay lifetime and the fluorescence peak energy are all affected by the dielectric constant of the solvent they are dispersed in. In
addition, modifications are observed depending on whether the solvent is protic or aprotic, highlighting a role of H-bonding
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interactions between the solvent and the surface of CDots. Overall, these data provide strong evidence that the emitting transitions
of these CDots are associated to surface moieties, and allow drawing conclusions on the microscopic properties of the emitting
chromophores.

#443 - Advanced transmission-electron-microscopy investigations of inductive plasma torch synthesized silicon
nanowires
SImona Boninelli - IMM-CNR
Other Authors: Marta Agati (CNR-IMM and Dipartimento di Fisica e Astronomia, Università di Catania, Via S. Sofia, 64 - 95123 Catania, Italy)
Paola Castrucci (Università di Roma Tor Vergata, Via della Ricerca Scientifica 1, 00133 Roma , Italy) Maurizio De Crescenzi (Università di Roma
Tor Vergata, Via della Ricerca Scientifica 1, 00133 Roma , Italy) Richard Dolbec (Tekna Plasma Systems Inc., 2935, Blvd. Industriel, Sherbrooke,
QC, Canada, J1L-2T9) My Alì El Khakani (INRS, Centre-Énergie, Matériaux et Télécommunications, 1650, Boulevard. Lionel–Boulet, Varennes, Qc,
Canada

Nanoscience and nanotechnology have emerged as one of the major mark of the scientific and technological development in the
past few decades. In this contest, nanostructure synthesis and characterization constitute the crucial steps to explain nanostructure
formation from a fundamental point of view in order to adapt the nanostructures to the desired applications.
We report on an original and high throughput (~Kg/day) induction plasma torch based process for the synthesis of Si NWs.
Transmission Electron Microscopy turns out to be a powerful tool for a full material characterization as well as for the
comprehension of the growth mechanism of Si nanowires (NWs). HR-TEM, Energy Filtered-TEM and STEM-EDX were combined in
order to perform an accurate study of the nanomaterials (1-10 nm size range) from the morphological, structural and chemical
point of view. The as-synthesized material consists of a mixture of SiNWs and Si nanospheres.We found that Si NWs formation
comes from two competitive growth mechanisms, namely Vapor-Liquid-Solid mechanism and Oxide Assisted Growth (OAG). In
detail, Si NWs grown by OAG present an intriguing structure formed by a nanometric cylindrical or “pearl necklace” Si core covered
by a SiO2 shell, making them extremely interesting for optical applications.

#444 - SILICON NANOWIRE FORESTS FOR ELECTROCHEMICAL BIOSENSORS
Luca Maiolo - IMM-CNR
Other Authors: Annalisa Convertino (IMM-CNR), Davide Polese (IMM-CNR), Guglielmo Fortunato (IMM-CNR), Alessandro Pecora (IMM-CNR),
Yosi Shacham-Diamand (TAU)

Nanomaterials, such as metallic or oxide nanoparticles, carbon nanotubes, graphene and semiconductor nanowires, are emerging
as new platform of highly performing sensors for label-free detection of biological species. Among all these nanoscale materials,
silicon nanowires (SiNWs) offer a series of advantages including their full compatibility with the well-established silicon technology.
Recently, ultrasensitive SiNW sensors based on field-effect transistors (FETs) have been demonstrated for the detection of ions,
small molecules, proteins, DNA and viruses. The SiNW-FET consists of single or few SiNWs, prepared as single-crystal and doped
structures, which are connected to source and drain electrodes by forming the active channel whose conductivity changes in
response to molecular recognition. For effective devices, electrically addressable array of NW FETs should be developed. This
requires a fine control of the fabricated structure as well as the use of sophisticated and complex technological processes, which
are affected by important drawbacks such as the high costs, the low throughput capability and scalability. To overcome these limits,
which would confine the use of SiNWs in niche applications, we propose a change of the approach by exploiting for sensing
purposes very dense, disordered and randomly oriented ensemble of Si NWs, i.e. SiNW forest. These materials allow indeed the use
of fabrication techniques already implemented in industrial processes, such as Plasma Enhanced Vapor Deposition (PECVD) and
conventional lithographic technology. The main idea is to investigate if it is possible to reach high sensing performance by
exploiting the peculiar morphology of these systems, which offer a macroporous framework easily to functionalize and accessible
by analyte molecules. This approach requires the control of the morphological characteristics and surface modifications over an
ensemble of disordered NWs rather than over individual elements within ordered array.
For this purpose we fabricated three-electrode impedance devices with a working electrode (WE) formed by a forest of SiNWs, 12micron long, covered by a thin layer (150 nm) of Au (Au/SiNWs), a ring-shaped Au counter electrode (CE) and an Ag/AgCl
reference electrode (RE). The devices were fabricated by PECVD at low temperature (350°C) on polyimide membrane. To explore
the biomolecular sensing capability of these systems, we functionalized the Au/SiNW WE with biotin and studied the well-known
ligand-receptor binding of biotin-avidin. Impedance measurements showed an efficient detection of the avidin over a wide range of
concentrations from micromolar down to the picomolar values.
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#445 - Dimer Aggregation and Confinement for Ultrabright Fluorescence in Dye Doped Hexagonal Ordered
Mesoporous Silica Nanoparticles
Carlo Maria Carbonaro (I) - Department of Physics, University of Cagliari
Other Authors: Carla Cannas (Department of Chemical and Geological Sciences, University of Cagliari - Consorzio AUSI), Pier Carlo Ricci
(Department of Physics, University of Cagliari), F. Orrù (Department of Chemical and Geological Sciences, University of Cagliari), A. Ardu
(Department of Chemical and Geological Sciences, University of Cagliari), R. Corpino (Department of Physics, University of Cagliari), Daniele
Chiriu (Department of Physics, University of Cagliari), Luigi Stagi (Department of Physics, University of Cagliari), Andrea Mura (Department of
Physics, University of Cagliari - Consorzio AUSI)

Fluorescent micro and nanoparticles find applications in a wide range of fields, from biomedicine as probes for tagging and labeling,
in particular for super-resolution fluorescence microscopy, to photonics as active medium for nanolasing. Among the others, silica
nanoparticles are a suitable host for fluorescent elements because of its bio-compatibility and ease of functionalization. For
instance, hexagonal arrangement of one or two-dimensional mesopores with diameters ranging from 2 to 10 nm (MCM-41) allows
high surface area and good thermal stability, which make them an attractive molecular sieve for catalysis, sensor applications, or
quantum confinement of guest molecules. Dye doped silica nanosized sytems were largely studied in the past in the attempt to
solve two main difficulties: the concentration phenomenon and the leaching effect. In this work the fluorescence properties of
Rhodamine 6G (Rh6G) doped silica nanoparticles prepared by a one-pot templated base-catalyzed sol–gel self-assembly method
are discussed in terms of concentration and leaching effects. To solve these typical drawbacks of silica based organic-inorganic
hybrid and exploit the formation of aggregates to achieve super fluorescence, a new sealing approach was tested, where the
applied surfactant plays both the role of sealant and splitting element to control both the aggregation and the confinement of the
dyes. Indeed structural and morphological analysis showed that we were successful in synthesizing hexagonal ordered mesoporous
silica nanoparticles of about 130-160 nm in diameter with pores in the 2-3 nm range. In addition, depending on the rinsing
treatment, an external silica shell of about 1-2 nm was observed in some system allowing efficient confining of dye molecules
within the host matrix. Indeed dye leaching was tested against water and alcohols showing a larger resilience to leaching by water
rinsing, a quite high quantum yield despite the large dye concentration (40-50%) and an outstanding brightness given by thousands
4
(up to 10 )of emitting molecules per nanoparticle.

#446 - Silicon Nanowires Random Fractal Array: striking optical performances towards new fascinating
physical phenomena
Barbara Fazio (I) - CNR - IPCF Messina
Semiconductor nanowires (NWs) have attracted a considerable interest within the scientific community as innovative materials for
applications in light sources sensing and nano-scale photovoltaic devices. The optimization of NWs dimensions and the spatial
arrangement in novel textured materials, both ordered and disordered, play a key role on the transport of the light towards striking
optical performances based on light trapping, multiple scattering and localization of light. In particular, a fractal arrangement
represents the case of a material with a complex disorder and strong structural heterogeneities correlated at all length scales.
Furthermore, the property of dilation symmetry and the lack of translational invariance lead these systems to spatial localize the
running waves. Since silicon is the most important and well known semiconductor, because silicon-based devices have dominated
microelectronics for many decades, a winning strategy both for solar cells and photonic devices applications is the realization of a
random fractal structure of silicon nanowires as unique material that meets all the previous demands. Here we present the
impressive optical properties of a forest of ultrathin vertically aligned silicon nanowires arranged in a 2D fractal array realised
without the use of mask or lithography process. This kind of structure allows for a particularly high efficiency of light trapping in all
the visible range reaching values of total reflectance below 1%. Furthermore, the black-body behaviour and the occurrence of
strong in plane multiple light scattering are responsible for an enhanced optical emission in terms of Raman scattering and
photoluminescence, paving the way towards a new class of silicon devices. Moreover, the random organization and the strongly
scattering performances allowed for the observation of novel fascinating physical phenomena as the evidence of interference
effects in spontaneous Raman scattering.

#447 - Silicon Nanowires: from Synthesis to Photonic Applications
Maria Josè Lo Faro - Università di Catania
Other Authors: M.J. Lo Faro1,2,3, C. D’andrea2, P. Musumeci3, G. Franzò2, E. Messina1, P. Gucciardi1, F. Iacona2, F. Priolo2,3,4, C. Vasi1, A.
Irrera1, B. Fazio1. 1 CNR-IPCF, Istituto per i Processi Chimico-Fisici, V.le F. Stagno D’Alcontres 37, 98158 Messina, Italy; 2 MATIS CNR-IMM,
Istituto per la Microelettronica e Microsistemi, Via Santa Sofia 64, 95123 Catania, Italy; 3 Dipartimento di Fisica ed Astronomia, Università di
Catania, Via Santa Sofia 64, 95123 Catania, Italy; 4 Scuola Superiore di Catania, Via Valdisavoia 9, 95123 Catania, Italy;

Semiconductor nanowires (NWs) are attracting the interest of a large scientific community as building blocks for a wide range of
future nanoscaled devices. In this work we show that metal-assisted chemical etching of Si substrates is a powerful technique to
obtain nanometer-size, high density and low-cost Si NWs with high and controllable aspect ratio. NWs obtained by this technique
maintain the same structure and doping of the starting substrate and exhibit a very bright room temperature photoluminescence
(PL) in the visible range, which is tunable with NWs size, in agreement with the occurrence of quantum confinement effects. Light
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emitting devices based on Si NWs, showing an efficient room temperature electroluminescence (EL) emission at low voltage, have
also been realized. This synthesis method can also be applied for the synthesis of NWs with different composition, in fact we
reported the realization of Si-Ge NWs obtained from a Si-Ge multilayer. This Si-Ge NWs system represents a very attracting double
emission wavelength material that operate both in the visible range and in the infrared (IR) due to the presence of quantum
confined silicon and germanium. We also realized a room temperature operating hybrid light source by coupling Si NWs and
carbon nanotubes (CNT). This system exhibits a double emission in the visible range from Si NWs and in the IR from CNT; a detailed
study of the PL properties has been performed, and the conditions leading to the prevalence of the visible or of the IR signal have
been identified.

#448 - Gamma - Ga2O3 nanocrystals in germano-silicate glass as multipurpose photonic material
Roberto Lorenzi - University of Milano-Bicocca
Other Authors: Arezou Azarbod (Department of Physics, University of Ferrara, via Saragat 1, 44100 Ferrara, Italy), Elena S. Ignat'eva (P.D.
Sarkisov International Laboratory of Glass-based Functional Materials, Mendeleev University of Chemical Technology of Russia, Miusskaya Square
9, 125047 Moscow, Russia), Vladimir N. Sigaev (P.D. Sarkisov International Laboratory of Glass-based Functional Materials, Mendeleev University
of Chemical Technology of Russia, Miusskaya Square 9, 125047 Moscow, Russia), Nikita V. Golubev (P.D. Sarkisov International Laboratory of
Glass-based Functional Materials, Mendeleev University of Chemical Technology of Russia, Miusskaya Square 9, 125047 Moscow, Russia), Angelo
Monguzzi (Department of Materials Science, University of Milano-Bicocca, via Cozzi 55, 20125 Milano, Italy), Marco Proietti (Department of
Materials Science, University of Milano-Bicocca, via Cozzi 55, 20125 Milano, Italy), Alberto Paleari (Department of Materials Science, University of
Milano-Bicocca, via Cozzi 55, 20125 Milano, Italy)

The ability to incorporate crystalline nanostructures in amorphous glass is a successfully strategy for the design of novel functional
and structural materials. On the one hand, the oxide matrix ensures ideal workability, chemical inertness, and mechanical
robustness. On the other hand, crystalline nanoparticles may give rise to unprecedented optical, electrical, or mechanical
behaviour. In this view, alkali germano-silicate glasses containing γ-Ga2O3 nanoparticles, prepared by the melt-quenched method,
represent an interesting solution as multipurpose photonic materials. In fact, the low refractive mismatch between crystals and
matrix as well as the ability of obtaining nanostructures with dimensions of the order of few nanometers enables the possibility of
having a transparent material with peculiar optical properties. γ-Ga2O3 is indeed a wide-band gap semiconductor (EG = 4.9 eV)
showing strong blue luminescence upon excitation at wavelength shorter than 280 nm and related to recombination at donor and
acceptor pairs. For these reasons Ga2O3-based materials would be particularly suitable, in principle, for the fabrication of simple
and robust UV-to-visible converters. The photoluminescence excitation threshold at 280 nm coincides with the UV-C region above
which the solar spectrum does not give any background to the detection of UV-emitting events such as flames, electric sparks, and
corona dispersions, which can significantly affect safety conditions in working places, energy-saving, and electric power distribution
reliability. Beyond this intrinsic luminescence, γ-Ga2O3 may also host other optically-active ions so as to enrich the photophysics of
the system. Here we present our recent results on the optimization of the intrinsic emission features of these glassceramics and
their application as UV-light converter in solar-blind passive devices. Moreover, we also discuss the optical behaviour of samples
doped with rare-earth and transition metal ions. In particular, we will focus on samples doped with Nickel ions that show strong
broadband infrared emission, and Gadolinium doped samples where energy-transfer processes take place thus enabling rare-earth
emission with large excitation cross section.

#449 - Critical Casimir assembly of quantum dots
Emanuele Marino - Universiteit van Amsterdam
Other Authors: Kodger Thomas E. (Universiteit van Amsterdam), Bruhn Benjamin (Universiteit van Amsterdam), Gregorkiewicz Tom (Universiteit
van Amsterdam), Dohnalova Katerina (Universiteit van Amsterdam), Schall Peter (Universiteit van Amsterdam)

A major challenge in the development of highly efficient semiconductor quantum dot-based solar cells is controlling the energy
transfer between adjacent nanocrystals. This is partly due to the lack of precise, yet large-scale, control in nanoscopic dimensions,
which is required to achieve a close packed and uniform superstructure [1]. We study the assembly of quantum dots in a binary
mixture which exhibits temperature dependent solvent fluctuations [2]; remarkably, these induce reversible assembly even at the
nanoscale. This technique allows us to finely tune the distance between the dots by simply playing with the temperature and the
Debye screening length in the solution. By doing so, we observe the spectral fingerprint of inter-dot coupling as the nanostructure
grows with time.
[1] Liu, Yao, et al., "Dependence of carrier mobility on nanocrystal size and ligand length in PbSe nanocrystal solids" Nano Lett. 10
(5), 1960-1969 (2010).
[2] Nguyen, V.D. et al., "Controlling colloidal phase transitions with critical Casimir forces", Nat. Commun. (4) 1584, (2013).

#450 - Radiation Response of Optical Fibers Loaded with Molecular Oxygen
Diego Di Francesca - University Jean Monnet St Etienne
Other Authors: S. Girard (Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France) S. Agnello (Dipartimento di Fisica e
Chimica, Università degli Studi di Palermo, I-90123 Palermo, Italy) C. Marcandella (CEA, DAM, DIF, F-91297 Arpajon, France) P. Paillet (CEA,
DAM, DIF, F-91297 Arpajon, France) A. Alessi (Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France) A. Boukenter
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(Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France) F. M. Gelardi (Dipartimento di Fisica e Chimica, Università degli
Studi di Palermo, I-90123 Palermo, Italy) Y. Ouerdane (Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France)

We report an experimental investigation regarding the radiation response of Pure-Silica-Core (PSC) and F-doped Optical Fibers
(OFs) previously subjected to a high pressure O2 loading thermal treatment.
First, by micro-Raman spectroscopy we demonstrate the efficiency of the O2 loading technique we applied. In particular, we
18
3
showed that high concentrations (~2·10 molecules/cm ) of molecular oxygen are incorporated in the whole OF cross section,
almost reaching a saturation condition of the samples. Afterwards, we studied the effects of the O2 loading treatment on the
radiation response of the OFs. For this purpose we carried out a comparative study based on simultaneous online Radiation
Induced Attenuation (RIA) measurements of the O2 loaded and unloaded OFs in the UV-Visible spectral domain [1]. The
experiments were performed by irradiating with 10 keV X-rays. The RIA spectra clearly show a strong impact of the O2 excess. The
loading treatment causes an increase of the radiation sensitivity of the OFs in the UV-Visible domain. The presence of radiation
induced interstitial ozone molecules is also inferred by decomposition of the RIA spectra. The information gained with the RIA
experiments is further supported by Electron Paramagnetic Resonance measurements performed on γ-irradiated samples. As a
radiation hardening effect it is found that the irradiation induces a ten time lower concentration of E’(Si) centers in the O2-loaded
OFs.
Another interesting phenomenon detected in the O2-loaded OFs is related to an infrared Radio-Luminescence (iRL) of O2 molecules:
a sharp luminescence at 1272 nm was indeed detected during irradiation by 10 keV X-rays [2]. We will focus on the applicative
aspects related to this effect: the results we obtained show that the iRL is stable up to doses of 1 MGy(SiO2) and is linearly
dependent on the dose-rate up to the maximum investigated dose-rate of ~200 kGy(SiO2)/h. On the basis of the obtained results
we suggest that the iRL can be exploited for real-time, remote dosimetry in environments characterized by high radiation doses and
high dose-rates.

[1] D. Di Francesca, S. Agnello, S. Girard, C. Marcandella, P. Paillet, A. Boukenter, Y. Ouerdane, F. M. Gelardi, IEEE Trans. Nucl. Sci.
61, 3302 (2014).
[2] D. Di Francesca, S. Girard, S. Agnello, C. Marcandella, P. Paillet, A. Boukenter, F. M. Gelardi, Y. Ouerdane, Appl. Phys. Lett. 105,
183508 (2014).

#451 - Luminescence of Si/SiO2 Nanostructures produced by Laser Ablation in Water
Lavinia Vaccaro - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo
Other Authors: Radian Popescu (Laboratory for Electron Microscopy, Karlsruhe Institute of Technology, Germany), Pietro Camarda (Dipartimento
di Fisica e Chimica, Università di Palermo, Italy; Dipartimento di Fisica ed Astronomia, Università di Catania, Italy), Fabrizio Messina
(Dipartimento di Fisica e Chimica, Università di Palermo, Italy), Simonpietro Agnello (Dipartimento di Fisica e Chimica, Università di Palermo,
Italy), Marco Cannas (Dipartimento di Fisica e Chimica, Università di Palermo, Italy)

Miniaturization of Silicon down to nanoscale induces a visible photoluminescence (PL) surprising for a material which is weakly
emissive in the bulk form. Due to quantum confinement effects, the smaller the Si nanocrystals (Si-nc) are, the more the PL is
shifted towards the blue range. This feature has attracted a wide interest motivated by the use of Silicon-based nanomaterials in
several applications (optoelectronics, photovoltaics, bioimaging). A great effort is currently devoted to develop production
methods successful both to tune the luminescence and to enhance the brightness of Si-nano emitters. Laser ablation (LA) in liquids
is particularly powerful since it is a green method suitable for biological applications and it provides effective control parameters
(laser photon energy, fluence, pulse duration, liquid reactivity) for the morphology and the structure of the related products.
The purpose of this work is the study of nanosized materials produced by Nd:YAGLA of a Si wafer in deionized water. The
investigation has been carried out by combining complementary techniques to probe morphological, structural and optical
properties. Transmission electron microscopy (TEM) images and energy-dispersive X-ray spectroscopy (EDXS) analysis reveal Si-ncs
and amorphous SiO2 nanoparticles produced by Si oxidation in water. IR absorption and Raman scattering evidence as well
vibrational features characteristic of these nano-materials. Time resolved luminescence spectra under a tunable laser excitation
allow to highlight different emissions. SiO2 nanoparticles show a band around 2.8 eV (τ~5 ns) related to surface states and two
bands at 4.4 eV (τ~5 ns) and at 2.7 eV (τ~10 ms) associated with oxygen deficient centers. Si-ncs are characterized by a
luminescence band around 1.9 eV with lifetime τ~10 μs. We have also evidenced that this emission is influenced by the pH of the
solution: its intensity and its lifetime increase by a factor 3 when the pH is less than 4. This finding points out that the hydrogen
controls the surface chemistry at the Si/SiO2 interface favoring the increase of the emission efficiency.

#452 - Tunable visible light emission from Eu-doped SiOC thin films
Gabriele Bellocchi - University of Catania, Department of Physics and Astronomy
Other Authors: Filippo Fabbri (IMEM-CNR Institute, viale Usberti 37/A, Parma, Italy), Maria Miritello (MATIS IMM CNR, via Santa Sofia 64,
95121 Catania, Italy), Giancarlo Salviati (IMEM-CNR Institute, viale Usberti 37/A, Parma, Italy), Fabio Iacona (MATIS IMM CNR, via Santa Sofia
64, 95121 Catania, Italy),Giorgia Franzò (MATIS IMM CNR, via Santa Sofia 64, 95121 Catania, Italy)
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In recent years, rare earths (REs) doped inorganic materials have been widely applied in lighting, display devices and photonics. In
these fields an important role has been played by phosphors. Most of the phosphors used are REs-doped oxide or sulfide-based
materials; among the different REs, a particular interest has been devoted to Eu, which has the peculiar characteristic to be stable
2+
both in its divalent and trivalent oxidation states. In particular, emission of Eu is quite strong (being due to electric dipole allowed
3+
transitions) and is characterized by a broad peak in the wavelength range 400-600 nm. Eu emission, instead, presents several
sharp peaks at around 600 nm whose intensity is low, being due to electric-dipole forbidden transitions. These peculiar optical
properties make Eu-based materials very promising candidates not only for the fabrication of light sources and displays, but also for
applications in photonics, especially if we would be able to obtain an efficient light emission from an Eu-doped Si-compatible host
matrix.
In this work SiOC thin films, doped with different Eu concentrations, have been synthesized by RF magnetron co-sputtering. Optical
properties of the these films have been investigated by photoluminescence (PL) and cathodoluminescence (CL) measurements. In
2+
both cases a very bright Eu light emission in the 400-600 nm range has been obtained. We were able to achieve this wide range
by properly changing the Eu concentration in the thin films. In addition, bilayers consisting of two SiOC films doped with different
Eu concentrations have been synthesized and investigated. We have demonstrated that for the bilayer, a proper choice of the
annealing temperature allows to avoid Eu diffusion and clustering and to obtain an intense PL white emission at room temperature,
characterized by a color rendering index higher than 90. Furthermore, CL measurements have demonstrated that by properly
varying the electron beam energy it is possible to control at the nanoscale the electron penetration depth inside the bilayer, thus
obtaining a depth-resolved CL, with a continuous tuning of the emission from 400 to 600 nm.
The very efficient room temperature PL and CL signals and the compatibility of the SiOC films with Si technology, open the way to
new and promising applications of Eu-based materials in lighting, display technology and photonics.

#453 - First-principles investigation of paramagnetic centers in v-SiO2, Ge-doped SiO2 and v-GeO2.
Luigi Giacomazzi - CNR-IOM Democritos
Other Authors: Layla Martin-Samos ( Materials Research Laboratory, University of Nova Gorica, Vipavska 11c 5270, Ajdovš čina,Slovenia.) Nicolas
Richard (CEA, DAM, DIF, F-91297 Arpajon, France)

We present a first-principles investigation of paramagnetic centers in vitreous silica (v-SiO2), Ge-doped silica and vitreous germania
(v-GeO2). An improved understanding of these paramagnetic defects is expected to have an impact in several scientific and
technological fields ranging from silica-based optical fibers to future Ge-based microelectronic devices [1,2].
We generate and analyze a large number of defect configurations that allow us to discuss structural models of the E' centers in vSiO2 [3] and of the Ge-E', Ge(1) and Ge(2) centers in Ge-doped silica and v-GeO2 [2,4]. In particular, we provide evidence for an
assignment of the Ge(2) center to Ge forward-oriented configurations, analogously to the E'alpha center in silica [2-4], leading to an
updated and unified picture of the defects in pure v-SiO2, v-GeO2 and Ge-doped SiO2.
We discuss the Ge(2)/E'alpha precursor issue by showing that once a two-fold Ge (i.e a GLPC center) or a twofold Si is ionized it can
easily relax and give rise to a forward-oriented configuration i.e. a Ge(2)/E'alpha center. Furthermore we discuss the
interconversion mechanisms between several defect configurations, and in particular we show that twofold Ge (and twofold Si)
configurations can be generated from Ge-Si (and Si-Si) dimer configurations by overcoming rather small energy barriers.
[1] N. Richard, S. Girard, L. Giacomazzi, L. Martin-Samos, D. Di Francesca, C. Marcandella,
A. Alessi, P. Paillet, S. Agnello, A. Boukenter, Y. Ouerdane, M. Cannas, R. Boscaino,
IEEE Transactions on Nuclear Science 61, 1819 (2014).
[2] L. Giacomazzi, L. Martin-Samos, N. Richard, Microelectronic Engineering 147, 130 (2015).
[3] L. Giacomazzi, L. Martin-Samos, A. Boukenter, Y. Ouerdane, S. Girard, and N. Richard,
Physical Review B 90, 014108 (2014).
[4] L. Giacomazzi, L. Martin-Samos, A. Boukenter, Y. Ouerdane, S. Girard, and N. Richard,
Optical Materials Express 5, 1054 (2015).
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#454 - Diamond-based single-photon emitters
Paolo Olivero (I) - Università di Torino
Diamond is an extreme material not only in its structural and electrical properties, but also with respect to the extremely vast range
of optically active color centers that can be hosted in its structure: literally hundreds of different defect/impurity-based complexes
emitting light from the far infra-red to the near ultra-violet have been identified so far in its crystal lattice, which is transparent over
a broad spectral range. When isolated at the single-defect level, some of these "color centers" demonstrated unique properties
(optical stability, quantum efficiency, convenient electronic transitions) at room temperature, that make diamond a promising
choice as a stable and reliable single-photon emitter for applications in quantum communication and quantum computing.
In this talk, an overview will be given on the activities carried at the University of Torino (in close collaboration with the National
Institute of Nuclear Physics - INFN and the National Institute of Metrologic Research - INRiM) on the creation and characterization
of different types of color centers in aritifical single-crystal and nanocrystalline diamond. In particular, the formation of color
centers via MeV ion implantation will be discussed, as well as the quantum-optical characterization in single-photon emission
regime of nitrogen-vacancy complexes and other novel NIR-emitting color centers.

#455 - Giant excitonic effects in Graphene-like 2D systems
Olivia Pulci (I) - Dept. of Physics University of Rome Tor Vergata, ETSF, and MIFP
Other Authors: Paola Gori (ETSF, Dipartimento di Ingegneria, Universita’ di Roma3), Maria Stella Prete (ETSF, MIFP, and Dipartimento di Fisica,
Universita’ di Roma Tor Vergata), Adriano Mosca Conte (ETSF, MIFP, and Dipartimento di Fisica, Universita’ di Roma Tor Vergata), Lars Matthes
(Friedrich Schiller Universitaet Jena), Friedhelm Bechstedt (Friedrich Schiller Universitaet Jena)

The electronic and optical properties of 2D systems are here investigated by ab-initio (DFT, GW and BSE approaches) and model
methods [1,2]. We demonstrate that the infrared absorbance of Dirac systems such as Graphene, Silicene, and Germanene tends
towards a universal value proportional to the fine structure constant [3]. Optical and energy loss spectra are also presented and
discussed as fingerprints for counting the number of layers.
Functionalizing these systems with Hydrogen opens a gap and induce huge excitonic effects [4] that we study by ab-initio methods
and with a simple 2D excitonic model beyond the 2D-Hydrogen approximation [1,2]
Finally, we present a preliminary study of the electronic and optical properties Nitride-based 2D materials (BN, GaN, InN,
AlN). Stable honeycomb structures graphene-like are found, with no buckling. Due to the different electronegativity of III and V
atoms, a charge transfer occurs and a gap opens, so no Dirac cone is found in these 2D materials [5].
Confinement effects together with reduced 2D screening strongly enhance excitonic effects, creating electron-hole pairs with large
(~eV) binding energy and tunable optical gap, making these materials good candidates for novel optoelectronic devices also in the
THz region.
[1] O. Pulci, M. Marsili, V. Garbuio, I. Kupchak and F. Bechstedt Phys. Stat. Sol.(b) 252, 72 (2015)
[2] P. Cudazzo, I. V. Tokatly, A. Rubio, Phys. Rev. B 84, 085406 (2011)
[3] F. Bechstedt, L. Matthes, P. Gori, and O. Pulci, Appl. Phys. Lett. 100, 261906 (2012); L. Matthes, O. Pulci, F. Bechstedt., New J.
Phys. 16, 105007 (2014)
[4] O. Pulci et al., EPL 98, 37004 (2012)
[5] H. Sahin, et al., Phys. Rev. B 80, 155453 (2009)

#456 - Advances in holographic three-dimensional particles tracking
Pasquale Memmolo (I) - Center for Advanced Biomaterials for HealthCare@CRIB, Istituto Italiano di tecnologia
Other Authors: Lisa Miccio (CNR-ISASI, Institute of Applied Sciences & Intelligent Systems “E. Caianiello”), Melania Paturzo (CNR-ISASI, Institute
of Applied Sciences & Intelligent Systems “E. Caianiello”), Paolo A. Netti (Center for Advanced Biomaterials for HealthCare@CRIB, Istituto
Italiano di tecnologia), Pietro Ferraro (CNR-ISASI, Institute of Applied Sciences & Intelligent Systems “E. Caianiello”)

In the last decade, digital holography (DH) in microscopy has become an high-throughput imaging instrument able to furnish a
diagnostic tool for bio-microfluidic at lab-on-chip scale [1]. Among others features, DH allows accurate retrieving of the positions of
multiple particles performing three-dimensional (3D) tracking, exploiting the uniqueness of the DH to provide a posteriori
quantitative multi-focus capability and phase-contrast imaging.Several methods have been proposed to apply DH to track particles
[2] as well as cells [3-5]. Holographic tracking approaches are implemented by performing two main steps, (i) the numerical
refocusing [6,7] through amplitude reconstruction’s contrast analysis, that permits the calculation of optical axis position of
particles, and (ii) the evaluation of lateral displacements of refocused particles through quantitative phase images analysis by using
suitable image segmentation methods [4]. Non-conventional holographic particles tracking methods are enveloped to calculate
simultaneously all the three coordinates, i.e. without decoupling the amplitude and phase contributions of the complex wavefronts
[5]. Thanks to the incredible development of such holographic-based tracking approaches, DH is increasingly used for the
investigation of cells migration as well as the full morphometric characterization of biological samples, due to its capability to
perform quantitative imaging of biological samples. Here, we review different holographic tracking methods, developed by our

226

Electronic and optical properties of low dimensional systems II

1 Oct

research group in the last years [2-5], and their application to investigate the 3D particles motility in different experimental
conditions.
References
[1] F. Merola, et al., “Diagnostic Tools for Lab-on-Chip Applications Based on Coherent Imaging Microscopy,” Proc. IEEE 103(2), 192204 (2015).
[2] L. Miccio, et al., “Particle tracking by full-field complex wavefront subtraction in digital holography microscopy,” Lab Chip 14,
1129-1134 (2014).
[3] P. Memmolo, et al., “Twin-beams digital holography for 3D tracking and Quantitative Phase-contrast microscopy in
microfluidics,” Opt. Express 19, 25833-25842 (2011).
[4] P. Memmolo, M. Iannone, M. Ventre, P.A. Netti, A. Finizio, M. Paturzo, and P. Ferraro, "On the holographic 3D tracking of in
vitro cells characterized by a highly-morphological change," Opt. Express 20, 28485-28493 (2012).
[5] P. Memmolo, et al., "Holographic tracking of living cells by three-dimensional reconstructed complex wavefronts alignment,"
Opt. Lett. 39, 2759-2762 (2014).
[6] P. Memmolo, et al., “Automatic focusing in digital holography and its application to stretched holograms,” Opt. Lett. 36, 19451947 (2011).
[7] P. Memmolo, et al., "Refocusing criterion via sparsity measurements in digital holography," Opt. Lett. 39, 4719-4722 (2014).

#457 - Lateral heterojunctions on GdAg2 surface alloy
Lucia Vitali - Ikerbasque foundation for science
Other Authors: Alexander Correa (1. Departamento de física de materiales, Universidad del País Vasco, 20018 San Sebastian (Spain) 2. Donostia
International Physics Center, 20018 San Sebastian (Spain)); Bin Xu (3. Départment de Physique, Université de Liège, Allée du 6 Août 17, B-4000
Sart Tilman, Belgium 4. European Theoretical Spectroscopy Facility ( http://www.etsf.eu) 5. Department of Physics and Institute for Nanoscience and
Engineering, University of Arkansas, Fayetteville, Arkansas 72701); Matthieu Verstraete (4. Départment de Physique, Université de Liège, Allée du 6
Août 17, B-4000 Sart Tilman, Belgium 5. European Theoretical Spectroscopy Facility ( http://www.etsf.eu))

A two dimensional GdAg2 surface alloy layer is formed exposing the surface of Ag(111) to gadolinium atoms. Due to lattice
mismatch with the supporting substrate this alloy forms moiré patterns with different periodicities. These result from minute
relative reorientations of the alloy layer with respect to the Ag(111) surface and of different in-layer strain [1, 2]. Although formed
by the same chemical structure and composition, the moiré patterns show surprisingly distinct electronic properties. Combining
scanning tunneling microscopy and spectroscopy, we will explain the relation between the electronic properties and the layer
structure. Density functional theory calculations have been performed to predict theelectronic properties of this alloy as the band
structure, work functions and spin_orbit coupling strengths. The reason for the striking difference in the electronic properties will
be explained in terms of inlayer coupling strength of the Gd atoms in the alloy and their coupling with the underlying Ag substrate.
A comparison with the GdAu2 alloy grown on Au(111) layer, whose electronic and magnetic structure show almost no dependence
with the more periodicity [3], will be presented.
1. K.Hermann J.Phys. 24, 314210 (2012)
2. Lucia Vitali, M.Ramsey, F P.Netzer, Surf.Sci.452, L281 (2000)
3. L.Fernandez, M.Blanco-Rey, M. Ilyn, Lucia Vitali, A. Magana, A.Correa, P.Ohresser, J.E.Ortega,A.Ayuela, F. Schiller, Nano letters,
14, 2977 (2014)

#458 - SILICON NANOWIRE FORESTS FOR ELECTROCHEMICAL BIOSENSORS
Annalisa Convertino - Istituto per la Microelettronica e i Microsistemi, Consiglio Nazionale delle Ricerche
Nanomaterials, such as metallic or oxide nanoparticles, carbon nanotubes, graphene and semiconductor nanowires, are emerging
as new platform of highly performing sensors for label-free detection of biological species. Among all these nanoscale materials,
silicon nanowires (SiNWs) offer a series of advantages including their full compatibility with the well-established silicon technology.
Recently, ultrasensitive SiNW sensors based on field-effect transistors (FETs) have been demonstrated for the detection of ions,
small molecules, proteins, DNA and viruses. The SiNW-FET consists of single or few SiNWs, prepared as single-crystal and doped
structures, which are connected to source and drain electrodes by forming the active channel whose conductivity changes in
response to molecular recognition. For effective devices, electrically addressable array of NW FETs should be developed. This
requires a fine control of the fabricated structure as well as the use of sophisticated and complex technological processes, which
are affected by important drawbacks such as the high costs, the low throughput capability and scalability. To overcome
these limits, which would confine the use of SiNWs in niche applications, we propose a change of the approach by exploiting for
sensing purposes very dense, disordered and randomly oriented ensemble of Si NWs, i.e. SiNW forest. These materials allow indeed
the use of fabrication techniques already implemented in industrial processes, such as Plasma Enhanced Vapor Deposition
(PECVD) and conventional lithographic technology. The main idea is to investigate if it is possible to reach high sensing
performance by exploiting the peculiar morphology of these systems, which offer a macroporous framework easily to functionalize
and accessible by analyte molecules. This approach requires the control of the morphological characteristics and surface
modifications over an ensemble of disordered NWs rather than over individual elements within ordered array.
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For this purpose we fabricated three-electrode impedance devices with a working electrode (WE) formed by a forest of SiNWs, 12micron long, covered by a thin layer (150 nm) of Au (Au/SiNWs), a ring-shaped Au counter electrode (CE) and an Ag/AgCl
reference electrode (RE). The devices were fabricated by PECVD at low temperature (350°C) on polyimide membrane. To explore
the biomolecular sensing capability of these systems, we functionalized the Au/SiNW WE with biotin and studied the well-known
ligand-receptor binding of biotin-avidin. Impedance measurements showed an efficient detection of the avidin over a wide range of
concentrations from micromolar down to the picomolar values.

#459 - Catalyst-free growth of InAs nanowires on Si(111) by chemical beam epitaxy
Lucia Sorba - CNR- Istituto Nanoscienze
Other Authors: Umesh Prasad Gomes (1), Daniele Ercolani (1), Nickolay V. Sibirev (2), Mauro Gemmi (3), Vladimir G. Dubrovskii (2), Fabio
Beltram (1), and Lucia Sorba (1) (1) NEST, Scuola Normale Superiore and Istituto Nanoscienze-CNR, Piazza S. Silvestro 12,I-56127 Pisa, Italy (2)
St. Petersburg Academic University, Khlopina 8/3, 194021 St. Petersburg, Russia (3) Center for Nanotechnology Innovation @ NEST, Istituto
Italiano di Tecnologia, Piazza S. Silvestro 12, I-56127 Pisa,Italy

We propose and investigate a new growth mechanism which yields catalyst-free InAs nanowires on Si(111) substrates by employing
the chemical beam epitaxy technique. Our growth protocol consists of a low temperature nucleation and a high temperature
growth steps. This method produces non-tapered InAs nanowires with controllable lengths and diameters. We show that InAs
nanowires evolve from the islands formed during the low temperature nucleation step and truly grow catalyst-free, without any
indium droplet at the tip. The impact of different growth parameters on the nanowire morphology is systematically investigated. In
particular, a good control over the nanowire aspect ratio is demonstrated. A better understanding of the growth process is
obtained through the development of a theoretical model which combines the diffusion-induced growth scenario with some
specific features of the catalyst-free growth mechanism, along with the analysis of the V/III flow ratio influencing the material
incorporation. As a result, we perform a full mapping of the nanowire morphology versus the growth parameters which sheds more
light on the self-induced formation of III-V nanowires on silicon in general.

#460 - A general framework for the kinetics of progressive breakdown in MOS with Si and III-V substrates
Salvatore Lombardo - CNR-IMM
Other Authors: Felix Palumbo (CONICET, Buenos Aires, Argentina), Moshe Eizenberg (Technion, Haifa, Israel)

Gate oxide breakdown (BD) is a critical issue for advanced CMOS circuits. CMOS evolution has been driven by aggressive device
scaling, the introduction of new materials such as strained Si, high-k dielectrics and metal gates, new device structures such as
FINFETs, tri-gate FETs, and UTBSOI FETs, associated with a slower decrease of the supply voltages. This has resulted in an increase
of the electric fields applied to the structures, resulting in improved performance but with some negative effects. Among these is
the continuous increase of the tunneling current flowing across the gate oxides under circuit operation. In fact, it has been shown
that such a tunneling current through the gate dielectric is the main origin of the degradation leading to BD.
Thus, dielectric breakdown is an important reliability issue on such novel device structures. The study of BD is mostly performed by
using accelerated constant voltage stresses by applying a relatively large voltage difference between the gate and the source, drain,
and body short-circuited together. The typical evolution of the gate current during a constant voltage oxide stress shows two
distinct stages: initial defect generation and progressive BD.
Understanding the growth rate of the gate current during progressive BD is critical for projecting the long term reliability of circuits
which do not fail at the onset of progressive BD but rather when the progressive BD current grows to a leakage level that causes
circuit disruption. In this paper we investigate some general features of dielectric breakdown of ultra-thin gate oxides for CMOS.
We discuss III-V devices with high-k/metal gate, and compare to more classical structures with silicon substrates, SiOxNy or high-k
as gate dielectrics, and poly-Si or metal gate. A model of the breakdown growth dependence on voltage, temperature, oxide
thickness, etc., is eventually discussed and compared to data.
We show which parameters control the breakdown growth rate providing a physical model of BD growth and comparing it to
examples in a number of gate dielectrics. Such understanding may allow further improvement of reliability margins of CMOS
circuits by choosing a correct combination of voltage, thickness, and thermal conductivity of the gate dielectrics.
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#461 - Phase behavior and gelation of DNA nanostars. A numerical and experimental study
Francesco Sciortino (I) - Dip. Fisica, Sapienza Universita' di Roma
Colloidal particles with directional interactions are key in the realization of new colloidal materials with possibly unconventional
phase behaviors. We exploit DNA self-assembly to produce bulk quantities of DNA-nanostars with three or four sticky terminals,
mimicking molecules with limited valence. Theory and simulations predict that a different route to gelation becomes available
when the valence of each colloidal particle is suitably reduced: gelation should be achievable through a reversible sequence of
equilibrium states. With experiments and simulations we show that as temperature is decreased, the relaxation time for density
fluctuations slows down by about five orders of magnitude, following an Arrhenius scaling in the entire experimentally accessible
temperature window. The system is in thermodynamic equilibrium at all temperatures. We finally show that DNA hydrogels
provide a striking example of ultrastable liquids, i.e. liquids more stable than crystals.

Relevant bibliography
Silvia Biffi, Roberto Cerbino, Francesca Bomboi Elvezia Maria Paraboschi, Rosanna Asselta, Francesco Sciortino and Tommaso Bellini
Phase behavior and critical activated dynamics of limited-valence DNA nanostars
Proceedings National Academy of Science, 110 15633-15637. DOI: www.pnas.org/cgi/doi/10.1073/pnas.1304632110 (2014)
Silvia Biffi, Roberto Cerbino,a Giovanni Nava, Francesca Bomboi, Francesco Sciortino and Tommaso Bellini
Equilibrium gels of low-valence DNA nanostars: a colloidal model for strong glass formers
Soft Matter, 2015, 11, 3132. DOI: 10.1039/c4sm02144d (2015)

Frank Smallenburg and Francesco Sciortino
Liquids more stable than crystals in particles with limited valence and flexible bonds
Nature Physics 9, 554-558 doi:10.1038/nphys2693 (2013).
Lorenzo Rovigatti, Frank Smallenburg, Flavio Romano and Francesco Sciortino
Gels of DNA Nanostars Never Crystallize
ACS Nano, 8, 3567-3574, 10.1021/nn501138w http://pubs.acs.org/doi/abs/10.1021/nn501138w (2014)
[5]Lorenzo Rovigatti, Francesca Bomboi, and Francesco Sciortino
Accurate phase diagram of tetravalent DNA nanostars
J. Chem. Phys. 140, 154903 (2014). http://dx.doi.org/10.1063/1.4870467

#462 - The electric dance of cholesteric colloids
Enzo Orlandini (I) - University of Padova, Department of Physics and Astronomy
Other Authors: G. D' Adamo (SISSA), C. Micheletti (SISSA), D. Marenduzzo (University of Edimburgh)

Dispersions of colloidal particles in liquid crystals are nowadays a subject of
intensive studies due to their potential as novel and versatile metamaterials with
important applicative avenues such as digital-ink technologies,
biosensors and optical devices.
In this talk I will report theoretical results, based on lattice Boltzmann simulations,
on a novel method to manipulate the spatial arrangements of colloids in cholesteric liquid crystals .
By controlling the amplitude and shape of a time-dependent electric field, I will show that the system can be
reproducibly driven out of equilibrium through different kinetic pathways and
navigated through a glassy-like free energy landscape encompassing many competing metastable
equilibria. Such states range from simple Saturn rings to complex structures
featuring amorphous defect networks, or stacks of disclination loops.
In particular, by using suitable non-equilibrium electric pulses, one can drive colloids from planar to
linear, rope-like configurations and vice-versa.
These results can stimulate the development of new (e.g. non equilibrium) experimental procedures to control
the three-dimensional patterning and self-assembly of colloidal particles suspended in complex fluids
as well as prompt the design of new types of switching devices with tunable elastic and electro-optic properties.
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#463 - Relaxational dynamics in nematic liquid crystals
Paolo Biscari (I) - Politecnico di Milano
Other Authors: Antonio DiCarlo, Dipartimento di Matematica & Fisica, Universita' di Roma Tre, Stefano Turzi Dipartimento di Matematica,
Politecnico di Milano

We develop a novel hydrodynamic theory of liquids fit to bridge the gap between the fluid-like behavior typically exhibited at lowfrequency regimes and the solid-like response observed at high frequencies. In the case of nematic liquid crystals the theory
predicts frequency-dependent acoustic anisotropy and relaxation effects. In the hydrodynamic (lowfrequency) limit a new Parodilike relation emerges. We present the theoretical predictions and test them against evidence from physical experiments and
molecular dynamics simulations. [1] P.B., S. Turzi, A. DiCarlo: Anisotropic wave propagation in nematic liquid crystals. Soft Matter
10 (2014), 8296-8307. [2] P.B., S. Turzi, A. DiCarlo: Liquid relaxation: A new Parodi-like relation for nematic liquid crystals, to appear
(2015).

#464 - Orientational order and dynamics in liquids
Bernd Ensing - University of Amsterdam
The orientational ordering and the dynamics of solvent molecules in liquids and solutions is revealed by the decay of vibrational
anisotropy. We show that the functional form of this decay is determined by the (distribution of) angles between the vibrating
bonds of the molecules between which energy transfer occurs, and that the initial drop in the decay reflects the average angle
between nearest neighbors. We use this effect to observe the difference in local orientational ordering in the two hydrogenbonded liquids ethanol and N-methylacetamide. We use forcefield and ab initio (DFT-based) molecular dynamics simulations to
verify and calibrate the relation between the measured anisotropy decay and the angular distribution [1].
In aqueous solutions of amphiphilic molecules, such as urea and tertramethylurea, the mid-infrared pump-probe experiments show
that the reorientation of the water molecules contains a slow component that has previously been attributed to immobilized water
in contact with the hydrophobic parts of the solutes. Our simulations show that the slowdown can be understood as a difference in
the balance between two (associative and dissociative) hydrogen-breaking mechanisms of solvent molecules nearby or far from the
amphiphiles [2].
[1] Local orientational order in liquids revealed by resonant vibrational energy transfer
M. R. Panman, D. J. Shaw, B. Ensing, and S. Woutersen
Phys. Rev. Lett.113, 207801 (2014)
[2] Slowdown mechanism of water dynamics around small amphiphiles
W. H. Brandeburgo,S. T. van der Post,E. J. Meijer,and B. Ensing
Manuscript submitted

#465 - Cyclization Probabilities of Small DNA Molecules
Marco Zoli - University of Camerino
Many experiments have demonstrated that DNA exhibits sequence-dependent bending and torsional flexibility which may have
biological relevance in the DNA-protein interplay.
Such properties have been investigated by several experimental methods including gel electrophoresis, crystallography and, above
all, DNA cyclization which permits to test the circularization rates of DNA sequences in the presence of ligase enzymes.
From a theoretical viewpoint, cyclization rates can been analyzed via calculation of the $J-$ factors which are essentially given by
the ratio of the partition functions of circular and linear structures.
This program is carried out in the present work by means of the path integral method for DNA [1]. The theoretical background for
the application of the path integral formalism to predictive analysis of the molecule thermodynamical properties is discussed [2,3].
A model is developed to compute the helix unwinding in circular sequences with variable radius [4].

Both homogeneous and heterogeneous molecules are studied to detect the effects of the sequence specificities on the cyclization
probabilities. The latter are also evaluated as a function of the sequence length.

[1] M. Zoli, Journal of Theoretical Biology v. 354, 95-104 (2014).
[2] M. Zoli, Soft Matter v.10, 4304-4311 (2014).
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[3] M. Zoli, The Journal of Chemical Physics v.141, 174112 (2014).
[4] M. Zoli, The Journal of Chemical Physics v.138, 205103 (2013).

#466 - Effects of viscoelasticity on droplet dynamics and break-up in microchannels : T-Junction & CrossJunction
Anupam Gupta - University of Rome "Tor Vergata"
Other Authors: Mauro Sbragaglia (Department of Physics and INFN, University of Tor Vergata, Via della Ricerca Scientifica 1, 00133 Rome, Italy)

The effects of viscoelasticity on the dynamics and break-up of liquid threads in microfluidic devices, i.e., T-junctions & Crossjunction are investigated using numerical simulations of dilute polymeric solutions for a wide range of Capillary numbers (Ca),i.e.,
-1
changing the balance between the viscous forces and the surface tension at the interface, up to Ca = 10 . A Navier-Stokes (NS)
description of the solvent based on the lattice Boltzmann models (LBM) is here coupled to constitutive equations for finite
extensible non-linear elastic dumbbells with the closure proposed by Peterlin (FENE-P model). We present the results of threedimensional simulations in a range of Capillary numbers and flow-rate ratios which is broad enough to characterize all the three
characteristic mechanisms of breakup in the confined T-junction, i.e., squeezing, dripping and jetting regimes and all the two
characteristic mechanisms of breakup in the confined flow-focusing device, i.e., droplet formation at the cross-junction (DCJ) and
droplet formation downstream of the cross-junction (DC). The various model parameters of the FENE-P constitutive equations,
including the polymer relaxation time $\tau_P$ and the finite extensibility parameter $L^2$, are changed to provide quantitative
details on how the dynamics and break-up properties are affected by viscoelasticity. We will present both the cases of Droplet
Viscoelasticity (DV), where viscoelastic properties are confined in the dispersed (d) phase, as well as cases with Matrix
Viscoelasticity (MV), where viscoelastic properties are confined in the continuous (c) phase. Moderate flow-rate ratios Q~ O(1) of
the two phases are considered in the present study. Overall, we find that the effects are more pronounced in the case with MV, as
the flow driving the break-up process upstream of the emerging thread can be largely perturbed by the polymeric stresses.
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#467 - NANOSTRUCTURED METAL HYDRIDES FOR ENERGY APPLICATIONS: STATE OF THE ART
AND FUTURE TRENDS
Luca Pasquini (I) - University of Bologna - Department of Physics and Astronomy
Metal hydrides are a fascinating class of materials that can be used for several energy applications and devices, such as hydrogen
storage, heat storage, heating/cooling systems, batteries, smart solar collectors and various types of sensors. Their properties and
range of applications strongly depend on the thermodynamics of hydrogen sorption, i.e. on the enthalpy / entropy changes, which
dictate the equilibrium temperature and pressure for the metal-hydride transformation. In addition, the kinetics of hydrogen
sorption are determined by the interplay between dissociation/recombination of the hydrogen molecule, hydrogen diffusion in
subsurface and bulk layers, and nucleation of the new phase. Quite often, in order to fulfill specific application-dependent
requirements, the speed of these basic mechanisms must be increased using suitable catalysts or realizing peculiar microstructures.
The intensive investigation of nanostructured metal hydrides during the last decade has been driven by the ambition to tune the
thermodynamics and kinetics of hydrogen absorption and release through the exploitation of several size- and surface-related
phenomena. In this talk, I will present selected examples of how the thermodynamics and kinetics of hydrogen sorption can be
modified through careful control over material’s structure, morphology and composition at the nanoscale. In particular, I will report
on the main research activities carried out within the frame of the COST Action “Nanostructured materials for solid-state hydrogen
storage”, a large European network launched in October 2011. Several issues related to nanostructured hydrides, from novel
synthesis techniques, to advanced structural characterization with in situ capabilities, to measurements of hydrogen sorption
behavior, will be presented. Particular emphasis will be given to lightweight Magnesium-based hydrides with different
morphologies and composition, including nanoparticles/nanodots, thin films and multilayers, nanoconfined alloys, and core-shell
structures.

#468 - Li-S batteries characterized by operando x-ray absorption spectroscopy
Giuliana Aquilanti (I) - Elettra - Sincrotrone Trieste
Other Authors: Iztok Arčon (University of Nova Gorica, Nova Gorica, Slovenia, Institut Jožef Stefan Ljubljana, Slovenia, Centre of Excellence Low
Carbon Technologies Ljubljana, Slovenia), Manu Patel (National Institute of Chemistry Ljubljana, Slovenia), Lorenzo Stievano (University
Montpellier II, Montpellier, France), Robert Dominko (National Institute of Chemistry Ljubljana, Slovenia)

Rechargeable lithium-sulfur (Li-S) batteries are actually the most promising solution for electrically driven vehicles. Advanced Li-S
batteries for automotive use with high energy density, charge efficiency and durability, meeting or exceeding safety and low cost
standards are being developed within the EU project EUROLIS (www.eurolis.eu). Operando sulfur K-edge XANES and EXAFS analysis
are powerful and indispensable tools to characterize the redox chemistry, and to relate the electrochemical mechanism to the local
structure behavior. Sulfur K-edge XANES spectra provide information on sulfur oxidation state and chemical bonding. Different
sulfur compounds that coexist in the battery (elemental sulfur, sulfur-polysulfides and sulfur bound in electrolyte) can be efficiently
distinguished, and their relative amount in the cathode can be monitored precisely during battery operation by linear combination
fit of the XANES spectra.
Thanks to the use of a tailored electrolyte that did not contain any sulfur-based compound the operando sulfur K-edge EXAFS
analysis of Li-S battery during electrochemical cycling is possible for the first time. This allows us to study the transformation of the
local environment of the sulfur centers in the electrode and to highlight possible interactions between lithium polysulfides (Li2Sx)
and the host matrix. In particular, the EXAFS analysis provides an accurate description of the mechanism of sulfur conversion into
Li2S in the given Li–S battery configuration.
Finally, we present the methodological approaches for efficient XAS experiments at sulfur K-edge (2472 eV) in fluorescence
detection mode. The limitations and sources of potential systematic errors in sulfur K-edge XANES and EXAFS analysis due to small
and strongly energy dependent penetration depth of X-ray beam and self-absorption effects in the sample are discussed.

#469 - Plasmonic and thermoelectric properties of metal-doped ZnO transparent conductive oxides for energy
conversion
Arrigo Calzolari (I) - CNR-NANO Istituto Nanoscienze, Centro S3
Other Authors: Alessandra Catellani (CNR-NANO Istituto Nanoscienze, Centro S3, Modena IT), Alice Ruini (Universita' di Modena e Reggio Emilia)

Transparent conducting oxides (TCOs) are electrical conductive materials with a low absorption of light in the visible range. The
unique combination of metallicity and transparency makes TCOs appealing for a variety of applications, including photovoltaic cells,
flat displays, invisible electronics and plasmonics. TCOs are obtained by doping wide band-gap semiconductors with metal ions. Yet,
the remarkable combination of conductivity in an albeit wide-gap (i.e., transparent) material is not fully understood, along with the
effect of dopants on charge transport.
This work is focused on the atomistic understanding of the structural and optoelectronic properties of M-doped (M=Al, Ga, In) ZnO
TCOs, which are indium-free, low-cost, and easy processable material, alternative to the standard Sn-doped In2O3 (ITO). By using
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first principles approaches, based on density functional theory, we first investigate how doping and defects affects the electronic
properties of M-doped ZnO (MZO) up to the experimental solubility limit (3%–4%) [1-3].
As heavily doped semiconductors can exhibit a small negative real permittivity (i.e. high conductivity) and very small losses at the
infrared and longer wavelengths, TCOs have been also proposed as plasmonic materials. We investigated the origin of near-infrared
plasmonic activity in M-doped ZnO (MZO) transparent conducting oxides and we provide a microscopic insight on the formation of
surface-plasmon polaritons at the Al:ZnO/ZnO interfaces in terms of characteristic lengths that can be measured by experiments.
[4]
Finally we investigated the optoelectronic and thermoelectrical properties of MZO nanowires [5]. We show that the wires behave
as 1D TCOs and low-loss plasmonic elements in the near IR and visible range. At the same time, the thermoelectric figure of merit
results to be strongly enhanced upon nanostructuring with respect to ZnO bulk. We discuss the possibility to develop
nanostructured energy converters in the form plasmon-heater/thermoelectric generator fully based on MZO nanowires.
References
[1] M. Bazzani, A. Neroni, A. Calzolari, A. Catellani, Appl. Phys. Lett. 98, 121907 (2011)
[2] A. Catellani, A. Ruini, G. Cicero, and A. Calzolari, Phys. St. Sol. B 10, 2106 (2013).
[3] A. Catellani, A. Calzolari and A. Ruini, J. Appl. Phys. 115, 043711 (2014).
[4] A. Calzolari, A. Ruini, and A. Catellani, ACS Photonics 1, 703 (2014).
[5] A. Catellani, A. Ruini, M. Buongiorno Nardelli and A. Calzolari, submitted (2015).

#470 - Si-based TFT for biosensor applications: simulations and experimental results
Marco Favetta - CNR-IMM Sede
Other Authors: Antonio Valletta (CNR-IMM UOS Roma, Via Fosso del Cavaliere 100, 00133 Roma, Italy), Alessandro Pecora (CNR-IMM UOS
Roma, Via Fosso del Cavaliere 100, 00133 Roma, Italy), Guglielmo Fortunato (CNR-IMM UOS Roma, Via Fosso del Cavaliere 100, 00133 Roma,
Italy), Emanuele Luigi Sciuto (Dept. Physics, Univ. of Catania, Ph.D. in Mat. Sci. and Nanotechn., Via Santa Sofia 64, 95100 Catania, Italy), Tiziana
Cosentino(Dep. G.F. Ingrassia, University of Catania, via S. Sofia 81, 95100), Fulvia Sinatra(Dep. G.F. Ingrassia, University of Catania, via S. Sofia
81, 95100), Maria Eloisa Castagna (STMicroelectronics, Stradale Primosole 50, 95121 Catania, Italy), Sabrina Conoci (STMicroelectronics,
Stradale Primosole 50, 95121 Catania, Italy), Sebania Libertino (CNR IMM sede, Strada VIII Zona Industriale, n. 5, 95121 Catania, Italy)

Micro-biosensors fabricated on Si-based technology could provide several advantages with respect to traditional technologies:
small size and weight, fast response, device's analytical performance improvement and accuracy of the analysis, high reliability,
lower energy consumption, possibility of packaging, on-chip integration of biosensors' arrays with the perspective of portable
microanalysis systems, at low cost [1]. The two transduction mechanisms most used for biosensors are optical (indirect method) [2]
and electrical (direct method) [3]. The last seems to provide several advantages in view of simple, portable and inexpensive
detection devices.
In this work, we studied and verified the possibility to detect, through electrical transduction, hybridization of DNA molecules on
MOS-like and thin film transistors (TFT). The devices were electrically characterized after the various stages of the functionalization
process, consisting of oxide cleaning and activation; silanization; deposition and immobilization of biological molecules in localized
region of sample (anchoring of oligonucleotide-DNA) [4].
®
The experimental results were compared with device simulationsperformed using a commercial software, Sentaurus . We analyzed
the structure by varying the fabrication parameters: body doping concentration, channel length, the thickness and the amount of
charge on the sensitive “area” interface. For each structure, we simulated the electrical characteristics: capacitance vs voltage (CV),
for transistors also the characteristic (IdVd) and the transcharacteristic (IdVg).
MOS-like devices vary their potential because of a detection event at the insulator/electrolyte interface. It is measured as a change
in the capacitance due to immobilization of biological molecules or hybridization of a molecule of ssDNA with its complementary
[3]. We experimentally found shift of 0.60 V due to DNA hybridization. The comparison with simulations demonstrated the ability
to determine a priori DNA probe density of our devices in order to maximize their response.
We also explored the possibility of using a thin film transistor as a device for the detection of DNA hybridization recognition. We
12
simulated different transistor structures and defined the best fabrication parameters. According to simulations, with 2x10
2
electrons/cm in the sensitive interface, a transcharacteristic shift of 1 V was obtained. Experimental measurements are in progress
to verify the simulation results.
References
[1] R. Davidsson, F. Genin, M. Bengtsson, T. Laurell, Journal of Lab Chip 4 (2004) 481–487.
[2]M. Schena, Microarray Analysis, John Wiley & Sons, New Jersey, 2003.
[3] H. Im, X.-J. Huang, B. Gu, Y.-K. Choi, Nature Nanotechnology 2 (2007) 430–434.
[4] Libertino S, Conoci S, Scandurra A, Spinella RC, Sensors & Actuators B: Chemical 179(2013): 240-251.

#471 - Photoinduced transient polarity at LaAlO3/SrTiO3 interfaces probed by time-resolved surface second
harmonic generation
Domenico Paparo - CNR-SPIN

233

Advanced materials for energy applications II

1 Oct

Other Authors: Andrea Rubano (Università Federico II), Tim Günter (University of Bonn), Manfred Fiebig (ETH Zurich), Fabio Miletto Granozio
(CNR-SPIN), Lorenzo Marrucci (Università Federico II)

Synthesis and device fabrication by interfacing different oxide materials have recently attracted a large attention because their
physical properties can be easily tuned [1]. Among many interesting effects, the discovery of a high- mobility 2-dimensional
electron gas (2DEG) at the interface between LaAlO3 and SrTiO3 (LAO/STO), two insulating perovskites, is perhaps one of the most
fascinating recent examples of interface-related phenomena. The 2DEG formation is a threshold process: for n ≥ 4 monolayers of
LAO on STO the interface becomes metallic and even superconducting, and the insulator-to-metal (ITM) transition can be reversibly
induced by an external electric field in the n = 3 samples. An ITM transition may be induced by light irradiation too [2]. The latter
phenomenon has recently attracted a considerable interest in view of potential optoelectronics applications and as a possible tool
to investigate the fundamental physics of the system. So far all the studies focussed on the very slow response of
photoconductivity, while, in general, the knowledge of the ultrafast processes governing the carrier relaxation in multilayer
semiconductor structures is essential for designing high-speed electronic devices. However, despite their importance, the studies
on LAO/STO that apply pump-probe techniques with fast temporal resolution, are still rare.
Here, by applying pump-probe surface second harmonic generation (SHG), we investigate the fast photoinduced mechanisms
responsible of a transient build-up and depletion of the polarity at the LAO/STO interface. Compared to other standard optical
techniques, SHG is extremely surface specific and, in the last decade, has emerged as a powerful tool for investigating polarnonpolar oxide interfaces [3-5].
We have identified three basic microscopic processes, whose interplay leads to a complex dynamics of the transient interfacial
polarity. First, an initial ultrafast diffusion of electrons sets up both a screening and a photo-Dember-induced electric field, that
compete in opposition for modifying the interfacial polarity. Second, on a time-scale of hundreds of picoseconds, a transient
polarity emerges because of the trapping of holes at the interface. The latter process is mediated by surface defective pinning
centers. We find that the presence of LaAlO3 strongly influences the interfacial polarity dynamics by varying the relative strength of
these three contributions.
[1] H. Y. Hwang et al., Nat. Mater. 11, 103 (2012).
[2] M. Huijben et al., Nat. Mater. 5, 556 (2006).
[3] D. Paparo, A. Rubano, L. Marrucci, J. Opt. Soc. Am. B 30, 2452-2460 (2013).
[4] A. Rubano, C. Aruta, U. S. di Uccio, F. M. Granozio, L. Marrucci, T. Günter, T. Fink, M. Fiebig, and D. Paparo, Phys. Rev. B 88,
245434 (2013).
[5] G. De Luca, A. Rubano, E. di Gennaro, A. Khare, F. M. Granozio, U. S. di Uccio, L. Marrucci, and D. Paparo, Appl. Phys. Lett. 104,
261603 (2014).

#472 - Monitoring and optimization of energy consumption of base transceiver stations
Carmine Lubritto - Dep. Environmental Science and Technology - II° University of Naples
Other Authors: Antonio Spagnuolo, Antonio Petraglia, Carmela Vetromile, Roberto Formosi Department of Environmental Science and Technology
(DiSTABiF), Second University of Naples, Via Vivaldi, 43, I-81100 Caserta, Italy

The growth and development of the mobile phone network has led to an increased demand for energy by the telecommunications
sector, with a noticeable impact on the environment.
Monitoring of energy consumption is a great tool for understanding how to better manage this consumption and find the best
strategy to adopt in order to maximize reduction of unnecessary usage of electricity. This paper reports on a monitoring campaign
performed on six BSs (Base Transceiver Stations) located central Italy, with different technology, typology and technical
characteristics. The study focuses on monitoring energy consumption and environmental parameters (temperature, noise, and
global radiation), linking energy consumption with the load of telephone traffic and with the air conditioning functions used to cool
the transmission equipment. Moreover, using experimental data collected, it is shown, with a Monte Carlo simulation based on
power saving features, how the BS monitored could save energy

#473 - CT-DSMC calculation of Oxygen transport properties on a non-vibrating O4 PES
Domenico Bruno - CNR/NANOTEC
Other Authors: Aldo Frezzotti (Dipartimento di Scienze e Tecnologie Aerospaziali, Politecnico di Milano), Gian Pietro Ghiroldi (Dipartimento di
Scienze e Tecnologie Aerospaziali, Politecnico di Milano)

Dilute molecular Oxygen flows are studied by modeling binary collisions, in the rigid rotor approximation, through an accurate
Potential Energy Surface (PES) for the O4 dimer, obtained from molecular beams scattering experiments [1]. The PES accuracy is
assessed by calculating molecular Oxygen transport properties (shear and bulk viscosity, self diffusion, thermal conductivity) by
different equilibrium and non-equilibrium CT-DSMC based simulations that provide close values for the transport coefficients.
Comparisons with available experimental data are presented and discussed in the temperature range 300-900 K, where vibrational
degrees of freedom are expected to play a limited (but not always negligible) role. A sensitivity analysis is performed to study the
impact of the PES uncertainties on the calculated transport coefficients.
References
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#474 - High-resolution and high-speed optical manipulation of single biological molecules
Marco Capitanio (I) - LENS - European Laboratory for Non-linear Spectroscopy
Other Authors: Francesco Pavone LENS - European Laboratory for Non-linear Spectroscopy

Force plays a fundamental role in a wide array of biological processes, regulating, for example, enzymatic activity, kinetics of
molecular bonds, and molecular motors mechanics. Single molecule force spectroscopy techniques have enabled the investigation
of such processes, but they are inadequate to probe short-lived (millisecond and sub-millisecond) molecular complexes. Such weak
molecular interactions precede the formation of strong bonds and play an essential role in many biological processes. We
developed a constant-force laser trap that allows us to investigate molecular interactions and sub-nanometer conformational
changes occurring on a time scale of few tens of microseconds. [Capitanio et al., Nature Methods 9, 1013-1019 (2012)]. The
method is effective in studying the sequence-dependent affinity of DNA-binding proteins along a single DNA molecule. The
improvement in time resolution provides important means of investigation on the long-puzzled mechanism of target search on
DNA. In fact, one poorly understood issue in the field of protein-DNA interaction is how proteins weakly interact with non-cognate
DNA sequences and how they efficiently find the sequence of interest among an extremely large amount of non-specific sequences.
Using our technique, we could discriminate between two kinetically well-distinct populations of interactions between Lac repressor
protein (LacI) and DNA, which clearly represent strong interactions with the specific (operator) sequences, and fast scanning of LacI
along non-cognate DNA. We also demonstrate the validity of the method for the investigation of molecular motors’ dynamics. We
revealed a complex mechanism of regulation of myosin working stroke by force and previously undetectable fast detachment
pathways. Our technique could be applied to a wide variety of non-processive molecular motors, single domains of processive
motors, protein-DNA and protein-RNA interactions, and conceivably to any short-lived protein-protein interaction, opening new
avenues for investigating the effects of forces on biological processes.

#475 - Acoustic Force Spectroscopy
Gijs Wuite (I) - VU University Amsterdam
With Acoustic Force Spectroscopy (AFS) we extend the force-spectroscopy toolbox with an acoustic manipulation device that allows
exerting acoustic forces on many tethered molecules. AFS is a Lab-on-a-chip device consisting of a flow cell of two glass plates with
a fluid chamber in between and a piezo element glued on top. While applying an alternating voltage to the piezo element, forces
from sub-pN to hundreds of pNs are exerted to thousands of biomolecules in parallel, with sub-millisecond response time and
inherent stability. We performed force-extension measurements on various DNA-protein interactions. These experiments
-4
demonstrate that AFS can be used to apply highly controlled forces up to at least 120 pN, with a force ramp speed between 10 –
2
2
10 pN/s and showing inherent stability over tens of hours over an observation area of at least 1 mm . Moreover, we demonstrate
the use of AFS by mapping the energy landscape of the DIG/anti-DIG antibody-antigen bond over 6 orders of magnitude of force
loading rates within several hours of experimentation. AFS distinguishes itself by its relative simplicity, low cost and compactness,
which allow straightforward implementation in lab-on-a-chip devices. These aspects will help to spread single-molecule methods
from the realm of fundamental research in specialized laboratories towards more wide-spread applications in for example
molecular biology and medical diagnostics.

#476 - 3D characterization at the nanoscale by stereoscopic scanning electron microscopy
Vittorio Sala - CNISM - Dipartimento di Fisica, Politecnico di Milano & Center for Nanoscience and Technology,
Istituto Italiano di Tecnologia
Other Authors: Monica Bollani 3, Silvia Maria Pietralunga 2,4, Maurizio Zani and Alberto Tagliaferri 1,2 1 CNISM - Dipartimento di Fisica,
Politecnico di Milano, Piazza Leonardo da Vinci 32, I-20133 Milano, Italy 2 CNST, Istituto Italiano di Tecnologia - Politecnico di Milano, Piazza
Leonardo da Vinci 32, I-20133 Milano, Italy 3 CNR-IFN, LNESS, Via Anzani 42, I-22100 Como, Italy 4 CNR-IFN, Piazza Leonardo da Vinci, 32
20133 Milano, Italy

Scanning Electron Microscopy (SEM) is a 2D microscopy technique, providing information related to morphology, composition and
other properties of bulky samples. We discuss the access to 3D characterization down to the nanoscale based on stereoscopy, a
technique already well assessed on the macroscopic scale. In the simplest case, as in the human vision, at least a couple of stereo
images are acquired at different inclination. The relative displacement of a feature in the different images allows to determine its
elevation with respect to a reference plane. In this work, the process was tested on images showing details at the scale of tens of
nm. The position of sparse points at sample surface was reconstructed according to several approaches. First, the features in the
two images were directly recognized and matched by the operator, in order to maintain the highest degree of control on the
process. A 3D positional uncertainty lower than 14 nm was obtained for small nanostructures lying on regular surfaces, evaluated in
excess as the standard deviation of the set of reconstructed positions from the geometrical reference surface. The main limiting
factors for the 3D reconstruction result to be the limited amount of uniquely recognizable features, the ratio between field of view
and resolution and the contrast attainable at high magnification. As a second step, several strategies for the automatic feature
recognition on each image and for their matching between different image projections were tested. The most promising algorithm
proved to be the so called Speeded Up Robust Features local detector and descriptor. A rather conservative set of parameters was
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used in order to limit the results only to reliably matched features. The algorithm proved to be able to position the nanostructure
center of mass with a reliability of the order of 2 nm, comparable to lateral resolution of the SEM images. The automatic approach
could result in a reduction, by several order of magnitudes, of the number of matched features with respect to the direct operator
recognition, depending on the choice of parameters and filters. Nevertheless, the 3D standard deviation from the reference
geometrical surface found in this case was estimated lower than 12 nm. Fully automatic reconstruction may be a reliable option
only when the feature contrast is outstanding and their distribution dense. Similar reconstructions were done on dense
distributions of 50 nm sized structures on silver ink drops deposed on spin coated polymer substrates. These show rougher surfaces
where a standard deviation of 18 nm from the reference geometrical surface was obtained.

#477 - Advanced TEM characterizations of CuO Nw for water purification
Guillaume Amiard - CNR-IMM
Other Authors: V. Scuderi 1, M. Miritello 1, S. Scalese 2, G. Impellizzeri 1, V. Privitera 1 and S. Boninelli 1 (1) CNR-IMM, Via S. Sofia 64, I-95123
Catania, Italy (2) CNR-IMM, VIII Strada 5, I-95121 Catania, Italy

Environmental safety is one of the serious concerns for the humanity because of rapid increase in the use of organic pollutants in
agriculture and industries which cause severe adverse effects on the environment. In this contest, copper oxide is a promising
candidate for wastewater treatment.in fact it has received much attention as a photocatalysts large band gap material.
Indeed, cupric oxide (CuO) and cuprous oxide (Cu2O) are p-type metal oxide semiconductor with a band gap of 1.3 eV and 2.2 eV,
respectively.
In this work, we synthesized CuO nanowires by a thermal process in oxygen ambient of a Cu foil. Nanowires were morphologically
and structurally characterized by scanning and transmission electron microscopy (SEM and TEM), energy dispersive X-ray (EDX)
analysis and X-ray diffraction. The material shows a high density of CuO nanowires, more than 10 microns in length and ~50 nm in
mean diameter. A subsequent thermal annealing induced a controllable stoichiometry transformation of both the nanowires and
the underlying substrate, from the CuO to Cu2O phase. As a further investigation, we performed an in-situ thermal treatment inside
the TEM for a better understanding of the CuO to the Cu2O transition. High-resolution TEM and diffraction analyses on single
nanowire were performed in order to evaluate the morphology and the crystallinity of the wires before and after the annealing. As
a further experiment we analyzed single CuO nanowire by scanning TEM and STEM, in order to obtain a local chemical
characterization. The synthesized materials were tested towards the degradation of organic compounds in water showing a better
photocatalytic action of CuO nanowires related to their lower defectivity with respect the Cu2O ones.

#478 - EFFECTS OF CELL PROLIFERATION INHIBITORS INVESTIGATED BY DELAYED
LUMINESCENCE SPECTROSCOPY
Agata Scordino - University of Catania, Dept. of Physics and Astronomy
Other Authors: Rosaria Grasso (Department of Physics and Astronomy, University of Catania, Catania, Italy), Marisa Gulino (Faculty of
Engineering and Architecture, “Kore” University, Enna, Italy), Francesco Musumeci ( Department of Physics and Astronomy, University of Catania,
Catania, Italy)

The possibility of using phot-induced Delayed Luminescence (DL) of living cells to monitor the effects of some cancer treatment
that inhibit cell proliferation and induce apoptosis has been investigated. Different human cancer cell lines were investigated and
DL measurements from liquid suspension of cultured cells, in the time interval 10 µs – 1 ms after the switching off of the
illumination source, were performed on treated samples and compared to untreated ones. In particular the time decay of two
spectral components, the blue (emission wavelength 460 nm) and the red components (emission wavelength 645 nm) were
analyzed.
The obtained data showed to be consistent with an important role of the Mitochondrial Respiratory Chain in DL emission. Changes
in DL parameters can be correlated to apoptosis level. In particular changes in the DL blue component (connected to the
mitochondrial level of nicotinamide adenine dinucleotide, NADH) may be a hallmark of induced apoptosis, while the response in
the red spectral range may be ascribed to oxygen effects, as or Protoporphyrin IX emission quenching (that could be correlated to
iron homeostasis in the cell) or dimol photoemission generated by two colliding molecules of singlet oxygen charge (that could be
correlated to recombination in Fe/S redox centers in Complex I).

#479 - Stimulated Raman scattering in between nano and biophotonics applications
Luigi Sirleto - Istituto per la Microelettronica e i Microsistemi- Consiglio Nazionale delle Ricerche
Other Authors: Annalisa D'Arco; Antonella Ferrara; Maurizio Indolfi Istituto per la Microeletronica e Microsistemi Consiglio Nazionale delle
Ricerche

Nonlinear optics at nanoscale is a recent fascinating research field of great importance. Among the numerous nonlinear optics
phenomena, due to its significant implications from both fundamental and applicative point of view, stimulated Raman scattering is
one of the most interesting. Concerning the SRS fundamental point of view, there have been a number of investigations both
experimental and theoretical, but the question is still “open”. From an applicative point of view, Raman amplification,
demonstrated in the early 1970s, is an interesting approach for optical amplification, because it is only restricted by the pump
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wavelength and Raman active modes of the gain medium. Concerning SRS at nanoscale there are some important prospective, for
example to realize micro/nano source, with improved performances, based on SRS.Nanostructured silicon has generated large
interest in the past decades as a promising key material to establish a Si-based photonics. We report the first observation of
stimulated Raman scattering in silicon nanocrystals embedded in a silica matrix under non-resonant excitation at infrared
wavelengths. Raman gain is directly measured as a function of the silicon content. A giant Raman gain from the silicon nanocrystals
is obtained that is up to four orders of magnitude greater than in crystalline silicon.
In life science, Raman microscopy can be used as contrast mechanism based on vibrational properties. A typical Raman spectrum
makes available information on the molecular and chemical structure of the sample, thereby offering an intrinsic chemical
selectivity. However, linear Raman microscopy is limited to weak signals, so, to obtain an image, acquisition times are very long,
generally varying between 1ms to 1s per pixel. A multiphoton microscopy based on Coherent-Raman Scattering was studied as an
alternative way to provide vibrational contrast. The Raman signal, generated by the non-linear interaction among pump and probe
signals and the sample, is much more intense respect to linear Raman microscopy, being coherent and propagating along the axis
of oscillating molecules. Thus, the acquisition times are considerably reduced allowing, in principle, the acquisition of images on a
large area in a few seconds. This technique presents the advantage to be completely label-free, with the ability to have an excellent
signal-to-noise ratio that occurs in an image obtained in a few seconds and with a good image contrast. We report femtosecond
stimulated Raman spectroscopic and microscopy implementation. As a preliminary step for nonlinear microscopy, label free
imaging of polystyrene-beads is demonstrated.

#480 - Dip Pen Lithography of oligonucleotides on flexible substrates for point-of-care malaria disease testing
Felicia Cavaleri - Dipartimento di Fisica e Chimica, Università di Palermo; Dipartimento di Fisica e Astronomia,
Università di Catania
Other Authors: Giuseppe Arrabito (Dipartimento di Fisica e Chimica, Università di Palermo, Italy), Felicia Cavaleri (Dipartimento di Fisica e
Chimica, Università di Palermo, Italy; Dipartimento di Fisica e Astronomia, Università di Catania, Italy), Patrizia Cancemi (Scienze e Tecnologie
Biologiche Chimiche e Farmaceutiche, Università di Palermo, Italy), Yi-Ping Ho (iNANO and Department of Molecular Biology and Genetics,
Aarhus University, Denmark), Birgitta R. Knudsen (Department of Molecular Biology and Genetics and iNANO, Aarhus University, Denmark),
Marianne S. Hede (Zymonostics ApS, Aarhus, Denmark), Claudia Pellerito (Dipartimento di Fisica e Chimica, Università di Palermo, Italy),
Alessandro Desideri (Department of Biology, University of Rome "Tor Vergata", Roma, Italy), Salvatore Feo (Scienze e Tecnologie Biologiche
Chimiche e Farmaceutiche, Università di Palermo, Italy), Bruno Pignataro (Dipartimento di Fisica e Chimica, Università di Palermo, Italy)

The first step for prevention and treatment of diseases is the accurate diagnosis. However, proper diagnostic technologies are not
available in developing countries due to the lack of reliable electrical power, refrigeration and trained personnel. For this reason,
there is an urgent need of low cost, rapid assays not requiring any external support. By coupling such technologies to
communication infrastructures, healthcare in areas without access to medical personnel would be possible. “Paper” like substrates
are ideal for fabricating such devices since they are cheap, easy to degradate after use and compatible with most of existing
printing technologies [1]. We had previously shown the possibility to efficiently deposit oligonucleotides by Dip Pen
Lithography(DPL) onto glass surfaces [2]. In this work, we deposited oligonucleotides on nylon substrate for the fabrication of
biochips usable for detecting the activity of human topoisomerase I. Subsequently, the chip will be modified to detect the Malariacausing Plasmodium parasites through the detection of Plasmodium topoisomerase I activity [3]. We optimized oligonucleotides
printing on nylon substrate, obtaining efficient deposition at 10 - 1 uM oligonucleotide concentrations, 70% relative humidity and
30% glycerol v/v. We obtained circular spots with diameter in the range of 30 - 50 microns, with the dimension being a function of
dwell time (1s – 20 s). DPL operation needs ultra tiny amounts of DNA (as low as 0.5 uL, 10 - 1 uM concentration) for printing
thousands of spots in a single run so reducing material consumption in comparison with standard bioprinting techniques [4]. In a
first set of experiments, the printed oligonucleotides was hybridized with a fluorescence-labelled complementary probe to detect
and quantify DNA after DPL deposition. In subsequent experiment, the spotted oligonucleotides generate a topoisomerase
substrate, which upon reaction with the enzyme will be coupled to a fluorescently labelled oligonucleotide to allow detection of a
signal. In conclusion, the combination of DPL and topoisomerase detection onto nylon substrates would be a suitable solution for
point-of-care diagnostic chips fabrication.
Bibliography
[1] A.W. Martinez et al., Anal. Chem., 2010, 82 , 3.
[2] G. Arrabito et al., Small, 2013, 9, 4243.
[3] S. Juul et al., ACS Nano, 2012, 6, 10676.
[4] G. Arrabito, B. Pignataro, Anal. Chem., 2012, 84, 5450.
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#481 - Nonlinear relaxation phenomena in three different systems of condensed matter
Bernardo Spagnolo (I) - Università di Palermo
Other Authors: Davide Valenti, Dominique Persano Adorno, Claudio Guarcello, Luca Magazzù, Angelo Carollo Dipartimento di Fisica e Chimica,
Group of Interdisciplinary Theoretical Physics, Università di Palermo and CNISM, Unità di Palermo, Viale delle Scienze, Edificio 18, I-90128
Palermo, Italy

Nonlinear relaxation phenomena in three different systems of condensed matter are investigated. (i) First, the phase dynamics in
Josephson junctuons is analyzed. Specifically, a superconductor-graphene-superconductor (SGS) system exhibits quantum
metastable states, and the average escape time from these metastable states in the presence of Gaussian and correlated
fluctuations is calculated, varying the noise source intensity and the bias frequency. Moreover the transient dynamics of a longoverlap Josephson junction (JJ) subject to thermal fluctuations and non-Gaussian noise sources, Lévy type, is investigated. Noise
induced phenomena are observed, such as the noise enhanced stability and the resonant activation. The analysis of the time
evolution of the order parameter highlights the influence of the noise induced solitons on the mean switching time behavior and
the observation of breathers. (ii) Second, the electron spin relaxation process in n-type GaAs crystals driven by a fluctuating electric
field and two different noise sources is investigated. Monte Carlo numerical simulations show, in both cases, an enhancement of
the spin relaxation time by increasing the amplitude of the external noise. (iii) Finally, thestabilization of quantum metastable
states by dissipation is presented.Normally, quantum fluctuations enhance the escape from metastable states in the presence of
dissipation. We show that dissipation can enhance the stability of a quantum metastable system, consisting of a particle movingin a
strongly asymmetric double well potential, interacting with a thermal bath. We find that the escape timefrom the metastable
region has a nonmonotonic behavior versus the system-bath coupling and the temperature,producing a stabilizing effect.

#482 - Kondo effect in carbon nanotubes
Milena Grifoni (I) - University of Regensburg
The Kondo effect is an archetypical manifestation of strong electronic correlations in mesoscopic systems. A degeneracy of
quantum states required for its occurrence is usually provided by the electronic spin degree of freedom, resulting in the so-called
SU(2) Kondo behavior. Remarkably, in the Kondo regime the differential conductance obeys universal scaling as a function of
temperature, bias voltage, and magnetic field.
Clean carbon nanotubes (CNTs) provide a unique test-bed for the investigation and manipulation of the quantum dot level
structure and its consequences for the Kondo effect. In CNTs an additional degeneracy in the
intrinsic low energy spectrum stems from the sublattice symmetry of the graphene lattice, and
enables one to study unconventional correlation phenomena such as the spin plus orbital SU(4) Kondo effect.
The sublattice symmetry, though, is broken by a finite spin-orbit coupling or by a boundary induced valley mixing, and is visible in
the presence of satellite Kondo peaks in the nonlinear transport.
Strikingly, experiments studying the evolution of the central Kondo peak and of its satellites in magnetic fields applied parallel and
perpendicular to the tube's axis, reveal selection rules in the inelastic virtual processes contributing to the Kondo resonance. We
discuss the origin of these selection rules. Additionally, we present a
novel approach to the non-equilibrium Kondo problem, based on the Keldysh effective action, which well reproduces the rich
experimental observations.

#483 - Decoherence-induced topological phase transition in 1D fermion model.
Angelo Carollo - Palermo
Other Authors: Fabio Anzà, Davide Valenti, Bernardo Spagnolo

We explore decoherence-induced topological phase transitions of fermions in 1D lattice in the non-equilibrium steady state of an
open system with local reservoirs. In particular we focus on a spin-full version of the so called 1D Kitaev chain and consider the
effect of quasi-local decoherence and dephasing as a tool to induce non-trivial topological phases. The 1D Kitaev chain is a
prototypical example of a system which shows topological order, signalled by the presence of an odd number of spatially separated
Majorana zero modes. Depending on the Hamiltonian parameters, such a system undergoes a transition from a topologically trivial
to a non-trivial phase. We show that a suitably engineered decoherence may indeed enact a similar transition to a topologically
non-trivial phase,starting from an otherwise trivial one. Such a phenomenon is the result of the interplay between Hamiltonian and
dissipative interactions. These findings are relevant for applications in solid state physics as well as in the context of cold-atoms.

#484 - On-demand recovery of hidden entanglement by local operations within non-Markovian dynamics
Giuseppe Falci - Università di Catania
Other Authors: Antonio D'Arrigo (University of Catania), Adeline Orieux (University of Roma, La Sapienza), Giacomo Ferranti (University of Roma,
La Sapienza), Giuliano Benenti (Insubria Unversity, Como), Elisabetta Paladino (University of Catania), Rosario Lo Franco, (University of
Nottingham), Fabio Sciarrino (University of Roma, La Sapienza), Paolo Mataloni (University of Roma, La Sapienza)

240

Out of Equilibrium Statistical Mechanics I

2 Oct

In many applications entanglement must be distributed through noisy communication channels that unavoidably degrade it.
Entanglement cannot be generated by local operations and classical communication (LOCC), implying that once it has been
distributed it is not possible to recreate it by LOCC. Recovery of entanglement by purely local control is however not forbidden in
the presence of non-Markovian dynamics. We investigate the phenomenon of bipartite entanglement revivals under LOCC in
systems subject to local and independent classical noise sources, explaining this apparent paradox by introducing the concept of
"hidden" entanglement, the amount of entanglement that cannot be exploited due to the lack of classical information on the
system. We show and demonstrate in two all-optical experiments that such entanglement can be restored on-demand. First, we
implement an open-loop control scheme based on a purely local operation, without acquiring any information on the environment;
then, we use a closed-loop scheme in which the environment is measured, the outcome controling the local operations on the
system. Relying on local control, both schemes improve the efficiency of entanglement sharing in distributed quantum networks.

#485 - Information-theoretic zeroth law
Fabio Anza - Atomic & Laser Physics Department, Oxford University
Other Authors: Vlatko Vedral (Oxford University)

An analogy between the dynamical behavior of a classical and a quantum gas in a box is considered. Building the intuition on that, I
propose a new notion of equilibrium for a quantum system in a pure state, inspired by the zeroth law of thermodynamics and by
Jaynes’ work on statistical mechanics. Arguing that the relevant notion is Shannon’s entropy, the characterization of the
equilibrium distribution is given in term of two equations. Simple applications of the posited notion of equilibrium are considered
and the relation of such an approach with both ordinary quantum statistical mechanics and recent approaches to thermalization of
closed quantum systems are discussed.

#486 - Synthesizing Quantum States in Ultrastrong Optomechanics
Vincenzo Macrì - Università degli Studi di Messina
Other Authors: L. Garziano, R. Stassi, S. Savasta, and O. Di Stefano, Università degli Studi di Messina

We describe how ultrastrong interactions in cavity-optomechanics can be exploited to force the ground
state of the optomechanical system to evolve into an arbitrary quantum state of mechanical motion in a completely controlled and
deterministic manner [1]. If the target quantum state is a superposition of N Fock states, it can be obtained by applying in singlestep N classical optical signals of different frequencies for a common time interval. This protocol can be applied to various strongly
interacting quantum systems as trapped ions beyond the Lamb-Dicke regime and
cavity QED into the ultrastrong coupling regime [2]. We further extend this scheme to generate mechanical NOON states with with
large phonon numbers in a deterministic way or with high probability.
[1] L. Garziano et al., Phys. Rev. A 91, 023809 (2015)
[2] R. Stassi et al., PRL 110, 243601 (2013)

#487 - Josephson Junctions response to stochastic and periodic perturbations for signal detection
Giovanni Filatrella - Department of Science and Technology and Salerno CNISM unit, University of Sannio
Other Authors: Paolo Addesso (Dept. of Information Engineering, Electrical Engineering and Applied Mathematics (DIEM), University of Salerno,
Via Giovanni Paolo II, 132, I-84084, Fisciano, Italy), Vincenzo Pierro (Dept. of Engineering, University of Sannio, Corso Garibaldi, 107, I-82100
Benevento, Italy)

We investigate the possibility of exploiting the speed and low noise features of Josephson junctions for detecting sinusoidal signals
corrupted by Gaussian noise. In particular we discuss how to exploit the occurrence of stochastic resonance [1] in Josephson
junctions with the methods of signal processing [2]. Josephson junctions are very sensitive to a small periodic signal embedded in
the noise, and therefore the escape times from the locked state can be employed to reveal the presence of the sinusoidal
component [3,4]. The loss of information that occurs retaining only the sequence of escapes, rather than the full trajectory, is mild
if optimal signal processing strategies are applied. The proposed detection scheme, in the framework of statistical decision theory
(Neyman-Pearson) shows some remarkable features, such as quasi-optimal scaling behavior and stochastic activation.
The analysis of the escape times is generic for metastable potentials. It can therefore be extended to other systems , such as a
quasi-Hamiltonian pendular Fabry-Perot interferometer [5]. Placed inside one of the minimum of the optomechanical potential an
escape can be revealed by the sudden change of reflectivity near the top of the potential well.
[1] L. Gammaitoni, P. Hanggi, P. Jung, and F. Marchesoni, Rev. Mod. Phys. 70, 223 (1998).
[2] P. Addesso, G. Filatrella, V. Pierro, "Characterization of escape times of Josephson junctions for signal detection", Phys. Rev. E
85, 016708 (2012).
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[3] D. Valenti, C. Guarcello, and B. Spagnolo, Phys. Rev. B, 89, 214510 (2014).
[4] P. Addesso, V. Pierro, G. Filatrella, “Interplay between Detection Strategies and Stochastic Resonance Properties”, to appear in
Commun. Nonlinear Sci. Numer. Simulat. (2015), DOI 10.1016/j.cnsns.2015.05.026.
[5] P. Addesso, V. Pierro, G. Filatrella, " Escape Time Characterization of Pendular Fabry-Perot", Eur. Phys. Lett. 10120005-20010
(2013) .

#488 - Adiabatic manipulation of architectures of multilevel artificial atoms.
Pietro Di Stefano - Università di Catania
Other Authors: G. Falci (Università di Catania - CNR-IMM Uos Catania), E. Paladino (Università di Catania - CNR-IMM Uos Catania), A.
D'Arrigo (Università di Catania), and A. Ridolfo (Università di Catania)

The ability of manipulating multilevel coherence in solid-state “artificial atoms” architectures would be a key issue for several
achievements both in fundamental and in applied physics. In this contribution we address the implementation of a Lambda scheme
in superconducting N>2 "artificial atoms" which is a fundamental building block of such architectures, and study coherent
population transfer (CPT) as a benchmark process for quantum control.
Introduce two new protocols to implement quantum state engineering by population transfer in solid-state Circuit-QED or
nanoelectromechanichal architectures. The first is a 2+1-photon scheme allowing for a Lambda configuration at the symmetry
point, which minimizes noise, despite of selection rules, and can be applied to present technology high-quality superconducting
qubits. The second is a protocol where CPT is obtained with the constraint of an always on field, mimicking an unswitchable
hardware coupling.
We finally address the problem of detecting signature of the ultrastrong coupling in atom-cavity systems. We show that a new
channel for CPT is opened, whose detection is a “smoking gun” for the existence in Nature of this new ultrastrong regime of
coherent coupling with the electromagnetic field. We show how a ~100% efficiency of detection can be achieved in systems of
many artificial atoms strongly coupled to a cavity, fabricable within present technology.

#489 - Quantum quench within the gapless phase of the XXZ spin-chain
Mario Collura - SISSA, Statistical Physics
We consider the nonequlibrium unitary dynaimcs induced by suddenly swithcing on the interactions in the XXZ spin-1/2 chain.
Although the model is integrable, and much effort has been spent in order to understand some of its equilibrium properties, still
very little is known both for the exact time evolution and the stationary values of local observables after a quench, especially in the
gapless phase. Anyhow, in thermodynamic equilibrium, the low-energy properties of the XXZ spin chain in the gapless phase are
well described by the Luttinger model as it can be derived by bosonization of the spin chain Hamiltonian. Obviously, this effective
low-energy description is expected to fail for the description of the quench dynamics since in changing a Hamiltonian parameter for
a finite value, an extensive amount of energy is pumped into the system resulting in the population of eigenstates of the postquench Hamiltonian which are not described by the Luttinger liquid approximation. However, it is still natural to wonder whether
the simple results obtained for the quantum quench in the Luttinger model can effectively describe the non-equilibrium dynamics
of the spin chain, at least in some parameter regimes and/or specific time windows. We adress this question by solving the
dynamcis of the XXZ model by means of extensive iTEBD (infinite time-evolving block decimation) simulations. In particular, for
spin-spin correlation functions we find a surprinsing agreement between exact numerical results and Luttinger model description.

242

Econophysics

2 Oct

#490 - Systemic risk and early-warning signals in financial networks
Diego Garlaschelli (I) - Lorentz Institute for Theoretical Physics, University of Leiden
The global financial crisis shifted the interest from traditional measures of "risk" of individual banks to new measures of "systemic
risk", defined as the risk of collapse of an entire interbank system. Estimating systemic risk requires the knowledge of the whole
network of exposures among banks. However, due to confidentiality issues, banks only disclose their total exposure towards the
aggregate of all other banks, rather than their individual exposures towards each bank. Is it possible to statistically reconstruct the
hidden structure of a network in such a way that privacy is protected, but at the same time higher-order properties are correctly
predicted? In this talk, I will present general network reconstruction methods and discuss their remarkable performance on various
economic, social, and biological systems, with an emphasis on interbank networks. Then, as a counter-example, I will show an
analysis of the Dutch interbank network performed in collaboration with the Dutch Central Bank. We found that many standard
topological properties of this network (such as the number of pairs of banks with mutual connections) display an abrupt change in
2008, providing a clear - but unpredictable - signature of the crisis. By contrast, after controlling for the heterogeneous connectivity
of banks, the same properties show a gradual transition to the crisis, starting in 2005 and preceded by an even earlier period during
which anomalous debt loops could have led to the underestimation of counter-party risk. Unlike in the other examples discussed in
the talk, these deviations from the reconstructed ensemble are significant and can be used as early-warning signals of the
upcoming crisis. By definition, these early warnings are undetectable if the network is reconstructed from partial bank-specific
data. We discuss important implications for network modelling and bank regulatory policies.

#491 - Exactly-solvable non-Markovian dynamic network
Enrico Scalas (I) - Department of Mathematics, University of Sussex
Other Authors: Nicos Georgiou 1, Istvan Z. Kiss 1, 1 Department of Mathematics, University of Sussex, UK

Non-Markovian processes are widespread in natural and human-made systems, yet explicit modelling and analysis of such systems
is underdeveloped. In this letter we consider a dynamic network with random link activation and deletion (RLAD) with nonexponential inter-event times. We study a semi-Markov random process when the inter-event times are heavy tailed Mittag-Leffler
distributed, thus considerably slowing down the corresponding Markovian dynamics and study the system far from equilibrium. We
derive an analytically and computationally tractable system of forward equations utilizing the Caputo derivative for the probability
of having a given number of active links in the network.

#492 - Bank's centrality and intrebank market funding rates
Giulia Iori - City University London
Other Authors: Asena Temiszoy, City University London, Gabriel Montes-Rojas, City University London

This paper empirically investigates the role of the position of a bank on the nterbank market on its funding rates. Specifically
we analyse transaction data from the e-MID market, which is the only electronic interbank market in the Euro Area and US, over a
period 2006–2009, that encompass the global financial crsisi. We show that interbank spreads are significantly affected by both,
local and global, connectedness measures. Overall we find that lenders pay a premium for being more central. Borrowers, on the
other hand, pay a premium (i.e. pay higher rates) for manteining better local connectivity, but receive a significant discount for
achiving global higher centraility.

#493 - Designing guarantee options in defined contribution pension plans
Andrea Consiglio - University of Palermo/SEAS
Other Authors: MIchele Tumminello (University of Palermo), Stavros A. Zenios (University of Cyprus)

The shift from defined benefit (DB) to defined contribution (DC) is pervasive among pension funds, due to demographic changes
and macroeconomic pressures. In DB all risks are borne by the provider, while in plain vanilla DC all risks are borne by the
beneficiary. For DC to provide income security some kind of guarantee is required. A minimum guarantee clause can be modeled as
a put option written on some underlying reference portfolio of assets and we develop a discrete model that optimally selects the
reference portfolio to minimise the cost of a guarantee. While the relation DB-DC is typically viewed as a binary one, the model can
be used to price a wide range of guarantees creating a continuum between DB and DC. Integrating guarantee pricing with asset
allocation decision is useful to both pension fund managers and regulators. The former are given a yardstick to assess if a given
asset portfolio is fit-for-purpose; the latter can assess differences of specific reference funds with respect to the optimal one,
signalling possible cases of moral hazard.
We develop a general and computationally tractable model for pricing the cost of alternative embedded guarantee options in DC
pension funds. The model determines the asset allocation choice that is optimal for a given guarantee, in that it minimizes the cost
of the guarantee. The model is tested using real-world data to illustrate the effect of the design parameters of the guarantee on the

243

Econophysics

2 Oct

cost of offering the option. Results illustrate the effect on the option of (i) level of guarantee, (ii) amount of equity, and (iii)
participation of the beneficiaries in any portfolio upswing above the guarantee. We also show how the model can be used to
benchmark existing portfolios by applying it to test portfolios of State and local government pension funds from the literature. Our
results are in agreement with empirical findings of existing literature, but also attribute the precise cost of the guarantee. We also
show how the model can be used to calculate risk premia for risk sharing. The model we implement and test can be extended to
cover a broad range of guarantees that increasingly resemble DB, thus providing a continuum of funds in the hitherto dichotomous
relation DC-DB. Some extensions are straightforward to build and calibrate, while others are provided as areas for further
research.
Paper available at \url{http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2563087

#494 - Systemic Risk and Macro-prudential policies: a credit network-based approach
Ermanno Catullo - Università politecnica della Università delle Marche
Other Authors: Mauro Gallegati, UNIVPM Antonio Palestrini UNIVPM

Assessing systemic risk and defining macro-prudential policies aiming at reducing economic system vulnerability have been at the
center of the economic debate of the last years (Basel Committee, 2011; Yellen, 2011;Angelini et al., 2012). Credit networks play a
crucial role in diffusing and amplifying local shocks, thus we try to define both early warning indicators
of crises and policy precautionary measures based on the analysis of the dynamics of credit network connectivity (Delli Gatti et al.,
2010; Battiston et al., 2012).
Following the network-based financial accelerator approach (Delli Gatti et al., 2005, 2010; Riccetti et al., 2013), we constructed an
agent based model reproducing an artificial credit network populated by heterogeneous firms and banks. In the attempt of gaining
satisficing levels of realized profits, firms and banks choose their target level of leverage through a simple reinforcement learning
procedure (Tesfatsion, 2005; Riccetti et al., 2013; Catullo et al., 2015). Thus, agents’ choices about their target leverage determine
individual and, thus, aggreggate loan demand and supply, which in turn shape the evolution of the credit network, influencing
aggregate output dynamics.
We calibrated the model on a sample of firms and banks quoted on Japanese stock-exchange markets from 1980 to 2012 (Marotta
et al., 2013). The model simulations generate endogenous pro-cyclical fluctuations of credit and connectivity. Indeed, according to
the methodology developed by Schularick and Taylor (2012), we found that both credit and connectivity growth rates
are correlated with crisis probability and their combination represents an effective early warning measure in both empirical and
simulated data, which thus may be used to define loan-to-value macro-prudential interventions.
Simulation experiments show that when systemic risk increases beyond a certain threshold, forcing banks to avoid lending to more
indebted firms may decrease output volatility without causing consistent credit and, thus, output contractions. We tested also
permanent loan-to-value restrictions targeted only to more connected banks. When interventions focus on banks that are relatively
central in the credit network, economic system vulnerability may be substantially reduced without affecting aggregate
credit supply and output. Concluding, the analysis of credit network connectivity may be useful for assessing system risk.
Moreover, agent based models which endogenize credit and connectivity dynamics may be helpful for testing the effectiveness of
early warning indicators and the results of macro-prudential policies.

#495 - Discovering SIFIs, a temporal complex approach
Alessandro Spelta - università cattolica del sacro cuore
Other Authors: Pablo Rovira Kaltwassery, University of Leuven, Department of Economics

This paper proposes an intrinsically temporal methodology to identify Systemically Important Financial Institutions (SIFIs) and to
track their common activity over time. The introduction of the temporal dimension gives the opportunity to develop an early
warning indicator for the risk associated to the whole network where the strength of contemporaneous spillover e¤ects is
summarized in a single variable: the time score.
Moreover, the same solution method can be used to identify the community structure of the network and the systemic importance
of banks within each community, tracking their activity through time.
The technique is based on tensor decomposition, where a temporal network is naturally represented as a time-ordered sequence
of adjacency matrices, each one describing the state of the …financial network at a given point in time.
Our method is able to take into account both the spatial and the temporal distribution of the links that represent fl‡ows of funds
between institutions.
We apply the method to the e-Mid dataset, the most central banks turn out to be Italian banks. The cross-correlation between the
traded volume and the time score coefficient founded by the decomposition shows how this series anticipates the movement in
the overall traded volume.
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#496 - Random Investments in Financial Markets
Andrea Rapisarda - Università di Catania
Other Authors: Alessandro Pluchino Dipartimento di Fisica e Astronomia and Infn Università di Catania, Alessio Emanuele Biondo Dipartimento di
Economia e Impresa Università di Catania

In this paper, we address the specific role of randomness in financial markets, both at micro and macro level. In particular, we will
review some recent results obtained about the effectiveness of random strategies of investment, compared with some of the most
used trading strategies for forecasting the behavior of real financial indexes [1,2]. We also push forward our analysis by means of a
Self-Organized Criticality model, able to simulate financial avalanches in trading communities with different network topologies,
where a Pareto-like power law behavior of wealth spontaneously emerges [3,4]. In this context we present new findings and
suggestions for policies based on the effects that random strategies can have in terms of reduction of dangerous financial extreme
events, i.e. bubbles and crashes.
References
[1] A.E. Biondo, A. Pluchino, A. Rapisarda, Journal of Statistical Physics 151 (2013) 607.
[2] A.E. Biondo, A. Pluchino, A. Rapisarda, D. Helbing, (2013) PLOS ONE 8(7): e68344. doi:10.1371/journal.pone.0068344
[3] A.E. Biondo, A. Pluchino, A. Rapisarda, D. Helbing, Phys. Rev. E 88, 062814 (2013)
[4] A.E. Biondo, A. Pluchino, A. Rapisarda, Contemporary Physics 55 (2014) 318

#497 - Randomizing bipartite networks: the case of the World Trade Web
Fabio Saracco - ISC, CNR Rome
Other Authors: Riccardo Di Clemente (ISC, CNR, Rome) Andrea Gabrielli (ISC, CNR, Rome) Tiziano Squartini (ISC, CNR, Rome)

The class of networks represented by bipartite networks has been recognized to provide a particularly insightful representation of
many different systems: ecological networks, trade networks, citations and collaboration networks represent only few examples.
Anyway, quite surprisingly, little work has been done so far to implement null models on real bipartite networks. In particular, null
models for bipartite networks proposed so far show several limitations, ranging from being purely numerical (thus lacking the
analytic character), to assuming an a priori functional form either for the distribution of the quantities of interest or for the model’s
parameters (thus not being real data-rooted) or, lastly, using approximate analytical models. In this paper, we propose a theoretical
framework guaranteeing the three aforementioned properties, extending a recently-proposed method to randomize monopartite
networks to bipartite networks. The method rests upon the sequential maximization of Shannon entropy and the likelihood
function, a combination which has been proven to be highly effective both for detecting patterns and to reconstruct the structure
of several real-world networks. While the proposed formalism is perfectly general, in this paper we apply our method to the binary,
undirected, bipartite representation of the World Trade Web, as described by two different data sets (1963-2000 and 1995-2010).
We extend the definition of several monopartite quantities of interest to the bipartite case and compare the output of our null
model with the observed trends. Such a comparison shows that the bipartite WTW behaves completely differently from the
monopartite WTW. Remarkably, the bipartite definition of the closed motifs (here proposed for the first time), allows us to detect
early-warning signals of the 2007-2008 crisis (dating back to 2003) witnessed by the increasing level of randomness of the observed
network structure. Moreover, signals of the crisis attenuation after 2007 seem to be visible.
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#498 - Radioxenon Atmospheric Transport Modeling: from Worldwide Impact of Nuclear Power Plants to
CTBTO event screening categorization
Wolfango Plastino (I) - Roma Tre University / Department of Mathematics and Physics
The International Monitoring System (IMS), which is currently built up by the Comprehensive Nuclear-Test-Ban Treaty Organization
(CTBTO), continuously takes environmental measurements including atmospheric concentrations of several radionuclides. The
characterization of the existing and legitimate background, which is produced mainly by Nuclear Power Plants (NPPs) and Isotope
Production Facilities (IPFs), is of high interest to improve the capabilities of the monitoring network. Over 400 reactors at NPPs are
currently in operation worldwide, while only five IPFs are considered to be continuously emitting relevant activity levels.
Nevertheless, the emission strengths of typical nuclear power reactors are below the emission strengths of these IPFs; a typical IPF
usually emits radioxenon in the order of magnitude or above the total of all operational NPPs together. Therefore, the long-term
global radioxenon background is a result of many weak and a few strong sources.
133
The emissions from legitimate sources can usually only be estimated. However, historic source terms of Xe emissions from the
IPF at ANSTO, Sydney (Australia), have been made available in a daily resolution, and then applied together with Atmospheric
Transport Modelling (ATM) to predict the concentration time series at two radioxenon monitoring stations: Melbourne (Australia)
and Chatham Island (New Zealand).
133
Moreover, following the Fukushima NPP accident, detections of Xe have been made in various locations. Using results of these
133
137
remote measurements, the Fukushima Xe source term has been reconstructed and compared with previously estimated Cs
131
and I source terms.
Finally, feedback induced by local meteorological patterns on the equipment and on the sampling procedures has been included in
the analysis to improve CTBTO event screening categorisation. The occurrence probability of radioxenon outliers has been
estimated with a time series approach characterising and avoiding the influence of local meteorological patterns.

#499 - IMPACT OF ENVIRONMENT AND CLIMATE ON CULTURAL HERITAGE
Cristina Sabbioni (I) - ISTITUTO DI SCIENZE DELL'ATMOSFERA E CLIMA (ISAC)
Atmospheric and climate sciences have substantially contributed to scientific research applied to the protection of cultural heritage
towards environmental impact. Relevant research results developed in this sector by national and international projects will be
presented, concerning in particular the evaluation of air pollution and climate change impact on cultural assets, both indoor and
outdoor located.
Despite the strong interest focused on these areas, both at research and policy levels, very little attention has so far been directed
towards the impact of future change on cultural heritage: this is unacceptable either in Europe and in Italy being cultural heritage a
non-renewable resource to be transmitted to future generations.
In order to fill this gap, an innovative research work has been realized within the Noah’s Ark Project, funded by the European
Commission, which produced, as results, the "Atlas of climate change impact on European Cultural Heritage".
The study performed included as initial step the identification of the most relevant climate parameters affecting cultural heritage
(e.g. yearly precipitation, rainfall intensity) for producing climate maps. Subsequently, the parameters were combined to produce
specific heritage climatologies, e.g. wet-frost, based on rain followed by intense freezing, allowing the preparation of the heritage
climate maps. A further step employed climate parameters to determine the amount of damage occurring on building materials in
future scenarios, and to obtain the damage maps (e.g. stone surface recession, metal corrosion). Finally risk maps were prepared
combining two or more damage processes that could occur in different regions of Europe. Guidelines were also formulated in order
to inform cultural heritage managers and stakeholders on the effects of climate change on built heritage. The presentation will
summarize some of the results achieved.
As described, the Italian scientific community has played and is playing a leading role in this area of research.
In fact, recently, ISAC-CNR started a collaboration work to study the environmental impact in extra-Europe areas, in particular in
Panama, Central America, where the climate change at that latitudes can have different effects on the monuments. This study will
enhance the knowledge in facing extreme events and it will support the preservation of UNESCO sites located in this region. It will
be also provided a synthetic picture of the activities in the field of training, technology transfer and the dissemination of knowledge
among decision makers.
The presentation will conclude with a summary of the Joint Programming Initiative “Cultural Heritage and Climate Change: a new
challenge” coordinate by Italy (i.e. Ministry of Education, University and Research-MIUR and Ministry of Cultural Heritage and
Activities and Tourism- MIBACT) since 2010 with 18 EU Participating Countries.

#500 - Early indicators of abrupt desertification transitions
Cecilia Pennetta - Università del Salento
Other Authors: Raffaele Corrado (Istituto di Scienze dell'Atmosfera e del Clima ISAC CNR Lecce Italy), Anna Maria Cherubini (Dipartimento di
Matematica e Fisica ``Ennio De Giorgi'' Università del Salento Lecce)
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Regime shifts in ecosystems can imply relevant economic and social effects. This is especially true when they involve abrupt
transitions occurring on a relatively short timescale [1-4]. A special case of regime shift is given by desertification transitions of
semi-arid ecosystems which can be strongly affected by climatic or anthropogenic factors [1,3]. A crucial issue in this field concerns
the identification of early and reliable transition indicators, providing not only an estimate of the desertification risk, but also a tool
to monitor the effectiveness of actions devoted to contrast it [1,3]. To this purpose, several new transition indicators have been
proposed [3,4]. In particular, at increasing values of the mortality rate (control parameter of the transition) very early indicators
have been recently identified in the case of continuous or nearly continuous transitions (where the order parameter of the
transition is the fraction of vegetation covered surface). These new early indicators are associated with a change in the skewness
sign of the fluctuation distribution of the size of both the biggest clusters: the vegetation covered and the non-vegetated one [4].
On the other hand, numerical simulations based on a stochastic cellular automaton model [5,6] showed that several physical and
ecological parameters, like in particular the colonization rate and the aridity parameter, can affect the character of the transition:
from continuous to abrupt or vice versa [6,7]. Here we discuss the possibility of extending the new indicators to the case of abrupt
transitions. [1] J. F. Reynolds et al., Science, 316, 847 (2007). [2] K. M. Dahlin, G. P. Asner, C. B. Field, Procs. Nat. Ac. of Science, 110,
6895 (2013). [3] S. Kéfi, V. Guttal, W. A. Brock, S. R. Carpenter, A. M. Ellison, V. N. Livina, D. A. Seekell, M. Scheffer, E. H. van Nes, V.
Dakos, PLoS One, 9, e92097 (2014). [4] R. Corrado, A. M. Cherubini, C. Pennetta, Phys. Rev. E, 90, 062705 (2014). [5] S. Kéfi, M.
Rietkerk, C. L. Alados, Y. Pueyo, V. P. Papanastasis, A. ElAich, P. C. de Ruiter, Nature, 449, 213 (2007). [6] S. Kéfi, M. Rietkerk, M. van
Baalen, M. Loreau, Theor. Popul. Biology, 71, 367 (2007). [7] R. Corrado, A. M. Cherubini, C. Pennetta, Commun. Nonlinear Sci. and
Numer. Simulat. 22, 3 (2015).

#501 - A fully automated Raman lidar: measurements of the atmospheric aerosol optical transmission and water
vapour vertical profiles at service of Ultra High Energy Cosmic Ray (UHECR) Observatory P. Auger.
Vincenzo Rizi - DSFC - Università Degli Studi dell'Aquila
Other Authors: Auger Collaboration (Osservatorio P. Auger Malargue, Argentina), Marco Iarlori (DSFC - Università Degli Studi del'Aquila)

A robust and low cost Raman lidar is installed in the center of the P. Auger Observatory (AUGER), it is designed to measure the
aerosol extinction and backscatter coefficients, as well as the vertical profiles of the water vapour mixing ratio. This system is taking
measurements almost continuously, and in full automatic mode since November 2013. We report examples of oservations to
discuss the performances of this Raman lidar in producing the vertical aerosol optical depth profiles for the needs of the AUGER
Observatory, and its capabilities to constitute a feasible and useful database for atmospheric studies related to the climatology of
aerosol optical properties and of water vapour in planetary boundary layer and lower troposphere.

#502 - Measurements of differently-sized volcanic particles for understanding eruptive processes: the 12-13
January 2011 lava fountain case from Mt Etna, Italy
Antonio Cristaldi - Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo
Other Authors: Daniele Andronico (Istituto nazionale di Geofisica e vulcanologia, Osservatorio Etneo), Claudia D’Oriano (Istituto nazionale di
Geofisica e vulcanologia, Sezione di Palermo), Simona Scollo ((Istituto nazionale di Geofisica e vulcanologia, Osservatorio Etneo), Maria Deborah
Lo Castro (Istituto nazionale di Geofisica e vulcanologia, Osservatorio Etneo)

Mt Etna, in Italy, is one of the most active volcanoes in the world. In the last 20 years, more than 200 paroxysmal episodes occurred
from one of its summit craters, with a style of activity which spans from Strombolian to lava fountaining. The 12-13 January lava
fountain took place from the New South-East Crater, and produced tephra fallout extended to more than 100 km SSW from the
vent. Sampling carried out along the axis of the entire deposit has allowed to collect volcanic particles ranging in size from bombs
to fine ash, i.e. between more than 20 cm and less than 0.1 mm. On these particles, as a function of their size, we carried out
different types of measurements, including clast density, morphological and textural investigations, and chemical analysis. By using
the method of the three orthogonal maximumdimensions (A > B > C), over the proximal deposit we measured: a) >140 largest
clasts (in the range 16-2 cm) from 14 sites to evaluate the eruption plume dynamic close to the vent, and b) 1500 clasts (8-32 mm)
from 9 representative sites, in order to investigate the 3D shape of the lapilli class. Density measurements of 200 lapilli-sized
particles were carried out by hydrostatic weighing on an electronic balance allowing to describe the vesicularity of the magma. The
ash-sized class (particles <2 mm) was selected for componentry and morphological analyses, both under binocular
stereomicroscope and scanning electron microscope (SEM). Results can be discussed in terms of what types of volcanic particles
were produced during the eruption and how their textural features vary with respect to the distance of sampling from the vent.
Mineralogical and textural observations of thin sections have been made under petrographic microscope, aimed at deriving
information on the percentage of the different microlite phases. Finally, glass compositions on the ash particles (performed by SEM
analysis) indicated variations in magma composition. The combination of different results obtained through the whole set of
measurements and analyses represent the only tool to give insights into the main eruptive processes which accompanied the 12-13
January lava fountain. We will discuss them in terms of magma ascent and fragmentation in the conduits, terminal settling velocity
and fallout in the ground.

#503 - DRAG COEFFICIENT OF NON-SPHERICAL PARTICLES
Gholamhossein Bagheri - University of Geneva

247

Environmental Physics and Pollution

2 Oct

Other Authors: Costanza Bonadonna (University of Geneva), Irene Manzella (University of Geneva)

We present a new model for the prediction of the drag coefficient of non-spherical solid particles that is valid in the range of
5
particle Reynolds numbers Re< 10 (i.e. creeping to turbulent regimes). Results are obtained from analytical solutions for particles
moving at Re<<1 and experiments on 300 regular and irregular particles both in settling columns with heights between 0.45-3.6 m
4
5
(10<Re<300) and a 4-meter high vertical wind tunnel (10 <Re<10 ). Size and shape of particles are characterized by using 3D laser
scanning, SEM micro-CT and image analysis. Our analyses show how none of existing shape descriptors, such as sphericity,
circularity, elongation and flatness, well correlate with the particle drag coefficient. We introduce two new and easy-to-measure
shape descriptors, namely Stokes’ and Newton’s shape descriptors, which are functions of particle form only (i.e. flatness and
elongation) and have the highest correlation with the drag coefficient. Our results also indicate that orientation of non-spherical
particles can significantly affect the drag coefficient. In particular, at high Reynolds numbers (Re > 1000), the particle to fluid
density is the key parameter controlling the particle orientation and, hence, the drag coefficient. As a result, effect of density ratio
and particle orientation are added to our new model. In addition, effects of surface roughness (or surface vesicularity) on the drag
coefficient of non-spherical particles at various Reynolds numbers are investigated and its effect on the drag coefficient is found to
be negligible. We have also found that existing spherical and non-spherical models are associated with an average error of 30% for
estimating settling velocity of volcanic particles, while for highly non-spherical particles their errors can be significantly higher.
Benchmark tests show that our new model is reliable and easy to apply for estimating drag coefficient of non-spherical particles of
various shapes in a wide range of particle to fluid density ratio and Reynolds numbers.

#504 - Advanced GPS products for Volcanoes Monitoring applied at Mount Etna
Massimo Aranzulla - Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo
Other Authors: Flavio Cannavo' (Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo), Francesco Guglielmino (Istituto Nazionale di
Geofisica e Vulcanologia, Osservatorio Etneo), Giuseppina Imme' (Universita' degli Studi di Catania, Dipartimento di Fisica), Giuseppe Puglisi
(Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo), Simona Scollo (Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio
Etneo)

The GPS electromagnetic waves that propagate in the neutral atmosphere are perturbed by the local characteristics of the crossed
medium. Variations of pressure, temperature and water content, together with the presence of hydrometeors and particulates,
cause changes in the refractive index along the ray path. Since 1988, the Istituto Nazionale di Geofisica e Vulcanologia (INGV-OE)
monitors ground deformation at Mt. Etna. Nowadays, the network geometry consists of 42 permanent stations that provide a
dense coverage of the volcano edifice. Owing to both the high frequency of explosive episodes and the well-developed GPS
network, Mt. Etna is particularly suited for an in-depth investigation into the potential of GPS technique in the volcanos monitoring.
Two main issues have been addressed: the wet tropospheric tomography to improve the precision of the Differential
Interferometry Synthetic Aperture Radar (DInSAR) technique and the capability of GPS in detecting the volcanic plumes. The
DInSAR technique, used in geodesy to monitor the volcanic areas, is affected by atmospheric artefacts that are the most signiﬁcant
and, probably, the most diﬃcult to identify and reduce. Due to the prominent topography of Etna volcano and the quite variable
weather conditions, the atmospheric heterogeneities become even more pronounced. The estimation of atmospheric anomalies
using GPS measurements have noticeable importance to establish the “effective” ground deformation of the volcanic edifice. A
software has been developed for deriving the tropospheric tomography starting from the GAMIT software output. The wet
refractivity tomography was applied on experimental data of DInSAR Sentinel1 IW on Mount Etna. Concerning the second topic, in
the last years the Mt. Etna high frequency explosive activity formed volcanic plumes that rose up to kilometres above the vent. We
investigate the ability of GPS to detect volcanic plumes at Etna through the analysis of the GPS Signal to Noise Ratio (SNR) data. The
SNR data provide no information about the distance between the satellite transmitting the signal and receiver, and thus make no
direct contribution to positioning solutions. However, the SNR data are important because they can directly measure signal
attenuation or blockages. We develop and test the method on the volcanic plume produced during some explosive episodes.
Results show that, during the eruption, the SNR data had a drop caused by the presence of dense ash-laden plumes.
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#505 - Gel dosimeters for medical physics applications
Francesco d'Errico (I) - Yale University
Other Authors: Luigi Lazzeri (Università di Pisa), Mario Mariani (Politecnico di Milano), Daniele Dondi (Università degli Studi di Pavia), Maurizio
Marrale (Università degli Studi di Palermo), Paolo Randaccio (Università degli Studi di Cagliari), Giancarlo D’Agostino (Istituto Nazionale di
Ricerca Metrologica)

Gel dosimeters for three-dimensional mapping of radiotherapy doses were introduced at Yale University in the mid-1980’s. Soon
after, R&D in this field also started in Italy. Early work was done at the Istituto Superiore di Sanità, and at the Universities of Pisa
and Milan. Several institutes now collaborate on this topic with support from the Italian Ministry for University and Research
(MIUR) through Grant PRIN SNALEM2010 “Development and application of new materials for ionizing radiation dosimetry”. This
presentation describes this research, which aims at developing new formulations of hydrogel matrices with improved
characteristics of stability, sensitivity and spatial resolution compared to those of earlier Fricke-gel and polymer-gel systems. An
additional goal of our research is the simplification of the manufacturing processes in order to facilitate the diffusion of this
technology and its transition from the bench to the bedside.

#506 - Hadrontherapy: from the conventional modality to the laser-driven approach
GIACOMO CUTTONE (I) - Laboratori Nazionali del Sud, INFN
Other Authors: GAP Cirrone, F Romano, F Schillaci, V Scuderi, G Candiano, V Marchese, G Larosa, G Milluzzo, R Leanza, G Petringa, A
Tramontana (Laboratori Nazionali del Sud, INFN; Via S sofia 63, Catania, Italy)

External radiation treatments coupled to (on-line and off-line) imaging techniques with hadron beams represent, nowadays, the
frontier of conformational radiotherapy for tumor treatments and one of the best clinical approach for the battle against cancer.
Today, more than 40 hadrontherapy centers are active around the world and about 40 are planned to be realized in the next five
years.
Nevertheless, the large-scale adoption of hadrontherapy centers is strongly limited by the complexity and cost of these facilities.
In this context, laser-accelerated ion beams represent a fascinating alternative in the field of non-conventional acceleration
techniques. The INFN ELIMED (ELI-Beamlines MEDical and multidisciplinary applications) project aims to demonstrate the potential
medical applicability of optically accelerated proton beams.
In this work we will present the status of the art of the clinical dosimetry with proton beams as well as the future challenges that
the laser-driven beams reserve in this field.
Design, development and characterization of beam transport, selection and dosimetric devices for high-energy laser-driven proton
beams will be also presented.

#507 - Innovative approaches in the dosimetry of laser-driven proton beams for future hadrontherapy
applications
Renata Leanza - INFN
Other Authors: G.A.P. Cirrone1, F. Romano1,V. Scuderi1,2, A. Amato1, L. Andò 1, A. Attili3, M. Borgesi4, G. Candiano1, L. Cosentino1, M. Costa1,
G. Cuttone1, G. De Luca1, D. Doria4, G. Gallo1, G. Korn2, R. Leanza1,6, M. Maggiore5, R. Manna1, V. Marchese1, D. Margarone2, A. Maugeri1,
G. Milluzzo1,6, A. Musumarra1, L. Pandola1, G. Petringa1,6, S. Pulvirenti1, D. Rifuggiato1, D. Rizzo1, S. Salamone1, F. Schillaci1, M. Sedita1, A.
Seminara1, A. Tramontana1,6, B.Trovato1, C.Vaglinisii1 1 Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud, Via Santa Sofia 62,
Catania, Italy 2 Department of Experimental Program at ELI-Beamlines, Institute of Physics of the ASCR, ELI-Beamlines project, Na Slovance 2,
Prague, Czech Republic 3 Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Via P. Giuria 1, Torino, Italy 4 Centre of Plasma Physics, School
of Mathematics and Physics, The Queen’s University of Belfast, United Kindom of Great Britain 5 Istituto Nazionale di Fisica Nucleare, Laboratori
Nazionali di Legnaro, Viale dell’Università 2, Legnaro (Pd), Italy 6 Università di Catania, Dipartimento di Fisica e Astronomia, Via S. Sofia 64,
Catania, Italy

Over the last decades, charged particle acceleration using ultra-intense and ultra-short laser pulses has been one of the most
attractive topics in the relativistic laser-plasma interaction research. Actually, one of the most challenging ideas consists on using
laser-target interaction as a source of high-energy ions for medical applications. In this framework, the purpose of the international
ELIMED network consists on demonstrating that laser-driven high-energy proton beams can be used for multidisciplinary
applications investigating, particularly, new approaches in the hadron-therapy field.
We started to design a beam transport line prototype that allow the focalization and selection of the accelerated particles able to
deliver laser-generated proton beams with optimized properties suitable for multidisciplinary applications.
Furthermore, a Faraday cup (FC) prototype for absolute dosimetry has been designed and realized and preliminary tests have been
performed with conventional proton beams at LNS-INFN, and with laser-driven beams at the PALS laser facility in Prague and at the
TARANIS laser facility in Belfast.
In this contribution, the design and development of the dosimetric prototypes developed will be discussed. Moreover, preliminary
results obtained at the mentioned facilities will be presented.
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#508 - A GEANT4 Monte Carlo application to simulate a laser-driven electron beam line
Debora Lamia - Institute of Molecular Bioimaging and Physiology (IBFM) CNR - LATO
Other Authors: Giorgio Russo (Institute of Molecular Bioimaging and Physiology IBFM CNR – LATO) Carlo Casarino (Institute of Molecular
Bioimaging and Physiology IBFM CNR – LATO) Luca Gagliano (Institute of Molecular Bioimaging and Physiology IBFM CNR – LATO) Giuliana
C. Candiano (Institute of Molecular Bioimaging and Physiology IBFM CNR – LATO) Luca Labate (Intense Laser Irradiation Laboratory (ILIL) –
National Institute of Optics INO CNR, National Institute for Nuclear Physics INFN, Pisa Section and Frascati National Laboratories LNF) Federica
Baffigi (Intense Laser Irradiation Laboratory (ILIL) – National Institute of Optics INO CNR) Lorenzo Fulgentini (Intense Laser Irradiation
Laboratory (ILIL) – National Institute of Optics INO CNR) Antonio Giulietti (Intense Laser Irradiation Laboratory (ILIL) – National Institute of
Optics INO CNR) Petra Köster (Intense Laser Irradiation Laboratory (ILIL) – National Institute of Optics INO CNR) Daniele Palla (Intense Laser
Irradiation Laboratory (ILIL) – National Institute of Optics INO CNR) Leonida A. Gizzi (Intense Laser Irradiation Laboratory (ILIL) – National
Institute of Optics INO CNR, National Institute for Nuclear Physics INFN, Pisa Section and Frascati National Laboratories LNF) Maria C. Gilardi
(Institute of Molecular Bioimaging and Physiology IBFM CNR – LATO, University of Milano-Bicocca)

The laser-driven accelerator (LDA) based on the Laser Wake-Field Acceleration [1] mechanism in plasmas are now entering in a
mature phase (see L. Labate abstract), so that they can be considered, in perspective, as alternatives to the RF LINACs for the
medical practice, and in particular for radiotherapy [2].
Over the past few years, laser-driven electron accelerators have evolved greatly; they are able to produce electron bunches with
energies up to tens MeV, thus representing a new option for medical application as the Intra-Operative Electron Radiation Therapy
(IOERT). The use of a LDA for IOERT would allow a much smaller device to be introduced into the operating room, as the most bulky
component, the laser system, may be placed and monitored outside.
Important different characteristics of a LDA respect to a conventional clinical accelerator, require accurate studies related to
dosimetric and biological issues. To conduct biological and preclinical research activities and to study the radiobiological
effectiveness of these very intense pulses, it is necessary to obtain a dosimetric characterization of the electron beam.
This characterization can be validated with a Monte Carlo simulation tool, based on the GEANT4 toolkit, developed especially for a
LDA.
GEANT4 is a toolkit for the simulation of the passage of particles through matter [3]. It allows the particle tracking during their
motion, create geometrically the physical system and recreate the physical processes. It also includes a large set of materials and
elements to allow the reconstruction of the system as close as possible to the real one.
We have analyzed the dosimetric characterization of the electron beam by comparing numerical simulations with real
measurements carried out utilizing the LDA installed at National Institute of Optics (INO) of CNR Pisa [4].
From the GEANT4 simulation analysis, the energy distribution and angular spread of the beam were evaluated. Moreover, 2D
distribution and 3D profile of the dose and PDD curves were obtained. The GEANT4 application could be used to provide the
appropriate data about the experimental set-up to carry out biological experiments [4].
[1] E. Esarey et al., Rev. Mod. Phys. 81 (2009) 1229
[2] M. Martin, JNCI J Natl Cancer Inst (2009) 101 (7):450-451
[3] J. Allison et al., IEEE Transactions on Nuclear Science NS-53 (1) , (2006) 270
[4] D. Lamia et al., Nuclear Instruments and Methods in Physics Research A 786 (2015) 113–119

#509 - EXPERIMENTAL NANODOSIMETRY: THE LINK TO RADIOBIOLOGY
Anna Selva - LNL-INFN
Other Authors: Valeria Conte, LNL-INFN Paolo Colautti, LNL-INFN Davide Moro, LNL-INFN

The biological effectiveness of ionizing particles is clearly related to their track-structure properties on a nanometric scale. It was
therefore the aim of this work to develop a method and a detector which allow to measure directly the track structure properties
of light ions of therapeutic interest.
The track-nanodosimeter installed at the TANDEM-ALPI accelerator complex of LNL (Legnaro National Laboratories) counts the
number of ionizations produced inside a small gas volume by ionizing particles directly crossing it, or passing nearby at given impact
parameter. From the point of view of ionizing interactions, the gas volume simulates a cylindrical water target volume of
nanometric dimensions. For a detailed description of the experiment see ref. [1].
Considering the great interest for light ions in radiotherapy, the study of particle track structure properties was concentrated on
protons, Li-ions and C-ions. Ionization cluster-size distributions were measured and simulated by a dedicated Monte Carlo
simulation code. Some descriptors of the track structure can be derived from these distributions. They describe particular aspects
of the track structure of ionizing particles and hence also of radiation quality.
In analysing the large amount of data collected during the last years, the main attention was focused on particular properties of the
ionization cluster size distributions, the first moment M1, representing the mean number of ionizations produced in the target
volume V at the passage of the ionizing particle at given impact parameter, and the corresponding cumulative probability Fk of
measuring cluster sizesn ≥ k.
It was found that the sum distributions Fk behave, as a function of M1, similarly to the radiobiological cross sections as a function of
Linear Energy Transfer (LET), first increasing with increasing values of M1 and then showing a saturation effect.
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When also radiobiological data are plotted as a function of the mean ionization-cluster size M1, the result is a clear relation
between radiobiological cross sections and some of the cumulative distributions Fk. The correspondence between radiobiological
cross sections and experimental nanodosimetric data for protons and carbon ions will be presented.

#510 - The impact of self-oxidation on the dosimetric performance of ferrous-sulfate/xylenol-orange gels
Luigi Lazzeri - University of Pisa, Department of Civil and Industrial Engineering
Other Authors: Luigi Tana (AOUP, Health Physics Unit, Pisa, Italy), Maria Grazia Cascone (School of Engineering, University of Pisa, Pisa, Italy),
Chiara Corradi (School of Engineering, University of Pisa, Pisa, Italy), Andrea Marini (School of Engineering, University of Pisa, Pisa, Italy),
Maurizio Marrale (Department of Physics and Chemistry, University of Palermo, Palermo, Italy), Francesco d’Errico (School of Engineering,
University of Pisa, Pisa, Italy)

Since their introduction in the 1980’s, most of the research on ferrous-sulfate gel dosimeters has aimed at minimizing the ferric ion
diffusion phenomena that blur the 3D distribution of the signal. However, equally important are the spontaneous oxidation effects,
which alter the sensitivity of the gels over time. In some gels, this effect is very pronounced and must be accounted for even when
production, calibration and use of the gels are separated by just a few days. In other cases, the effect is much milder, but should
still be properly accounted for when gels are used over a long period a time, such as in the proposed monitoring of adaptive
radiotherapy treatments. Our work examined and modeled the spontaneous oxidation processes occurring in ferroussulfate/xylenol-orange gels for 3D dosimetry. The model accounts for the time interval between production of the gels and their
use, as well as for the fractionation schemes adopted for the irradiations. Based on a single kinetic constant and on the initial
amounts of Fe2+ and Fe3+, our model predicts as a function of time the amount of Fe3+ present in the gels and coordinated with
xylenol-orange.

#511 - Use of alanine EPR dosimeters for discriminating neutron and photon components in the thermal column
of Pavia Triga reactor
Saverio Altieri - Department of Physics, University of Pavia and INFN Pavia Section
Other Authors: Maurizio Marrale (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Salvatore Gallo
(Department of Physics and Chemistry, University of Palermo and INFN Catania Section and PH3DRA Laboratories, University of Catania), Matteo
Ferrari (Department of Physics, University of Pavia), Silva Bortolussi (INFN Pavia Section), Giuseppina Iacoviello (U.O.C. Fisica Medica – ARNAS
CIVICO Palermo), Anna Longo (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Salvatore Panzeca
(Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Francesca Ballarini (Department of Physics, University of
Pavia and INFN Pavia Section), Mario P. Carante (Department of Physics, University of Pavia and INFN Pavia Section), S. Fatemi (Department of
Physics, University of Pavia and INFN Pavia Section), Ian Postuma (Department of Physics, University of Pavia and INFN Pavia Section), Nicoletta
Protti (INFN Pavia Section), Maria Brai (Department of Physics and Chemistry, University of Palermo and INFN Catania Section)

The optimization of the procedures of Neutron Capture Therapy (NCT) for cancer treatments involves research for beam
characterization. One major issue for this therapy is the reliable dosimetric determination of the various (neutronic and photonic)
components of the employed beam. In particular, the precise and accurate measurements of the gamma photon component is
fundamental for evaluating the risks to healthy tissues hit by the mixed field.
Among solid state dosimeters the alanine detectors read by Electron Paramagnetic Resonance (EPR) technique present several
advantages such as: tissue equivalence for photon and electron beams, linearity of its dose-response over a wide range, high
stability of radiation induced free radicals, no destructive read-out procedure, no sample treatment before EPR signal
measurement and low cost of the dosimeters.
These features associated with the possibility of recognizing the various components of a mixed radiation fields makes alanine a
good candidate for dosimetry in neutron-gamma fields.
In this work we determine the gamma component of the mixed radiation field in thermal column of the Triga Reactor of University
of Pavia (which is used for experimental activities on NCT) by means of alanine EPR dosimeters.
Commercial alanine dosimeters produced by Synergy Health (Germany) were exposed in three positions in the thermal column; the
irradiations were performed inside graphite holders to avoid use of hydrogenous phantoms for minimizing the gamma contribution
due to the plastic holders. EPR measurements were carried out through Bruker ECS106 spectrometer equipped with a TE102
rectangular cavity. In order to isolate the gamma components of the mixed field two kinds of irradiations were carried out inside a
lithium carbonate box (wherein the thermal neutron component is heavily reduced) and outside of it.
MCNP Monte Carlo simulations of the irradiation set-up were carried out, calculating the contributions of the various components
present in the mixed field (thermal and fast neutron and gamma).
The experimental values are compared with the computations of the Monte Carlo simulations and the results are discussed on the
basis of the mixed field features and on the response of alanine dosimeters to high and low LET radiations.

#512 - Alanine EPR pellets for dosimetry of clinical proton and carbon ion beams
Salvatore Panzeca - Department of Physics and Chemistry, University of Palermo and INFN Section of Catania
Other Authors: A. Carlino (Department of Physics and Chemistry, University of Palermo and INFN Section of Catania and Biophysics department,
GSI Helmholtzzentrum fr Schwerionenforschung GmbH Planckstrae), M. Durante (GSI Helmholtzzentrum fr Schwerionenforschung GmbH
Planckstrae), M. Kramer (GSI Helmholtzzentrum fr Schwerionenforschung GmbH Planckstrae), C. La Tessa (GSI Helmholtzzentrum fr
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Schwerionenforschung GmbH Planckstrae), S. Gallo (Department of Physics and Chemistry, University of Palermo and INFN Section of Catania), A.
Longo (Department of Physics and Chemistry, University of Palermo and INFN Section of Catania), M. Marrale (Department of Physics and
Chemistry, University of Palermo and INFN Section of Catania), E. Scifoni (GSI Helmholtzzentrum fr Schwerionenforschung GmbH Planckstrae), M.
Brai (Department of Physics and Chemistry, University of Palermo and INFN Section of Catania)

Proton and carbon ion beams offer several advantages compared to other radiation fields for therapy such as low lateral scattering
and high biological effectiveness (RBE) in the Bragg peak region, making them particularly attractive for the treatment of radioresistant tumors localized close to organs at risk. Although ion beam radiotherapy ultimately requires dose prescription in terms of
biological dose or cell survival, absorbed dose is still the quantity mostly used in clinical quality assurance and to dosimetrically
characterize the beam.
Among solid state detectors the alanine EPR detectors present several advantages such as: tissue equivalence, linearity of its doseresponse over a wide range, high stability of radiation induced free radicals, no destructive read-out procedure, no sample
treatment before EPR signal measurement. These features associated with the possibility of recognizing the various components of
a mixed radiation fields makes alanine a good candidate for Quality Assurance of clinical particle beams.
The main goal of the present work is to investigate the response behaviour of alanine EPR pellets in clinical proton and carbon ion
12
beams. Proton irradiations were carried out at PSI (Switzerland) using both passive and active scattering modality, whereas, C ions
irradiation were performed at GSI (Germany) adopting the raster scanning modality.
Regarding the passive scattering modality, Output Factormeasurements have been carried out at the OPTIS2 facility of PSI and the
results are in agreement with Hi-p semiconductor diode up to 10 mmcollimator diameter. Moreover, regarding the active scanning
12
technique (raster scanning for C and spot-scanning for protons) the alanine response at selected locations in depth has been
12
measured andcompared with TPS planned dose in different quasi-clinical scenarios. A dosimeter 'quenching' more evident for C
ions than for protons wasmeasured.
Furthermore, the study of EPR signal stability after irradiation wasperformed for both proton and carbon ion irradiations.

#513 - Fricke gel layer dosimeters for measurements of all dose components in irradiations with epithermal
neutrons beams at a research reactor
Grazia Gambarini - Università degli Studi di Milano and INFN
Other Authors: E. Artuso, M. Felisi, D. Giove, Department of Physics, Universita' degli Studi di Milano and INFN, Milan, Italy, S. Agosteo, A. Pola,
Energy Department, Politecnico di Milano and INFN, Milan, Italy , V. Klupak, L. Viererbl, M. Vins, M. Marek, Department of Neutron Physics,
Research Centre Řež, Řež, Czech Republic

Gel dosimeters in form of layer have shown noticeable potential for dosimetry in epithermal or thermal neutron fields with very
high fluence rate, as those characteristic of nuclear research reactors that are exploited for boron neutron capture therapy (BNCT),
because they give the possibility of attaining the spatial distribution of the various dose components generated by neutron
reactions in water-equivalent phantoms.
Wide studies have been carried out utilising laboratory-made Fricke gel dosimeters containing xylenol orange. By suitably adjusting
the dosimeter isotopic content, the separation of the dose components having different LET can be achieved. In their standard
composition, these dosimeters are water equivalent for neutrons and for all the secondary radiations generated by neutron
reactions inside the phantom. In particular, the dose due to the charged particles generated by the reactions of thermal neutrons
10
with B can be attained from the dose images obtained with two dosimeters, a standard one and another containing a suitable
10
amount of B. From the boron dose images, the thermal neutron fluence images can be attained by means of the kerma factor.
The gamma dose and the dose due to fast neutrons, not negligible in the case of epithermal neutron beams, can be separated by
suitable elaboration of the dose images measured by means of two other dosimeters, a standard one and an other with the same
chemical composition but prepared with heavy water.
Fricke–xylenol–orange gel dosimeters have also shown to be a valid aid for the characterization of the neutron beams from
epithermal or the thermal columns of a research reactor.
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#514 - Manipulation of hyperentangled and cluster states via integrated photonics
Paolo Mataloni (I) - Sapienza Università di Roma, Dipartimento di Fisica
Other Authors: - M. A. Ciampini, Sapienza Università di Roma - A. Orieux,T´elecom ParisTech, CNRS-LTCI, Paris Cedex 13, France - S. Paesani,
Sapienza Università di Roma - F. Sciarrino, Sapienza Università di Roma - G. Corrielli, Istituto di Fotonica e Nanotecnologie - Consiglio Nazionale
delle Ricerche, Milano - A. Crespi, Istituto di Fotonica e Nanotecnologie - Consiglio Nazionale delle Ricerche, Milano - R. Ramponi, Istituto di
Fotonica e Nanotecnologie - Consiglio Nazionale delle Ricerche, Milano - R. Osellame, Istituto di Fotonica e Nanotecnologie - Consiglio Nazionale
delle Ricerche, Milano

Encoding many qubits in different degrees of freedom (DOFs) of single photons is one of the routes towards enlarging the Hilbert
space spanned by a photonic quantum state. Hyperentangled photon states (i.e. states showing entanglement in multiple DOFs)
have demonstrated significant implications for both fundamental physics tests and quantum communication and computation.
Increasing the number of qubits of photonic experiments requires miniaturization and integration of the basic elements and
functions to guarantee the set-up stability. This motivates the development of technologies allowing the precise control of different
photonic DOFs on a chip. We demonstrate the simultaneous control of both path and polarization DOFs of a photon pair in an
integrated quantum circuit fabricated by femtosecond laser writing. We tested the properties of four-qubit linear cluster states
built on both DOFs. Our results pave the way towards the full integration on a chip of hybrid multiqubit multiphoton states

#515 - Non-adiabaticity and entropy production in quantum thermodynamics processes
Francesco Plastina (I) - dip. Fisica, Universita' della Calabria
Other Authors: Gianluca Francica (Dip. Fisica, Universita' della Calabria)

We study the out-of-equilibrium thermodynamic properties of unitarily evolving quantum systems (driven by a time dependent
control parameter entering their Hamiltonian) and in particular compare the work actually done on the system with the adiabatic
one, that would be performed following an infinitely slow protocol. The non-adiabatic part of the work, called inner friction, can be
used to reveal irreversibility in the process and is intimately linked to the non-equilibrium entropy production. Indeed, it can be
expressed as the relative entropy between the actual state of the system and the ideal one, and it is associated to a specific
fluctuation relation for the entropy production, which allows the inner friction to be expressed in terms of its cumulants. We apply
this formalism to various cases of experimental relevance, showing explicitly that the inner friction is linked to the speed at which
the process is performed and to the diabatic transitions that occur in the system.
Reference
F. Plastina et al. , Phys. Rev. Lett. 113, 260601 (2014).

#516 - Quantum control of two-qubit gates via dynamical decoupling filtering of 1/f noise
Elisabetta Paladino (I) - Dipartimento di Fisica e Astronomia, Università di Catania and CNR-IMM UOS Universita
(MATIS)
Other Authors: Antonio D'Arrigo (Dipartimento di Fisica e Astronomia), Giuseppe Falci (Dipartimento di Fisica e Astronomia and CNR-IMM UOS
Universita (MATIS))

Achieving high-fidelity universal two-qubit gates is a central requisite of any implementation of quantum information processing. In
solid-state nanocircuits, noise with 1/f power spectrum represents a severe obstacle towards this goal [1]. For single-qubit gates
considerable improvement has been achieved by operating at optimal points and further enhancement has been obtained by openloop dynamical decoupling. However, protection of qubit coherence during a multi-qubit gate poses non-trivial additional
problems. In fact decoupling may disrupt the inter-qubit dynamics thus conflicting with gate operation. Here we present the
integration of dynamical decoupling into a universal two-qubit gate in the presence of 1/f noise acting locally on each of the qubits
forming the entangling gate. We address both the case of pure dephasing and of depolarizing noise and investigate the gate
efficiency under periodic, Carr-Purcell, and Uhrig dynamical decoupling sequences.
Our analysis is based on the exact numerical evaluation of gate operation for 1/f noise measured in superconducting qubits and on
perturbative (Magnus) expansion for quasi-static noise. For transverse noise we find that a threshold value of the number of pulses
α
exhists above which the gate error is reduced as n with α depending on the dynamical decoupling sequence. For smaller pulse
numbers, dynamical decoupling may even increase the error with respect to the unconditioned evolution, a behavior reminiscent
of the anti-Zeno effect. For pure dephasing noise we find an analytic expression of entanglement fidelity in terms of noise filter
functions allowing to single out the sequence-specific capability to bypass cumulants of the underlying non Gaussian processes. The
possibility to reach the accuracy threshold for fault- tolerant quantum information processing with solid-state devices by quantum
gates with integrated decoupling is critically discussed.
[1] E. Paladino, Y. Galperin, G. Falci, and B. Altshuler, Rev. Mod. Phys. 86, 361 (2014).

#517 - Thermal current and dephasing in a fluxonium qubit
Samuele Spilla - University of Palermo

253

Quantum thermodynamics and quantum technologies 2

2 Oct

Other Authors: Fabian Hassler (RWTH Aachen University), Anna Napoli (University of Palermo), Janine Splettstoesser (Chalmers University of
Technology, Goteborg)

Thermal currents through Josephson junctions are carried by quasiparticles above the gap and depend on the superconducting
phase difference across the junction through Andreev reflection processes. This has been experimentally verified a few years ago,
where the thermal current due to a temperature gradient across a two-junction SQUID has been measured. While this is of
relevance for the coherent tunability of thermal currents on one hand, we have shown that it also has an impact on devices
containing Josephson junctions, where accidental temperature gradients can occur. We have investigated the impact of very small
thermal gradients on a fluxonium qubit, and to do that we have used the thermal current in the linear response regime. This
fluxonium, which is a superconducting qubit consisting of a SQUID with multiple Josephson junctions, has the unique advantage of
being protected against both charge and flux noise. In particular is well protected against flux noise thanks to its array of Josephson
junctions which acts as a superinductance. We have shown that the thermal currents have a measurement character on the state
of the qubit. In other words, the thermal currents contribute to limiting the dephasing time of the qubit, according to the
temperature of the system. We have shown that the sensitivity of the thermal current to the qubit states is independent on the
number of junctions in the array of the superinductance. Moreover, we have shown that the superinductance, which results in a
small inductive energy, gives a good protection also to thermal dephasing.

#518 - Functional approach to heat-exchange, application to the spin boson model: from Markov to quantum
noise regime.
Matteo Carrega - SPIN-CNR (Genova)
Other Authors: P. Solinas, SPIN-CNR, Via Dodecaneso 33, 16146 Genova, Italy A. Braggio, SPIN-CNR, Via Dodecaneso 33, 16146 Genova, Italy M.
Sassetti, Dipartimento di Fisica, Università di Genova, Via Dodecaneso 33, 16146 Genova, Italy U. Weiss, II. Institut fur Theoretische Physik,
Universitat Stuttgart, D-70550 Stuttgart, Germany

The emerging field of quantum thermodynamics aims to extend basic concepts of thermodynamics at the nanoscale. Indeed
lowering the dimension of a system, fluctuations and quantum effects become crucial and classical thermodynamics cannot be
simply applied. The question of how a small system exchanges heat and energy with a bigger one is very important both from
technological and fundamental point of view. A deep understanding of heat exchange at the nanoscale is necessary in view of the
realization of quantum devices such as quantum heat engines which could have great technological impact. Despite much recent
efforts, the thermodynamics of quantum systems is still poorly understood, at least when compared to its classical counterpart.
Here we aim to go a step forward towards a microscopic and rigorous description of heat exchange in quantum system.
We face with a path-integral approach the problem of a quantum system coupled to a thermal reservoir and consider the energy
flows between them.
In this framework we can write a general heat influence functional which embodies all the dissipative mechanisms and allows us to
study heat processes.
We present the exact formal solution for the
moment generating functional which carries all statistical features of the heat exchange process for general linear dissipation.
As an application we study the paradigmatic case of a two-level system and we show that at low temperature non-Markovian
effects could dominate the time evolution of the average heat and heat power.

#519 - Out-of-equilibrium Thermodynamics of Quantum Optomechanical Systems
Matteo Brunelli - Queen's University Belfast
Other Authors: A. Xuereb (Department of Physics, University of Malta, Msida MSD 2080, Malta) N. Kiesel (Vienna Center for Quantum Science and
Technology (VCQ), University of Vienna, 1090 Vienna, Austria) A. Ferraro, G. De Chiara and M. Paternostro (Centre for Theoretical Atomic,
Molecular and Optical Physics, School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, United Kingdom)

The exploration of out-of-equilibrium features of small systems is attracting an ever-increasing attention.
Given the spectacular level of control achievable over smaller and smaller systems, one would eventually reach a point where
quantum fluctuations — besides thermal ones — start playing a non-negligible role. In particular, optomechanical systems seem
particularly suited to enquire that regime, and offer the unique perspective of bridging the study of quantum thermodynamics with
the macroscopic domain. However this requires an adequate analysis — pursued at a fully quantum level — of the
thermodynamical properties of the optomechanical interaction, in particular retaining the nonlinearity of the interaction at the
level single-photon coupling. With these motivations we explore and characterize the thermodynamical behavior of an
optomechanical system driven out of equilibrium by a time-dependent transformation. We address an isolated quantum system,
consisting of an optical mode confined in a cavity and parametrically coupled to a mechanical oscillator, evolving according to a
time-dependent Hamiltonian and undergoing a two-step measurement protocol. We access analytically the full distribution of the
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work generated by the process, addressing both linear and quadratic optomechanical coupling, where the cavity field is
parametrically coupled to either the position or the square of the position of a mechanical oscillator, respectively. In the former
case we find that the average work generated by the quench is zero, whilst the latter leads to a non-zero average value. Through
fluctuations theorems we access the most relevant thermodynamical figures of merit, such as the free energy difference and the
amount of irreversible work generated. We thus provide a full characterization of the out-of-equilibrium thermodynamics in the
quantum regime for nonlinearly coupled bosonic modes. Our study is the first due step towards the construction and full quantum
analysis of an optomechanical machine working fully out of equilibrium.
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#520 - Using The Virtual Brain simulation framework as a Technology and Devlopment platform for medical
applications
Petra Ritter (I) - MPI Leipzig and Charité University Medicine Berlin
The Virtual Brain is a whole brain simulation platform (thevirtualbrian.org). It provides a unifying mathematical framework for
multimodal brain data including functional and structural neuroimaging data. An automated processing pipeline allows
preprocessing imaging data of different modalities, precisely aligning them and using them as model constrains. This way each
model can be personalized by integrating individual patient data. We are currently testing The Virtual Brain for epilepsy and stroke
patients and using it in combination with mobile EEG technology to improve decoding brain states in real life scenarios. The Virtual
Brain can be used as a mathematical microscope to reveal internal states and processes that cannot be captured by noninvasive
imaging methods alone. For example it is capable to generate new hypotheses on complex mechanisms underlying plasticity and
learning taking into account complex network interactions that otherwise would be difficult to keep track on. In addition the
standardized modeling framework guaranties reproducibility of simulations and testing as well as comparison of a wide range of
different model classes which allows identification of generic models that capture a maximum range of dynamical regimes of the
brain under a multitude of different conditions.

#521 - Boron-doped nanocrystalline diamond microelectrodes for detecting amperometric and potentiometric
signals from excitable cells
Alberto Pasquarelli (I) - Ulm University
Thin-films of synthetic boron-doped diamond (BDD) grown on insulating substrates allow the fabrication of electrochemical
biochips with unmatched performances thanks to the extreme properties uniquely possessed by diamond mechanical.
The most common substrate for BDD-devices is silicon, due to its chemical and thermomechanical compatibility with diamond.
Unfortunately, this material is opaque in both the visible and UV-range. Aiming at simultaneous electrochemical and fluorescence
detections of biological events, we developed a new diamond-on-glass technology, which yields diamond films of good conductivity
and at the same time allows to reach a transparency of ~ 50 % in the visible and near-UV range. Based on this technology, a variety
of Microelectrode Arrays (MEA), with layouts ranging between 4 and 64 independent microelectrodes has been successfully
fabricated.
Being Diamond an excellent material for RedOx (type-0) electrodes, those chips are primarily committed to the amperometric
detection of catecholamine release from chromaffin cells. In this application, they show excellent sensitivity, very low noise, fast
response and long-life. Moreover, by characterizing electrochemically the diamond MEAs, it turned out that our devices are also
suitable for potentiometric detection, provided tailored read-out electronics is available. This approach conducted to successful
recordings of action and field potentials and even transient pH-variations.
Our last developments are focusing on enhancing the detection sensitivity, aiming at applications with dopaminergic neurons. For
this purpose, the BDD-electrodes require a lower impedance and at an enhanced electrochemical activity. In order to achieve these
goals, we investigated two approaches to provide a 3D nanostructuring of the electrodes surface. One is based nanowires, the
other on a porous conducting polymer. Furthermore, the instrumentation setup includes now, beside the traditional
chronoamperometry operation, also the fast-scan cyclic voltammetry (FCV), which allows the simultaneous detection of different
redox species with a time-resolution of ~100 ms.

#522 - Diamond based-electrochemical sensor for simultaneous detection of quantal exocytic events from
neuroendocrine cells
Federico Picollo - Istituto Nazionale di Fisica Nucleare
Other Authors: Alfio Battiato (Physics Department, University of Torino), Ettore Bernardi (Physics Department, University of Torino), Emilio
Carbone (Department of Drug Science and Technology, University of Torino), Sara Gosso (Department of Drug Science and Technology, University
of Torino), Paolo Olivero (Physics Department, University of Torino), Alberto Pasquarelli (Institute of Electron Devices and Circuits, Ulm
University), Valentina Carabelli (Department of Drug Science and Technology, University of Torino)

The study of the mechanism involved in the observed catecholamine (i.e. adrenaline) secretion is of paramount importance in
neuroscience research in order to achieve a better understanding of the signal transmission among neurons. New technologies
allow overcoming the limitations of current standard approaches. Diamond-based sensors, taking advantage of the extreme
properties of this material (biocompatibility, chemical inertness, single defects quantum properties), represent the next generation
devices.
In the present work we report about a systematic investigation of quantal exocytic events from cultured bovine chromaffin cells
carried out by a diamond-based Multi Electrode Array (MEA) sensor.
+
The biosensor was fabricated using an opportunely masked broad 1.3 MeV He ion beam on a IIa monocrystalline diamond sample
3
(4.5×4.5×0.5 mm ). This process provides buried highly conductive graphitic channels (resistivity ~mΩ·cm) embedded in a highly
insulating and chemically inert diamond matrix which can act as electrochemical sensors for excitable cells, as already
demonstrated by amperometric measurement of exocityc events on single-electrode device [Adv.Mat2013] and by a preliminary
characterization of the multi electrode sensors.
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Taking advantage of the biocompatibility of diamond, cultures of chromaffin cells were incubated over the surface of the device.
Quantal secretory responses were simultaneously measured from stimulated cells positioned on the 16 graphitic microelectrodes.
The proposed diamond based sensor exhibits sensitivities toward oxidazable molecules similar to that of standard commercial
techniques, as demonstrated by the full compatibility of the presented results with those obtained using carbon fibre
microelectrodes. However, our new device offers a faster data harvesting due to the multi electrode integration and the possibility
of recordings from cell populations, thus using the microchip for fast drug screening over a large number of biological samples.
[Adv.Mat2013] F. Picollo et al. Advanced Material, 25 (2013) 4696
[Sensors-Basel2015] F. Picollo et al. Sensors, 15 (2015) 515

#523 - Towards innovative bioimaging techniques exploiting NV centers in nanodiamonds
Paolo Traina - Istituto Nazionale di Ricerca Metrologica (INRIM)
Other Authors: E.Moreva (INRIM, Torino, Italy), J. Forneris (Dipartimento di fisica and NIS, Università di Torino, Torino, Italy; INFN, sez. Torino,
Torino, Italy; CNISM, sez. Torino, Torino, Italy), A. Tengattini(Dipartimento di fisica and NIS, Università di Torino, Torino, Italy; INFN, sez. Torino,
Torino, Italy; CNISM, sez. Torino, Torino, Italy), I. P. Degiovanni (INRIM, Torino, Italy), G. Brida (INRIM, Torino, Italy), F. Picollo(INFN, sez.
Torino, Torino, Italy; Dipartimento di fisica and NIS, Università di Torino, Torino, Italy; CNISM, sez. Torino, Torino, Italy), A.
Battiato(Dipartimento di fisica and NIS, Università di Torino, Torino, Italy; INFN, sez. Torino, Torino, Italy; CNISM, sez. Torino, Torino, Italy), E.
Bernardi(Dipartimento di fisica and NIS, Università di Torino, Torino, Italy; INFN, sez. Torino, Torino, Italy; CNISM, sez. Torino, Torino, Italy), C.
Enrico Bena (Università di Torino, Torino, Italy), L. Boarino (INRIM, Torino, Italy), N. De Leo (INRIM, Torino, Italy), G. Amato (INRIM, Torino,
Italy), E. Enrico (INRIM, Torino, Italy), V. Carabelli (Dipartimento di Scienza e Tecnologia del Farmaco, Università di Torino, Torino, Italy;
CNISM, sez. Torino, Torino, Italy), L. Guarina(Dipartimento di Scienza e Tecnologia del Farmaco and NIS, Università di Torino, Torino, Italy), E.
Carbone(Dipartimento di Scienza e Tecnologia del Farmaco and NIS, Università di Torino, Torino, Italy; CNISM, sez. Torino, Torino, Italy), P.
Olivero(Dipartimento di fisica and NIS, Università di Torino, Torino, Italy;INFN, sez. Torino, Torino, Italy;CNISM, sez. Torino, Torino, Italy), M.
Genovese (INRIM, Torino, Italy; CNISM, sez. Torino, Torino, Italy).

Nitrogen Vacancy (NV) centers in nano-diamonds (ND) have many interesting characteristics that renders them promising tools for
nano and quantum technology applications, these range from the realization of on demand deterministic single photon sources to
the implementation of quantum information protocols.
In recent years, among the other appealing properties of NV-ND, their bio compatibility has emerged with increasing evidence as
well as their functionality under physiological conditions, so that they can effectively safely pass the cell membrane for intracellular
biosensing purposes.
In this talk we discuss the preliminary results obtained in the exploitation of magneto-optical detection of spins associated to NV
centers in diamond for new bioimaging techniques at room temperature at the nanometric scale.

#524 - Memristive behavior in nanoscale metal oxides
Carlo Ricciardi - Politecnico di Torino
Other Authors: Fabrizio Pirri (Politecnico di Torino, IIT@PoliTO)

The discovery of memory-resistors (memristors) represents one the latest breakthrough in fundamental electronics and physics.
Memristors are two-terminal passive electronic devices, with a resistance that dynamically changes depending on the previous
usage, and that can be maintained over time, similarly to what happens in brain's synapses.The interest in the memristor area is
therefore rapidly increasing for the high potential to emulate the behavior of real neural circuits in high-power computing and
neuromorphic learning systems.
Metal oxides such as titanium and tantalum oxide have shown resistive switching behavior when applied as nanometrically thin
layers inside metal/insulator/metal structures. Furthermore, nanostructured metal oxides such as ZnO nanowire-based systems are
predicted to achieve significant breakthroughs in memristive devices, because they present large interfacial area and direct charge
conduction path, which are important features for resistive switching applications.
TiOx and TaOx thin films were deposited by atomic layer deposition (ALD) at different temperatures, while ZnO nanowire/polymer
core-shell structures were achieved thanks to Chemical Vapour Deposition (CVD) and Plasma Polymerization techniques. Electrical,
structural, morphological and compositional properties of such materials will be discussed in view of elucidating their memristive
behavior.

#525 - Parco Area delle Scienze 37/A - 43124 Parma, Italy
Salvatore Iannotta - IMEM - Istituto dei Materiali per Elettronica e Magnetismo - Consiglio Nazionale delle Ricerche
Other Authors: Giacomo Baldi (IMEM-CNR), Silvia Battistoni (IMEM-CNR) Tatiana Berzina (IMEM-CNR), Alice Dimonte (IMEM-CNR), Pasquale
D'Angelo (IMEM-CNR)Agostino Romeo (IMEM-CNR), Giuseppe Tarabella (IMEM-CNR), Victor Erokhin (IMEM-CNR)

Organic and Organic Bio-hybrid Memristive Devices
Organic based biosensing and memristive devices are more and more paving the way to novel perspectives both in mimicking and
interfacing natural systems while representing an ideally suitable platform for applications in bio-electronics and bio-medicine. Our
contribution to the field including applications to drug delivery studies and bioelectronics will be introduced and discussed together
with the recent achievements in developing memristive devices based both on PANI/PEO and PEDOT::PSS polymers. The evolution
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from simple logic elements up to the first organic based Perceptron will be discussed envisaging the perspective. The results and
potential of the approach based on organic electrochemical devices, as well as a comparison with methods already established in
the field, will be discussed together with the great potential of these devices. The novel approach based on interfacing memristive
devices with biological cells and systems will be introduced together with the demonstration of a memristive organic-bio-hybrids
that will be proposed and discussed as a potential for novel very promising applications.
VA Demin, VV Erokhin, AV Emelyanov, S Battistoni, G Baldi, S Iannotta, Hardware elementary perceptron based on polyaniline
memristive devices Organic Electronics (2015 in press).
A.Romeo, G.Tarabella, P.D’Angelo, C.Caffarra, D.Cretella, R.Alfieri, P.G.Petronini, S. Iannotta Drug-induced cellular death dynamics
monitored by a highly sensitive organic electrochemical system. Biosensors and Bioelectronics 68, 791-797 (2015)
G. Tarabella, P. D'Angelo, A. Cifarelli, A. Dimonte, A. Romeo, T. Berzina, V. Erokhin and S. Iannotta A hybrid living/organic
electrochemical transistor based on the Physarum polycephalum cell endowed with both sensing and memristive properties
Chem. Sci. 6, 2859-2868 (2015)

#526 - Synchronization phenomena in oscillatory neural networks with memristor synapses
Fernando Corinto - Politecnico di Torino
The memristor manifests qualities and behaviors which are naturally observed in biological synapses. It exists at the nano-scale, it
consumes very little power, it is ideally suited for parallel processing, it may process and store information simultaneously, and, last
but not least, it offers a conductive behavior depending on the time evolution of the flux through it.
Furthermore it is able to reproduce rules governing the process of neural learning, including the Hebbian rule, Spike-TimeDependent-Plasticity and Spike-Rate-Dependent-Plasticity.
Recent studies confirm that the nanoscale memristor is a serious candidate to become the core element of novel neuromorphic
systems due to its ability to emulate the behavior of a biological synapse more efficiently and accurately than any conventional
electronic circuit.
This manuscript aims to provide some insight into the mechanisms underlying the emergence of synchronization in oscillatory
neural cells (e.g. Hindmarsh-Rose neurons) coupled through memristors. Extensive numerical investigations show that in some
cases the nonlinear dynamics of the memristor play a key role in the development of synchronous oscillations in the network. The
results are then confirmed by theoretical analysis based on the contraction mapping theory.
This work sheds light on some aspects of the nonlinear behavior of the still largely unexplored memristor, which is doomed to make
an impact in integrated circuit design in the years to come.

#527 - Pulsed laser deposition of ZnO and VO2 films for memristor fabrication
Giuseppe Lullo - Dipartimento di Energia, Ingegneria dell'Informazione e Modelli Matematici (DEIM), Università di
Palermo
Other Authors: Roberto Macaluso, Vincenzo Aglieri, Mauro Mosca, Fulvio Caruso, Claudio Calì (Dipartimento di Energia, Ingegneria
dell’Informazione e modelli Matematici, Università di Palermo), Francesco Di Franco, Monica Santamaria, Francesco Di Quarto (Dipartimento di
Ingegneria Civile, Ambientale, Aerospaziale, dei Materiali, Università di Palermo)

Memristors are resistive switching memory devices which have attracted much attention over the last years for high-density
memory applications because of their simple structure, small cell size, high speed, low power consumption, potential for 3-D
stacking and excellent compatibility with the complementary metal-oxide-semiconductor (CMOS) technology [1]. Beside
nonvolatile memory applications, memristors have been also proposed for other different applications including biosensors [2] and
neuromorphic [3] circuits.
The device structure is simply an oxide material sandwiched between two metal electrodes. The switching behavior is not only
dependent on the oxide material but also on the choice of metal electrodes and their interfacial properties. For this reason
switching characteristics of many metal oxide films (e.g. TiO2, NiO, TaO2, HfO2) and metal contacts have been studied [1]. ZnO has
attracted much attention as oxide material for resistive switching application, due to its abundance in nature, which means low
cost, and compatibility to CMOS technology [4] in terms of process integration and device scalability down to nanometric sizes. VO2
is also a promising candidate as switching element for data storage [5].
In this work we report on the fabrication and electrical characterization of microscale ZnO and VO2 memristors. ZnO-based
2
2
memristors have active areas ranging between 2 × 2 mm and 300 × 300 mm . VO2-based memristors have instead dimensions
2
2
between 100 × 100 mm and 300 × 300 mm . Both oxides were deposited by pulsed laser deposition (PLD) on FTO (FluorineTinOxide) glass substrates at the conditions reported in [6]. After the oxide deposition, top metal contact were defined by direct laserwriting microlithography and subsequent lift-off. All devices were electrically characterised at room temperature by performing
two-probe I–V measurements by means of a custom developed electronic circuit. For all devices the typical I–V curve of hysteresis
was achieved by sweeping the applied voltage in the range –3 to 3 V.
An analysis of the high resistance state (HRS) and low resistance state (LRS) against the device size showed that for both material
systems the LRS is independent on the device area, suggesting that the ON-state of the device is dominated by a local, filamentary
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phenomenon. Moreover, smaller devices exhibit a HRS increasing with device size decreasing. Finally, ZnO devices have proven to
be more suitable for memory application than VO2-based device, exhibiting a higher ROFF/RON ratio.
[1] H. Wong et al., Proc. IEEE, 100, 1951-1970 (2012).
[2] S. Carrara et al., Sensors and Actuators B, 171– 172, 449– 457 (2012).
[3] S. H. Jo et al., Nano Lett., 10, 1297–1301 (2010).
[4] Y. Seo et al., IEEE Electron Device Lett., 34, 238–240 (2013).
[5] H. Coy et al., J. Appl. Phys., 108, 113115 (2010).
[6] R. Macaluso et al., Electron. Lett., 50, 262-263 (2014).
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#528 - the redefinition of the international system of unit
Giovanni Mana (I) - INRIM
Other Authors: E. Massa - INRIM

Metrologists are considering to redefine the international system of units by assigning conventional values to a set of fundamental
constants; this will be the greatest change after the introduction of the metric system. All the units are under scrutiny, but the
kilogram is n the spotlight. This contribution illustrates the metrologists’ effort to align the international system with our present
view of reality, with particular emphasis on the kilogram redefinition. It reviews the measurements of the Avogadro and Planck
constants describing how the experiments which deliver the most accurate values of these constants are realizing the kilogram by
counting silicon atoms to within the 2 × 10−8 rela ve accuracy necessary to ensure the con nuity of mass metrology.

#529 - Precision measurement of the Newtonian gravitational constant by atom interferometry
Gabriele Rosi (I) - INFN, LENS and Florence University
Other Authors: Guglielmo Maria Tino, Fiodor Sorrentino, Giulio D'Amico (Dipartimento di Fisica e Astronomia & LENS Università di Firenze,
INFN Sezione di Firenze), Luigi Cacciapuoti (European Space Agency Research and Scientific Support Department), Marco Prevedelli
(Dipartimento di Fisica dell’Università di Bologna)

The accurate determination of the Gravitational Constant G has always been a challenging task. After 300 different measurements,
starting from the original one performed by Cavendish in 1798, the G value still now presents a large relative
uncertainty compared to all other physical constants. In order to detect systematic effects that plague such measurements the
useof different methods with respect to the traditional ones is crucial. Here we report on the first precise determination of
G using microscopic test masses in free fall (cold Rubidium atoms) and quantum interferometry to probe gravity. We obtain the
-11 3
-1 -2
value G = 6.67191(99)x10 m kg s with a relative uncertainty of 150 ppm. Our value is at 1.5 combined standard deviations from
the current recommended value of the Committee on Data for Science and Technology (CODATA).

#530 - Optical Lattice Clocks and Applications
Marco Pizzocaro (I) - INRIM
Other Authors: Filippo Bregolin (INRIM, Università di Torino), Michele Gozzelino (INRIM, Università di Firenze), Gianmaria Milani (INRIM,
Politecnico di Torino), Benjamin Rauf (INRIM, Politecnico di Torino), Pierre Thoumany (INRIM) Giovanni Antonio Costanzo (INRIM, Politecnico di
Torino), Filippo Levi (INRIM), Davide Calonico (INRIM)

Research on optical frequency standards based on cold atoms or ions has shown a great advance in the last few years.
Among others, alkaline-earth atoms trapped in an optical lattice have demonstrated unprecedented stability.
Recently a strontium lattice clock demonstrated an uncertainty at the level of 10x-18, the best in frequency standards up to date.
The stability and accuracy of optical frequency standards will benefit many applications and innovations, such as
realization and dissemination of units in the Système International (SI), quantum simulations, relativistic geodesy, test of
fundamental constants variation and tests of fundamental physics.

I will describe the development of an optical lattice clock based on ytterbium atoms at the Italian National Metrology Institute
(INRIM) and the perspective for the near future.
I will describe the generation of all the laser sources, the physic package and the operation of the clock as well as the experiments
in which it is involved.
Comparison with other clocks is planned, both local and remote, that will allow a proof-of-principle relativistic geodesy experiment.

#531 - THE INRIM - INFN RING LASER GYROSCOPE FOR PLANAR ANGLE METROLOGY
APPLICATIONS
Nicolò Beverini - Università di Pisa
Other Authors: J. Belfi, A. Di Virgilio (INFN- sez. di Pisa) ; M. Astrua, M. Pisani, M. Santiano (INRIM); G. Carelli, E. Maccioni (Univ. di Pisa, dip.
Fisica); A. Ortolan (INFN, Laboratori nazionali di Legnaro)

Ring lasers gyroscopes exploit the Sagnac effect for providing inertial measurements of rotation rate. The rotational motion of their
reference frame determines a differential frequency shift (Sagnac frequency) between the two oppositely travelling beams
generated inside the optical cavity. In a ring laser of area vector A, perimeter P and wavelength l, this frequency is ƒ=4/(l P) A·Ω,
being Ω the angular velocity of the cavity frame. Laser gyroscopes with side-length of tens of centimeters are commonly used for
inertial navigation applications while larger systems (side-length larger than one meter), rigidly fixed to the ground, provide precise
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measurements of the Earth rotation rate and of the small superimposed local rotations coming from geophysical and geodetic
phenomena.
Applications of RLGs in Angular Metrology have been foreseen since the end '60s. The basic idea is to use the interference fringes
by the two counterpropagating modes as an ultra-fine angular scale dividing the full angle into a number N=P/lintervals. The most
effective realization of such kind of goniometer is the ring laser developed by Yu. V. Filatov and collaborators since the end of 70s,
consisting in a monolithic cavity 11 cm in side-length equipped with total reflection prisms in optical contact with a zerodur cavity
frame. The typical resolution of these systems is at the level of 100 nrad, typically limited by the errors due to the influence of
environmental parameters on the ring laser dynamics.
In a collaboration between INRIM and INFN, we are presently building a new kind of laser goniometer with a target accuracy is 10
nrad, being the accuracy of the most precise angular encoders at the level of some 100 nrad. Our project foresee a square nonmonolithic cavity of 0.5 m in side, making use of the last generation dielectric super-mirrors employed in the larger gyroscopes for
geodetic and geophysical applications.
We will discuss the main issues and proposed strategies concerning the implementation of an extremely accurate transportable
rotational standard, the realization of a very sensitive gyroscope for the measurement of seismic effects, the demonstration of a
self-calibration concept leading to the design of a larger rotating RLG for geodetic and relativistic experiments.

#532 - Doppler-broadened dual-laser absorption spectroscopy for thermodynamic temperature measurements
Livio Gianfrani - Second University of Naples
Other Authors: E. Fasci, M.D. De Vizia, H. Dinesan, T. Odintsova, A. Castrillo, L. Moretti Dipartimento di Matematica e Fisica, Seconda Università
di Napoli, Caserta, Italy A. Merlone INRIM, Torino, Italy

The expression of the Doppler width of a spectral line, valid for a gaseous sample at the thermodynamic equilibrium, represents a
powerful tool to link the thermodynamic temperature to an optical frequency. This is the basis of a relatively new method of
primary gas thermometry, known as Doppler broadening thermometry (DBT). Implemented at the Second University of Naples on
18
H2 O molecules at the temperature of the triple point of water, this method recently allowed to determine the Boltzmann
6
constant with a global uncertainty of 24 parts in 10 [1]. This is best results ever obtained by using an optical method.
In order to contribute to the new definition of unit kelvin, but also for being useful as a tool for T-T90 measurements, DBT has to
approach the target accuracy of 1 part per million (ppm). This talk will resume recent efforts performed in Naples to further
18
develop and optimize DBT. The molecular targets of interest are H2 O and C2H2, both showing relatively strong combination
vibrational bands at 1.39 μm. Main progresses and current limitations will be highlighted. It will be shown that the achievement of
the ppm-level is a realistic possibility for the DBT methodology.
[1] L. Moretti, A. Castrillo, E. Fasci, M. D. De Vizia, G. Casa, G. Galzerano, A. Merlone, P. Laporta, and L. Gianfrani, PhysicalReview
Letters 111, 060803 (2013).

#533 - Accurate temperature measurements and primary thermometry methods in the determination of the
Boltzmann's constant for the new definition of the kelvin"
Andrea Merlone - Istituto Nazionale di Ricerca Metrologica
Other Authors: Livio Gianfrani (Dipartimento di Matematica e Fisica, Seconda Università di Napoli, Italy), Antonio Castrillo (Dipartimento di
Matematica e Fisica, Seconda Università di Napoli, Italy), Chiara Musacchio (Istituto Nazionale di Ricerca Metrologica, Torino, Italy)
rd

st

By publishing its decision CIPM/103-30, as result of the103 meeting of 10 December 2014, the CIPM[1] set the deadline of 1 July
2017 for submission of experimental data which will lead to the fixed values of the fundamental constants, defining the units of the
new SI[2]. When accomplished, the resolution 1 (2011) of the CGPM[3], “On the possible future revision of the International System
of Units, the SI”, will link the unit of temperature, the kelvin, to a fixed value of the Boltzmann constant kB, as also expressed by the
BIPM CCU[4] recommendation to the CIPM, U 1 (2013). In its XXVII meeting, in 2014, the CCT[5] identified the most promising
methods for the determination of kB to be the acoustic gas thermometry, dielectric constant gas thermometry, Doppler broadening
thermometry, and Johnson noise thermometry. The methods are based on independent physical principles and very different
experimental apparatuses, involving different thermodynamic measurements. At the same time, those methods all have in
common the requirements of accurate temperature measurements, and the need that temperature at which measurements are
performed is that of the present kelvin definition, being it the triple point of water temperature of 0.01 °C. To improve the present
-6
definition, the target relative standard uncertainty of the adjusted value of kB must beukB ≤ 1*10 . According to the different
thermodynamic relationships linking the Boltzmann’s constant to the temperature, this objective can be achieved only if
-7
temperature measurements are performed, in all the experiments, at maximum with uncertainty of parts in 10 . In the last years,
specific techniques of primary temperature metrology have been defined, discussed and applied to the running experiments,
involving standard thermometers made for the purpose, dedicated calibration procedures and special techniques and apparatuses.
Such techniques, once established, will be also of fundamental importance to transfer the future new definition of the kelvin
backward to the practical scale. This paper reports the most accurate techniques of temperature measurements and controls,
developed by the Italian National Institute of Metrology and by Second University of Naples, to achieve the requested target
uncertainty for the determination of the Boltzmann constant, during this delicate transition towards a new definition of the
temperature unit.
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[1]Comité international des poids et measures - the International Committee for Weights and Measures
[2]International System of Units
[3]Conférence générale des poids et mesures - the General Conference for Weights and Measures
[4]Comité consultatif des unites - Consultative Committee for Units
[5]Comité Consultatifde Thermométrie - Consultative Committee for Thermometry

#534 - The national standards of electrical impedance, in the framework of the new International System of units
(SI)
Luca Callegaro - INRIM - Istituto Nazionale di Ricerca Metrologica
Other Authors: Massimo Ortolano (Politecnico di Torino)

The forthcoming of the new Internation Sytem of Units (SI), proposed for adoption in 2018, will link the definition of the electrical
units to the fundamental constants h and e. The Working Group on the SI of the Consultative Committee on Electricity and
Magnetism (CCEM-WGSI) has already drafted a set of Mise en Pratique for the ampere and the other SI electrical units, including
those of resistance and impedance quantities: the ohm, henry and farad.
The ohm, henry and farad can be realized by means of the quantum Hall effect (QHE). Its resistance, a simple submultiple of the
2
von Klitzing constant RK = h/e , will have an exact value in the new SI. QHE experiments have been employed in National Metrology
Institutes since many years. However, the implementation of the traceability chain to derive traceable measurements of resistance,
capacitance and inductance at values (often decadic) suitable for dissemination, and the calibration of impedances having arbitrary
values, remains a challenge.
The Istituto Nazionale di Ricerca Metrologica (INRIM) is actively pursuing research on the development of devices, measurement
methods and dissemination strategies of impedance units that conjugate the accuracy requirements with sustainability in terms of
device and labour costs. The talk will focus on:
a) the design of quantum Hall array resistance standards, integrated circuits including quantum Hall elements that provide decadic
resistance values with minimal circuit complexity. The circuits are being realized by the National Institute of Metrology (NIM,
China);
b) the development of digital bridges for the comparison of impedance standards having ratios in the complex plane. These bridges
allow the traceability of impedances having arbitrary magnitudes and phase angles from the practical realization with the quantum
Hall effect. The activity is framed within the European Metrology Resesearch Programme (EMRP) Joint Research Project
"Automated Impedance Metrology extending the Quantum Toolbox for electicity"; a follow-up is being proposed for the direct
realization of the capacitance scale from the quantum Hall effect in novel devices (graphene).
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#535 - A plasmonic fiber-optic nanoprobe for sensitive detection of cancer biomarkers
Emanuela Esposito (I) - CNR-IMM UoS Napoli
Other Authors: E. Esposito, A. Crescitelli, V. Di Meo^, I. Rendina CNR – Istituto per la Microelettronica & Microsistemi , Uos Napoli A. Ricciardi,
R. Severino, G. Quero, B. Carotenuto, M. Consales, A. Cutolo, A. Cusano Università del Sannio, Dip di Ingegneria, Benevento M. Ruvo, A.
Sandomenico CNR – Istituto di Biostrutture e Bioimmagini, Napoli A. Borriello, L. Sansone , M. Giordano CNR – Istituto per i Polimeri Compositi e
Biomateriali, Napoli ^CeRICT Centro Regionale Information Communication Technology scrl

The general demand for effective biological sensors able to efficiently and selectively detect cancer biomarkers is continuously
increasing. Moreover, applications such as in vivo biosensing and point-of-care diagnostic require a miniaturized probe performing
measurements at precise locations that are often hard to achieve. In this scenario, the integration onto the optical fiber tip of
nanostructures supporting localized surface plasmon resonance (LSPR) provides new options to perform remote label-free
biological sensing1. The light-matter interaction on the fiber surface is achieved through the integration of thin layers of
nanostructures supporting resonant modes, highly sensitive to local modifications of the surrounding environment such as
molecular binding events. In addition to low sample volumes, other advantages are: real-time detection and simple optical
interrogation set-up which, through the small cross-section of the fiber, provide an inherently light-coupled substrate uniquely
suited to remote, in vivo and in situ applications. In this work we report a miniaturized LSPR-coupled fiber-optic nanoprobe as a
biosensor that is capable of label-free, real time sensitive detection of thyroid carcinomas biomarkers. The device is based on a gold
nanostructure supporting LSPR directly fabricated on the fiber tip by means of electron beam lithography and lift-off process.
Following a suitable chemical and biological functionalization of the sensing area, human Thyroglobulin has been detected at
nanomolar concentrations in biological fluids using as capturing probe a highly specific anti-Thyroglobulin monoclonal antibody. 1.
M. Consales A. Ricciardi, A. Crescitelli, E. Esposito, A. Cutolo, A. Cusano, “Lab on Fiber Technology: Towards Multifunctional Optical
Nanoprobes,”. ACS Nano, 6, 4, 3163–3170, (2012); A. Ricciardi, M. Consales,G. Quero, A. Crescitelli, E. Esposito, A. Cusano,
"Versatile Optical Fiber Nanoprobes: From Plasmonic Biosensors to Polarization-Sensitive Devices", ACS Photonics 1, 1, 69–78,
(2014)

#536 - Optical fiber sensors and lab on fiber: Industrial and Medical Applications
Antonello Cutolo (I) - Università del Sannio
Other Authors: Andrea Cusano, Marco Consales, Marco Pisco, Armando Ricciardi Università del Sannio, Benevento (Italy)

Optical fiber sensors and lab on fiber: Industrial and Medical applications
Antonello Cutolo, Andrea Cusano, Marco Consales, Marco Pisco, Armando Ricciardi
Photonics Division, Engineering Dpt
Università Del Sannio, Corso Garibaldi, Benevento
cutolo@unisannio.it
SUMMARY
The tremendous decrease of the price of optical fibers early in the eighties of last century has lead to a rapidly increase of their
industrial applications with particular reference to the field of optical fiber sensors. The parallel development of both new materials
and nanotechnologies has opened up the road to a large variety of new devices, hard only to think until a few years ago. Taking
advantage on this special combinations, we have recently developed many different sensors in areas very far away between one
each other running from railway safety to high energy accelerators, from under water acoustic detection to medical applications.
One the most important emerging results is the lab of on fiber, a cousin of the lab on chip, but built on the point of an optical fiber.
The small dimensions, the low costs and the absence of electrical wires in the measurement area is leading towards to a powerful
multiparametric device for medical in vivo diagnostics: the sensorized needle.
Accordingly, this paper is organized as follows. After a brief introduction of both the basic technology and the lab on fiber concept
we describe a large set of applications, we have realized so far. They space from a system to measure the weight of a train
together with the detection of tire defects to an under water four element acoustic antenna with beam forming as well, from
simultaneous measurements of strain, temperature humidity and magnetic fields in high energy accelerators at criogenic
temperature to a sensorized needle for either in vivo cancer markers detection or for high efficiency loco regional anestesy.

#537 - Whispering-gallery mode resonators based on liquid droplets
Gianluca Gagliardi (I) - CNR, Istituto Nazionale di Ottica (INO)
Other Authors: Saverio Avino, Paolo De Natale, Antonio Giorgini, Pietro Malara, Rosa Zullo

Over the last decade, optical whispering-gallery modes (WGMs) have been observed in solid micro-cavities of various geometries.
WGMs supported by dielectric microspheres and toroids exhibit and optical field that is confined near to the surface. Using highlytransparent glasses, light that is coupled into a WGM can circulate around the resonator for a long time before being scattered or

263

Fiber and Miniaturized Optical Sensors

2 Oct

9

absorbed. Q factors > 10 can be achieved using silica material. Silica resonators proved ultra-sensitive bio-chemical probes but
were also studied as miniature systems to observe coupling and interaction phenomena between light and matter. The peculiarity
of WGMs is that light travels along closed paths at the interface between the surface of the resonator and the surrounding
environment. Unfortunately, most of the light circulates inside the resonator and only the evanescent wave tail may interact with
the external medium, i.e. only a small fraction of light is actually used for sensing, thereby reducing the effective cavity
enhancement. Here, we propose to use liquid droplets as micro-resonators for sensing applications. The droplet itself serves as the
sensor and the sample at the same time, where the internal optical field is directly used to probe dissolved analytes or particles.
We demonstrate free-space excitation and laser frequency locking on whispering-gallery modes in vertically-suspended liquid
5
droplets [1]. Photon lifetime measurements are performed by cavity ring-down techniques recording Q-factors ranging from 5×10
8
to 10 in the near-infrared and visible spectral regions. Lifetime changes are measured in mixtures made from different liquids as a
proof-of-concept of chemical sensing. Investigations on Q-factor limitation due to thermally-induced shape fluctuations are
performed. Effects of metallic nanoparticles dissolved in the droplets were studied in view of possible plasmon-assisted detection
of rare analytes [2]. Appealing applications for spectroscopy, biosensing, material characterization and cavity opto-mechanics are
envisaged.
1) S. Avino, A. Krause, R. Zullo, A. Giorgini, P. Malara, P. De Natale, H.-P. Loock, and G. Gagliardi, Adv. Opt. Mat. 2, 1115 (2014)
2) M.R. Foreman, S. Avino, R. Zullo, H.-P. Loock, F. Vollmer, and G. Gagliardi, Eur. Phys. J. ST 223, 1971 (2014)

#538 - Dispersive shock waves: from water waves to optical fibers
Stefano Trillo - Università di Ferrara
Other Authors: J. Fatome, C. Finot, G. Millot (Université de Bourgogne, Dijon, France), A. Armaroli (Université de Rennes 1, Lannion, France),
Miguel Onorato (Università di Torino), M. Klein, G. Clauss (Technical University of Berlin)

Dispersive shock waves are a fascinating phenomenon that occurs in non-dissipative media that exhibits weak dispersion and
strong nonlinearity, with the latter inducing a propagating wavepacket to develop a steep front (shock wave), which is
subsequently regularized by the onset of fast spontaneous oscillations which fill an expanding region in space and time. We present
experimental evidence for this phenomenon in two complete different settings. The first is concerned with the propagation of a
modulated laser field in an optical fiber. In this case the optical field breaks around the point of zero (or minimum) intensity giving
rise to an expanding fan of oscillations made of dark soliton-like excitations. In Fourier space this is accompanied by the generation
of a huge cascade of sidebands of the input modulation frequency via multiple four-photon processes. In the second setting we
have studied the propagation of a controlled water wave disturbance propagating in a tank in the regime of shallow water. The
breaking of the initial disturbance and the appearance of the dispersive shock is successfully monitored along the tank.
We show that these two apparently diverse phenomena have a common origin in terms of the regularization of classical shock
waves which occurs in the regime of weak dispersion.
Both can be modeled by weakly dispersing nonlinear partial differential equations (the well known nonlinear Schrodinger equation
and the Korteweg De Vries equation, respectively). In particular the fiber experiment can be described in terms of equivalent
hydrodynamic variables as well as Whitham modulation approach, revealing that the light field exhibits properties of a photon fluid
that mimic those of a real fluid.

#539 - Tri-axial FBG strain sensor for volcano monitoring
Giorgio Carelli - Dipartimento di Fisica, Università di Pisa
Other Authors: Nicolò Beverini (1), Massimo Calamai (1), Daniele Carbone (2), Giorgio Carelli (1,3), Nicoletta Fotino (3), Francesco Francesconi
(1,3), Salvo Gambino (2), Renzo Grassi (3), Alfio Alex Messina (4), Enrico Maccioni (1), Mauro Morganti (5), Fiodor Sorrentino (3,6) (1) (2) INGV
sezione di Catania, Italy (3) Marwan Technology Srl, Pisa, Pisa, Italy (4) INGV sezione di Roma2, Roma, Italy (5) INFN sezione di Pisa, Pisa, Italy
(6) INFN sezione di Genova, Genova, Italy

Fiber Bragg Grating (FBG) sensors are nowadays an extensive tool for monitoring, diagnostics and control in civil engineering.
However very limited literature exists on geophysical applications of FBG sensors, although these devices might have a potential
impact in such field.
We developed an FBG strain sensor specifically designed for volcano monitoring; i.e. with special care to trade-offs among
resolution, power consumption, and cost. The system features significantly higher resolution and accuracy in static measurements
with respect to previous implementations of the FBG technology to study rock deformations. Moreover, the sensor has been
developed in tri-axial configuration.
A field campaign was carried out with a preliminary single-axis FBG strain sensor prototype on Mt. Etna, in order to check the
system performances in out-of-the-lab conditions and in the hostile volcanic environment (lack of mains electricity for power,
strong diurnal temperature changes, strong wind, erosive ash, snow and ice during the winter time), and to determine whether
measurable changes are induced across a 1989 fracture system during the paroxysmal phases of Etna’s volcanic activity. We found
positive correlations between the signal detected by the FBG strain meter and the volcanic tremor detected by a seismic station at
Mt. Etna (ESPC). This represented an encouraging result since the installation has been performed on a surface trace where the
signal is dominated by thermally induced strain, whereas the final prototype will be installed underground thus the sensitivity of
the device to micro tremors will increase.
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#540 - Coupled-resonator sensors: beyond the standard cavity enhancement.
Pietro Malara - CNR - istituto nazionale di ottica
Other Authors: A. Giorgini, S. Avino, G. Gagliardi and P. De Natale

In all radiation-matter interaction applications, the use of an external cavity to extend the interaction length is common. Within the
intracavity path, the probability of interaction is in fact multiplied by a factor proportional to the cavity finesse. The effective
equivalent interaction pathlength achievable with a cavity is thus only limited by the quality factor of the resonator and by the
excess noise associated with the cavity injection: with a sufficiently high finesse cavity and a low-noise detection scheme the
interaction probability can be increased by several orders of magnitude.
In this work we demonstrate that the pathlength enhancement of a Fabry-Perot cavity can be increased beyond the limit set by its
quality factor by exploiting the modal interference occurring in a coupled resonant system. The system considered in this work is
formed by a Fabry-Perot (FP) cavity enclosed within a larger ring resonator. We show that the FP intracavity losses have a deep
impact on the nature of the resonant system itself. For example, at zero losses, when the internal FP is impedance-matched the
system reduces to a simple ring resonator. As the FP losses increase, its transmission vanishes and the system slowly turns into a
standing-wave resonator. The metamorphoses of the resonant spectrum that accompany the described transitions give rise to a
series of interesting phenomena, such as ultrasensitive extinction, transparency and reversed extinction of the coupled-resonator
modes. These phenomena are experimentally observed in a Fabry Perot fiber resonator enclosed in a fiber loop, and described
theoretically by means of an intuitive analytic model. The ultrasensitive extinction regime, particularly attractive for all the
radiation-matter interaction experiments, is object of a more quantitative investigation. The equivalent interaction pathlength of
the presented resonator are directly compared with that achievable with a traditional cavity by recording the transmission of the
internal Fabry-Perot for different loss levels in both open-loop and closed-loop configuration. In the latter situation, the coupled
resonator modes show a sensitivity to the intracavity losses 10 times larger than the modes of the equivalent standalone FP
resonator. The results are consistent with the predictions of the theoretical model, and demonstrate for the first time that the
absorption sensitivity of a Fabry Perot resonator can be improved largely beyond the limit imposed by its quality factor.

#541 - Engineered LSPR nanosensors based on Photonic Quasi-Crystals for Environmental analysis
Massimo Rippa - Institute of Applied Sciences and Intelligent Systems “E. Caianiello”, ISASI - CNR
Other Authors: Marianna Pannico (Institute for Polymers, Composites and Biomaterials, IPCB - CNR), Pellegrino Musto (Institute for Polymers,
Composites and Biomaterials, IPCB - CNR), Lucia Petti (Institute of Applied Sciences and Intelligent Systems “E. Caianiello”, ISASI - CNR)

The progress of the nanotechnology in the last years has made possible to realize tailorable artificial structures for the control of
the light in many applications in the photonic field. An example of artificial electromagnetic (EM) materials are the metamaterials
(MTMs) as photonic crystals (PCs) and the photonic quasi crystals (PQCs), which are very attractive given that they allow new
possibilities to control the EM field in innovative ways. With the use of these classes of materials, it is possible to realize novel
optical sensing devices based on the extraordinary plasmonic properties of noble metal nanoparticles characterized by selective EM
responses, which undergo significant frequency shifts, in presence of a specific target molecule. Various plasmonic sensors based
on nanotechnology have been recently developed for the sensing of low concentrations of molecules of biological or environmental
interest. Among them Localized Surface Plasmon Resonance (LSPR) based nanosensors are considered one of the most powerful
tools in the biotechnology and sensor fields. They operate trasducing small changes in refractive index near the metallic surface
into a measurable wavelength shift response and they have the following notable advantages: high sensitivity, good reproducibility,
label-free detection, low cost and easy instrumental setup.
In the present work we engineered reproducible LSPR nanosensors based on gold PQCs patterns realized with different geometries.
We use the Electron Beam Lithography (EBL) for the fabrication of these nanosensors. The EBL system permit to control with high
precision size, shape, but also the inter-particle distance and consequently to tune the plasmonic resonance of the nano-arrays in
the visible and near infrared range. The sensitivity of the nanosensors has been evaluated and high values ranging from 210 to 270
nm/RIU have been obtained for a-periodic patterns with different shapes of the nanoparticles. The performance of the LSPR
nanosensors for enviromental analysis has been tested using a pesticide (Thiram, C6H12N2S4) at different concentrations. A limit
of detection of the order of nM has been obtained using a LSPR nanosensor based on a Thue-Morse pattern. These first results
indicated that the LSPR nanosensors developed are expected to demonstrate a wide range of applications for the detection of
analytes of environmental and biological interest.
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#542 - Phosphorene, a new two dimensional platform for advanced materials
Andrea Ienco (I) - National Research Council - Institute of Chemistry of Organometallic Compounds
Other Authors: Manuel Serrano-Ruiz (National Research Council - Institute of Chemistry of Organometallic Compounds, Via Madonna del Piano 10,
50019-Sesto Fiorentino, Florence, Italy), Maria Caporali(National Research Council - Institute of Chemistry of Organometallic Compounds, Via
Madonna del Piano 10, 50019-Sesto Fiorentino, Florence, Italy), Stefan Heun (National Enterprise for Nanoscience and Nanotechnology (NEST),
Istituto Nanoscienze-CNR and Scuola Normale Superiore, Piazza San Silvestro 12, 56127, Pisa, Italy ), Maurizio Peruzzini (National Research
Council - Institute of Chemistry of Organometallic Compounds, Via Madonna del Piano 10, 50019-Sesto Fiorentino, Florence, Italy

Two dimensional materials are still an unexplored territory. Graphene is one of the principal platform on which material scientists
have only recently started to play.[1] On the other side, it was estimated that a few hundreds of layered materials could be
exfoliated to give a 2D crystal, allowing a large growing opportunity of research.
Only small amounts of single and few layers sheets of Phosphorene, the all-P counterpart of graphene, have been prepared by
exfoliation of black phosphorus, the most stable and least reactive of the allotropic forms of phosphorus, either by
micromechanical cleavage (Scotch tape method) or liquid exfoliation.[2]
3
A phosphorene sheet has the same honeycomb hexagonal network of graphene but it is corrugated having the P atoms an sp
hybridization. Phosphorene is a natural semiconductor, and the band gap can be controlled by changing the number of stacked
layers. This makes the materials very promising for a wide variety of electronic applications.
On the other hand, almost nothing is known about the reactivity and the physico-chemical properties of this new fascinating
material, and only sparse theoretical [3] and experimental [4] studies have been reported so far.
In this communication, we present our results on the synthesis of phosphorene. We will describe its adsorption properties towards
different gaseous molecules, such as CO2, CO, O2 and H2 and its functionalization using metallic fragments or metal nanoparticles.
Acknowledgement: Thanks are expressed to EC for funding the project PHOSFUN
“Phosphorene functionalization: a new platform for advanced multifunctional materials” (ERC ADVANCED GRANT 2015 – 2019)
References:
[1] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos, I.V. Grigorieva, A.A. Firsov, Science 2004, 306, 666 –
669.
[2] (a) H. Liu, A.T. Neal, Z. Zhu, D. Tomanek, P.D. Ye, arXiv:1401.4133v1 [cond-mat.mes-hall]; (b) L. Li, Y. Yu, G.J. Ye, Q. Ge, X. Ou, H.
Wu, D. Feng, X.H. Chen, Y. Zhang, arXiv:1401.4117v1 [cond-mat.mtrl-sci]; (c) J.R. Brent, N. Savjani, E.A. Lewis, S. J. Haigh, D. J. Lewis,
P. O’Brien, Chem. Commun. 2014, 50, 13338-13341.
[3] (a) L. Kou, T. Frauenheim, C. Chen, J. Phys. Chem. Lett. 2014, 5, 2675-2681; (b) V.V. Kulish, O.I. Malyi, C. Persson, P. Wu, Phys.
Chem. Chem. Phys. 2015, 17, 992-1000.
[4] J.D. Wood, S.A. Wells, D. Jariwala, K.-S. Chen, E. Cho, V.K. Sangwan, X. Liu, L.J. Lauhon, T.J. Marks, M.C. Hersam, Nano Lett. 2014,
14, 6964-6970.

#543 - Multilayered Ge quantum dots embedded in SiO2: structural and optical analysis
Rosario Raciti - University of Catania
Other Authors: R. Raciti1, S. Mirabella1, R. Bahariqushchi2, S. Cosentino1, E. G. Barbagiovanni1, A.M. Mio3, G. Nicotra3, C. Spinella3, A.
Aydinli2 and A. Terrasi1 1. MATIS CNR-IMM and Dipartimento di Fisica e Astronomia, Università di Catania, via S. So ﬁa 64, 95123 Catania, Italy
2. Department of Physics, Bilkent University, 06800, Ankara, Turkey 3. IMM-CNR, VIII strada 5, 95121 Catania, ITALY

In the past years Ge quantum dots (QDs) gained a renewed scientific interest over Si QDs due to the lower synthesis temperature,
higher absorption coefficient and larger exciton Bohr radius [1]. The optical behavior and the band-gap tuning of Ge QDs do not
simply depend on the size, as the quantum confinement effect (QCE) predicts, but also on QD-QD distance and ordering. In this
work, Ge quantum dots (2-10 nm in diameter) in SiO2 grown by plasma-enhanced chemical vapor deposition, will be reviewed
evidencing whether and to which extent the quantum confinement affects the light-matter interaction. In order to investigate the
features of QCE by controlling the QD diameter, multilayers of Ge QDs embedded in SiO2, separated by an SiO2 barrier layers (20
nm thick) were synthesized by plasma enhanced chemical vapor deposition and annealing at 800°C. The multilayer approach allows
a narrower size distribution in comparison to single layer of QDs (where no SiO2 barrier layers are involved). We present a detailed
study on structural and optical properties of multilayer samples compared with single layer ones. In multilayer samples TEM
analysis shows a narrow size distribution of very small Ge QDs (~2 nm). Using UV-Vis-NIR spectrometry and Tauc analysis of the
absorption spectra, the optical bandgap and the absorption efficiency of Ge QDs were extracted. In comparison to single layer
samples, with similar optical band gap values (~1.8÷2 eV), multilayered Ge QDs show a light absorption efficiency ten times higher.
This effect evidence that a significant QD-QD interactions exists which greatly affect the light absorption efficiency.
[1] S.Cosentino et al., J. Appl. Phys., 115, 043103 (2014)

#544 - Phosphorus Diffusion and Incorporation in Silicon Nanoclusters Embedded in Silicon Oxide
Davide De Salvador - Padova University
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Other Authors: M. Mastromatteo ( University of Padova), A. Carnera (University of Padova), L. Bacci (University of Padova), J. Frascaroli (CNRIMM Lab MDM), G. Seguini (CNR-IMM Lab MDM), M. Scuderi (CNR-IMM), G. Impellizzeri (CNR-IMM MATIS), C. Spinella (CNR-IMM), M.
Perego (NR-IMM Lab MDM), E. Napolitani (University of Padova)

Doping has a crucial role in tailoring optical and electronic properties of semiconductor nanostructures. The study of impurity
incorporation processes is therefore an important part of the know-how needed to design future devices, more in detail,
deterministic doping of nanostructures requires the knowledge of the interface atomic transport thermodynamics at the nanoscale.
Our contribute to this hot topic was to approached the problem at the extreme case of 3D nanoscale confinement by studying the
P incorporation of Si nanocluster (NCs) embedded in SiO2 matrix. Previous experiments demonstrated that P is trapped inside the
clusters when P incorporation occurs simultaneously with the NCs formation. In this work we adopted an innovative method:
we induced the incorporation by diffusion of P from a spatially separated solid source on still formed and stable NCs.
The performed experiment allows for a quantification of the P content in NCs and demonstrates that P traps within Si NCs (not at
oxide interface), with a concentration 6 times above the solid solubility in bulk Si. Combining advanced material synthesis, multitechnique experimental quantification, and simulations of diffusion profiles with a rate-equation model, we experimentally
estimated the energy barriers for P diffusion in SiO2 and trapping/de-trapping at the SiO2/Si NCs interface, and provide a decisive
description of the system very close to equilibrium. A binding energy of 1eV is measured indicating that trapping is
thermodynamically favored and not only kinetically favored by Si phase transitions occurring during doping. We compared the
estimated P binding energy to Si NCs with several existing ab-initio calculations, indicating a strong role of dangling bonds at the
Si/SiO2 interfacein the dopant trapping/de-trapping mechanisms.
Incorporation of high concentration of dopant impurity in small crystals is an intriguing possibility that may open the route to a
diffusion-controlled doping of Si nanostructures.We have started to investigate this diffusion doping method in combination with
monolayer contact doping that can provide a controlled source of dopant conformally distributed on 3D structures very appealing
for future devices processing.

#545 - Synthesis, optical properties and in situ doping of freestanding Si nanoparticles
Rosa Ruggeri - CNR - IMM
Other Authors: Giovanni Mannino 1, Alessandra Alberti 1, Sebania Libertino 1, Gabriele Fisichella 1, Filippo Giannazzo 1, Francesca Monforte 1,
Agata Pennisi 2, Giuseppe Faraci 2, Antonino La Magna 1 1, CNR-IMM, Catania, Italy 2, Dipartimento di Fisica, Università di Catania, Catania,
Italy

Nowadays, the synthesis of nanostructures seems to be an appealing way to overcome the intrinsic limit in scaling down of
electronic devices as it offers the possibility to obtain single crystal electronic device. In this sense, plasma deposition is an effective
way since different nanostructures are possible by controlling plasma conditions. This approach provides also the great advantage
to use low cost substrate.
Nevertheless, the capability to control the optical and electronic properties of such nanomaterials is still an open issue. Precise
control on size distribution and shape of plasma deposited nanostructures is not trivial as well as introducing dopant species.
We have obtained single-crystal silicon nanoparticles (Si-NP) by using inductive coupled plasma (ICP) CVD. At a substrate
temperature not exceeding 50°C, it was possible to have mono-dispersed size distributions in the range between 10 and 200 nm. SiNP are spherical up to 20 nm in diameter. Above this size, the Si-NP are characterized by an octahedral shape faced along welldefined crystalline planes, mainly {111}. On isolated Si-NP light trapping effect was probed by an enormous amplification of Raman
8
peak up to 10 times the value of a similar bulk Si volume. The mechanism conceived and optimised for obtaining such a result was
related to the capability of a Si octahedron to trap the light because of its geometrical parameters. Moreover, thanks to the flat
surfaces of the octahedra, Si-NPs produce a very efficient light scattering effect for the non-trapped portion of impinging light.
Furthermore, we also synthesized in situ n-doped Si-NP using phosphine as precursor gases. The doped particles, nucleated and
grown in plasma, are still octahedra but surrounded by a defective shell. Thanks to geometrical interpretation of the chemical
profile was possible to understand the spatial distribution of phosphorus which is essentially confined at the surface. Here, its
concentration is around 1 %. Thanks to scanning capacitance microscopy technique we observed that phosphorus is electrically
active in both octahedral and spherical particles.
Having control of size, shape and doping of nanostructures represent a significative step towards a wide integration of plasma
based nanostructures in photonics and photovoltaic applications.

#546 - Energy recycling under conditions of phonon and electron confinement
Elinore M.L.D. de Jong - University of Amsterdam
Other Authors: H. Rutjes, and T. Gregorkiewicz University of Amsterdam, The Netherlands

Ensembles of silicon nanocrystals (Si NCs) are widely investigated for their interesting properties and applications in optoelectronics
and photovoltaics. The phenomenon of photoluminescence (PL) saturation appears in these materials due to Auger recombination
1
of multiple excitons located in the same NC, setting an upper limit for the photovoltaic conversion efficiency . Here, we present
dedicated investigations of PL saturation for thin layers of Si NCs in an SiO2 matrix. In contrast to the established standard picture,
we reveal a persistent increase of PL intensity above the saturation point. We thoroughly investigate the PL characteristics in and
beyond the saturation regime over an irradiance range of more than four orders of magnitude, for samples with different average
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Si NCs sizes and concentrations. We conclude that complete saturation cannot be achieved even for the highest available
irradiance, with the PL intensity continuously increasing, albeit at a different (lower) rate. Experimental artifacts are excluded as a
possible reason for the observed behavior. We explain the experimental findings with a theoretical model taking into account the
massive electron-hole pair production per single NC and the confinement of phonons and electrons in the NC, resulting in more
emitted photons than expected according to the established standard picture. An alternative model, taking into account reduction
2
of Auger recombination of the biexciton , is also considered, but found less credible. These results offer better insight into the
mechanisms of energy conversion and dissipation in ensembles of Si NCs in solid matrices, and open novel avenues for efficiency
increase in future photovoltaics, among others.
1
D. Timmerman et al., Phys. Status Solidi A 207, 183–187 (2010).
2
F. Pevereet al., J. Phys. Chem. C 119, 7499–7505 (2015).

#547 - Stacking sequence characterization of GeSbTe grown on Si(111) by Molecular Beam Epitaxy
Antonio Massimiliano Mio - CNR-IMM
Other Authors: S. Privitera (IMM-CNR, Zona Industriale VIII Strada 5, 95121 Catania, Italy), V. Bragaglia (Paul-Drude-Institut für
Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin, Germany) , F. Arciprete (Dipartimento di Fisica, Università di Roma “Tor Vergata”, Via
della Ricerca Scientifica 1, I-00133 Roma, Italy), R. Calarco (Paul-Drude-Institut für Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin,
Germany), E. Rimini (IMM-CNR, Zona Industriale VIII Strada 5, 95121 Catania, Italy)

Phase-Change Materials (PCMs), mainly represented by GeTe-Sb2Te3 (GST) alloys, are used for high-density data storage in optical
media and for solid-state non volatile memory [1]. Recently, it has been shown that multi-layered crystalline phase change
memories, such as interfacial PCM (iPCM) can have improved functional properties [2], indicating that the crystalline growth of
phase change materials is a viable approach for device fabrication. Molecular Beam Epitaxy (MBE) has been successfully used to
fabricate epitaxial phase change materials, making advanced studies on the properties of these materials possible [3]. High Angular
Annular Dark Field (HAADF) Scanning Transmission Electron Microscopy (STEM) directly relates the micrograph contrast to the
atomic number (Z-contrast), permitting a straightforward interpretation of the images. Through this characterization technique
here we provide a complete analysis of the MBE GST film investigated.
Ge2Sb2Te5 films were grown epitaxially on a Si(111)-(√3 × √3) R30°-Sb surfaceat 250 °C, in a molecular beam epitaxy (MBE) chamber
equipped with separate Ge, Sb, and Te effusion cells. The sample thickness was 100 nm. Films were capped with 30 nm thick layer
of amorphous ZnS–SiO2 to inhibit oxidation due to air exposure [4-5]. A JEOL ARM200F Cold FEG STEM/TEM with a resolution
of 0.68 Å, working at 200 kV, was adopted to obtain HR micrographs of the sample. The film was observed in the [110] zone axis,
containing the c-axis direction, in order to directly observe the stacking sequence of the atomic planes along it.
By HAADF STEM analysis we clearly distinguished the stacking sequences, formed by 7, 9 or 11 planes, corresponding to Ge1Sb2Te4,
Ge2Sb2Te5 and Ge3Sb2Te6, respectively.In particular, van der Waals (vdW) gaps were clearly observed between two Te planes [6], as
indicated by the most strong Z-contrast signal.
The less intense planes exhibited almost the same value, indicating that Ge and Sb are uniformly distributed in the same lattice site,
accordingly to the structure proposed by Matsunaga et al. [6].
Along the stacking sequence, for all the stoichiometries, different plane spacing was clearly distinguished. The spacial width of the
vdW gap amounts to 2.7 Å,the planes adjacent to vdW gap are characterized by a spacing of 1.6 Å, while the next plane lies at a
distance of 2.1 Å. This difference might be associated to the strength of the bonds Te-Te (vdW gap) and Te-Ge/Sb.
1.
2.
3.
4.
5.
6.

M. Wuttig, N. Yamada, Nat. Mater. 6 , 824 (2007).
J. Tominaga, R. Simpson, P. Fons and A.V. Kolobov, Appl. Phys. Lett. 99, 152105 (2011).
P. Rodenbach, et al., Phys. Status Solidi-Rapid Res. Lett. 6, 415 (2012).
F. Katmis et al., Cryst. Growth Des. 11, 4606 (2011).
A. Giussani et al., Phys. Status Solidi B 249, 1939 (2012).
E. Rotunno, L. Lazzarini, M Longo and V. Grillo, Nanoscale 5, 1557 (2013).
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Italian Institute of Technology, 00185 Rome, Italy 6 LNESS, Dipartimento di Fisica, Politecnico di Milano, Polo Regionale di Como, 22100 Como,
Italy 7 Molecular Foundry, Lawrence Berkeley National Labs, CA 94720 Berkeley, United States

Detecting single molecules with high sensitivity and molecular specificity is of great scientific and practical interest in many fields
such as chemistry, biology, pharmacology and environmental science [1]. The absorption of light by a molecule depends on the
intensity of the local electric field. The near-field coupling of electromagnetic light waves to single selectable nano-objects is the
most promising approach to achieve sub-wavelength spatial resolution. This work shows the progress towards single-molecule
identification by demonstrating photoluminescent (PL) emission from a scanning probe tip made of epitaxial semiconductor
material.
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Specifically, the tip design and fabrication of in the form of a 1 µm tall epitaxial germanium pyramid was conceived for 3dimensional (3-D) mid-infrared antennas to be used as plasmonic field concentrators for scanning near-filed infrared microscopy (sSNIM). Epitaxial germanium was grown on a silicon substrate by low energy plasma enhanced chemical vapour deposition. Pillars of
circular shape, 1 µm diameter and aspect ratio of 6 were fabricated by electron-beam lithography and deep reactive-ion etching.
The top 2 µm are made of heavily doped Ge. The tip of an atomic force microscopy (AFM) cantilever is glued to the top of the pillar
and the patterned SiGe structures are then released by focused ion-beam (FIB) milling of the pillar base. The final shaping of the
pyramid is also done by FIB milling [2]. The AFM cantilever with the Ge tip was then mounted in a s-SNIM setup (by Neaspec GmbH,
experiments are reported elsewhere). One of the tips was instead mounted in a confocal micro-PL emission setup, where the
illumination wavelength of 1060 nm excites electron-hole pairs in the Ge tip that subsequently recombine at the direct gap energy
gap of Ge (0.86 eV, 1550 nm). The PL emission was dispersed in a home-made spectrometer working in the NIR range (8001700nm)and detected via an InGaAs avalanche diode while scanning the tip in the focal point of both the detector and the
illumination beam. A strong and tightly-confined emission was recorded from the tip apex. The micro-PL spectrum of one of the
pillars not used for tip fabrication was also measured in the same setup. The spectral shape of the emission, peaking around 1550
nm, closely resembles the emission of the pillar right before the fabrication process indicating that the optical properties of the
material in this wavelength range were preserved during the FIB milling process.
[1] J. Eid et al., Science, 323,133(2009).
[2] V. Giliberti, et al., Microelectron. Eng. 141 168--172 (2015)

#549 - Locally tensile-strained Ge induced by nanopatterning of epitaxial SiGe
Mario Lodari - L-NESS and Dipartimento di Fisica, Politecnico di Milano, Polo di Como
Other Authors: V.Mondiali (a), D.Chrastina (a), D.Scopece (b), J.Frigerio (a), L.Gagliano (c), F.Pezzoli (c), L.Rossetto (c), M.Barget (c), M.Bollani
(b), F.Montalenti (c), E.Bonera (c) ; (a)L-NESS, Dipartimento di Fisica, Politecnico di Milano, Polo di Como, via Anzani 42, I-22100 Como, Italy
(b)IFN-CNR, L-NESS, via Anzani 42, I-22100 Como, Italy (c)L-NESS and Dipartimento di Scienza dei Materiali, Università degli Studi MilanoBicocca, via Cozzi 55, I-20125 Milano, Italy

Strain engineering in semiconductors can be used to control their critical properties. A 4% uniaxial tensile strain, applied along the
[100] direction, would transform Ge into a direct band gap semiconductor. If achieved, its compatibility with Si-based technology
would make it ideal for many microelectronics and optoelectronics applications[1]. In this work, top-down SiGe nanostructures are
used as stressors for the creation of high deformation fields in Ge(001) [2,3].
On top of a Si(001) substrate, a strained Si0.5Ge0.5 film is grown on a Ge relaxed buffer by low-energy plasma-enhanced chemical
vapor deposition (LEPECVD), and x-ray diffraction (XRD) is performed in order to verify the composition and the strain state of the
as-grown heterolayers. Afterwards, electron-beam lithography (EBL) and reactive ion etching (RIE) are used to pattern the SiGe
layer into parallel stripes, in order to exploit the perimetral forces they exert to obtain tensile-Ge in the gaps between them. The
pattern design was modeled by finite element method simulations (FEM), while the induced strain levels are inferred by microRaman spectroscopy.
We have found that the Ge peak is shifted to lower wavenumbers (which means higher tensile strain) as the gap between stripes is
reduced. The extracted strain values are in good agreement with the FEM simulations. Furthermore, the detected strain for a 20nm
gap is beyond the critical value for the indirect to direct gap transition[4].
[1]O. Aldaghri, et al. J. Appl. Phys. 111 (5) 053106 (2012)
[2]M.Bollani,et al. J. Appl. Phys. 112 (9) 094318 (2012)
[3]D.Scopece et al. Semicond. Sci. Technol. 29 095012 (2014)
[4] M.Bollani, et al. Appl. Phys. Lett. (submitted: #L15--02639) (2015)
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#550 - Strain release management in SiGe/Si films by substrate patterning
Daniel Chrastina - L-NESS, Politecnico di Milano
Other Authors: M. Bollani (IFN-CNR, L-NESS, via Anzani 42, 22100 Como, Italy), D. Chrastina (L-NESS, Dipartimento di Fisica, Politecnico di
Milano, via Anzani 42, 22100 Como, Italy), S. Cecchi (Paul-Drude-Institut für Festkörperelektronik Hausvogteiplatz 5-7, 10117 Berlin, Germany), R.
Rubert (L-NESS, Dipartimento di Fisica, Politecnico di Milano, via Anzani 42, 22100 Como, Italy), M-I. Richard (ID01/ESRF, BP 220, F-38043
Grenoble Cedex, France), T. Schulli (ID01/ESRF, BP 220, F-38043 Grenoble Cedex, France), G. Chahine (ID01/ESRF, BP 220, F-38043 Grenoble
Cedex, France), L. Gagliano (L-NESS and Department of Material Science, University of Milano-Bicocca, via Cozzi 55, I-20125 Milano, Italy), E.
Bonera (L-NESS and Department of Material Science, University of Milano-Bicocca, via Cozzi 55, I-20125 Milano, Italy), L. Miglio (L-NESS and
Department of Material Science, University of Milano-Bicocca, via Cozzi 55, I-20125 Milano, Italy).

The random nucleation of misfit dislocations associated with the plastic relaxation of Si-rich SiGe epilayers on Si hinders the
possibility to use them in several applications, for example in photodetectors [1]. In the present work we demonstrate that
through the use of a suitable substrate patterning, it is possible to confine the nucleation and the propagation of misfit segments
and threading arms during the epitaxial deposition of Si1-xGex alloys [2]. This leads to the creation of microns-large coherent areas,
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which are free of dislocations. Thick Si-rich Si1-xGex (x ~ 10-20%) films have been deposited on templates fabricated on Si (001)
substrates by electron beam lithography, dry and anisotropic wet-chemical etching. The pattern is composed of a matrix of
submicron-sized inverted pyramids along the <110> directions on a Si(001) substrate. A systematic study of different parameters
(Ge content, film thickness and growth temperature) has been performed to optimize the process [3]. All the samples have been
characterized by atomic force microscopy (AFM), verifying that the patterning induces the propagation of bunches of misfit
segments just along the pit rows, in the [110] and [1-10] directions. Moreover, the threading arms are mainly trapped in the pits:
thus large square areas result to be strained, still dislocation-free. Such a control is not confined only within the pattern, but
extends over 20 μm outside it. The strain in the system has been characterized by µRaman spectroscopy. The results show a full
compressive value in the dislocation-free region, while relaxed stripes have been observed above the bunches of misfit. This is the
first case where μRaman spectroscopy has been used for the visualization of the dislocations present in a film. Moreover,
diffraction experiments were performed using a nano-focused X-ray beam at the ID01 beamline of the European Synchrotron
Radiation Facility in Grenoble. Fast-scanning X-ray nanodiffraction microscopy [4] was used to directly visualize the misfit
dislocation network. X-ray real-space diffracted intensity maps have been compared to AFM images. The perfect match between
the nano X-ray maps and the AFM analyses confirmed the capability to control the dislocation propagation using a suitable pattern
[5]. This system is kinetically stable against thermal treatment, so that fabrication of devices with thermal budget on top of the SiGe
strained square-areas should be possible.
[1] J. G. Fiorenza, G. Braithwaite et al. (2004). Semicond. Sci. Technol. 19, L4.
[2] M. Grydlik, F. Boioli et al. (2012). Appl. Phys. Lett. 101, 013119.
[3] V. Mondiali, M. Bollani, et al. (2014). Appl. Phys. Lett. 105, 242103.
[4] T. Etzelstorfer, M. J. Suess et al. (2014). J. Synchrotron Radiat. 21, 111.
[5] V. Mondiali, M. Bollani, et al. (2014). Appl. Phys. Lett. 104, 021918.
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#551 - Shedding light on 2D materials using synchrotron radiation
Silvano Lizzit (I) - Elettra Sincrotrone Trieste
The rising interest of the scientific community to graphene, the two-dimensional (2D) material composed by carbon atoms
arranged in a honeycomb lattice, is motivated by its unique electronic and physical properties which make it one of the most
promising materials for future nano-technologies. The scientific community is also dedicating increasing interest in other 2D atomic
crystals such as hexagonal boron nitride (h-BN) or transition metal dichalcogenides. Many experimental and theoretical works have
been performed, aimed to the synthesis and characterization of 2D materials. A wealth of experimental techniques, based on a
surface science approach, have been used to perform these studies.
The talk will be dedicated to synchrotron radiation studies on graphene and other 2D materials (h-BN in particular), using high
energy resolution X-ray photoemission spectroscopy (HR-XPS) and photoelectron diffraction (XPD). The XPS technique, used also in
its fast modality to follow transient processes (Fast-XPS), and combined with theoretical modeling and complementary surface
science techniques, is an extraordinary tool capable of exploring several aspects inherent to the chemistry and physics of materials
in general, 2D atomic crystals in this specific case. The presentation should highlight the use and the information content obtained
by exploiting these techniques. The presented topics will cover from the growth of graphene and h-BN on metal substrates, to the
study of their electronic, structural and chemical properties.

#552 - Ultrafast dynamics and transient electronic states in complex materials
Marino Marsi (I) - Université Paris-Sud
Ultrafast dynamics and transient electronic states in complex materials
M. Marsi
Laboratoire de Physique des Solides, CNRS-UMR 8502, Université Paris Sud, Orsay, France
The development of femtosecond light sources opened new perspectives in terms of manipulating the properties of condensed
matter over ultrafast time scales. On one hand, they represent a novel method to explore the properties of complex materials,
alternative and complementary to more traditional experimental techniques; on the other hand, they disclosed the possibility of
changing the properties of matter using light pulses, and of creating transient electronic and structural phases that cannot be
reached changing conventional thermodynamic parameters like pressure, temperature or chemical doping.
The combination of ultrafast spectroscopies using different wavelengths from the optical domain to the X-rays can be crucial for
our understanding of these photoexcited states of matter: time and angle resolved photoelectron spectroscopy, in particular, can
provide a direct visualisation of transient electronic states in reciprocal space, as demonstrated by the recently commissioned
FemtoARPES setup [1]. Selected examples will be discussed to illustrate these possibilities in the study of Mott materials and
topological insulators [2,3].
References
[1] J. Faure et al., Rev. Sci. Intrum. 83 (2012) 043109
[2] M. Hajlaoui et al., Nano Lett. 12 (2012) 3532
[3] M. Hajlaoui et al., Nature Comm 5 (2014) 3003

#553 - Status of the STAR Project at UniCal
Luca Serafini (I) - INFN-Milan
The STAR Project is in progress at the University of Calabria (UniCal) in the frame of the PON Materia initiative. Based on a
collaboration among UniCal, CNISM, INFN and ST, it comprises the construction of a Thomson back-scattering X-ray source for
applied research. The installation of main machine components (RF laser-driven photo-injector, collision laser system, beam lines,
control system and diagnostics) has just started, with perspectives to begin the machine commissioning in mid 2016. We will
present the advancement status as well as future plans for machine upgrade that are being prepared in the context of the PON2020 calls for proposal for research infrastructure upgrades.

#554 - Attenuation length of low energy electrons in solids
Stefano Iacobucci - CNR-ISM
Other Authors: F. Offi (Dipartimento di Scienze e Unità CNISM, Università degli Studi Roma Tre, Via della Vasca Navale 84, I-00146 Roma, Italy);
P. Torelli (CNR- Istituto Officina dei Materiali, TASC Laboratory, Strada Statale 14 km 163.5, I-34149 Trieste, Italy); L. Petaccia (Elettra
Sincrotrone Trieste, Strada Statale 14 km 163.5, I-34149 Trieste, Italy).

The measurement of the information depth of electron spectroscopies for different materials and different energies is of great
interest. Several studies have already shown that the ”universal curve” of the electron mean free path is not universally valid and
can strongly depend on the material [1]. In particular, this issue is relevant for systems featuring surface properties different from
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bulk ones, like correlated materials, buried interfaces and capped samples. Specifically, bulk sensitivity at very low energy (less than
10eV) is still an open question [2].
In this work we have determined by the over-layer method the effective attenuation length (EAL) of electrons in the (6-28) eV
energy range for MgO films. By correlating measurements with the band structure of the material, the energy dependence of the
EAL can to a good approximation be explained by the joint density of (occupied and unoccupied) electronic states of
MgO. Similarities and differences with respect to the corresponding results on CoO (a smaller gap - insulator) and Yb films are
discussed [3, 4]. Comparison of experimental findings on MgO with optical properties calculations available in literature suggests
that, for energies lower than 20 eV, the scattering mechanism are described by the imaginary part of the dielectric
function, accounting in particular for the steep increase of the EAL for energies lower than the insulator band gap.
[1] S. Tanuma, C. J. Powell, D. R. Penn, Surf. Interface Anal. 17 (1991) 91.
[2] B. Ziaja, R. A. London, and J. Hajdu, J. Appl. Phys. 99 (2006) 033514.
[3] F. Offi, S. Iacobucci, L. Petaccia, S. Gorovikov, P. Vilmercati, A. Rizzo, A. Ruocco, A. Goldoni, G. Stefani and G Panaccione, J.
Phys.: Condens. Matter, 22 (2010) 305002;
[4] F. Offi, S. Iacobucci, P. Vilmercati, A. Rizzo, A. Goldoni, M. Sacchi, and G. Panaccione, Phys Rev. B 77 (2008) 201101 (R).

#555 - Probing Long-Lived Plasmonic-Generated Charges in TiO2/Au by High-Resolution X-ray Absorption
Spectroscopy
Federico Boscherini - Dept of Physics and Astronomy, University of Bologna and CNISM
Other Authors: Lucia Amidani (Univ. Bologna and ESRF Grenoble), Alberto Naldoni, Marco Marelli and Vladimiro del Santo (CNR-ISTM Milano),
Marco Malvestuto (Elettra Sincrotrone Trieste), Pieter Glatzel (ESRF, Grenoble)

Exploiting plasmonic Au nanoparticles to sensitize
TiO2 to visible light is a widely employed route to produce
efficient photocatalysts. However, a description of the atomic
and electronic structure of the semiconductor sites in which
charges are injected is still not available. Such a description is
of great importance in understanding the underlying physical
mechanisms and to improve the design of catalysts with
enhanced photoactivity. We investigated changes in the local
electronic structure of Ti in pure and N-doped nanostructured
TiO2 loaded with Au nanoparticles during continuous selective
excitation of the Au localized surface plasmon resonance with
X-ray absorption spectroscopy (XAS) and resonant inelastic
X-ray scattering (RIXS). Spectral variations strongly support
the presence of long-lived charges localized on Ti states at the
semiconductor surface, giving rise to new laser-induced lowcoordinated
Ti sites.
These results have been published in Angew. Chem. Int. Ed. 2015, 54, 5413 –5416

#556 - Copper-Phtalocyanine thin film on Al (100) crystal surface: a study of site-projected molecular orbitals
through Auger-Photoelectron Coincidence Spectroscopy (APECS)
Gian Marco Pierantozzi - Università di Roma Tre, Dipartimento di Scienze
Other Authors: A. Ruocco[1], G.M. Pierantozzi [1], G. Di Filippo [1], S. Vaidya [2], R. Gotter [3], G. Stefani [1], R. A. Bartynski [4] 1 Dipartimento
di Scienze, Università Roma Tre, Roma, Italy 2 Università degli Studi di Trieste, Italy 3 IOM-CNR, Trieste, Italy 4 Department of Physics and
Astronomy, Rutgers University, N.J.

Metal-phtalocyanines are organic molecules which present a relatively high mobility and a 1.9 eV energy gap between highest
occupied and lowest unoccupied electronic levels.
The interaction of this molecule with a metal substrate is a fundamental aspect to investigate because it can induce changes in
electronic structure, condition the orientation of molecules, and also cause long-range ordered growth, with great increase in
mobility.
Aluminum is a good example of a strongly-interacting substrate, since it has almost free and highly delocalized p conduction
electrons. Previous studies of this interface have given evidence of a relevant charge transfer from substrate to molecule at the
monolayer stage.
To get more insight in the modification of electronic structure due to the substrate, we have performed Coincidence Spectroscopy
measurements between C1s photoelectrons and Auger C KVV electrons, in function of the film thickness. Indeed, Auger electron
spectroscopy from KVV lines gives information on the molecular orbitals of a system, and thus on the electrons which are involved
in the bond with the substrate. On the other side, C 1s XPS spectrum presents a chemical shift of 1.4 eV between the non-
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equivalent carbon atoms, namely the pyrrole-ring carbon and the benzene-ring one, thus giving the possibility to be site-selective.
Combining the two information with coincidence measurements, we have an information on the site-projected molecular orbitals
of the system.
Our experiment has been performed at ALOISA beamline in ELETTRA synchrotron (Trieste). Our results show a clear shift (ca. 3 eV)
of Auger spectrum going from thick film to monolayer for the Al substrate, thus confirming the relevant modification of electronic
structure, with charge transfer towards molecule. In particular this shift is more relevant in coincidence spectra with benzene-ring
photoelectron, an indication that the transfer involves orbitals localized mostly on benzenic rings.

#557 - XANES and EXAFS study of the Fe K-edge in the FeBTC Metal-Organic Framework
Luisa Sciortino - Dipartimento di Fisica e Chimica - Università degli studi di Palermo
Other Authors: Gianpiero Buscarino (Dipartimento di Fisica e Chimica Università degli studi di Palermo Via Archirafi, 36 90123 Palermo Italy),
Antonino Alessi (Dipartimento di Fisica e Chimica Università degli studi di Palermo Via Archirafi, 36 90123 Palermo Italy, Laboratoire H. Curien,
UMR CNRS 5516, Université de Lyon, 42000, Saint-Etienne, France), Fabrizio Messina (Dipartimento di Fisica e Chimica Università degli studi di
Palermo Via Archirafi, 36 90123 Palermo Italy), Franco Mario Gelardi (Dipartimento di Fisica e Chimica Università degli studi di Palermo Via
Archirafi, 36 90123 Palermo Italy)

Due to the low toxicity and the high biocompatibility of iron, an increase in the use of iron-based MOFs is widely regarded as a
1
highly desirable target. FeBTC, a metal organic framework commercially known as Basolite F300, is widely available and exhibits
2
3
high catalytic activity for a large variety of organic transformations. The oxidation state of iron atoms is found to be +3 but the
local environment around iron is until now unsettled.
In this work we discuss the results of an experimental investigation carried out at the XAFS beamline of ELETTRA Synchrotron. We
present the determination of the local environment around the metal ion in FeBTC performed by combining XANES and EXAFS
4
studies of the iron K-edge. XANES spectra point out the prevalence of Fe(III) both in a sample stored in air and in that activated by
a dehydration treatment. The ligands around iron are found to be arranged in octahedral geometry. Dehydration induces a change
in the coordination of the first shell and a decrease of the d-orbital occupancy after the activation is detectable, while preserving
the network. We propose that the local structure around Fe atoms does not undergo a rearrangement upon the activation, thus
leading to the formation of an open metal site. The analysis conveys that the FeBTC is a disordered network of locally ordered
blocks.
Reference
1
Horcajada, P.; Chalati, T.; C Serre, C.; Gillet, B.; Sebrie, C.; Baati, T.; Eubank, J.F.; Heurtaux, D.; Clayette, P.; Kreuz, C.; et al. R. Nat.
Mater. 2010, 9, 172–178.
2
Dhakshinamoorthy, A.; Alvaro, M.; Chevreau, H.; Horcajada, P.; Devic, T.; Serre, C.; Garcia, H. Catal. Sci. Technol. 2012, 2, 324–330.
3
Dhakshinamoorthy A.; Alvaro, M.; Horcajada, P.; Gibson, E.; Vishnuvarthan, M.; Vimont, A.; Grenèche, J.M.; Derre C.; Daturi, M.;
Garcia H. ACS Catal. 2012, 2, 2060−2065.
4
Sciortino, L.; Alessi, A.; Messina, F.; Buscarino, G.; Gelardi F.M. J. Phys. Chem. C, 2015, 119, 7826-7830.
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#558 - Theoretical core-level spectroscopy from adsorbed organic molecules
Guido Fratesi (I) - Dipartimento di Fisica, Università degli Studi di Milano
Hybrid interfaces between organic molecules and inorganic substrates are key systems in many technological applications, ranging
from photovoltaics to organic field effect transistors and light emitting devices. Several properties of such interfaces can be
effectively studied by electron core-level spectroscopies: X-ray photoemission (XPS) addresses changes in the chemical state of the
atoms; near-edge X-ray absorption fine structure (NEXAFS) accesses molecular orientations and provides information on the
unoccupied electronic levels; resonant photoemission spectroscopies (RESPES) can measure interfacial electron transfer times
down to the femtosecond timescale.
The potential of these experimental techniques is fully obtained by complementing them with theoretical investigations and
reliable numerical modeling. The perturbation by charged atomic cores is efficiently taken into account within a density-functional
theory (DFT) based approach, as will be exemplified here. Numerical simulation of the dependence of NEXAFS molecular spectra on
the photon electric field direction for pentacene and perylene derivatives [1,2] demonstrates how one can completely determine
the orientation (polar and azimuthal) of molecules at interfaces. Disentangling the contribution of specific atomic cores (initial
states) and molecular orbitals (final states) to NEXAFS [2], is further used to demonstrate filling of the lowest-unoccupied molecular
orbital of pentacene in the peculiar V-bent conformation it assumes on Al(001) [3]. Excitonic effects due to the presence of coreexcited atoms in the molecule can be included in the modeling to understand the electron-transfer times as measured by RESPES,
which are evaluated numerically for molecules on a semi-infinite TiO2(110) substrate whose continuum of conduction states is
described by Green’s function techniques [4].
[1] J. Phys. Chem. C, 2013, 117 (13), pp 6632–6638
[2] Phys. Chem. Chem. Phys., 2014, 16 (28), pp 14834-14844
[3] J. Phys. Chem. C, 2015, 119 (7), pp 3624–3633
[4] J. Phys. Chem. C, 2014, 118 (17), pp 8775–8782

#559 - Chemical characterization of surfaces with spatially resolved photoemission spectromicroscopy: fuel cells,
nanosensors and novel materials
Luca Gregoratti (I) - Elettra - Sincrotrone Trieste SCpA
Other Authors: Matteo Amati (Elettra - Sincrotrone Trieste SCpA), Hikmet Sezen (Elettra - Sincrotrone Trieste SCpA)

Due to the short escape depth of electrons, usually less than a few nm, photoelectron spectroscopy is the best surface sensitive
analytical technique for probing chemical composition and electronic properties of surfaces and top layers of samples.
Nevertheless the standard approach to this technique suffers from two major limitations: 1) spatial resolution (material gap) and 2)
the requirement for high-vacuum environment (pressure gap).
The Scanning PhotoEmission Microscope (SPEM) uses a direct approach to add the spatial resolution and characterize chemically
surfaces and interfaces at the submicron scale i.e. the use of a small focused X-ray photon probe to illuminate samples. Focusing of
X-ray beams is performed by Fresnel lenses (zone plates) while elemental selective maps are obtained by scanning samples with
respect to the focused beam. In the SPEM hosted at the ESCAmicroscopy beamline at the Elettra synchrotron light source, the X-ray
beam can be downsized to a diameter of 120 nm which allows imaging resolution of less than 50 nm.
The unique properties of photoemission spectroscopy to shed light on the chemical and electronic properties of surfaces offer a
powerful tool of analysis for a wide class of scientific and technological topics. The main results obtained by using the SPEM in the
characterization of materials used for the fabrications of solid oxide fuel cells, electrochemical devices, nanosensors and materials
will be presented aiming to disseminate properties and performance of this novel type of microscopy.
Only recently the development of electron energy analyzers with differentially pumped lens systems allowed to perform in situ XPS
measurements up to few mBar (near ambient pressure). Due to their cost, technical complexity and intrinsically low efficiency it
was not possible to export such solution to photoemission spectromicroscopy and conventional XPS stations so far. The SPEM
hosted at Elettra is now able to offer to the scientific community a new compact near ambient pressure cell allowing in operando
spatially resolved XPS characterizations at mBar gas pressures. The first results recently obtained at Elettra will be shown.

#560 - Bonding and reactivity at catalytic interfaces: Modelling novel fuel-cell electrodes from ideal to realistic
reaction environments
Stefano Fabris (I) - CNR-IOM DEMOCRITOS
Other Authors: Matteo Farnesi Camellone (CNR-IOM DEMOCRITOS), Fabio R Negreiros (CNR-IOM DEMOCRITOS), Tran Nguyen Dung (SISSA
and CNR-IOM DEMOCRITOS)

Platinum-group metals supported and dispersed on highly reducible oxides are common active catalysts for the industrial synthesis
of chemical products and for renewable-energy applications such as fuel cells or artificial photosynthesis. Due to the high price of
Pt, the sustainable development of these technologies requires new materials that reduces the content of precious metal without
affecting the device efficiency.
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I will discuss the challenges opened by these systems to electronic-structure simulations and will present a case study in the
context of fuel-cell electrodes, i.e. novel non-conventional CeO2-based catalyst with ultra-low metal loading.
We combine DFT simulations with ab-initio molecular dynamics, atomistic thermodynamics, metadynamics, and other enhancedsampling methods to reveal the new surface chemistry opened by these systems. The calculations are used to characterise the
chemical bonding and the reactivity at the electrode active sites in a wide range of compositions and environments, ranging from
model surfaces at T=0K in vacuum conditions to realistic wet electrodes at finite temperatures, i.e. chemical reactions at complex
solid-liquid interfaces comprising nano-structured surfaces in contact with a solution.
The calculated results allow for rationalising the available experimental data and identify correlations among the reaction
mechanisms, thermodynamic efficiency, and local structure of the active sites, thus shedding light on the origins of the amplified
reactivity and stability of these novel electrodes.

#561 - ADVANCED METAL OXIDE SEMICONDUCTORS FOR SO2 SENSING
Ambra Fioravanti - CNR-IMAMOTER
Other Authors: Maria Cristina Carotta (CNR-IMAMOTER, Via Canal Bianco 28, Ferrara – 44124, Italy), Roberto Paoluzzi (CNR-IMAMOTER, Via
Canal Bianco 28, Ferrara – 44124, Italy)

Atmospheric pollution is still a topical problem in most European cities. Indeed, a significant proportion of population lives in urban
areas where the pollutant concentrations often exceed the fixed limits. Air pollution reduces human life expectancy by more than
eight months on average and by more than two years in the most polluted cities and regions.
Nowadays, monitoring is usually performed in few fixed stations in urban areas, and with mobile stations (where the conventional
equipment is installed on vehicles) for temporary measurement campaigns or occasional environmental impact estimations. The
equipment used in these stations is often complex, expensive and difficult to deploy, requiring controlled environmental conditions
and frequent maintenance and calibration.
In this frame, the technology of thick film gas sensors is an optimal candidate to be implemented in portable devices having low
requirements in terms of power, consumables, maintenance and installation costs. Besides an evident cost-reduction, this
implementation will enable on-board correlation and processing of the acquired data, which can be autonomously distributed in a
user-friendly format via the integrated wireless network interfaces and/or radio-modems.
Sulfur dioxide (SO2) is one of the main atmospheric gaseous pollutants. Their reactivity with the other substances in the
atmosphere causes a wide variety of health and environmental negative effects as respiratory disease, visibility impairments, acid
precipitants etc.
In this work, SO2 detection has been carried out through thick film gas sensors based on different functional materials: single oxides
as SnO2, WO3 and ZnO synthesized in different morphologies (nano-particles, nano-needles and flower-like microstructures) and
mixed oxides as (Tix,Sn1-x)O2 and (W0.9Sn0.1)O3−x.
Among them, the best results were offered by (W0.9Sn0.1)O3−xand ZnO nano-particles. In particular, (W0.9Sn0.1)O3−xis the material
witch exhibited the highest response to SO2 at the operating temperature of 200 °C.
However, the responses didn’t show the bell-shaped behavior or responses increasing or decreasing with temperature. Whereas, a
complex behavior as a function of the working temperature and time-dependent it has been found for all sensors. In agreement
with Shimizu et al., it has been resulted that SO2 behaves as a reducing gas at a temperature higher than 400 °C but as an oxidizing
gas at a temperature lower than 400 ° C.

#562 - Coalescence process of SiO2 supported colloidal Au nanoparticles: experimental analyses and quantitative
evaluations
Francesco Ruffino - Dipartimento di Fisica ed Astronomia-Università di Catania and MATIS IMM-CNR
Other Authors: V. Torrisi Laboratory for Molecular Surface and Nanotechnology (LAMSUN), Department of Chemical Sciences, University of
Catania, Viale A. Doria 6, 95125, Catania, Italy M. G. Grimaldi Dipartimento di Fisica ed Astronomia-Università di Catania, via S. Sofia 64, 95123
Catania, Italy MATIS IMM-CNR, via S. Sofia 64, 95123 Catania, Italy

The controlled growth of nanoparticles (NPs) on surfaces is a powerful tool to create nanostructured materials with desired
properties for several technological applications [1]. In particular, metal NPs have attracted much interest due to their potential
application in many areas, such as catalysis, sensing, data storage, optoelectronics, biological related areas, plasmonics and
photovoltaics [2].The key step towards reliable solid-state technological applications of metal NPs-based systems is the
development of simple, versatile, low-cost, high-throughput methods for the fabrication and manipulation of metal NPs on
surfaces. Key requirement, to this aim, is the quantitative understanding of the physical mechanisms governing the NPs growth
dynamics under various conditions.
So, we present an experimental investigation on the growth dynamics, induced by thermal processes, of colloidal Au NPs on SiO2. In
particular, we deposited size-mono-dispersed Au colloidal NPs on SiO2 surface and performed annealing processes in the 573-1173
K temperature range and 900-3600 s time range. The evolution of the mean NPs size was quantified, by scanning electron
microscopy (SEM) analyses, as a function of the annealing time for each annealing temperature.The analyses of the SEM images
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suggested us a coalescence process as the main NPs growth mechanism.So, we studied the experimental temporal evolution of the
NPs size using the typical relations prescribed by the standard particles coalescence theoretical framework [3, 4]. Fits of the
experimental data by such theoretical relations allowed us to determine, in particular, a size-dependent activation energy for the
coalescence process of the SiO2-supported Au NPs: when the starting diameter of the coalescing NPs increases from 27.5 nm to
53.2 nm, the coalescence activation energy increases from 0.21 eV to 0.34 eV and at higher starting diameters it tends to saturate
at about 0.36 eV. The size-dependence of the activation energy is discussed on the basis of the size-dependent cohesive energy of
the atoms in the NPs. Finally, the 0.36 eV value is shown to be consistent with a coalescence process driven by surface self-diffusion
of Au atoms.
[1] Rotello VM (Eds.), Nanoparticles: building blocks for nanotechnology, Springer, New York (2004).
[2] Feldheim DL, Foss CA, Jr (Eds.), Metal nanoparticles: synthesis, characterization, and applications, Marcel Dekker, Inc. (2002).
[3] Steyer A, Guenoun P, Beysens D, Knobler CM, Phys. Rev. A 44, 8271 (1991).
[4] Arcidiacono S, Bieri NR, Poulikakos D, Grigoropoulos CP, Int. J. Multiphase Flow 30, 979 (2004).

#563 - DFT modeling of water oxidation: from molecular catalysts to oxide surfaces
Simone Piccinin - CNR-IOM
Splitting water to produce molecular hydrogen is a promising way to convert and store solar energy in the form of chemical fuels
[1]. Efficient catalysts are needed to promote this electrochemical reaction, which, especially on the oxidation side, is extremely
challenging, requiring the loss of four electrons and four protons and the creation of the O-‐O bond. For this semi-‐reaction several
catalysts have been proposed in the past three decades, both heterogeneous (metal oxide surfaces) and homogeneous (transition
metals with organic ligands), while Pt is typically used at the cathode. In this talk I will present the results of our theoretical
investigations on three systems: (i) an amorphous Co-‐ phosphate material obtained through electrodeposition [2,3]; (ii) hematite
surfaces [4,5]; (iii) an inorganic Ru-‐based polyoxometalate molecular catalyst [6,7]. We show how state-‐of-‐the-‐art theoretical
methods help to shed light on the complex mechanism of this reaction. We identify simple descriptors of the catalytic activity,
enabling us to rationalize and compare the performance of different classes of catalysts.
REFERENCES
[1] V. Balzani, A. Credi, M. Ventura ChemSusChem 1, 26 (2008)
[2] X. L. Hu, S. Piccinin, A. Laio and S. Fabris, ACS Nano 6, 10497-‐10504 (2012)
[3] K. Kwapien, S. Piccinin and S. Fabris, J. Phys. Chem. Lett. 4, 4223–4230 (2013)
[4] M.-‐T. Nguyen, N. Seriani, S. Piccinin and R. Gebauer J. Chem. Phys. 140, 064703 (2014)
[5] M.-‐T. Nguyen, S. Piccinin, N. Seriani, and R. Gebauer ACS Catalysis 5, 715-‐721 (2015)
[6] S. Piccinin and S. Fabris, Phys. Chem. Chem. Phys. 13, 7666-‐7674 (2011)
[7] S. Piccinin, A. Sartorel, G. Aquilanti, A. Goldoni, M. Bonchio and S. Fabris Proc. Natl. Acad. Sci. USA 110(13), 4917-‐4922 (2013)

#564 - Neutron Radiation Damage Testing of Organic Solar Cells
Giuseppe Paternò - University College London
Other Authors: Andrea Zampetti (Department of Physics and Astronomy and London Centre for Nanotechnology, University College London),
Valentina Robbiano (Department of Physics and Astronomy and London Centre for Nanotechnology, University College London), Keith Fraser
(Department of Physics and Astronomy and London Centre for Nanotechnology, University College London), Victoria Garcia Sakai (ISIS Pulsed
Neutron and Muon Source, Science and Technology Facilities Council,), Franco Cacialli (Department of Physics and Astronomy and London Centre
for Nanotechnology, University College London)
1

Polymer-based solar cells have recently emerged as a promising class of photovoltaic diodes, with efficiencies approaching 12% .
Since this class of materials allow fabrication of cheap, lightweight and flexible devices, they might be integrated effectively in
spacecrafts and thus reduce the associated launching costs. For all these reasons, a detailed study on the effect of radiation
exposure needs to be carried out to investigate whether or not these devices are adequately radiation tolerant. Neutron irradiation
is a well-established technique to simulate exposure to cosmic rays.
Here we report, for the first time, a study of fast neutron (>10 MeV) radiation tolerance of polymer-fullerene solar cells
incorporating either poly(3-hexylthiophene) [P3HT] or poly(2,5-bis(3-hexadecylthiophen-2-yl)thieno[3,2-b]thiophene) [PBTTT] as
electron-donors, and [6,6]-Phenyl C71 butyric acid methyl ester (PCBM) as the electron-acceptor. We irradiated the devices at three
9
2
different total-dose of neutrons (1.5, 3 and 4.5 x 10 n / cm ), observing a general lowering of the efficiencies (40% and 11% for
P3HT and PBTTT) already at the lower dose and a higher parameters variability from device to device upon irradiation.
Interestingly, PBTTT displays a higher radiation tolerance than P3HT, likely due to its superior structural and conformational
stability.

1

Heliatek, (http://www.heliatek.com/newscenter/presse, 16/01/2013), Press Release.
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#565 - Number and Molecular Brightness and Phasor FLIM methods for mapping p53 tetramers and Metabolic
Alterations upon DNA damage
Michelle Digman (I) - University of California Irvine
Other Authors: Swathi Bagilthaya1., Jane Bardwell2 and Lee Bardwell2 1Department of Biomedical Engineering. University of California Irvine,
3103 Natural Sciences II, Irvine, CA, 92617, USA 2Department of Developmental and Cell Biology, University of California Irvine, 2208 Natural
Sciences, Irvine, CA, 92617, USA

For biological reaction-diffusion systems, live single cell spatialtemporal analysis of protein dynamics provides a mean to observe
stochastic biochemical signaling which may lead to better understanding of cancer cell invasion, stem cell differentiation and other
fundamental biological processes. Here we describe methodologies used to investigate p53 activity and alteration of the metabolic
pathway upon DNA damage. We used the Number and Molecular Brightness (N&B) method to map aggregation processes in the
entire cell upon DNA damage with cisplatin (a chemotherapy agent); thus revealing the spatial distribution of events, the site of
tetramer formation and the time sequence of the aggregation events with quantitative information about the distribution and size
of any intermediate aggregates that are formed. The molecular number and brightness method is based on calculating the average
intensity as each pixel of an image and the variance of the fluctuations contributed by those intensities. p53 is a tumor suppressor
protein that regulates target genes involved in DNA damage migration and repair. If cells become stressed due to DNA damage, p53
will form tetramers in specific chromatin sites and active genes that trigger cell cycle arrest and/or apoptosis. To gain information
regarding fast dynamic processes we use laser beam line scanning on a convention confocal microscope to reveal the transient
binding dynamics across the nucleus. Given that p53 has a dual role in promoting oxidative phosphorylation (oxsphos) and
glycolysis upon cellular stress and may play an important role in normal growth, development, and tumor suppression, we
investigated the effect of metabolic changes upon DNA damage under the same treatment and tested if the concentration of p53
influences the balance between apoptosis and DNA repair. We used the fluorescent lifetime imaging microscopy (FLIM) phasor
approach to detect changes in oxsphos and glycolysis. The FLIM/Phasor data show that low concentrations of p53 is enough to
trigger glycolytic response in the nucleus of the cells upon DNA damage with cisplatin and under high expression levels, a new
lifetime phasor is detected. This new lifetime correlates with dead phenotype cells and may be a new "apoptotic" lifetime signal.
Overall, our findings demonstrate that by multiplexing these techniques we have the ability to spatially and temporally quantify
p53 activation and map p53’s influence in the metabolic pathway. This work is supported in part by NIH grants P50 GM076516 and
P41 GM103540.

#566 - Biophysics of Intrinsic Disorder
Vladimir N. Uversky (I) - University of South Florida
Intrinsically disordered proteins (IDPs) lack stable tertiary and/or secondary structure under physiological conditions in vitro, often
resembling 'protein clouds'. Computational studies revealed that IDPs are highly abundant in nature, as ~25-30% of eukaryotic
proteins are mostly disordered, and >50% of eukaryotic proteins and > 70% of signaling proteins have long disordered regions. The
functional repertoire of IDPs is complementary to that of ordered proteins, with IDPs being commonly involved in regulation,
signaling and control pathways, where binding to multiple partners and high-specificity/low-affinity interactions play a crucial role.
It is suggested that functions of IDPs may arise from the specific disorder form, from inter-conversion of disordered forms, or from
transitions between disordered and ordered conformations. The choice between these conformations is determined by the
peculiarities of the protein environment, and many IDPs possess an exceptional ability to be highly responsive to change in their
environment and to fold in a template-dependent manner. All this requires a close attention to the odd biophysics of IDPs. In this
talk, some key biophysical features of IDPs will be covered. In addition to the peculiar sequence characteristics these unusual
biophysical features include sequential, structural, and spatiotemporal heterogeneity of IDPs; their rough and relatively flat energy
landscapes; their ability to undergo both induced folding and induced unfolding; the ability to interact specifically with structurally
unrelated partners; the ability to gain different structures at binding to different partners; and the ability to keep essential amount
of disorder even in the bound form. IDPs are also characterized by the “turned-out” response to the changes in their environment.
It is proposed that the heterogeneous spatiotemporal structure of IDPs/IDPRs can be described as a set of foldons, inducible
foldons, semi-foldons and non-foldons. They may lose their function when folded, and activation of some IDPs is associated with
the awaking of the dormant disorder.

#567 - Investigation on structural features and antiaggregation properties of chaperonins and chaperone-like
protein molecules
Silvia Vilasi - BIOPHYSICS INSTITUTE, NATIONAL RESEARCH COUNCIL
Molecular chaperones play central roles in many cellular processes, including protein folding, targeting, transport. They are
essential in fighting the consequences of protein misfolding and aggregation or enhancing the disaggregation of toxic aggregates by
clearance mechanisms. Recent studies have attributed to some chaperones the ability to directly interact with aggregation-prone
species of proteins involved in severe neurodegenerative diseases (Alzheimer's disease, Parkinson's disease) and/or to suppress
their toxicity. Among these are the principal heat-shock proteins (HSPs), the small HSPs characterized by the alpha-crystallin
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domain, but also molecules the exhibit marked chaperone-like activity, like milk caseins or BRICHOS domains. Chaperones exert
their protective action by several mechanisms, many of which involve protein disordered regions (IDRs). However, in many cases,
the scarcity of structural data has impeded a deep understanding of the recognition and antiaggregation mechanisms. This is
crucially important when considering how to screen for and characterize potential inhibitors of amyloidosis. Here we show how
two chaperonins, Hsp60 and GroEL, and intrinsically disorder colloids with chaperone-like functions, the milk caseins, can
specifically influence fibrillogenesis of Aß1-40 amyloid peptide involved in Alzheimer Disease. Inhibition mechanisms are correlated
with chaperone structural, self organization and stability properties performed by a battery of biophysical methods and aimed to
understand what are molecular determinants responsible for their inhibitory action.

#568 - Unfolding of misfolded proteins stimulated by chaperones
Alberto Sassi - École polytechnique fédérale de Lausanne
Other Authors: Alessandro Barducci and Paolo De Los Rios ; École polytechnique fédérale de Lausanne

Chaperone Hsp70 is a very abundant protein involved in many mechanisms related to protein
homeostasis: it assists the proper folding of other polypeptides both during and after translation,
it rescues misfolded proteins from aggregates, it enhances protein translocation across membranes
and in some cases it takes part in protein degradation. A key feature for these tasks is the
fine tuning of the binding affinity between the chaperone and its substrate, performed via ATPdriven conformational changes. When Hsp70 is bound with ADP it has slows rates of binding
and unbinding but a high affinity for the substrate, whereas the ATP state is characterized by a
faster kinetics but also by a lower affinity. The switch between the two states is obtained mainly
via ATP hydrolysis, therefore there is a net energy consumption and the system is driven out
of equilibrium. We focus on the role played by Hsp70 in stimulating the unfolding of misfolded
proteins. When a protein is kinetically trapped in a non functional metastable state it cannot reach
its native state spontaneously in accessible time scales. Interaction with Hsp70 leads to a decrease
in the free energy barrier between the native and the misfolded states. The chaperone does not
participate actively in the refolding process: it normally enhances the unfolding, leaving to the
unfolded protein a chance to spontaneously refold in the native functional state. We implement
a kinetic model for a description of this mechanism and illustrate how the necessity of the non
equilibrium regime naturally follows from thermodynamic constraints.

#569 - An integrated approach to investigate the collective dynamics of the phospholipid bilayer
Giovanna D'Angelo - Dipartimento di Fisica e Scienze della Terra, Università degli Studi di Messina, Messina
Other Authors: Valeria Conti Nibali1, Alessandro Paciaroni2, Ulderico Wanderlingh3, F rancesco Sacchetti2, Caterina Branca3, Cristina Crupi3
1Ruhr-University Bochum, Institute for Physical Chemistry II, Bochum, Germany 2Dipartimento di Fisica, Università degli Studi di Perugia,
Perugia, Italy 3 Dipartimento di Fisica e Scienze della Terra, Università degli Studi di Messina, Italy

The
collective
dynamics
of
1,2-dimyristoyl-sn-glycero3-phoshatidylcholine
(DMPC)
bilayers
has
been
investigated
by
Brillouin
neutron
scattering
and
far-infrared
(farIR) spectroscopy. We propose a comprehensive picture of the vibrational features of phospholipid membranes at THz
frequencies on the basis of the identified inelastic excitations. The dispersion curves measured by neutron scattering are
composed of three branches. The low- and intermediate-energy excitations are interpreted as acoustic transverse and acoustic
longitudinal modes, as also suggested by MD simulations results. The high energy branch is described as the superposition of
several optic modes of the bilayer lipid chain, on the basis of the consistent scenario provided by the composite far-IR spectra. A
strong similarity between the THz vibrational dynamics of lipid membranes and those of water is found.

#570 - Investigation on conformational changes in glucose oxidase before and after sol-gel immobilization by
means of optical techniques
Maria Lepore - Seconda Università di Napoli
Other Authors: M. Portaccio Dipartimento di Medicina Sperimentale, Seconda Università di Napoli, Via S. Maria di Costantinopoli 16, Napoli
80138, Italy, R. Esposito Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Università di Napoli "Federico II",
Piazzale V. Tecchio 80 , 80125 Naples, Italy, I. Delfino Dipartimento di Scienze Ecologiche e Biologiche, Università della Tuscia, Largo
dell’Università snc, I-01100 Viterbo (Italy)

Immobilization procedures represent a fundamental stage for technological applications of enzymes. Sol–gel technique is generally
considered as a valuable approach to obtain catalytic supports with high chemical stability, superior optical transparency and
porosityproperties enabling the entrapment of proteins or enzymes.In the present work, structural and dynamic properties of
glucose oxidase (GOD) prior and after sol–gel immobilization process have been investigated by using different optical techniques.
In particular, we have investigated the optical absorption in the UV–VIS range and the steady-state fluorescence in the FAD region.
Moreover we have used time-resolved FAD fluorescence for further studying the changes occurring in GOD dynamic properties
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when it is immobilised in a sol–gel matrix. GOD secondary structure has been studied by means of micro-attenuated total reflection
(ATR) FT-IR spectroscopy together with deconvolution procedure. Infrared spectroscopy measurements has confirmed that
enzymatic activity is preserved and a predominant β-sheet subcomponent is retained by immobilized glucose oxidase. Timeresolved FAD fluorescence has shown that a three-exponential decaying behaviour is observed for both free and immobilized
enzymes with three different lifetimes, each of them being characteristic of a distinctive conformational state of the FAD structure.
The comparison between lifetime values for free and immobilized glucose oxidase has not shown considerable differences, while
the fractional steady-state intensities of the single exponential components have been changed by immobilization procedure an
increasing role of the closed and intermediate configuration of FAD moiety. All results reported and discussed in this paper have
confirmed once again the efficacy of the sol-gel immobilization procedure for enzymes and proteins with particular attention
to the ability of sol-gel technique to well preserve enzymatic activity. In addition, the joint use of different optical spectroscopic
techniques has shown to be a very valuable tool for getting a better insight into structural and dynamic properties of immobilized
enzymes.

#571 - CAT (Confocal-AFM-TIRF) Microscopy : a Novel tool for 3D Investigation of Cells
Stefano Leporatti - CNR NANOTEC - Istituto di Nanotecnologia
Other Authors: Mariafrancesca Cascione (Department of Physics, University of Salento, Via Monteroni 73100 Lecce), Ross Rinaldi (Department of
Physics, University of Salento, Via Monteroni 73100 Lecce)

CAT (Confocal-AFM-TIRF) microscopy [1] is a combination of an advanced scanning probe microscope (Bioscope Catalyst, Bruker
Inc. USA), a confocal microscope (LSM 700, Zeiss GERMANY), and a total internal reflection fluorescence microscope (Laser TIRF 3,
Zeiss GERMANY). Devices are mounted on an inverted microscope. AFM allows elasticity and topographical single cell membrane
characterization, confocal microscopy permits volume cell investigation whereas TIRF gives information about cell-substrate
interface. Their combined use provides a topographic and spectroscopic imaging, and nano-scale adhesion forces and elastic forces
mapping of the sample. Therefore the simultaneous combination of all three microscopies gives rise to a complete threedimensional point of view. By using CAT microscopy we have explored morphological and cytomechanical modifications of cancer
cells. In particular we have investigated the effects of ROC-inhibitor (Y-27632) on three different cancer cell lines (MCF-7, MDA-361,
SKOV-3) by nanoindentation [2]. ROC inhibitor induced re-arrangement of the actin fibers into the cytoskeleton as visualized by
confocal images [1,2]. As further proof of concept, by CAT microscopy we have also investigated the internalization of dendrimers
into mitochondrial structures and their targeted colocalization inside cellular compartments [3]. These experiments demonstrate
that CAT microscopy is a novel powerful tool for 3D cells investigation.
[1] M. Cascione, “Caratterizzazione morfologica e citomeccanica di cellule tumorali mediante microscopia ottica ed a scansione di
forza”, Master thesis in Physics, Università del Salento, A.A. 2010-2011
[2] S. Leporatti et al., “Cytomechanical and topological investigation of MCF-7 cells by scanning force microscopy” Nanotechnology,
2009. 20(5): p. 1-6.
[3] N. Denora et al. In vitro targeting and imaging the translocator protein TSPO 18-kDa through G(4)-PAMAM–FITC labeled
dendrimer” Journal of Controlled Release 172 (2013) 1111–1125.

279

Out of Equlibrium Statistical Mechanics II

2 Oct

#572 - Fluctuation theorems in classical systems in contact with several baths.
Alberto Imparato (I) - Aarhus University
I will first consider a harmonic chain coupled to two or more heat baths at different temperatures.
I will use this model to introduce and discuss the fluctuation theorem that sets
precise constraints on the fluctuations of the heat transfer between the different reservoirs.
I will generalize these results to the case of systems with general interaction potential.
I will then show some experimental results for a system formally equivalent to a harmonic chain with different heath baths, and
show that a conservation law for the total entropy exists.
Finally, I will discuss the general case of a system in contact with multiple energy and particle baths, and show that there exists a
fluctuation theorem that involves only the energy and the particle currents and that holds at any time.
References
H. C. Fogedby, A. Imparato, Heat flow in driven chains,
J. Stat. Mech. P04005 (2012).
S. Ciliberto, A. Imparato, A. Naert, M. Tanase, On the heat flux and entropy
produced by thermal fluctuations, Phys. Rev. Lett., 110: 180601 (2013).
S. Ciliberto, A. Imparato, A. Naert, M. Tanase, Statistical properties of the energy exchanged between two heat baths coupled by
thermal fluctuations,
J. Stat. Mech. P12014 (2013).
G. Bulnes Cuetara, M. Esposito, A. Imparato, Exact fluctuation theorem without ensemble quantities, Phys. Rev. E, 89: 052119
(2014).
H. C. Fogedby, A. Imparato, Heat fluctuations and fluctuation theorems in the case
of multiple reservoirs, J. Stat. Mech. P11011 (2014).

#573 - Spinodals with disorder: from Avalanches in Random Magnets to Facilitated Glassy Dynamics
Giulio Biroli (I) - Institute of Theoretical Physics CEA Saclay
Spinodal phase transitions in presence of quenched disorder play a key role
for several out of equilibrium phenomena such as hysteresis in random magnets,
glassy dynamics and collective behaviors in social science. In this talk we focus on the
quasi-statically driven zero temperature random-field Ising model, which is generically
used to model these kind of transitions, and present a complete theory of its spinodal.
We find that the transition is triggered by very rare events: avalanches starting from
droplets of the opposite phase that become unstable by a depinning transition.
Our results hold in any finite spatial dimension, thus showing
that there is no upper critical dimension contrary to what currently conjectured in the
literature. We conclude by discussing the consequence of our results on the current undertanding
of glassy dynamics.

#574 - Short-time universality and aging after a quench in isolated quantum systems
Andrea Gambassi (I) - SISSA - International School for Advanced Studies
Recent experimental progresses in the physics of ultracold atomic gases have revived the interest in the dynamics of thermally
isolated quantum statistical systems after a sudden change (quench) of their control parameters.
Within a renormalization-group approach and via exact solutions we demonstrate that a system with vector order parameter
deeply quenched close to a dynamical critical point exhibits a transient short-time scaling regime which is however dynamically
unstable. Within this unusual nonthermal regime, dynamical correlations are characterized by short-time universal exponents and
aging, which we investigate both analytically and numerically.
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#575 - Coarsening in inhomogeneous systems
Federico Corberi - Universita' di Salerno
Other Authors: Eugenio Lippiello Dipartimento di Scienze Ambientali, Seconda Universita' di Napoli, Via Vivaldi, Caserta, Italy Marco Zannetti
Dipartimento di Fisica “E. R. Caianiello”, Universita' di Salerno, via Giovanni Paolo II 132, 84084 Fisciano (SA), Italy.

We consider the coarsening phenomena occurring in systems where quenched features - such as random
field, varying coupling constants or lattice vacancies - spoil homogeneity. We discuss the current understanding of the problem in
ferromagnetic systems with a non-conserved scalar order parameter by focusing primarily on the form of the growth-law of the
ordered domains, on the scaling properties and on the crossover patterns.

#576 - Non-Equilibrium Quantum Criticality in One Dimensional Driven-Dissipative Condensates from
Engineered Diffusion
Jamir Marino - Technical University of Dresden
Other Authors: Sebastian Diehl (Technical University of Dresden)

We characterize a novel quantum non-equilibrium universality class, occurring in a driven- dissipative condensate in the presence
of one/two body losses and one body pump as well as quartic interactions, in a regime where a engineered strong diffusion term
allows for condensation out-of- equilibrium in one dimension, in an analog of a zero temperature condition.
Employing Functional Renormalization Group suited for the non-equilibrium Keldysh action, we provide estimates for the
boundaries of the momentum window, where the engineered diffusion dominates over Markovian noise, and a novel quantum
critical scaling behaviour out-of-equilibrium can be observed.
In particular, we compute the critical exponent and anomalous dimensions of the Wilson-Fisher fixed point corresponding to this
new universality class, and we remarkably find that at this fixed point quantum coherent effects survives to the environmental
decoherence, and coexist with dissipative effects. We also comment on the absence of mapping between this novel nonequilibrium quantum critical behaviour in one dimension and its classical counterpart in three dimensions, contrary to what usually
occurs for equilibrium phase transitions.
Finally, we briefly discuss a quantum optics implementation of the diffusion term necessary to realise this novel critical
regime. Specifically, we show that a spontaneously decaying qubit weakly coupled to the antisymmetric superposition of the
microwave bosonic excitations on neighbouring cavities induces additional single particle strong diffusion which favours the new
critical quantum regime.

#577 - Response theory for nonequilibrium stochastic systems
Marco Baiesi - Università di Padova & INFN
Other Authors: Gianmaria Falasco (University of Leipzig), Christian Maes (K.U. Leuven), Urna Basu (K.U. Leuven), Cem Yolku (Università di
Padova), Attilio Stella (Università di Padova), Carlo Vanderzande (Hasselt University)

Various forms of response (e.g. specific heat, thermal expansion, compressibility, conductivity) for an equilibrium system are all
entirely characterized by entropic changes caused by the perturbation, and are related to spontaneous fluctuations of the system
via the fluctuation-dissipation theorem. We discuss how this picture is broken out of equilibrium, for systems evolving with a
stochastic dynamics. It turns out that the entropy production is not enough for characterizing the linear response far from
equilibrium. One also needs to understand how the system's internal activity is modified by the perturbation. This finding is
illustrated both for the response to external forces and for the reaction to a change in one temperature when many heat baths
keep the system out of equilibrium. We also discuss how somewhat counterintuitive effects as negative differential mobility may
be understood with this approach.

#578 - Dissipative quantum dynamics of multi-level bistable systems
Luca Magazzù - Università di Palermo - Dipartimento di Fisica e Chimica
Other Authors: Davide Valenti (Università di Palermo, Dipartimento di Fisica e Chimica), Angelo Carollo (Università di Palermo, Dipartimento di
Fisica e Chimica), Bernardo Spagnolo (Università di Palermo, Dipartimento di Fisica e Chimica)

We study the dissipative multi-level dynamics of a quantum particle interacting with a bosonic heat bath and confined in a double
well potential.
Various physical systems, such as superconducting devices, single-molecule magnets, and chemical reactions, can be described by
the model considered.
The time evolution of the system in the spatially localized “discrete variable” representation is obtained by using the Feynman–
Vernon path integral approach. This approach is inherently non-perturbative in the system-bath coupling and is thus suited for the
strong coupling regime.
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The resulting non-Markovian dynamics is given in terms of a generalized master equation, i.e. a set of coupled integro-differential
equations for the populations in the discrete variable representation. The kernels of the generalized master equation are derived
within different approximation schemes, depending on the coupling regime and bath temperature. By the combined use of BlochRedfield and path integral techniques, we establish a phase diagram which accounts for the dynamics of the so-called doubledoublet system, in various dissipation regimes.
Under appropriate conditions, a master equation with constant rates can be derived from the generalized master equation,
allowing for the treatment of both the static and driven case at strong dissipation. Using this master equation a nonmonotonic
behavior is found in the escape time from the metastable state of a biased potential.

References
L. Magazzù, D. Valenti, B. Spagnolo and M. Grifoni, arXiv:1412.7467 (submitted to Phys. Rev. E).
L. Magazzù, D. Valenti, A. Carollo, and B. Spagnolo, Entropy 17, 2341 (2015).
D. Valenti, L. Magazzù, P. Caldara, and B. Spagnolo, Phys. Rev. B 91, (to be published) (2015).
M. Thorwart, M. Grifoni and P. Hänggi, Ann. Phys. 293, 15 (2001).
F. Nesi, E. Paladino, M. Thorwart and M. Grifoni, Phys. Rev. B 76, 155323 (2007).

#579 - Signatures of directed percolation in Rydberg atomic systems
Matteo Marcuzzi - University of Nottingham
Other Authors: Emanuele Levi (University of Nottingham), Weibin Li (University of Nottingham), Juan P. Garrahan (University of Nottingham),
Beatriz Olmos (University of Nottingham), Igor Lesanovsky (University of Nottingham)

Directed percolation lies among the simplest instances of genuine non-equilibrium phase transitions. However, until a rather recent
study on nematic liquid crystals in two dimensions, no clear evidence of the corresponding universality had been highlighted in real
systems. We show that signatures of directed percolation can be highlighted in a strongly interacting ensemble of Rydberg atoms
subject to intense dephasing noise. Thanks to the high degree of tunability offered by cold atomic techniques, this approach might
allow for the experimental probing of directed percolation in all physical dimensions.
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#580 - Information filtering networks
Tomaso Aste (I) - UCL Computer Science
Other Authors: T Di Matteo (King's College London), G P Massara (UCL London)

We are witnessing interesting times rich of information, readily available for us all. Using, understanding and filtering such
information has become a major activity across science, industry and society at large.
I will show how networks built from dependency measures, both linear and non-linear, can be used to process information while it
is generated reducing complexity and dimensionality while keeping the integrity of the dataset. I’ll describe algorithms to build
these networks and I’ll discuss bounds on information retrieval. Applications to financial systems will demonstrate how reliable and
useful models can be constructed making use of these information filtering networks.
References
M. Tumminello, T. Aste, T. Di Matteo, R.N. Mantegna, “A tool for filtering information in complex systems”, PNAS 102 (2005)
10421-10426.
W.M. Song, T. Di Matteo and T. Aste, “Hierarchical information clustering by means of topologically embedded graphs”, PLoS ONE,
7 (2012) e31929.
F. Pozzi, T. Di Matteo, and T. Aste, “Spread of risk across financial markets: better to invest in the peripheries”, Scientific Reports 3
(2013) 1665.
G. Previde Massara, T. Di Matteo, and T. Aste, “Network Filtering for Big Data” (2015) http://arxiv.org/abs/1505.02445

#581 - Kinetics of social contagion
Janos Kertesz (I) - Central European University
Other Authors: Zhongyuan Ruan, Central European University, Hungary; Gerardo Iniguez, Consejo Nacional de Ciencia y Tecnologia, Mexico;
Maron Karsai, Ecole Normale de Superieure de Lyon, France

Diffusion of information, behavioural patterns or innovation follows diverse patterns depending on a number of conditions,
including the structure of the underlying social network, the sensitivity to peer pressure and the influence of media. So far, models
of complex social contagion have focused on distinguishing between cases where global cascades form from cases without
macroscopic spreading. Threshold models have been successful in identifying the conditions for global spreading, leading to phase
diagrams in the space of contagion parameters. Yet, little is known about the temporal behaviour of such processes and its
governing factors. Here we study analytically and by simulations a general model that incorporates the threshold mechanism
capturing sensitivity to peer pressure, the effect of `immune' nodes who never adopt, and a perpetual flow of external information.
While any constant, non-zero rate of dynamically-introduced innovators leads to global spreading, the kinetics by which the
asymptotic state is approached show rich behaviour. In particular we find that, as a function of the density of immune nodes, there
is a transition from fast to slow spreading governed by entirely different mechanisms. This transition happens below the
percolation threshold of fragmentation of the network, and has its origin in the competition between cascading behaviour induced
by innovators and blocking of adoption due to immune nodes. We compare the picture suggested by the model with empirical
data.

#582 - Bank-firm credit network in Japan. An analysis of a bipartite network
Luca Marotta - University of Palermo
We present an analysis of the credit market of Japan from 1980 to 2011, based on a unique dataset reporting credit relationships
between banks and publicly quoted firms. The study is performed on the bipartite network of banks and firms where a link
between a bank and a firm exists when a credit relationship is present in a given year. By means of the Bipartite Recursively
Induced Modules (BRIM) community detection algorithm proposed by Barber, we obtain mixed communities containing both banks
and firms. We then introduce a method to track the time evolution of these communities on a statistical basis which takes into
account the heterogeneity of the sizes of the different communities. Finally, we investigate the over-expression of attributes of the
firms and banks present in each community year by year, using metadata about the type of bank, the geographical location and the
economic sector of firms. Altogether, our empirical observations show that the credit market in Japan is a networked market where
the type of bank and firm's geographical location and economic sector play a role in shaping the credit relationship.

#583 - Structure and evolution of the Finnish Parliament through a network analysis of law and budget
initiatives
Elena Puccio - Università di Palermo
Other Authors: Michele Tumminello (Dipartimento di Scienze Economiche, Aziendali e Statistiche, Università di Palermo, Viale delle Scienze, 90128
Palermo, Italy), Jyrki Piilo (Department of Physics and Astronomy, University of Turku, FI-20014 Turun yliopisto, Finland), Antti Pajala
(Department of Political Science and Contemporary History, University of Turku, FI-20014 Turun yliopisto, Finland)
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We present a study of the network of relationships among members of the finnish parliament, based on a quantitative analysis of
initiative co-signatures, and of its evolution over 15 years.
Our database consists of parliament initiatives, submitted between 1999 and 2014 long with the following information: who
submitted each initiative (the proponent), the year it was submitted, its type (budget or law), and all the signers.
We look at the system of initiatives and signers as a bipartite network. In such systems, elements of a given type (iniatives) can only
be linked to elements of the other type (members).
To understand the parliament's structure, we constructed a statistically validated network of its members [1], based on the
similarity between the patterns of initiatives they signed, and looked for communities in the network. Initiatives are classified in
two groups: budget and law. We show that such a subdivision has a remarkable implication on the community structure, indeed,
how members interact with each other fundamentally depends on the initiative's type, in such a way that networks ensuing from
these two groups show a different clustering.
To gain insight on the nested structure of communities, we constructed a hierarchical tree of members, according to a measure of
similarity, based on the number of co-signatures on initiatives [2].
All communities were characterized by members' attributes (gender, party, district, area, coalition and political position) [3]. We
followed the changes in communities and their characterization over four different parliaments.
At the local level, we investigated the role played by single individuals, particularly whether they act as leaders or followers,
proponents, global or group signers or receivers. To do so we used a measure of reciprocity, that takes into account the number of
signatures from a specific member to another and vice versa, and a set of disparity measures aimed at evaluating the indegree/out-degree imbalance of members.
Finally, we investigated the dynamics of the similarity structure of the system, over the years, with a particular attention to changes
in the Parliament composition [4].
Our results provide a quantitative background to current theories in political science. From a methodological point of view, our
network approach has proven able to single out both local and global features of a complex social system, such as the finnish
parliament.
[1] M. Tumminello et al., Statistically validated networks in bipartite complex systems, PLoS ONE 6 (3), 2011.
[2] M. Tumminello et al., Happy aged people are all alike, while every unhappy aged person is unhappy in its own way, PLoS ONE 6
(9), 2011.
[3] M. Tumminelloet al., Community characterization of heterogeneous complex systems, J. Stat. Mech. 2011, P01019, 2011.
[4] L. Laloux et al., Noise dressing of financial correlation matrices, Phys. Rev. Lett. 83, 1467, 1999.

#584 - Reaction-diffusion system on complex Cartesian product networks
Daniel Maria Busiello - Department of Physics and Astronomy, University of Padova
Other Authors: Malbor Asllani (Dipartimento di Scienza ed Alta Tecnologia, University of Insubria), Timoteo Carletti (Department of mathematics
and Namur Center for Complex Systems, University of Namur), Duccio Fanelli (Dipartimento di Fisica e Astronomia, University of Florence and
INFN), Gwendoline Planchon (Department of mathematics and Namur Center for Complex Systems, University of Namur)

From chemistry to biology, passing through physics, spatially extended motifs are found which spontaneously emerge from an
ensemble made of interacting microscopic actors. The proto-typical approach to patterns formation in reaction-diffusion processes
dates back to Alan Turing’s paper on morphogenesis. Here we aim at generalizing the theory of Turing instability for reaction
diffusion systems defined on Cartesian networks. These latter are assembled as the Cartesian product of simpler networks, the
fundamental building blocks in the process of hierarchical aggregation. To this end we operate in the linear regime and expand the
time dependent perturbation on a basis formed by the tensor product of the eigenvectors of the discrete Laplacian operators,
associated to each of the individual networks that build the Cartesian product. The dispersion relation which controls the onset of
the instability depends on a set of discrete wavelenghts, the eigenvalues of the aforementioned Laplacians. Patterns can develop
on the Cartesian network, if they are supported on at least one of its constitutive sub-graphs. Numerical simulations carried out for
the Mimura-Murray reaction kinetics confirm the adequacy of the proposed theory.

#585 - The development pathways of nations: the heterogeneous dynamics of economic complexity
Matthieu Cristelli - ISC-CNR, Istituto dei Sistemi Complessi
Other Authors: Andrea Tacchella, ISC-CNR Istituto dei Sistemi Complessi Luciano Pietronero, Sapienza University

In 1960 there were 17 countries with a GDP per capita less than 100 USD and the poorest-richest income ratio among these 17
countries was approximately 2. In 2010 this ratio among the same 17 countries was 100: 50 times larger. How can so similar initial
income conditions lead to so different and heterogeneous results? How is it possible to explain the great divergence of developed
countries in the last two centuries? What makes a poor country become rich?
Recent results of a new branch - Economic Complexity - set basis for a framework to interpret and explain the extreme
heterogeneity of the dynamics of development of nations. The idea behind the concept of Economic Complexity is to use the output
of a country to determine how fertile the economic system is. In other words, to go from the observable exported products to a
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synthetic estimate (fitness) of the level of endowments present in the country, that automatically takes their relationships into
account (see Refs. [1-2]).
We will discuss the main results and achievements of Economic Complexity. As an example of them, the metrics for country
intangibles allows for quantifying the hiddengrowth potential of countries by comparing it with money-basedfigures such as the
GDP per capita [3-4]. The analysis of the economic evolution in the plane defined by fitness and GDP per capita pinpoints strongly
heterogeneous patterns of evolution and allows to cast economic forecast into the framework of forecasting the evolution of a
dynamical system as in the case of weather dynamics. We also observe a strong heterogeneity in the predictability of the economic
dynamics. In such a framework, the usual tool used in Economics (i.e regressions) is no more the appropriate one to deal with such
a heterogeneous scenario and new concepts, borrowed from dynamical systems theory, are needed.
Main references
[1] A. Tacchella, M. Cristelli, G. Caldarelli, A. Gabrielli and L. Pietronero:
A New Metrics for Countries’ Fitness and Products’ Complexity, Nature: Scientific Reports, 2-723 (2012)
[2] M. Cristelli, A. Gabrielli, A. Tacchella, G. Caldarelli and L. Pietronero:
Measuring the Intangibles: A Metrics for the Economic Complexity of Countries and Products, PLOS One Vol. 8, e70726 (2013)
[3] M. Cristelli, A. Tacchella, L. Pietronero, The Heterogeneous Dynamics of Economic Complexity PLoS ONE 10(2): e0117174. doi:
10.1371/journal.pone.0117174 (2015)
[4] R. Van Noorden, Physicists make 'weather forecasts' for economies, Nature Feb 2015, http://www.nature.com/news/physicistsmake-weather-forecasts-for-economies-1.16963

#586 - A Non-Coventional Metric for the Statistical Characterization of the Air Traffic Management System
Christian Bongiorno - Universita degli Studi di Palermo
Other Authors: Gerald Gurtner (Deep Blue s.r.l., Piazza Buenos Aires 20, Rome, Italy), Salvatore Miccichè (Universita ́ degli Studi di Palermo, via
delle Scienze Ed. 18, Palermo, Italy), Rosario Mantegna (Universita ́ degli Studi di Palermo, via delle Scienze Ed. 18, Palermo, Italy - Center for
Network Science and Department of Economics, Central European) , Fabrizio Lillo (Scuola Normale Superiore di Pisa, Piazza dei Cavalieri 7,
56126 Pisa, Italy - Santa Fe Institute, 1399 Hyde Park Road, Santa Fe NM 87501, USA) , and Simone Pozzi (Deep Blue s.r.l., Piazza Buenos Aires
20, Rome, Italy)

We are presenting an analysis of air traffic data. The aim of the this study is to highlight the behaviour of the Air Traffic Controller
(ATC) respect to a network optimization operation named direct.
The study is performed on data including all trajectories of flights across Europe, by a comparison between the M1 file and M3 file.
The M1 is the last flight plan approved by the Network Manager some hours before departures, and the M3 is the the actual radartracked trajectory. Especially we focused our attention to the behaviour of ATCs in different countries in a time window of 28 days
named Airac.
The trajectories are compounded by a sequence of spatial fixed points (NVP) that typically diverge from the best path route. This
infrastructure allows ATCs to direct the air traffic flow on standard air ways, and focuses their attention to a few numbers of special
NVPs where the routes converge. As a drawback the not optimal routes force the ATC to modify, where is possible, the routes to
enhance the air traffic flow.
As a starting point we observed two mainly stylized facts respect to the ATC operations: the first observation is a significant anticorrelation between ATC operations and traffic, as a second fact we observed that ATCs have an inclination to perform operations
as much as the direction of the aircraft diverges respect to the best path routes, in particular this behaviour seems to follow a linear
law.
The second part of our work is to define a new local NVP based metric named fork. We show firstly that fork is a good metric to
describe direct operations, because it preserves the same stylized fact discussed above, and secondly that it allows us to observe
the non-homogeneously spatial distribution of the direct operations.
As third we prove the consistency of this metric by a comparison with a null model based on the hypergeomtric distribution, this
statistical test permits us to identify a few numbers of special NVPs where the ATC operation can not be explained by a random
fluctuation. We therefore analyse the stability of these special points on different Airacs observing a strong complex behaviour that
appears when we do not consider the whole system.
This new approach could have an impact in moving from the classical statistical studies to the new network approach based on
NVPs [1].
This work was co-financed by EUROCONTROL on behalf of the SESAR Joint Undertaking in the context of SESAR Work Package E
project ELSA “Empirically grounded agent based model for the future ATM scenario”.
References
[1] Gurtner, G, Vitali, S, Cipolla, M, Lillo, F, Mantegna, RN, Miccichè, S., Pozzi, S. Multi-Scale Analysis of the European Airspace Using
Network Community Detection. PLoS ONE 9 e94414, 2014.
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#587 - A new method to detect the coupling between time series and its directionality
Angelo Di Garbo - CNR - Istituto di Biofisica
A fast method to detect linear and nonlinear correlations between a pair of time series is proposed. This method, called the
Boolean Slope Coherence (BSC), was tested using bivariate time series generated with different models and the corresponding
results were compared with those obtained with other well known coupling measures. The comparison shows that the BSC method
work well and therefore can be employed to quantify the coupling level between a pair of signals. In addition, with a little
modification, the BSC method can be used to establish the coupling directionality. It is shown that the BSC algorithm also works for
signals contaminated by noise and was applied to study the coupling level between neurophysiological recordings from visual and
motor cortices.
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#588 - Uncertainties and key open questions in the geological carbon cycle
Mike Burton (I) - University of Manchester
CO2 emissions from volcanism and metamorphism are key contributors to the geological carbon cycle, and probably contribute at
least 3% of the total global CO2 production, including anthropogenic sources. However, our knowledge of the source term in this
cycle, whilst rapidly improving, is still poorly constrained. There remains the possibility that our estimates of the magnitude of the
geological CO2 emissions are significantly underestimated, due to systematic issues with data collection, sparse data, low intensity
/ large area sources and submarine emissions which are almost completely unquantified. In this context of uncertainty we highlight
the fundamental role of the rate of the geological carbon cycle, which will ultimately govern how quickly reductions in
anthropogenic emissions produce reductions in atmospheric CO2 concentrations. Given these large uncertainties in such an
important element of the Earth system, with potentially major policy implications, here we attempt to analyse the degree of
uncertainty we have on key elements of the geological carbon cycle, and thereby create a probabilistic assessment of the
magnitude of CO2 sources and sinks.

#589 - Volcanic plumes and particle sedimentation
Costanza Bonadonna (I) - Université de Genève
Powerful explosive eruptions are typically associated with sub-vertical or bent-over volcanic plumes that can inject large quantities
of gases and particles of various sizes and shapes into the atmosphere, altogether known as tephra. Tephra consists of different
components with variable density of both juvenile (fresh magma) and lithic (wall rock) nature and can vary from meter-size blocks
and bombs, which are ejected from the vent as ballistics falling within a few kilometres from the source, to micron-size particles,
which can be transported by atmospheric winds at continental or global scales. Residence time in the atmosphere mostly depends
on particle drag and sedimentation dynamics. Tephra particles may sediment individually, clustered in various types of aggregates
or entrapped within sedimentation instabilities and, depending on their sizes, represent different hazards. In particular, impact of
ballistic blocks and bombs can significantly damage infrastructure close to the vent; accumulation of lapilli and ash can cause a wide
range of damage to communities and ecosystems, while fine ash (<63 µm) can jeopardize civil aviation and the finest micrometric
particles can also threat human health. Depending on the ratio of horizontal wind velocity to plume rise velocity, volcanic plumes
can develop as strong (sub-vertical) or weak (bent-over) and eventually reach the Neutral Buoyancy Level (NBL) where their density
equals that of the surrounding atmosphere, and start spreading laterally around this level. When the rising plume velocity is
significantly larger than the horizontal wind velocity, the plume rises beyond the NBL because of momentum at the top of the
plume and, from there, collapses toward the NBL spreading as a gravity current to form an umbrella cloud. Our understanding of
both plume dynamics and particle sedimentation is crucial to the characterization of volcanic systems and to an accurate
forecasting of the associated hazards and mitigation of risk. Given the complexity of the physical processes, best insights result
from a combination of field, experimental, theoretical and numerical studies.

#590 - Volcanic hazard and instrumental monitoring of volcanic gas emissions
Alessandro Aiuppa (I) - University of Palermo
Mitigating the effects of volcanic eruptions requires quantitative assessment of volcanic hazard, which can be accomplished via
modern instrumental volcano monitoring. In thelast decades, our ability to monitor, and eventually predict, the activity of
hazardous volcanoes has progressed enormously. Despite these advances, however, early warning of eruptions remains
challenging, because patterns and consequences of volcanic unrests are difficult to predict. Measuring volcanic gases is key to
improved volcano monitoring, because these fluids are thought to be mobile enough to breach to the surface long before magma.
Here, we review some of the most recent advances in instrumental monitoring of volcanic gas emissions, putting the accent on
recent case study examples in which volcanic gas measurements have fully revealed their utility in eruption forecast.

#591 - High frequency UV imaging of strombolian explosions
Giancarlo Tamburello - Università di Palermo, DiSTeM
Other Authors: Marcello Bitetto1 (Università di Palermo, DiSTeM), Roberto D'Aleo1, Alessandro Aiuppa1, Dario Delle Donne1, Angelo Battaglia1,
Maurizio Ripepe2 (Università di Firenze, Dipartimento di Scienze della Terra).

We report the first high time resolution measurement (25 Hz) of the SO2 gas mass emitted during ten discrete explosive events on
th
Stromboli volcano on 25 May 2015 using a new dual SO2 camera system. This unprecedent acquisition frequency revealed a
complex explosive outgassing behaviour hardly explainable with a single gas slug bursting at the magma-air interface. Our SO2 gas
flux timeseries show a sequence of multiple bubbles bursting with a time delay in between of a few tenths of a second and each
generating a rapid increase of the gas flux. The total masses released during the strombolian explosions ranged from 20 to 50 kg.
Our data suggest that strombolian explosions may result from a rapid transition from a degassing regime with separated bubbles
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bursting a the surface (passive degassing) to an explosive degassing regime characterized by several interconnected bubbles linking
the shallow conduit to a more deep and gas-rich magma.

#592 - Quantifying lava flow risk at Mt. Etna: constraints imposed by historic eruptions and numerical
simulations
Annalisa Cappello - Istituto Nazionale di Geofisica e Vulcanologia
Other Authors: Audrey Michau-Dubuy (University of Montpellier 2) Ciro Del Negro (Istituto Nazionale di Geofisica e Vulcanologia)

Quantifying lava flow risk at Mt. Etna: constraints imposed by historic eruptions and numerical simulations
A. Cappello, A. Michaud-Dubuy, C. Del Negro
With the frequent effusive eruptions of Mount Etna throughout the 20th and early 21th centuries, lava flows have been the most
common threat to 900,000 people and property around the volcano. Lava flows have caused significant social and economic
damage in the area around Mt. Etna. Major examples include the 1928 eruption, when the town of Mascali was completely
destroyed; the 1981, when the town of Randazzo was narrowly missed but huge damage were caused to roads, railways, electricity
and telecommunications networks; or in 2001 when tourist facilities close to the summit area were destroyed causing economic
loss. Efforts to mitigate risk can only be implemented after the lava flow hazards are characterized. Improving both lava flow hazard
and risk assessment is therefore crucial. Following previous studies on lava flow hazard conducted at the INGV (Istituto Nazionale di
Geofisica e Vulcanologia) of Catania, we evaluate the inundation risk by lava flow for the Mt. Etna region in Sicily (Southern Italy)
using a GIS-based methodology, which involves different stages. First we identify the elements-at-stake by collecting data gathered
from national and regional geographic webportals. These data were organized in GIS environment into four groups: population,
critical facilities (including hospitals, army, security, governance, buildings of historical value and industrial infrastructures), others
buildings and networks (including railways, roads and energy networks), and land use. Using weighted linear combination and
pairwise comparison matrices, we converted the distribution of these data in five exposure maps, which were finally combined in
the long-term risk map from lava flow inundation at Etna. In order to provide a user-friendly interface and allow an easy access, all
maps were included in a module of our web-GIS framework LAV@HAZARD. Our work provides a more complete risk assessment
and aims at increasing consciousness about volcanic hazards.

#593 - The December 28, 2014 Mt. Etna lava-fountaining event: a deep magma recharge from a
multidisciplinary approach
Salvatore Gambino - Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo, Sezione di Catania
Other Authors: Graziella Barberi (INGV, Osservatorio Etneo, Italy), Andrea Cannata (INGV, Osservatorio Etneo, Italy), Flavio Cannavò (INGV,
Osservatorio Etneo, Italy), Alessandro La Spina (INGV, Osservatorio Etneo, Italy), Mimmo Palano (INGV, Osservatorio Etneo, Italy), Mariangela
Sciotto (INGV, Osservatorio Etneo, Italy), Letizia Spampinato (INGV, Osservatorio Etneo, Italy)

During 2011-2014, Mt. Etna produced about 50 episodic short-lasting eruptions of predominantly explosive characteristics with
respect to lava output. These episodes were fed by New South-East summit crater (NSEC) and characterized by transition from mild
intra-crater explosive activity that eventually evolved in intense strombolian explosions to pass to fire fountaining and lava effusion.
All these eruptions were accompanied by very slight ground deformation (observed only by tiltmeters and dilatometers) and by no
rock failure-related seismicity. However, on 28 December 2014, a paroxysmal episode took place showing peculiar geophysical and
volcanological features, i.e. intense ground deformations and rock failure-related seismicity were observed, as well as the opening
of an eruptive fissure, suggesting the emplacement of a dyke.
In this work, we used integrated geophysical (seismic, tilt, GPS), geochemical, and volcanological observations to investigate into
the likely triggering mechanisms on the basis of the peculiarities of the 28 December eruptive episode and to propose an
explanation for the occurrence of this anomalous lava fountain in the framework of the episodic paroxysmal phases supplied by Mt.
Etna since 2011. The multiparametric approach allowed us to identify a pressurization phase of the plumbing system, leading to the
eruptive episode. Such a phase was initially observed by means of GPS data showing an inflation pattern from August 2014,
interpreted as resulting from an elongated ellipsoidal pressure source centred at ~4.5 km b.s.l. depth beneath the summit crater
6
3
area of the volcano with an estimated volume variation of ~2.45 x 10 m . From mid-October, the pressurization started involving
also the shallow plumbing system (> 1 km a.s.l.), as inferred by both the gradual increase of the long period event amplitudes, the
progressive migration of the tremor centroids at deeper depth and by increase of the ratio between SO2 and HCl gas species (that
start to exsolve from parental magma at different depth, <4 km and <2 km below the surface, respectively). In addition, the
multidisciplinary approach of this study gave insights into the mechanisms of the dyke emplacement that were reconstructed in
detail by means of both time-dependent modeling, applied on GPS and tilt ground deformation data, and seismic data.

#594 - Multigas spectrometers for the analysis of volcanic emissions
Francesco D'Amato - CNR - INO
Other Authors: Mike Burton (University of Manchester, Oxford Road, Manchester, M13 9PL, UK), Antonio Chiarugi (INGV - Sez. Pisa, Via della
Faggiola 32, 56126 Pisa, Italy), Silvia Viciani (CNR - INO, Largo E. Fermi 6, 50125 Firenze, Italy)
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We present a set of three analyzers for the in-field measurement of the concentrations of molecular species typical of volcanic
37
35
emissions: H2O, CO2, HCl, HF, SO2. Moreover the isotopic ratio Cl/ Cl is measured in the emitted hydrogen chloride.
These instruments have been developed within the frame of the ERC Project CO2Volc (Grant 279802). The Project aims to the
measurement of several molecular species in the volcanic plumes.
The analyzers are based on molecular spectroscopy. For each of them the volcanic plume interacts in a multipass cell with two laser
beams at suitable wavelengths. For SO2 only an UV, fiber coupled LED is used. In the latter case the absorption figure is analyzed by
means of a compact spectrometer, while for the other gases concentrations and isotopic ratio are retrieved by fitting the
transmission of the scanning lasers across the cell with theoretical curves.
We report here the results of the laboratory checks of the instruments, and the results of measurement campaigns carried out on
Etna and Vulcano. The campaigns aimed to verify not only the in-field performances of the analyzers but also to assess their
robustness in such a hostile environment.
The absolute values of the concentrations and their correlations will be shown, together with in-field precision and accuracy.
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#595 - Magnetoencephalography as a tool for the study of brain connectivity
Vittorio Pizzella (I) - University of Chieti-Pescara
12

The understanding of the functional mechanisms of the human brain, a highly complex system featuring 10 deeply
interconnected neurons, is undoubtedly one of the major challenges of this century. Nowadays, there is a general consensus on the
idea that the uniqueness of the human brain heavily relies on how neurons are connected and how these connections modulate
over time, rather than on the overall brain size. To the end of non-invasively investigate these aspects, in addition to Magnetic
Resonance Imaging (MRI), functional techniques able to catch brain connectivity on a timescale relevant for behavior are being
used. Among the different choices, magnetoencephalography (MEG) is the best non-invasive technique to probe brain functional
connectivity.
In this talk, the principles of MEG will be briefly reviewed, the technological challenges that must be faced to successfully measure
the neuromagnetic field will be discussed, and the main results of the technique in the study of brain functional connectivity will be
given. Synchronized neuronal currents induce weak magnetic fields outside the head that can be measured with MEG through
highly sensitive detectors. Indeed, low temperature superconducting magnetometers, namely LTc-SQUIDs (Superconducting
QUantum Interference Devices), have been used since over 30 years and are still the only detectors used in commercial devices,
thanks to their excellent noise figure at ultra-low frequencies. Recently new detectors are being developed: HTc-SQUIDs working at
77K, but also microfabricated atomic magnetometers based on laser spectroscopy of rubidium vapor which have shown potential
promising performances. The magnetic field measured with MEG can be used to infer brain activity through solving an inverse
problem and, subsequently, to study functional connectivity, e.g. through the estimation of the phase relationship between the
activity at two brain sites. Indeed, the study of brain electrical activity with invasive measurements suggests that precise timing of
neuronal activity is essential for a successful integration of information in the brain, and magnetoencephalography, with its
excellent time resolution, is a perfect tool for tracking the flow of information between neuronal pools.

#596 - Magnetic Resonance Imaging from kHz to GHz: Hardware Developments and Biomedical Applications
Marcello Alecci (I) - University of L'Aquila
Despite the fact that Magnetic Resonance Imaging (MRI) is a mature technology, now present in most hospitals, its development
has not slowed to any significant extent over the past three decades. This is probably due to the interplay between academic and
industrial research, driving the continuing development of new methods and hardware, with ever increasing biomedical
applications.
We will, first, review the latest advancements in MRI hardware and, then, discuss a selection of biomedical applications, ranging
from ultra-low field (kHz) to ultra-high field (GHz). In particular, we will focus on the radiofrequency detection chain that in the past
decade has undergone radical changes thanks to the development of multi-channel transmit/receive MRI systems [1] and travelling
wave detection [2].
Special attention will be provided to the biomedical use of multiple-tuned radio frequency sensors suitable for the concurrent
detection of proton (1H) and other X-nuclei nuclear spins (7Li, 23Na, 39K, 35Cl, 17O) [3-4].
Another novel area that will be discussed is the development of multimodality imaging methods, where MRI is being integrated
with MEG [5-7] or PET systems [8-9], to take advantage of wider molecular imaging contrast mechanisms and/or ultra-fast
acquisition times, both suitable for functional studies in animal models and humans.
[1] Padormo F, et al, NMR Biomed. 2015;May 19.
[2] Glover P, Bowtell R., Nature. 2009;19;457:971-2.
[3] Alecci M, et al, J Magn Reson. 2006;181:203-11.
[4] Madelin G, et al, Prog Nucl Magn Reson Spectrosc. 2014;79:14-47.
[5] Pizzella V, et al, Funct Neurol. 2015;24:1-13.
[6] Vesanen PT, et al, Magn Reson Med. 2013;69:1795 804.
[7] Sinibaldi R, et al, Progr Electromagn Research. 2013;142, 389-408.
[8] Zhang K, et al, J Cereb Blood Flow Metab. 2014;34(8):1373-80.
[9] Shah NJ. Brain Struct Funct. 2014 Jul 14.

#597 - Improvements to the Signal-to-Noise Ratio in long Source-Detector Separation with Silicon
Photomultipliers, bringing increased potentiality to human brain NIRS applications
Roberto Pagano - CNR-IMM
Other Authors: Sebania Libertino (CNR-IMM, Catania, Italy), Pier Giorgio Fallica (STMicroelectronics, Catania, Italy), Giuseppe Ferla (
STMicroelectronics, Catania, Italy), Salvatore Lombardo (CNR-IMM, Catania, Italy).

Near-Infrared Spectroscopy (NIRS) is a method of non-invasive optical spectroscopy based on the relative transparency of biological
tissue to near-infrared light. Applications cover pharmaceutical and medical diagnostics, sports medicine, research in functional
neuroimaging and urology etc.
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In neuroscience research, functional near-infrared spectroscopy and imaging (fNIRS/fNIRI) have become widely used technologies
over the last 20 years. In the brain the variation of O2Hb and HHb concentrations in the blood, due to the neurovascular coupling, is
caused by an increase in the oxygen consumption due to cortical activity. fNIRS uses near infrared sources and detectors to
measure changes in the absorption due to neurovascular dynamics in response to brain activation.
The use of Silicon Photomultiplier (SiPM), the youngest detector in the family of silicon detectors, in a CW-fNIRS system is
potentially able to increase the source-detector-separation (SDS). The penetration sensing depth in human brains would also
increase, thanks to its higher responsivity compared to traditional semiconductor detectors and its outstanding Signal-to-NoiseRatio (SNR), very close to the one of traditional Photomultiplier Tubes (PMT) [1,2].
In this work we studied, using standard electronics equipment, the limits reachable, in terms of SNR as a function of the SDS and of
the minimum optical source power required, of a CW-NIRs system based on LED sources having wavelengths in the range of 7002
950 nm, and a SiPM detector with a 4mm area developed by STMicroelectronics [3,4].
In particular, we measured the response of a SiPM placed in direct contact with plastic phantoms (produced by the INO Biomimic
Optical Phantom division)having four layers: the Skull/Scalp, the Cerebral Spinal Fluid, the Grey and the White Matter layers. They
have different thicknesses mimicking a real human head, at different SDS (2-7 cm), source optical powers and LED repetition rates.
Results have been compared with Monte Carlo (MC) optical simulations and with a calculated theoretical minimum SNR required to
have enough accuracy to detect small variations in the O2Hb and HHb concentrations [1]. The measured SNR, for a LED operating at
40 mA and with repetition rates of 2 kHz, is higher than the calculated minimum for a SDS up to 6 cm. At lower frequency even a
higher separation can be used. To our knowledge this SDS has never been achieved by a CW-NIR system and could bring new
advances in neuroscience research.
[1] R. Zimmerman, F. Braun, T. Achtinick, O. Lambercy, R. Gassert and M. Wolf, Biom. Opt. Exp., vol. 4, no. 5, 2013.
[2 ] R. Pagano, D. Corso, S. Lombardo, G. Valvo, D. Sanfilippo, G. Fallica, S. Libertino, IEEE Trans. on Electr. Dev., vol 59, no. 9, 2012.
[3] E. Sciacca et al., IEEE Phot, Tech. Lett, vol. 18, no. 15, 2006.
[4] M. Mazzillo et al., proc. IEEE Sensors 2013, doi. 10.1109/ICSENS.2013.6688599.

#598 - ON-CHIP DEVICES FOR MECHANOBIOLOGY STUDIES AND INVESTIGATION OF CELLULAR
FUNCTIONS VIA MAGNETIC PARTICLES AND MICROFLUIDIC CHANNELS
Marco Monticelli - Politecnico di Milano
Other Authors: Marco Monticelli (Affiliation 1), Dario Conca (Affiliation 1), Daniela Petti (Affiliation 1), Edoardo Albisetti (Affiliation 1), Gururaj
Kidiyoor (Affiliation 2), Dario Parazzoli (Affiliation 2) and Riccardo Bertacco (Affiliation 1) Affiliation 1: Polifab center, Politecnico di Milano,
ITALY Affiliation 2: IFOM (Istituto FIRC Oncologia Molecolare), Milan, ITALY

In vitro tests and analysis are of fundamental importance for investigating biological mechanisms in cells and bio-molecules. The
application of controlled forces to activate specific bio-pathways and investigate their effects, mimicking the role of the cellular
environment, is becoming a prominent approach in this field [1]. In particular, cellular deformation and migration are deeply
studied as their comprehension can path the way for cancer treatment and diagnosis.
In this work, we present two different on-chip devices for mechanobiology studies. The first one is based on the fine manipulation
of magnetic particles, exploiting Domain Wall Tweezers technology [2], in which magnetic Domain Walls (DWs) in ferromagnetic
conduits are used for trapping and finely manipulating single superparamagnetic beads properly functionalized.
To this scope, nanometric Ni80Fe20 rings are patterned on a chip where cells are afterwards cultured and a pair of DWs, which
attract and drag magnetic nanoparticles, are nucleated and displaced trough the application of an external magnetic field. In this
way, we demonstrate the possibility to handle with high resolution (down to 100 nm) magnetic beads to a target cell and to assess
localized forces which are finely tuned in the pN-nN range.
In order to properly investigate the cellular migration of cancerous cells, a second device based on polydimethylsiloxane(PDMS)
micrometric channels is fabricated by soft lithography. Cells are injected by micropipetting and their mobility inside channels of
different dimensions is studied. The channels have a variable section, in order to highlight mechanisms (e.g. specific gene
expression) activated to regulate cellular plasticity when an increasing deformation of cytoplasm or nucleus is required to migrate.
The cellular response and behavior in all the experiment is monitored in real time by means of optical methods, like confocal
microscopy.
References:
[1] M. Donolato, P. Vavassori, M. Gobbi, M. Deryabina, M. F. Hansen, V. Metlushko, B. Ilic, M. Cantoni, D. Petti, S. Brivio, R.
Bertacco. On-Chip Manipulation of Protein-Coated Magnetic Beads via Domain-Wall Conduits. Adv. Mat. 2010, 22, 2706.
[2] Y. Shao, J. Fu. Integrated Micro/Nanoengineered Functional Biomaterials for Cell Mechanics and Mechanobiology: A Materials
Perspective. Adv. Mat. 2013, 4, 431.

#599 - Superparamagnetic iron oxide nanoparticles enriched fibrin hydrogels as an antibacterial sealing for
implants
Maria Giovanna Di Carlo - Università degli Studi di Palermo, CNR-ISMN
Other Authors: Marianna Barbalinardo (Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali Nanostrutturati (CNR-ISMN), Via P.
Gobetti 101, 40129 Bologna, Italy), Michele Bianchi (Laboratorio di NanoBiotecnologie (NaBi), Istituto Ortopedico Rizzoli, via di Barbiano 1/10,
40136 Bologna, Italy), Alessandro Russo (Laboratorio di NanoBiotecnologie (NaBi), Istituto Ortopedico Rizzoli, via di Barbiano 1/10, 40136
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Bologna, Italy), Maurilio Marcacci (Laboratorio di NanoBiotecnologie (NaBi), Istituto Ortopedico Rizzoli, via di Barbiano 1/10, 40136 Bologna,
Italy), Alberto Riminucci (Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali Nanostrutturati (CNR-ISMN), Via P. Gobetti 101,
40129 Bologna, Italy), Ilaria Bergenti (Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali Nanostrutturati (CNR-ISMN), Via P.
Gobetti 101, 40129 Bologna, Italy), Valentin Dediu (Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali Nanostrutturati (CNRISMN), Via P. Gobetti 101, 40129 Bologna, Italy) and Francesco Valle (Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali
Nanostrutturati (CNR-ISMN), Via P. Gobetti 101, 40129 Bologna, Italy).

The occurrence of microbial biofilms is rather common in biomedical implants, such as joint prostheses, catheters, mechanical
heart valves, pacemakers. Biofilms are matrices of extracellular polymeric substances produced by bacteria, containing one or
multiple species of microorganisms (bacteria or yeasts). Such matrices are often responsible for the development of chronic
infections. Indeed, they act as barriers to prevent antibiotics to reach bacteria, making biofilms highly resistant to antibiotic
1
therapies . From here, the need of developing new antibacterial strategies.
In this contest, in the last years, some studies suggested the employment of functionalized superparamagnetic iron oxide
nanoparticles (SPION) as carriers for targeted drug delivery. Indeed, with respect to other nanoparticles, SPIONS have the
advantage that they can be targeted to the infection site, and forced to penetrate the biofilm, by means of the application of a
2
magnetic field . Interestingly, in 2009 Taylor et al. reported that prosthetic biofilm formation would be prevented by the
3
employment of not-functionalized SPION , although the origin of the highlighted antibacterial properties is nowadays matter of
debate.
Here we present an experimental study carried out on SPION-rich-fibrin-hydrogels, with the aim of obtain a biocompatible hydrogel
with intrinsic antibacterial properties. Fibrin is a physiological blood component, involved in hemostasis, resulting from the
enzymatic action of thrombin on the protein fibrinogen. It is a versatile biopolymer, which combines different important properties
such as biocompatibility, flexibility, adhesion. For its properties, fibrin is widely used as a scaffold in tissue engineering and as a
4
sealing for implants in medicine and surgery . In this study we produced hydrogels at different ratio of fibrinogen, thrombin and
nanoparticles concentrations. The action of an applied magnetic field was investigated after and during the polymerization.
Morphology of the hydrogels was investigated by means of scanning electron microscopy (SEM) and atomic force microscopy
(AFM) measurements.
1. R. Donlan, Emerg. Infect. Dis., 2001, 7, 277.
2. G. Subbiahdoss, S. Sharifi, D. Grijpma, S. Laurent, H. van der Mei, M. Mahmoudi, H. Busscher, Acta Biomater., 2012, 8, 2047.
3. E. Taylor, T. Webster, Int. J. Nanomed., 2009, 4, 145.
4. T. Ahmed, E. Dare, M. Hincke, Tissue Eng., 2008, 14 (2), 199.

#600 - Synthesis and characterization of a new insulin conjugated nanogel for biomedical application
Maria Laura Di Giacinto - Istituto di Biomedicina e Immunologia Molecolare (IBIM), CNR
Other Authors: Laura Cristaldi1, Pasquale Picone1, Lorena Anna Ditta2, Daniela Giacomazza3, Maria Antonietta Sabatino2, Domenico Nuzzo1,
Clelia Dispenza2,3, Marta Di Carlo1. 1 Istituto di Biomedicina e Immunologia Molecolare (IBIM), CNR - Via U. La Malfa 153, 90146 Palermo,
Italy. 2 Dipartimento di Ingegneria Chimica, Gestionale, Informatica, Meccanica, Università degli Studi di Palermo, Viale delle Scienze, Edificio 6,
90128 Palermo, Italy. 3 CNR - Istituto di Biofisica (IBF) UOS Palermo, Via U. La Malfa 153, 90146 Palermo, Italy.

Insulin, a metabolic hormone involved in glucose metabolism, plays also a neuroprotective role in the central nervous system being
able to revert the cytotoxic processes induced by Aβ42,a peptide involved in Alzheimer's disease. To reach the brain insulin have to
across the BBB therefore an additional delivery strategy results to be necessary. For these aim we performed an insulin conjugated
nanogels (NGs-In). Nanogels (NGs) have a great potential in the development of “smart” nanocarriers for (bio)molecular drugs and
contrast agent for bioimaging. They are formed by physically or chemically crosslinked polymer networks, characterized by a large
and flexible surface available for multivalent bioconjugations. NGs can be produced with high yields and through-puts by pulsed
electron-beam irradiation of dilute aqueous solutions of water-soluble biocompatible polymers. In this work, a carboxyl
functionalized nanogel system (NG), generated by pulsed e-beam irradiation of a semi-dilute poly(N-vinyl pyrrolidone) (PVP)
aqueous solution in the presence of acrylic acid, with an average diameter in the 60-70 nm range (PDI<0.3) was used as a substrate
to generate chemically stable insulin-grafted PVP NGs. In particular, grafting was carried out using human insulin without (PVP-ginsulin) or with fluorescein isothiocyanate labeling (PVP-g-insulin-FITC). The hydrodynamic dimensions of NGs before and after
grafting (“naked NGs” and “grafted NGs”) were investigated by Dynamic Light Scattering. For the biological application, as first step,
we have evaluated the biocompatibility and immunogenicity of NGs, at different concentration, on neuroblastoma LAN5 cells and
PBMCs. Moreover we have demonstrated the capacity of NGs to protect the insulin from protease action by a resistance proteinase
assay. Finally, the biological effect and neuroprotection of NGs-In has been verified.

#601 - Phenol compounds as new materials for Electron Spin Resonance (ESR) dosimetry in clinical photon and
electron beams
Salvatore Gallo - Department of Physics and Chemistry, University of Palermo and INFN Catania Section
Other Authors: Salvatore Panzeca (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Giuseppina Iacoviello
(Unità Operativa Complessa di Fisica Medica – ARNAS Ospedale Civico di Palermo, Italy), Anna Longo (Department of Physics and Chemistry,
University of Palermo and INFN Catania Section), Antonio Bentivoglio (Department Chemistry, University of Pavia and INFN Pavia Section), Maria
Brai (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Daniele Dondi (Department Chemistry, University of
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Pavia and INFN Pavia Section), Anna Maria Gueli (PH3DRA Laboratories, University of Catania and INFN Catania Section), Roberto Paolo
Marconi (Department Chemistry, University of Pavia and INFN Pavia Section), Maurizio Marrale (Department of Physics and Chemistry, University
of Palermo and INFN Catania Section)

In the last decades several research laboratories have shown an increasing interest aimed at extending the applicability of Electron
Spin Resonance (ESR) dosimetry to radiotherapy with different types of radiation beams. ESR is a spectroscopic method for
investigating the structure and dynamics of such paramagnetic species. Free radicals are known to be produced when a compound
is irradiated with ionizing radiations. The concentration of radiation-induced free radicals is proportional to the energy released
inside in the medium and this allows for dosimetric measurements through ESR technique which able to quantitatively determine
the radical concentration.The use of alanine as a dosimetric material gave the possibility to apply ESR spectroscopy for high-dose
standardization and dose control in radiation processing. The ESR dosimetric method has many advantages such as simple and
rapid dose evaluation, the readout procedure is non-destructive, linear response of many organic and inorganic compounds. ESR
detectors show a behavior that suggest possible applications for various kinds of beams used for radiation therapy. Nowadays, the
most widely used organic compound as a dosimeter is the alanine. However, many researches are in progress with the aim at
improving sensitivity of ESR dosimetry for doses much smaller than 1 Gy. More sensitive materials than alanine are needed to make
the ESR dosimeter competitive with other dosimetry systems.
Our research group has started an investigation of the ESR response of some phenols compounds for possible ESR dosimetric
applications suitable features, such as high efficiency of radiation-matter energy transfer and radical stability at room temperature.
Phenols are compounds possessing a benzene ring attached to a OH group. After irradiation the final product is a stable phenoxy
radical. The stability of such radical can be improved by adding other alkyl chains which can be attached to the benzene ring. In
particular, the phenol octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-propionate gave interesting results. Moreover, its high
molecular weight, the low volatility and the compatibility with the dosimeter binding material (wax) are advantages with respect to
lower molecular weight phenols.
In this work we report the ESR investigation of phenols exposed to clinical photon and electron beams. The dosimetric features of
these ESR dosimeters (dependence on microwave power and modulation amplitude, their response after gamma and electron
irradiations, dependence on beam type and energy, the detection limits for both beam typologies, signal stability after irradiation)
were investigated and the results are reported.

#602 - Evaluation of the effective resolution of an optical flatbed scanner for radiochromic films analysis
Anna M. Gueli - PH3DRA Laboratories, Dipartimento di Fisica e Astronomia & INFN-CT
Other Authors: Grazia Asero (PH3DRA Laboratories, Dipartimento di Fisica e Astronomia & INFN, Scuola di Specializzazione in Fisica Medica
Facoltà Scuola di Medicina, Università di Catania, Catania), Giuseppe Burrafato (PH3DRA Laboratories, Dipartimento di Fisica e Astronomia &
INFN, Scuola di Specializzazione in Fisica Medica Facoltà Scuola di Medicina, Università di Catania, Catania), Sofia Spampinato (PH3DRA
Laboratories, Dipartimento di Fisica e Astronomia & INFN, Scuola di Specializzazione in Fisica Medica Facoltà Scuola di Medicina, Università di
Catania, Catania), Giovanni Mannino (A.O.U. Policlinico – Vittorio Emanuele, Catania & Scuola di Specializzazione in Fisica Medica Facoltà
Scuola di Medicina, Catania), Luigi Raffaele (A.O.U. Policlinico – Vittorio Emanuele, Catania & Scuola di Specializzazione in Fisica Medica
Facoltà Scuola di Medicina, Catania)

In radiation dosimetry there are numerous problems associated with the measurement of isodose curves and depth-dose
distributions in high-gradient regions using conventional measuring systems such as ionization chambers, semiconductors and
thermoluminescent detectors (TLDs).
These difficulties have been overcame by the introduction of radiation dosimeter with high spatial resolution which does not
require a special developmental procedure and gives permanent absolute values of absorbed dose with an acceptable accuracy and
precision and ease of handling and data analysis: the radiochromic film. Radiochromic dosimeters color directly, do not require
chemical processing and their color change indicates exposure to radiation. Image formation occurs as a polymerization process, in
which energy is transferred from ionizing radiation, initiating color formation through chemical changes.
The radiochromic films, after being irradiated, can be scanned with a professional commercial optical flatbed scanner. In this way it
®
is possible to obtain a calibration curve that links the blackening of the film with the absorbed dose. Gafchromic films are
undoubtedly the most widely used in most modern medical centers and they are divided into two main groups: films dedicated to
radiotherapy (EBT2 and EBT3) and films dedicated to diagnostics group (the set of XR films). The main difference between them is
that the former are analyzed with the flatbed scanner in transmission mode, the seconds in reflection mode. Although the
maximum resolution of these films is often associated to the size of the activated monomers in the blackening process, the
instrument that plays the main role is the optical scanner that captures an image of the film to associate with the absorbed dose.
The resolution of a scanner is expressed in dpi (dot per inches), which expresses the number of dots printed or displayed on a line
long one inch and is related to the amount of image information provided by a input device. For this reason, a study investigating
the effective spatial resolution of commercial scanners used for radiochromic films has been conducted. For this purpose XR-QA2
films, specifically designed as a Quality Assurance (QA) tool for radiology in a process-less environment have been used. These films
have a sensitivity range from 0.1 to 20 cGy, can be handled in room-light and have to be read in reflection mode with an optical
scanner. The quantitative evaluation of the resolution of the scanner in reflective mode was performed with the theoretical
method of the Modulation Transfer Function (MTF), that is useful in evaluating the performance of any optical device. In this way it
was possible to compare the nominal resolution of the optical scanner with that experimentally evaluated, that depend on the
combined properties of the light sensor, electronics, optics and mechanical components, and the protocol of image acquisition.

293

Biomedical Applications

2 Oct

294

Complexity in the brain

2 Oct

#603 - Correlations in brain activity
Lucilla de Arcangelis (I) - Second University of Naples
Neuronal avalanches are a novel mode of spontaneous brain activity, experimentally found in vitro and in vivo, which exhibits a
robust critical behaviour. Avalanche activity can be modelled within the self-organized criticality framework, including threshold
firing, refractory period and activity-dependent synaptic plasticity. The size and duration distributions confirm that the system acts
in a critical state, whose scaling behaviour is in agreement with experimental data. Interestingly, the critical behaviour is robust
with respect to network features but shows interesting features on modular networks.
The temporal organization of neuronal avalanches can be characterized by the distribution of waiting times between successive
events. Experimental measurements in the rat cortex in vitro exhibit a non-monotonic behavior, not usually found in other natural
processes. Numerical simulations provide evidence that this behavior is a consequence of the alternation between states of high
and low activity, leading to a dynamic balance between excitation and inhibition. This behavior has been verified on a larger scale,
i.e., on fMRI data from resting patients, where activity variations with opposite sign are correlated over a temporal scale of few
seconds, suggesting a critical balance between activity excitation and depression in the brain.

#604 - A novel view of brain function: emergent neural dynamics near criticality
Dante R. Chialvo (I) - Conicet
A large repertoire of spatiotemporal activity patterns in the brain is the basis for adaptive behaviour. Understanding the
mechanism by which the brain’s hundred billion neurons and hundred trillion synapses manage to produce such a range of
cortical configurations in a flexible manner remains a fundamental problem in neuroscience. One plausible solution is the
involvement of universal mechanisms of emergent complex phenomena evident in dynamical systems poised near a critical
point of a second-order phase transition. We review recent theoretical and empirical results supporting the notion that the
brain is naturally poised near criticality, as well as its implications for better understanding of the brain.

#605 - Self-organized criticality in cortical ensembles is promoted by concurrent scale-free and small-world
networks
Paolo Massobrio (I) - University of Genova
Other Authors: Valentina Pasquale (Department of Neuroscience and Brain Technologies, Istituto Italiano di Tecnologia (IIT), Genova), Sergio
Martinoia (Department of Informatics, Bioengineering, Robotics, System Engineering (DIBRIS), University of Genova, Genova)

The spontaneous activity of cortical networks is characterized by the emergence of different dynamic states. Although several
attempts were accomplished to understand the origin of these dynamics, the underlying factors continue to be elusive. In this
work, we specifically investigated the interplay between network topology and spontaneous dynamics within the framework of
self-organized criticality (SOC). The obtained results support the hypothesis that the emergence of critical states occurs in specific
complex network topologies. By combining multi-electrode recordings of spontaneous activity of in vitro cortical ensembles with
theoretical models, we demonstrate that different ‘connectivity rules’ drive the network towards different dynamic states. In
particular, scale-free architectures with different degree of small-worldness account better for the variability observed in
experimental data, giving rise to different dynamic states.
Keywords: connectivity, cortical assemblies, neuronal avalanches, self-organized criticality, simulations

#606 - Looking into the architecture of the brain with MRI: quantification of non-Gaussian water diffusion by
Diffusion Kurtosis Imaging (DKI)
Giorgio Collura - Department of Physics and Chemistry, University of Palermo and INFN Catania Section
Other Authors: Maurizio Marrale (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Cesare Gagliardo
(Department of Biotechnology, Medical and Forensic Biopathology), Salvatore Gallo (Department of Physics and Chemistry, University of Palermo
and INFN Catania Section and PH3DRA Laboratories, University of Catania), Anna Longo (Department of Physics and Chemistry, University of
Palermo and INFN Catania Section), Stefania Nici (Department of Physics and Chemistry, University of Palermo), Salvatore Panzeca (Department
of Physics and Chemistry, University of Palermo and INFN Catania Section), Massimo Midiri (Department of Biotechnology, Medical and Forensic
Biopathology), Maria Brai (Department of Physics and Chemistry, University of Palermo and INFN Catania Section)

The analysis of diffusion tensor imaging (DTI) allows to evaluate in vivo and in a non-invasive way the process of diffusion of water
molecules in biological tissues. The peculiar organization of some biological tissues influences this phenomenon making it
anisotropic and therefore well evaluable with these techniques. Changes in tissue anisotropy can also be found in many diseases
without any signal intensity variation on conventional MR pulse sequences since they are intimately related to intrinsic microstructural changes.
Despite all these important applications, DTI fails to fully utilize the MR diffusion measurements that are inherent to tissue
microstructure. DTI implicitly assumes that water molecule diffusion occurs with a Gaussian distribution of diffusion displacement.
This assumption has been experimentally demonstrated to be not always suitable in both white matter and gray matter. Moreover,
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the simplified description of the diffusion process in vivo by a 2nd-order 3D diffusion tensor prevents DTI from being truly effective
in characterizing relatively isotropic tissue such as GM. Even in WM, the DTI model can fail if the tissue contains substantial crossing
or diverging fibers.
Jensen et al. introduced diffusion kurtosis imaging (DKI), a higher order diffusion model that is a straightforward extension of the
2
3
DTI model. DKI is an approximation of the logarithmic expansion of the DWI signal decay up to the b term and neglects the b
terms. DKI gives a dimensionless measure that quantifies the deviation of the water diffusion displacement profile from the
Gaussian distribution of unrestricted diffusion, providing a measure of the degree of diffusion hindrance or restriction.
The aim of this work is the definition of an MRI protocol for Diffusion Kurtosis Imaging (DKI) by using a 1.5T clinical scanner and the
development of a software for DKI analysis.
Indeed, the extensive application of DKI in a clinical routine must deal with several difficulties. The most important is the long
acquisition time. In clinical applications the real issues is to find a good compromise between acquisition time and robustness of
the fit. Another major problem of DKI is that these DWI images are usually acquired with an echo planar imaging (EPI) sequence
and also require high b-values, resulting in a low SNR of acquired diffusion weighted images. The MRI protocol that we used for DKI
acquisitions at 1.5T clinical scanner is chosen with the aim at achieving the above mentioned compromise.
The images were analyzed with a software developed by our research group and able to reconstruct typical DKI maps. This software
provides the values of Kurtosis Tensor, Diffusion Tensor, and parametric maps related. Python language was used to develop this
software inspired and realized in collaboration with a team of the “Dipy” software project.

#607 - Neuronal signalling viewed through newly designed neurobiosensors
Emilio Carbone - University of Torino
Other Authors: Valentina Carabelli (Dept. Drug Science, NIS Center, Corso Raffaello 30, 10125 Torino, Italy), Alberto Pasquarelli (Inst. of
Electronic Devices and Circuits, Ulm University, Ulm 89069, Germany), Federico Picollo (Physics Dept, I.N.F.N, NIS Center, Via P. Giuria 1, 10125
Torino, Italy), Paolo Olivero (Physics Dept, I.N.F.N, NIS Center, Via P. Giuria 1, 10125 Torino, Italy), Alfio Battiato (Physics Dept, I.N.F.N, NIS
Center, Via P. Giuria 1, 10125 Torino, Italy),

Neuronal signals timely regulate the function of complex neuronal networks that form the human brain. They are generated by
molecular events that derive from rapid conformational changes of integral membrane proteins (ion channels, receptors and
transporters). Membrane ion channels and receptors thus generate electrical signals (action potentials), regulate neurotransmitter
release (synaptic transmission) and control the activity of complex neuronal networks, allowing for instance, the rapid exchange of
information between brain and peripheral nervous system.
Monitoring the signals generated by single neurons or neuronal networks in vitro and in vivo is a central task to understand the
molecular basis of the central nervous system physiology and to identify the molecular targets for the treatment of
neurodegenerative diseases (Alzheimer, Parkinson, depression, sleep disorders, chronic stress, …). To date exist a large number of
multi-electrode arrays (MEAs) made of different material (TiN, ITO, CMOS, MOSFET, carbon-based, conductive polymers) able to
detect the electrical activity of neuronal networks, but exist few examples of lab-on-chips capable of detecting the quantal release
of neurotransmitters from neurons or neuroendocrine cells with high time resolution and signal-to-noise ratio.
With the idea of developing new planar diamond-based biosensors able of detecting action potentials, synaptic activity and optical
signals in neurons and neuroendocrine cells, we have tested a new series of devices made of boron-doped nanocrystalline diamond
(NCD-MEAs) (Gosso et al. J. Physiol., 2014; Conte et al. Phys. Stat. Sol. A, 2015) and micro-graphitic channels buried on diamond
mono-crystals (µG-MEAs) (Picollo et al. Adv. Mat., 2013; Picollo et al., Sensors, 2015) of different geometries. The chips, with
increasing number of microelectrodes (2x2, 3x3, 4x4, 8x8), are made with sensitive areas of either low- or high-density depending
on whether the recordings is from population of cells, excitable tissues, neuronal networks (low-density) or single cells (highdensity). In the latter case the chip can resolve the secretory activity of cell micro-domains.
The rational of using these two classes of MEAs to study “neuronal signals” in-vitro and in-vivo will be discussed together with the
expected future applications of more advanced devices.

#608 - Heterogeneous mean field approach to neural networks
Roberto Livi - Dpartimento di Fisica Universita' di firenze
Other Authors: Matteo Di Volo (ENS - Paris), Raffaella Burioni (Universita' di Parma), Mario Casartelli (Universita' di Parma), Alessandro Vezzani
(CNR -Modena)

We discuss how one can approach the study of neural dynamics in disordered dense uncorrelated networks
by a mean--field approach that preserves disorder effects in the thermodynamic limit. The method allows to
obtain an effective description of the model at hand by reducing the dynamics of single neurons to the one of
classes of neurons characterized by their in-degree connectivity. Moreover, the method allows to solve the
global inverse problem of reconstructing the network structure (including the fraction of excitatory and
inhibitory neurons) from the properties of the global synaptic activity field.
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#609 - The effects of Alzheimer’s disease on hippocampal CA1 pyramidal neurons: an experimental and
computational study
Sonia Ruggieri - University of Palermo
Other Authors: Cristina Marchetti (European Brain Research Institute (EBRI), Rome, Italy), Michele Migliore (Consiglio Nazionale delle Ricerche,
Istituto di Biofisica, UO Palermo, Italy, and Department of Neurobiology, Yale University, School of Medicine, USA).

The effects of Alzheimer’s disease (AD) on hippocampal CA1 pyramidal neurons were studied in wild type (wt) and transgenic
(Tg2576, tg) mice, using patch clamp techniques in whole cell configuration as well as with computational models.
Experimentally, the response of neurons was recorded under current clamp conditions, in the presence of GABAergic inhibition
blocker; a number of physiological parameters (e.g. number of spikes, latency and adaptation) were analyzed to investigate the
differences between wt and tg cells. The effects on synaptic integration at proximal vs distal synaptic inputs were also evaluated.
The results showed that the cells tg are more excitable than the wt ones; a greater synaptic integration was also observed in tg
cells.
A computational model for wt and tg CA1 neurons was also implemented, starting from published models [1,2] optimized to
reproduce the number of spikes as a function of the input current obtained experimentally. The model suggests that, under our
experimental conditions, the mechanisms most affected by AD are the input resistance and the fast sodium current, and predicts
an increase in the neuron’s input resistance and a decrease in the sodium current. These changes may be directly related to the
early effects of β-amyloid peptide accumulation on the neuronal membrane, where they would act at the same time as an
excitatory mechanism (increasing the input resistance by reducing passive losses) and as an inhibitory mechanism (by partially
blocking Na channels). The overall dynamical competition between these two effects may explain why the early stages of AD can be
coupled with episodes of epileptic seizures.
[1] Migliore M., Ferrante M., Ascoli A.G., J Neurophysiol, 94: 4145-4155, 2005.
[2] Bianchi D., Marasco A., Limongiello A., Marchetti C., Marie H., Tirozzi B., Migliore M., J. Comput Neuroscience, 33: 207-225,
2012.
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#610 - Superconductivity in Flatland: Universal Enhancement in 2D Semiconductors at Low Doping by
Electron-Electron Interaction
Francesco Mauri (I) - CNRS Paris
Other Authors: Matteo Calandra, Paolo Zoccante

The occurrence of superconductivity has been reported in several two-dimensional (2D) semiconductors, such as transition metal
dichalcogenides or cloronitrides (ZrNCl, HfNCl). In all these systems, a metallic state can be achieved and controlled by intercalation
or by gating in a field-effect transistors. Unexpectedly, in the layer compound LixZrNCl, the superconducting transition temperature
(Tc) increases by decreasing the doping (x), reaching a maximum of 15 K at the metal-insulator transition. ZrNCl is a layered large
gap semiconductor, with an extremely weak interlayer coupling and 2 equivalent valleys with isotropic mass tensors in the conduction band. The Li intercalation acts as a rigid filling of the conduction band with x electrons. The bands are almost parabolic for
doping x < 2/9. LixZrNCl is thus a realization of a 2D 2-valley electron-gas. The presence of multiple valleys is the key ingredient to
explain the observed doping-dependence of Tc. Indeed in a 2-dimensional multivalley semiconductor, at low doping, even a
moderate electron-electron interaction enhances the response to any perturbation inducing a valley polarization. If the valley
polarization is due to the electron- phonon coupling, the electron-electron interaction results in an enhancement of the
superconducting critical temperature. By performing first principles calculations beyond DFT, we prove that this effect accounts for
the unconventional doping-dependence of Tc in LixZrNCl. I will conclude discussing the conditions to maximize Tc in weakly doped
2-dimensional semiconductors.
Matteo Calandra, Paolo Zoccante, Francesco Mauri, Phys. Rev. Lett. 114, 077001 (2015).

#611 - Formation and processing of silicon-metal interfaces below epitaxial graphene.
Rosanna Larciprete (I) - CNR-ISC
Silicon intercalation below epitaxial graphene (Gr) has the potential of being the feedthrough towards the fabrication of Gr–Si
heterostructures compatible with the current Si-based microelectronic techniques. Chemical manipulation of these systems to
achieve direct material synthesis below graphene or stable doping configurations could be the key for the development of Gr-based
nanodevices.
It has been proven that the intercalation of Si atoms at Gr/metal interfaces leads to the recovery of the intrinsic electronic
behavior of graphene [1]. However the interaction between Si atoms and metal substrate, which might occur through simple
adsorption, element intermixing or even silicide phase formation, can strongly alter the chemical and electronic properties of the
substrate surface, influencing the charge state of graphene. We have used electronic and structural diagnostics with
synchrotron radiation to follow the formation of Gr/Si/Ir(111) and Gr/Si/Ru(0001) heterostructures. The surface reactions
occurring at the Si-metal interface and the state of the graphene layer were revealed continuously while intercalating up to 4-5
monolayers of Si below graphene. For both systems we found that Si atoms do not simply accumulate on top of the substrate but
intermix with it in a complex sequence of competing processes. By simultaneously monitoring the metal-Si interface
and the graphene layer by core level spectroscopy we could establish how the subsequent interface configurations relate to the
charge transferred to graphene and determine how the graphene doping level depends on the amount of intercalated Si.
Intercalation of oxygen below Gr/Si/metal leads to the synthesis of ultrathin SiO2 layers below graphene [2]. The intercalated
oxygen modifies the metal-oxide work function and acts as a stable and durable mean to hole dope graphene. We show that
the Gr| SiO2|metal heterostructure behaves as a gated plane capacitor with the oxide layer acting as a homogeneous dielectric
spacer. The hole doping, obtained without the need to include heteroatoms in the honeycomb lattice or adsorbates on top
of it, can be tuned by controlling the amount of the interfacial oxygen, as well as by adjusting the thickness of the oxide layer.
The evidence that good quality graphene can be grown on metal thin films discloses the possibility to extend this approach
substituting single crystal substrates with low-cost thin metallic layers.
[1] Mao et al Appl. Phys. Lett. 2012, 100, 093101
[2] Lizzit S. et al. Nano Lett. 2013, 1, 4503–4507

#612 - Applications of light-activated nano-gold and graphene in therapy, drug delivery and sensing
Roberto Pini (I) - Istituto di Fisica Applicata "Nello Carrara" - CNR
Other Authors: Paolo Matteini, Fulvio Ratto, Francesca Rossi, Marella de Angelis, Martina Banchelli, Lucia Cavigli, Sonia Centi, Francesca Tatini
Istituto di Fisica Applicata “Nello Carrara” - CNR

Nanophotonics solutions are providing new answers to topical biomedical challenges. A relevant example is the use of laseractivated plasmonic nanoparticles and graphene for generating heat or for enhancing the local electric field. These processes are
being exploited for a variety of biomedical applications including cancer therapy, tissue repair, drug delivery and biosensing. Here
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we will present into more details some light-activated materials, which we have recently developed and proposed as viable
solutions to critical issues in therapy and sensing applications.
A first example is the combination of pulsed and CW near-infrared laser light with plasmonic particles such as gold nanorods is
gaining relevance for the photoacoustic imaging and photothermal ablation of cancer. Selective targeting of malignant cells with
these contrast agents may rely on complementary biochemical and biological strategies, including the use of specific probes or the
exploitation of cellular vehicles. Here we moved from a platform of PEGylated gold nanorods with plasmonic bands around 800 nm,
good biological profiles, stability and efficiency of photoacoustic and photothermal conversion as well as potential to passively
accumulate into solid tumors by their enhanced permeability and retention. In vitro studies on cell cultures on those different
approaches will be presented and discussed.
For drug release, nano-gold and other light-responsive nanometarials can be employed for the development of an implantable
device for on demand chemical release in the form of a light-activated sponge-like scaffold. The photothermal response of the gold
nanoparticles contained inside the sponge triggers a contraction in proximal drug-loaded thermosensitive micelles, thus promoting
the expulsion of the drug from the sponge. An advanced version of this devices consists in a dispersion of graphene nanosheets in a
biopolymer matrix, which is activated by millisecond-long light pulses for confined and precisely dosed drug release.
Finally examples of the potential of organized bidimensional assemblies of gold and silver nanocubes decorated with a graphene
film will be described for the direct Surface Enhanced Raman Scattering (SERS) analysis of proteins and biomarkers. In this regard,
we will introduce a SERS sensor we engineered for the rapid and reproducible quali-quantitative detection of toxic amyloid
oligomers associated with neurodegenerative diseases.

#613 - Temperature Influence of Production of Single and Multilayer Graphene Oxide
Flavio Pendolino - University of Padova
Other Authors: Nerina Armata (Department of Physics and Chemistry, University of Palermo, Viale delle Scienze, Ed. 17, 90128 Palermo, Italy),
Tiziana Masullo (Istituto per l’Ambiente Marino Costiero, Consiglio Nazionale delle Ricerche (IAMC-CNR), Via del Faro, n 3, 91021 Torretta
Granitola Fz. Campobello di Mazara, TP, Italy), Angela Cuttitta (Istituto per l’Ambiente Marino Costiero, Consiglio Nazionale delle Ricerche
(IAMC-CNR), Via del Faro, n 3, 91021 Torretta Granitola Fz. Campobello di Mazara, TP, Italy)

Since Andre Geim and Konstantin Novoselov were awarded the Nobel Prize for their groundbreaking experiment regarding the
two-dimentional material graphene[1], carbon allotrope materials have attracted the interest of the research community[2,3].
Recently, graphene (single) and graphite (multilayer) oxide, have been considered to be a promising material in a wide scenarios of
emerging technologies due to their properties, as well as, for their low production costs. Our investigation is focussing on
modulating the properties of oxidized carbon materials modifying the initial synthetic conditions in the view of applications based
on nanotechnology such as sensors or hydrogen storage substrates[4]. By using a few-steps method two forms of graphene oxide
are generated, i.e. single or multilayer, which depends on the operating temperature. Even if apparently similar, these materials
exhibit distinctive physical and chemical properties with a distinct reactivity which affects the characteristic of a possible future
applications. Archived behaviour suggests a scenario where the properties needed for a device can be straightforward obtained by
changing the temperature. Moreover, the final oxidized product acquired a variation in the behaviour when another carbon
allotrope (single wall material) is employed as a reagent. Those materials gather the prospect of an advantage owing to the
feasibility of modulate/engineering the properties and the low cost and scale up production.
[1] Novoselov, K.S.; Geim, A.K.; Morozov, S.V.; Jiang, D.; Zhang, Y.; Dubonos, S.V.; Grigorieva, I.V.; Firsov, A.A. Electric Field Effect in
Atomically Thin Carbon Films. Science, 2004, 306, 666–669.
[2] Compton, O.C.; Nguyen, S.T. Graphene Oxide, Highly Reduced Graphene Oxide, and Graphene: Versatile Building Blocks for
Carbon-Based Materials. Small, 2010, 6, 711–723.
[3] Su, C.; Loh, K.P. Carbocatalysts: Graphene Oxide and Its Derivatives. Acc. Chem. Res., 2013, 46, 2275–2285.
[4] Pendolino, F.; Parisini, E.; Russo, Lo, S. Time-Dependent Structure and Solubilization Kinetics of Graphene Oxide in Methanol and
Water Dispersions. J. Phys. Chem. C, 2014, 118, 28162–28169.

#614 - Scanning Auger Micro-spectroscopy for thickness evaluation of Graphene and Graphene Oxide layers
Silvia Maria Pietralunga - CNR-IFN
Other Authors: Mohammad Javad Vahid Dastjerdi (Politecnico di Milano, Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy), Laura
Polloni (Politecnico di Milano, Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy), Laura Giorgia Rizzi (Politecnico di Milano, Dip.
Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy), Roman Sordan (Politecnico di Milano Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133
Milan, Italy), Valeria Russo (Politecnico di Milano, Dip. Energia, Via Ponzio, 34/3,20133 Milan, Italy), Giovanni Maria Vanacore (Politecnico di
Milano, Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy),Maurizio Zani (Politecnico di Milano, Dip. Fisica, P.zza Leonardo da Vinci 32
, 20133 Milan, Italy), Alberto Tagliaferri (Politecnico di Milano, Dip. Fisica, P.zza Leonardo da Vinci 32 , 20133 Milan, Italy)

Graphene is the archetype 2D material, and its unique properties widely appeal to applications, from electronics, to energy storage,
photonics, composite materials and sensor technology. Graphene oxide (GO) can be easily dispersed in solvents and deposited with
controlled thickness onto different substrates. Because of the variety of its oxygen-functional groups, GO can interact with wide
range of organic and inorganic materials. Since it is tunable from insulator to semi-metal, it is promising for applications such as
plastic electronics, solar cells and biosensors. As is in general for 2D materials, the physical properties of graphene and GO crucially
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depend on the number of stacked atomic layers composing the film. It is therefore of the utmost importance to quantify the
number of layers and the overall thickness of the films obtained from different growth processes. Nanoscale thickness metrology
techniques are possible, like atomic force microscopy (AFM), optical microscopy, contrast spectroscopy, confocal Rayleigh
scattering microscopy and micro-Raman (µ-Raman) spectroscopy. Among these, AFM and µ -Raman spectroscopy directly identify
the number of layers. However, depending on the substrates, Raman technique may not be applicable and AFM is mainly limited by
the small field of view and the need for a step-shaped sample to refer to substrate for levelling. Recently, Scanning Auger Microspectroscopy (SAM) has been demonstrated to be sensitive for thickness measurements of graphene layers on silica substrates. We
extend SAM characterization to generic substrates and to GO, by evaluating reference layer number by AFM and μ-Raman, where
applicable, and by overcoming the limitations of AFM and μ-Raman themselves. Firstly, updated values for the electron effective
attenuation lengths in graphene and GO were experimentally determined with unprecedented accuracy, for each film/substrate
combination. Then, the absolute thickness of graphene and GO flakes, up to 4 monolayers thick, was evaluated by SAM; results are
consistent with AFM and Raman measurements, with a standard deviation well below a single monolayer. SAM, associated with
SEM imaging, represents a method for quantitative thickness mapping of large area graphene and GO films and related devices
with sub-monolayer resolution. This method is capable of detecting chemical impurities, on a very wide variety of substrates, from
conductors to insulators and from heavy to light atomic weight compounds.

#615 - Behavior of the Berry phase in gapped graphene
Andrea Urru - Dip. Fisica, Univ. di Cagliari
Other Authors: Giulio Cocco (U Freiburg i.B.), Vincenzo Fiorentini (U Cagliari)

Using a minimal tight-binding model, we show that when a gap of tunable size opens at the conic band intersections of graphene,
we show that the Berry phase in graphene does not vanish abruptly, but progressively decreases as a function of the gap. or more
precisely of the extension of the quadratic-dispersion region aound the former Dirac point. The phase now depends on, and
increases with, with the radius of the path in q-space: when elec- trons are doped into the system, that radius is just the Fermi
wave vector, which obviously can be directly tuned. It follows that the Berry phase and its observable consequences can be tuned
away from their value in graphene by tuning the gap by a modulating potential through shear-including strain or nanostructuration,
and adjusting the doping level. Transport properties (such as the Klein paradox) related to chirality conservation should also behave
accordingly.

#616 - Plasmon losses in monolayer graphene
Alessandro Principi - Radboud University Nijmegen, Institute for Molecules and Materials
Other Authors: Matteo Carrega, NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, I-56126 Pisa, Italy, and SPIN-CNR, Via
Dodecaneso 33, 16146 Genova, Italy Mark Lundeberg, ICFO - Institut de Ciencies Fotoniques, Mediterranean Technology Park, Av. Carl Friedrich
Gauss 3, E-08860 Castelldefels, Barcelona, Spain Achim Woessner, ICFO - Institut de Ciencies Fotoniques, Mediterranean Technology Park, Av.
Carl Friedrich Gauss 3, E-08860 Castelldefels, Barcelona, Spain Frank H.L. Koppens, ICFO - Institut de Ciencies Fotoniques, Mediterranean
Technology Park, Av. Carl Friedrich Gauss 3, E-08860 Castelldefels, Barcelona, Spain Giovanni Vignale, Department of Physics and Astronomy,
University of Missouri, Columbia, Missouri 65211, USA Marco Polini, NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, I-56126
Pisa, Italy, and Istituto Italiano di Tecnologia, Graphene Labs, Via Morego 30, I-16163 Genova, Italy

Graphene sheets encapsulated between hexagonal Boron Nitride (hBN) slabs display superb electronic properties due to very
limited scattering from extrinsic disorder sources such as Coulomb impurities and corrugations. Such samples are therefore
expected to be ideal platforms for highly-tunable low-loss plasmonics in a wide spectral range. We present a theory of collective
electron density oscillations in a graphene sheet encapsulated between two hBN semi-infinite slabs (hBN/G/hBN). Graphene
plasmons hybridize with hBN optical phonons forming hybrid plasmon-phonon (HPP) modes. We focus on scattering of these
modes against graphene's acoustic phonons and hBN optical phonons, two sources of scattering that are expected to play a key
role in hBN/G/hBN stacks. We find that at room temperature the scattering against graphene's acoustic phonons is the dominant
limiting factor for hBN/G/hBN stacks, yielding theoretical inverse damping ratios of hybrid plasmon-phonon modes of the order of
50-60, with a weak dependence on carrier density and a strong dependence on illumination frequency. We confirm that the
plasmon lifetime is not directly correlated with the mobility: in fact, it can be anti-correlated. Finally, we compare the plasmon
losses due to the electron-phonon scattering with those due to electron-electron and electron impurity interactions. We
demonstrate that graphene's sublattice-pseudospin degree of freedom suppresses the electron-electron plasmon losses with
respect to those that occur in ordinary two-dimensional electron liquids.
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#617 - Adaptive Soft Matter: from self-structuring to optical materials
Antonio Ambrosio (I) - CNR-SPIN
Collective effects in ensembles of microscopic particles or molecules drive many processes in nature and can be exploited in
designing complex functions in macroscopic systems. Among others, light activated molecular switches are a particularly interesting
case, since they can be remotely addressed by light of suitable wavelength or power. In the last twenty years, azobenzene
molecular units have attracted interest due to the possibility of switching the molecule from a trans- to a cis-isomer (and back to
trans-) by illuminating it with light in the visible spectral region.
Consecutive trans-cis-trans photo-isomerization cycles can be induced with a final orientation of the molecules perpendicular to
the light’s polarization direction. This has triggered applications in holographic data storage. Furthermore, the difference in length
(around 0.4nm) between the azo-units of the two photo-switchable isomers has allowed their use as molecular photo-activated
nano-actuators.
When the azo-units are embedded (usually as side chains) inside a polymeric matrix, another collective effect of the light-induced
isomerization is the modulation of the polymer surface according to free energy minimization and total volume conservation.
Complex morphologies can be obtained by exploiting this effect; this is, in fact, a photo-lithographic mechanism for the polymer
surface. The unique photo-response of azo-polymers allows developing a new photo-lithography platform where the optical field
distribution is engineered to achieve complex, large-scale and high-resolution patterns, overcoming the resolution limit of
conventional photo-lithography.

#618 - Measure on intracellular chloride in the brain by means of non linear microscopy
Gian Michele Ratto (I) - Istituto Nanoscienze CNR and Scuola Normale Superiore
Other Authors: S. Sulis Sato, P. Artoni, S. Landi, S. Luin, R. Parra, F. Trovato, F. Beltram, (NEST, Istituto Nanoscienze CNR and Scuola Normale
Superiore, Pisa Italy), J. Szczurkowska, L. Cancedda, (Istituto Italiano di Tecnologia, Via Morego 30, 16163, Genova, Italy), D. Arosio (Istituto di
Biofisica, Consiglio Nazionale delle Ricerche & Fondazione Bruno Kessler, 38123 Trento, Italy).

Brain computations is due to the concerted activity of cortical neurons. In its simplest form, neuronal activity is the product of the
integration of excitatory inputs coupled to an inhibitory feedback that curtails excessive excitation, keeping the system within the
allowed dynamic range. Any disturbance of the dynamical equilibrium between excitation and inhibition invariably leads to a
pathological state of the brain network. Recent years have seen the exploration of these processes in the intact brains by means of
two photon microscopy and by fluorescent tools which optical properties depends on intracellular environment. This
advancements allows to visualize simultaneously the activity of several neurons in the intact brain.
We are studying the excitation/inhibition feedback by looking at the very basis of inhibitory synaptic transmission. This is brought
about by the release at inhibitory synapses of the neurotransmitter Gamma Amino Butyric acid (GABA). GABA binds to its receptor
causing the opening of a channel mainly permeable to chloride. The resulting current changes the intracellular membrane
potential. In the healthy, adult cortex, intracellular chloride is very low compared to the extracellular media, thus chloride flows in
and this current inhibits the neuron by shifting the intracellular potentials towards negative values. In contrast, in the immature
brain and in a variety of pathologies, it is believed that intracellular chloride is quite high. In this conditions, the activation of GABA
receptors has a paradoxical effect letting chloride out of neurons and thus facilitating neuronal excitation. Thus, the regulation of
intracellular chloride has an obvious importance, but, notwithstanding 20 years of efforts, it has not been possible yet to measure
intracellular chloride in vivo.
Here, we have devised a method for absolute measurement of chloride (and pH) in vivo in rodents by using a genetically encoded
2
sensor formed by the fusion between a clhoride and pH sensitive GFP (E GFP) and an unsensitive RFP (msKate). First, we
characterized the 2-photon spectral properties of the sensor, showing that increasing chloride causes a decrease of the green/red
2
fluorescence. A shift in pH causes a strong alteration of the 2-photon excitation spectra of E GFP. Then, the sensor was targeted to
the mouse sensory cortex by means of in utero electroporation. We demonstrated the integrity and stoichiometry of the sensor by
in situ fluorescence correlation spectroscopy and by measuring trafficking across the nuclear membrane. Then, we found that brain
tissue has a strongly wavelength-dependent effect on the propagation of excitation and emission strongly affecting the pH and
Chloride measures. By means of analytical spectral decomposition we could measure and compensate for the spectral distortion
caused by the tissue. Our data are the first direct measure of intracellular chloride in vivo.

#619 - Luminescence and sensing properties of N-rich Carbon dot as a function of nitrogen content.
Luisa Sciortino - Dipartimento di Fisica e Chimica - Università degli studi di Palermo
Other Authors: Fabrizio Messina, Simonpietro Agnello, Gianpiero Buscarino, Franco Mario Gelardi (Dipartimento di Fisica e Chimica - Università
degli studi di Palermo Via Archirafi, 36 90123 Palermo Italy)
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The optical properties of carbon dots (CDs) are undoubtedly the main motivation currently driving a lively research on this new
family of carbon-based nanomaterials, together with their biocompatibility, absence of toxicity, and easy preparation. Besides, the
intense luminescence unquestionably makes CDs an actual functional material, with a great potential in important applications
such as sensing of metal ions. Doping is the main technique to tailor the defects, impurities, electrical, and emission properties of Cbased nanomaterials; for this reason, Sulphur-Nitrogen co-doped CDs and Boron- or Nitrogen- doped CDs have been reported lately
in the literature, showing very high fluorescence quantum yield (from 28 to 78%).
Nitrogen is found to enhance the fluorescence quantum yield of CDs and to provide them with peculiar optical properties. Hence in
this work, a protocol to carry out the microwave preparation of CDs with different contents of Nitrogen atoms is developed, and a
study to correlate their luminescence properties to the N-content is reported. Two emission signals are detected and correlated to
the amount of dopant. In order to investigate the functional properties of these N-rich Carbon Dots, we also tested their behavior
as sensors for metal cations such as Cu(II), whose working principle exploits the interactions between surface moieties of CDs and
cations.

#620 - Au nanostructures on a large area: optical and functional properties for chemical sensing
Maria Grazia Manera - IMM-CNR LECCE
Other Authors: Maria Grazia Manera (Istituto per la microelettronica e microsistemi, IMM-CNR Lecce,Italy), Adriano Colombelli (Istituto per la
microelettronica e microsistemi, IMM-CNR Lecce,Italy) , Antonietta Taurino( Istituto per la microelettronica e microsistemi, IMM-CNR Lecce,Italy),
Anna Paola Caricato (Dipartimento di Matematica e Fisica, Università del salento, Lecce, Italy), Annalisa Convertino(Istituto per la
microelettronica e microsistemi, IMM-CNR Roma,Italy), Roberto Rella (Istituto per la microelettronica e microsistemi, IMM-CNR Lecce,Italy)

There is great interest in assembling gold and silver nanoparticles (NPs) onto flat substrates for investigating Localized Surface
Plasmon resonance (LSPR) - based phenomena. The unique optical properties of metal nanostructures, that are absent in the bulk
or flat surfaces, give rise to intense absorption bands, with their intensity and position depending markedly on the size, shape,
distribution and on the refractive index of the environment surrounding the nanoparticles, as predicted by Mie Theory[1-2]. These
properties makes the metal nanostructured interfaces suitable transducers for gas or bio-sensing applications by monitoring the
change in the refractive index due to the liquid or gas-surface interaction taking place onto the surface of the metal nanoparticles.
The use of LSPR- based phenomena for chemical and biological sensing is of special interest, because it allows the label-free
detection of extremely small concentrations of target molecules. Due to relatively short (≈ 30 nm) electromagnetic field decay
length of the metallic nanoparticles, their surface sensitivity is much higher , in comparison to that of flat SPR sensors, using thin
metallic films as transducers.
In this work, the results achieved in this field by the optical sensor group of CNR-IMM Lecce are presented. In particular, the
different strategies adopted for the realization of Au NPs over large areas of glass substrates with physical and chemical
preparation techniques are presented and compared. Optical properties of the realized nanostructures are related to their shape
and distribution both in a two-dimensional and three dimensional configuration.
Modelling tools, supported by morphological and structural information, will help to predict and realize a proper design of the
investigated materials tailored on the nanoscale. Optical and morphological properties will be correlated with functional properties
of the realized nanostructures by showing how they can be used as a proper transducers for optical chemical and biosensors and
the strategies chosen for improving their sensing performances.
Finally, a new sensing probe based onto magneto-optical properties of the realized structures will be proposed and presented. In
particular, the interaction between the electronic oscillations of the metal nanostructures and a magnetic field of low intensity
applied in a proper configuration will be demonstrated and discussed.
[1] C. R. Yonzon, D. A. Stuart, X. Zhang, A. D.MacFarland, C. L. Haynes, R. P. Van Duyne, Talanta 67, 438 (2005)
[2] J. N. Anker et al., Nature Mater., 7, 442, (2008)

#621 - Ultrastrong light-matter coupling in electrically doped microcavity organic
Marco Mazzeo - CNR NANOTEC
Other Authors: A. Genco,1,3 S. Gambino,2,3 D. Ballarini,2 O. Di Stefano,4 S. Patane`,4 S. Savasta,4 D. Sanvitto,2 and G. Gigli1,2 1 Dipartimento di
Matematica e Fisica “Ennio De Giorgi”, Universita del Salento, Via Monteroni, 73100 Lecce, Italy 2 CNR NANOTEC - Istituto di Nanotecnologia,
Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100 Lecce 3CBN, Istituto Italiano Tecnologia, Via Barsanti 1, 73010 Lecce, Italy
4Dipartimento di Fisica e Scienze della Terra, Universita di Messina, Viale F. Stagno d’Alcontres 31, 98166 Messina, Italy

The coupling of the electromagnetic field with an electronic transition gives rise, for strong enough
light-matter interactions, to hybrid states called exciton-polaritons. When the energy exchanged
between light and matter becomes a significant fraction of the material transition energy an
extreme optical regime called ultrastrong coupling (USC) is achieved. We report a microcavity
embedded p-i-n monolithic organic light emitting diode working in USC, employing a thin film
of squaraine dye as active layer. A normalized coupling ratio of 48% has been achieved at room
temperature. These USC devices exhibit a dispersion-less angle-resolved electroluminescence
that can be exploited for the realization of innovative optoelectronic devices. Our results may
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open the way towards electrically pumped polariton lasers

#622 - Biomorphic Optical Functions in Vegetable Seeds
Eugenio Fazio - Dipartimento di Scienze di Base e Applicate per l'Ingegneria, Sapienza Università di Roma
Other Authors: Leopoldo Silvestroni Sapienza Università di Roma, Dept. of Experimental Medicine, Viale Regina Elena 324, 00161 Roma and
Simonetta Palleschi Istituto Superiore di Sanità, Department of Haematology, Oncology and Molecular Medicine, Viale Regina Elena 299, 00161
Roma

Biophoton emission has been largely investigated during the last century. It was reported with different names, ranging from biophotons to dark-luminescence, to ultraweak light emission and so on… All such names describe the capability of biological
structures to emit light in specific environments or when the biological structures are somehow stressed.
Here we report biophoton emission from germinating seeds (more specifically cannellini beans). Analysis of emitted luminescence
during imbibition by “vital” as well as “denaturated” parts of seeds points out both coherent and incoherent statistics of
photons. Each behaviour was reproducible in all analysed samples.
Is there any specific reason for such light emission? Is it just a chemical “waist”, a funny phenomenon or it is functional for the vital
life of the seed and the future plant? Starting from the very general opinion that nature does nothing without reasons, we have
analysed cannellini beans from the optical point of view. We consider seeds as close envelopes, partially filled by cotyledons.
Geometrical and optical analysis of seeds as resonators, using a ray-tracing protocol, have pointed out proper optical functionalities
of the morphology which are crucial for the internal regulation of the germination process.
Numerical predictions have been experimentally confirmed by internal photon-counting measurements during germination.

#623 - Recent advancements in design and characterization of Yb-doped transparent ceramics for high power
laser applications
Guido Toci - National Institute of Optics, National Research Council, INO-CNR
Other Authors: Antonio Lapucci (National Institute of Optics, National Research Council, INO-CNR, Italy), Marco Ciofini (National Institute of
Optics, National Research Council, INO-CNR, Italy), Laura Esposito (Institute for Science and Tecnology of Ceramics, National Research Council,
ISTEC-CNR, Italy), Jan Hostasa (Institute for Science and Tecnology of Ceramics, National Research Council, ISTEC-CNR, Italy and Department of
Glass and Ceramics, Institute of Chemical Technology, Czech Republic ), Leonida Antonio Gizzi, (National Institute of Optics, National Research
Council, INO-CNR, Italy), Luca Labate (National Institute of Optics, National Research Council, INO-CNR, Italy), Paolo Ferrara (National Institute
of Optics, National Research Council, INO-CNR, Italy), Angela Pirri (Institute of Applied Physics "Nello Carrara", National Research Council,
IFAC-CNR, Italy), Matteo Vannini (National Institute of Optics, National Research Council, INO-CNR, Italy)

Ceramic-based materials provide a viable alternative to single crystal materials as active media for solid state lasers.
The ceramic process is highly flexible in terms of possible geometries and shapes, as well as dopant distribution control and allows
to build innovative structures which are currently unfeasible with the crystal growth technology, but can be very useful for high
power applications.
A key aspect in the design and operation of high power laser devices is the management of the thermal effects (TEs) and thermomechanical effects (TMEs) (e.g. thermal lens, stress-induced depolarization, surface deformations) deriving from the laser pumping
process, which degrade the performance of the laser source and can eventually lead to a catastrophic failure of the laser active
element. In this communication we enlighten our recent advances in the design, fabrication and characterization of laser ceramics
based on Yb doped YAG.
The issues related to the design, the production process and the characterization of the laser emission properties were
investigated. Moreover, different fabrication methods suitable for the realization of complex shapes and structured doping (with
non-uniform dopant distribution) were tested and compared.
Planar structures of Yb:YAG with longitudinal distribution of Yb concentration were designed and optimized by means of Finite
Elements Analysis, for the evaluation of their thermal and thermo-mechanical behavior under various pumping and cooling
geometries. Suitable non-uniform doping distributions were effective for the mitigation of the internal thermo-mechanical stress
and the reduction of peak temperature, with respect to structures with homogeneous doping.
Two different fabrication processes were compared, the so called tape casting technique followed by thermal compression, and the
cold pressing of spray dried powders. The microstructure of the ceramic elements and the Yb concentration profile across the
interfaces of regions with different doping have been characterized by FEG SEM and ESEM equipped with EDS.
The laser behavior of the samples has been analyzed in a longitudinally diode pumped laser cavity under high intensity power
pumping, under different thermal load conditions. The laser efficiency under high thermal load conditions has been compared to
that obtained from samples with uniform doping, under the same test conditions.
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#624 - Synthesis of Graphene Nano-Ribbons by Surface Polymerisation of Molecular Precursors
Carlo Mariani (I) - Dipartimento di Fisica, CNISM, Università di Roma "La Sapienza"
Other Authors: Giulia Avvisati, Ada Della Pia, Lorenzo Massimi, Oualid Ourdjini, and Maria Grazia Betti Dipartimento di Fisica, Università di
Roma "La Sapienza", I - 00185 Roma, Italy

Size confinement of graphene can generate an energy gap [1], a fundamental step towards its utilisation in several technological
applications. To this end, synthesis of sub-nanometer-wide Graphene Nano Ribbons (GNR) with atomically controlled shape and
width can be obtained by adsorption of molecular precursors on metal surfaces, followed by thermal activated chemical reactions
[2].
In this work, a high-resolution spectroscopic study of 10,10-dibromo-9,9 bianthracene (DBBA) molecules deposited on the Au(110)
surface is presented, by means of high-resolution ultraviolet photoelectron spectroscopy (UPS), X-ray photoelectron spectroscopy
(XPS), and X-ray absorption spectroscopy (XAS) [3]. Through the thermally activated procedure, these molecular precursors
polymerise and eventually form GNRs. We follow all the different steps of synthesis by high-resolution UPS and temperatureprogrammed XPS, which brings to light the chemical modifications from molecular dehalogenation to polymerisation and eventual
formation of the typical C-C bonds of GNR, and by XAS with linearly polarised radiation, allowing to determine the flat orientation
of the achieved graphene nanostructures.
[1] Han, M. Y.; Özyilmaz, B.; Zhang, Y.; Kim, P. Energy Band-Gap Engineering of Graphene Nanoribbons. Phys. Rev. Lett. 2007, 98,
206805.
[2] Cai, J.; Ruffieux, P.; Jaafar, R.; Bieri, M.; Braun, T.; Blankenburg, S.; Muoth, M.; Seitsonen, A. P.; Saleh, M.; Feng, X.; et al.
Atomically Precise Bottom-up Fabrication of Graphene Nanoribbons. Nature (London) 2010, 466, 470−473.
[3] Massimi, L.; Ourdjini, O.; Lafferentz, L.; Koch, M.; Grill, L.; Cavaliere, E.; Gavioli, L.; Cardoso, C.; Prezzi, D.; Molinari, E.; Ferretti,
A.; Mariani, C.; Betti, M.G. Surface-Assisted Reactions toward Formation of Graphene Nanoribbons on Au(110) Surface. J. Phys.
Chem. C 2015, 119, 2427-2437

#625 - Molecular orbital mapping of organic semiconductors at the molecular/metal interface
Vitaliy Feyer (I) - Forschungszentrum Jülich GmbH, PGI-6
Other Authors: Martin Graus (Universität Würzburg, Experimentelle Physik VII & Röntgen Research,Center for Complex Material Systems RCCM,
97074 Würzburg, Germany, Karlsruher Institut für Technologie KIT, Gemeinschaftslabor für Nanoanalytik, 76021 Karlsruhe, Germany), Giovanni
Zamborlini (Peter Grünberg Institute (PGI-6) and JARA-FIT, Research Center Jülich, 52425 Jülich, Germany) Achim Schöll,(Universität Würzburg,
Experimentelle Physik VII & Röntgen Research,Center for Complex Material Systems RCCM, 97074 Würzburg, Germany, Karlsruher Institut für
Technologie KIT, Gemeinschaftslabor für Nanoanalytik, 76021 Karlsruhe, Germany), Claus M. Schneider (Peter Grünberg Institute (PGI-6) and
JARA-FIT, Research Center Jülich, 52425 Jülich, Germany, Fakultät f. Physik and Center for Nanointegration Duisburg-Essen (CENIDE),
Universität Duisburg-Essen, D-47048 Duisburg, Germany)

Thin film organic semiconductors have many prospective applications for developing low-cost and robust devices, which can fill
niches not occupied by silicon-based electronics. Organic molecules such as phthalocyanines (Pc) and tetracyanoquinodimethane
(TCNQ) deposited on the surface have a tendency to self organize and form highly ordered patterns, making them attractive for
technological applications in colorimetric gas sensors, photonic wires, field-effect transistors, light emitting diodes, catalysts,
optical switches and data storage []. Recently, it was shown that organic semiconductors have a great opportunity for application
in the growing area of spintronics, where active manipulation and control of the electronic spin degree of freedom are of interest.
For example, the interaction of TCNQ with transition metals (TM) has a tendency to form coordination networks exhibiting
interesting magnetic properties, and the magnetic properties can be controlled by employing different combinations of the TM
atoms.
We have carried out a comprehensive study of the adsorption behavior of FePc, TCNQ and Mn-TCNQ on the low-index crystal faces
of silver and copper. Experiments were carried out at the NanoESCA beamline of the Elettra synchrotron [1]. The experimental
setup includes a non-magnetic, electrostatic photoelectron emission microscope (PEEM) and a double-pass hemispherical analyzer
directly images a parallel momentum component of photoelectron at a fixed binding energy. A combination of photoelectron
momentum mapping (PMM) and low-energy electron diffraction (LEED) and theoretical modelling provides access to the
superstructure unit cell and the arrangement of the molecules within the unit cell. Additionally, momentum patterns give
information about the electronic structure at the interface and the symmetry of molecular orbitals. An analysis of the PMM of the
lowest unoccupied molecular orbitals (LUMO) of FePc on the substrates with different symmetry indicates that both degenerate
LUMOs receive charge transfer from the substrate [2]. On the Ag(100) substrate, TCNQ forms two superstructures depending on
the density of molecules on the surface. The co-adsorption of Mn metal leads to formation of an new ordered metal-organic
coordination network [3].
Reference
[1] C.M. Schneider, C. Wiemann, M. Patt, V. Feyer, L. Plucinski, I.P. Krug, M. Escher, N. Weber, M. Merkel, O. Renault, N. Barrett, J.
Electron Spectrosc. Relat. Phenom., 185 (2012), pp. 330–339.
[2] V. Feyer, M. Graus, P. Nigge, M. Wiessner, R.G. Acres, C. Wiemann, C.M. Schneider, A. Schoell, F. Reinert, Surf. Sci., 621, 64-68
(2014).
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[3] V. Feyer, M. Graus, P. Nigge, G. Zamborlini, R.G. Acres, A. Schoell, F. Reinert, C.M. Schneider, J. Electron Spectrosc. Relat.
Phenom., 2015, in press.

#626 - Self assembly properties and electronic excitations of organic thin films explored by synchrotron based
core-electron spectroscopies.
Patrizia Borghetti (I) - Université Pierre et Marie Curie
Synchrotron radiation-based techniques are powerful tools for determining the crystallographic and electronic structure of organic
thin films. In particular, high-resolution photoemission spectroscopy (XPS) and polarization-dependant near edge X-ray absorption
fine structure (NEXAFS) provide valuable information on the structural conformation of the molecular constituents as well as on the
chemical interaction and charge transfer at the organic/inorganic interface. Here the application of synchrotron-based coreelectron spectroscopies is shown for two organic systems exhibiting completely different levels of hierarchical self-assembly:
eumelanin thin films and donor-acceptor molecular monolayers. In the highly disordered eumelanin compound, the chemical
composition, aggregation behavior and electronic properties of eumelanin molecular building blocks are revealed on the base of
polarization-dependant NEXAFS measurements [1]. In crystalline donor-acceptor monolayers deposited on noble metal (111)
surfaces, the hole injection barriers and interfacial charge transfer are determined by a powerful combination of surface sensitive
techniques [2]. It is unraveled that the formation of an ordered mixed layer with a maximized donor-acceptor contact area leads to
a characteristic energy level alignment at the molecule/metal interface regardless of the particular molecules and substrate. The
possibility to trigger charge transfer into empty molecular levels by choosing the appropriate supramolecular architecture is also
established.
[1] P. Borghetti, L. Sangaletti et al., Journal of Chemical Physics, 136 (2012) 204703; P. Borghetti, A. Goldoni et al. Langmuir, 26
(2010) 18585; L. Sangaletti, P. Borghetti, et al. Phys. Rev. B 80 (2009) 174203.
[2] P. Borghetti, D. G. de Oteyza et al. ACS Nano, 8 (2014) 12786; A. El-Sayed, P. Borghetti, E. J. Ortega et al. ACS Nano, 7 (2013)
6914; E. Goiri, D. G. de Oteyza et al. Phys. Rev. Lett., 112 (2014) 117602.

#627 - Interface Local Structure in Chalcogenide Superlattices
Barbara Casarin - Elettra Sincrotrone Trieste S.C.p.A.
Other Authors: Antonio Caretta (Elettra Sincrotrone Trieste - SS14, Km 163.5, 34149 Basovizza TS), Marco Malvestuto (Elettra Sincrotrone Trieste SS14, Km 163.5, 34149 Basovizza TS)

Summary. The structural properties of the Ge-Te-Sb interface in interfacial phase change materials (iPCMs) is studied by EXAFS
experiments at the Ge and Sb K-edge, supported by TEM measurements. Based on this analysis, we propose a new structure, where
3Ge-Te layers are inserted into 1Sb 2Te3 QL and the Sb layers in this building-block present an intermixing with Ge atoms.
The need of fast and efficient management of information stimulates research on active materials with tunable properties. Phasechange materials (PCMs) are representative compounds, exploiting the exceptional properties of chalcogenide glasses for memory
device applications. [1] A PCM is identified by its ability of switching reversibly between a high-conductive crystalline state and a
low-conductive amorphous state, via an atomic movement involving a melted metastable state. The phase transformation is in
general triggered by electric current or light pulses of different time duration and amplitude.
Most PCMs are alloys constituted by mixtures of Ge, Sb and Te elements, the so-called GSTs, but there is continuous effort to
develop novel compounds with improved performances. [2] Within this framework, the class of interfacial phase-change materials
(iPCMs) was designed. [3] They theoretically present a superlattice (SL) structure of alternating GeTe(111) bilayers and Sb2Te3(001)
quintuple layers, well separated by van der Waals gaps. The SLs are characterized by the ability to switch without melting, thus
resulting in a confined short-range atomic movement. iPCM are shown to function with lower power threshold and faster switching
time. [3]
Therefore, the crystalline structure of iPCM must be studied in detail. Various models are proposed in literature [4], but limited and
controversial structural investigations on high quality SL are available. On this purpose, we performed Extended X-ray Absorption
Fine Structure Spectroscopy experiments at the Ge and Sb K-edges on very high quality samples grown by state-of-the art
molecular beam epitaxy (MBE) technique. EXAFS signals at the Ge (11.1 keV) and Sb (30.5 keV) K-edges were collected at the
SAMBA beamline (Synchrotron SOLEIL). Data analysis and fitting were carried out by means of Ge and Sb K-edges co-refinement
procedure using ARTEMIS code [5], and by a Morlet wavelet transform analysis [6].
The present work reveals non sharp separation at the GeTe/Sb2Te3 interface in ultra-thin Ge-Sb-Te based superlattices. The
interface local atomic structure in the proximity of the Van der Waals gap and the Sb/Ge intermixing are reported and discussed.
References
[1] M. Wuttig et al., Nat. Mat., 6, 824-832, 2007
[2] M. Zhu et al., Nat. Comm., 5, 2014
[3] R. E. Simpson et al., Nat. Nanotech., 6, 501-505, 2011
[4] J. Tominaga et al., Adv. Mat. Int., 1, 2014
[5] B. Ravel and M. Newville, J. Synch. Rad., 12, 537, 2005
[6] H. Funke et al., PRB, 71, 094110, 2005
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#628 - Numerical simulation for Space-Charge effect in Photoemission experiments with ultrashort sources.
Giorgia Greco - Università di Roma Tre
Other Authors: Adriano Verna (Università di Roma Tre, via della Vasca Navale 94, I-00146, Roma), Giovanni Stefani (Università di Roma Tre, via
della Vasca Navale 94, I-00146, Roma)

The availability of lasers and Free Electron Lasers (FEL) allows in principle to perform time resolved photoemission experiments for
studying the dynamics of electronic structure evolution of materials [1,2,3].
Both sources are characterized by high peak powers and therefore a large number of photoelectrons are emitted in very short time
intervals.
In these conditions the mutual Coulomb interactions (space-charge effect) generate shift and broadening
of the energy spectrum of the photoelectrons that can obscure the physical meaning of the measures.
Therefore it is of primary importance to have effective methods of prediction of these effects in order to determine the
measurement conditions that minimize the distortions of the spectrum.
In this work we present a comparison between two different numerical simulation approaches, stochastic and deterministic.
The stochastic approach solves the Poisson equation and is used by SIMION [4], the deterministic one
takes in to account the individual repulsion among the electrons through Treecode [5].
We have tested the accuracy of a widely used tool, such as SIMION, for predicting the energy distortion caused by the space-charge
effect in any type of analyzer.
1. Beaurepaire E, Merle J-C, Daunois A and Bigot J-Y Ultrafast spin dynamics in ferromagnetic nickel
Phys. Rev. Lett. 76 4250–3 (1996).
2. C. La-O-Vorakiat, M. Siemens, et al. Phys. Rev. Lett. 103, 257402 (2009).
3. A. Fognini , T. U. Michlmayr et al. Applied Physics Letters 104 , 032402 (2014).
4. SIMION manual, DA Dahl, JE Delmore - 1988 - osti.gov.
5. J. Barnes and P. Hut, Nature 324, 446 (1986).

#629 - 3D Coherent Diffraction Imaging with hard X-rays applied to the study of giant photoluminescence
emission in porous nanoparticle Si layers
Federico Zontone - European Synchrotron Radiation Facility
Other Authors: Yuriy1 Chushkin1, Agata2 R. Pennisi2, Giovanni3 Mannino3, Rosa3 Ruggeri3, Alessandra3 Alberti3, and Giuseppe2 Faraci2 1
European Synchrotron Radiation Facility (ESRF), 71 avenue des Martyrs, 38000 Grenoble, France 2 Dipartimento di Fisica e Astronomia,
Università di Catania, Via Santa Sofia 64, 95123 Catania, Italy 3 IMM – Consiglio Nazionale delle Ricerche (CNR-IMM), VIII Strada n°5 Zona
Industriale, 95121 Catania, Italy

Coherent X-ray diffractive imaging (CXDI) is a novel lens-less scattering technique [1,2] that exploits the unprecedented degree of
coherence of modern synchrotron sources. It has potential for high resolution imaging of isolated microscopic objects beyond the
values achieved with X-ray optics and represents an interesting tool to bridge the gap between high resolution electron and visible
light microscopy. The image in the real space is obtained by applying a phase retrieval algorithm to the diffraction pattern
measured with sufficient oversampling. Because of the high penetration power of the X-rays the imaging of thick object
(<10micron) without sectioning is possible in 3D [3,4,5].
Here we report about the current status of 3D CXDI at the ESRF beamline ID10. We discuss the possibilities and challenges of CXDI
by presenting an example of 3D reconstructions of porous Si clusters made of different nanoparticles. The high quality of the
reconstructed images reveals individual Si nano-crystals and allows studying the role of the porosity in the stimulated giant
photoluminescence emission [6].
The development of large 2D (pixel) detectors is the key element for achieving the full potential of the technique.
References
1. J. Miao et al., Nature 1, 325 (1999)
2. H. N. Chapman and K. A. Nugent Nature Photonics 4, 833 (2010)
3. J. Miao et al., Phys. Rev. Lett. 89, 088303 (2002)
4. H. N. Chapman et al., J. Opt. Soc. Am. A 23, 1179 (2006)
5. Y. Chushkin et al., J. Synchrotron Rad. 21, 594 (2014)
6. G. Faraci et al., Sci. Rep.3, 2674, 2013

#630 - Matter Under Extreme Pressures
Mario Santoro - Istituto Nazionale di Ottica, CNR-INO, and LENS
High pressure physics, in the Mbar range, is a broad, and rapidly developing field, which requires state (and beyond)-of-the-art
experimental technologies such as the diamond anvil cell, laser heating, dedicated optical spectroscopies, and synchroron methods.
I will briefly review some results through the years on remarkable, pressure induced phenomena, such as the insulator-to-metal
phase transiton in simple molecular systems [1,2], the metal-to-insulator phase transition observed in alkali metals [3,4,5], liquid-
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liquid phase transformations or transitions [6], gas like-to-liquid like dynamical an thermodynamical crossovers in supercritical
fluids [7,8], along with the syntesis of new materials [8,9,10]. Finally, I will introduce the warm dense matter state in the hundred
Mbar/Gbar range and how this largely unknown state could be produced and investigated, in situ, by using laser induced shockwaves combined with synchrotron based, material characterization techniques.
[1] R. T. Howie et al., Nature Mater. 14, 495 (2015).
[2] G. Weck et al., Phys. Rev. Lett. 102, 255503 (2009).
[3] M. I. Eremets et al., Nature Mater. 3, 558 (2004).
[4] M. Marques et al., Phys. Rev. B 83, 184106 (2011).
[5] F. A. Gorelli et al., Phys. Rev. Lett. 108, 055501 (2012).
[6] S. Falconi et al., Phys Rev. Lett. 94, 125507 (2005).
[7] G. G. Simeoni et al., Nature Physics 6, 503-507 (2010).
[8] F. A. Gorelli et al., Sci. Rep. 3, 1203 (2013).
[9] M. Santoro et al., Nature 441, 857 (2006).
[10] M. Santoro et al., PNAS 109, 5176 (2012).
[11] M. Santoro et al., Nature Commun. 5, 3761 (2014).
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#P001 - Hot Electron Production and Characterization in SI-relevant Regime
Masoud Afshari - Dipartimento di Fisica e Chimica - Universita' di Palermo
Other Authors: D.Batani - CELIA, Université de Bordeaux/CNRS/CEA, Talence, 33405, France G.Peres- Dip.F.C, University of Palermo, Palermo,
Italy F.Barbato-CELIA, Université de Bordeaux/CNRS/CEA, Talence, 33405, France L.Antonelli-CELIA, Université de Bordeaux/CNRS/CEA,
Talence, 33405, France Y.Maheut-CELIA, Université de Bordeaux/CNRS/CEA, Talence, 33405, France G.Boutoux-CELIA, Université de
Bordeaux/CNRS/CEA, Talence, 33405, France O.Renner-Institute of Physics of the ASCR, v.v.i., Prague, Czech Republic M.Smid-Czech Technical
University in Prague, FNSPE, Prague, Czech Republic E.Krousky-Institute of Plasma Physics CAS, v.v.i., Prague, Czech Republic

Shock ignition (SI) [1] is a novel approach to (ICF) [2], based on the separation of the compression and ignition phases of a DT
15
2
15
16
2
pellet. The first one is driven by ns laser beams at I < 10 W/cm , the second with ps laser intensities I ≈10 - 10 W/cm . At such
intensities, laser interaction with the long scalelength plasma may lead to the generation of hot electrons (HE). Our experiment
aims at investigating the generation of such HE and their role in the generation of the shock wave[3].We used two beams of the
14
2
iodine laser PALS: an auxiliary beam (1ω) (60 J, 1×10 W/cm ), and a main beam (wavelength λ = 1315/438 nm for 1ω/3ω,
16
2
respectively, pulse duration ≈ 0.3 ns, energy between 170 and 440 J focused to intensities up to I = 2×10 W/cm ). The auxiliary
beam arrived on target up to 1.2 ns before the main one, simulating the long-scale pre-plasma typical of ICF. Then the main beam
was used to launch a strong shock.
We used different targets: plastic+Ti+Cu, plastic+Cu+Al, pure Cu. The preplasma originated from plastic (C8H7Cl) where Cl atoms
allowed using X-ray spectroscopy to get plasma temperature. Hot electrons were detected by K-aemission from the Cu and Ti
layers. The measured K-α size was ≈100 μm. By simulating hot electron propagation and K-shell emission inside the studied targets
with GEANT4 and PENELOPE we could infer a laser-to-electron conversion efficiency η ≈ 0.65% and an average hot electron
temperature ≈ 30keV.

#P002 - Study of the self-modulated propagation of relativistic charged particle beam in warm-magnetized
plasmas, within the kinetic description
Tahmina Akhter - Università di Napoli Federico II and INFN Sezione di Napoli, Napoli, Italy
Other Authors: Renato Fedele (Dipartimento di Fisica, Università di Napoli Federico II, Napoli, Italy and INFN Sezione di Napoli, Napoli, Italy),
Sergio De Nicola (Dipartimento di Fisica, Università di Napoli Federico II, Napoli, Italy and CNR-SPIN, Napoli, Italy), Fatema Tanjia
(Dipartimento di Fisica, Università di Napoli Federico II, Napoli, Italy and INFN Sezione di Napoli, Napoli, Italy), Dusan Jovanovi\'{c} (Institute of
Physics, University of Belgrade, Belgrade, Serbia)

An investigation of the self-modulation of a charged-particle beam in a plasma, while experiencing the plasma wake field selfinteraction, is carried out within the kinetic description. The beam is assumed to be relativistic and of arbitrary length. On the
other-hand, the plasma is warm, externally magnetized and collisional. Stability analyses of the “beam-plasma” system, including
suitable stability criteria, are also provided.

#P003 - Luminescent proprieties of a Metal-Organic Framework: Al-fumarate
Nicolò Alagna - Dipartimento di Fisica e Chimica – Università degli Studi di Palermo
Other Authors: D. Fröhlich (Fraunhofer Institute for Solar Energy Systems ISE, Heidenhofstrasse 2, 79110 Freiburg, Germany), S. K. Henninger
(Fraunhofer Institute for Solar Energy Systems ISE, Heidenhofstrasse 2, 79110 Freiburg, Germany), G. Buscarino (Dipartimento di Fisica e Chimica
– Università degli Studi di Palermo ), F. Messina (Dipartimento di Fisica e Chimica – Università degli Studi di Palermo )

Metal-organic frameworks (MOF) are a new class of materials which are evoking a remarkable interest in Science for their peculiar
proprieties. They are regular three-dimensional polymers consisting in a network of metal ions connected by organic linkers. The
most important propriety of MOFs is their ability to adsorb ions or molecules within a pattern of regular cages made available by
their extraordinarily porous structure. In addition, their synthesis can be widely tailored to confer them with very flexible structural
proprieties. Beside porosity, many MOFs can have luminescent properties which can be used in different technological fields like
sensing, tunable light sources, and drug delivery.
Here we report a study of the luminescence properties of a specific MOF of recent discovery, Al-Fumarate, one of the few examples
of Aluminum-based MOFs. The structure of Al-Fumarate can be pictured as a regular network of Al(III) ions connected by fumarate
2(C4H4O4) linkers. The main benefits of Al-fumarate are its stability in aqueous environment, which hinders practical applications
2
of many other MOFs, ease of production and low cost, combined with a remarkable porosity (surface area ∼1000 m /g) deriving
from a regular one-dimensional structure of channels. Our study of Al-fumarate by time-resolved photoluminescence spectroscopy
led to observe an emission band peaking at 2.74± 0.03 eV when exciting the sample at 3.54 eV. The room-temperature decay
kinetics of this signal is a stretched exponential with τ = 2 ns ±0.2 ns and stretching parameter B = 0.6 ±0.02. Notably, we find that
the photoluminescence of Al-fumarate is tunable, in that its emission peak continuously shifts with the optical excitation energy.
This property, combined with the non-exponential decay kinetics, reveals a remarkable degree of disorder of the system despite its
well-defined crystalline structure. Temperature-dependent luminescence experiments also allowed us to disentangle the radiative
and non-radiative contributions to the luminescence decay. Overall, the experimental data provide an extensive picture of the
optical properties of Al-fumarate, which may have an impact on future applications of this MOF.
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Alessandra Alberti - CNR-IMM
Other Authors: I. Deretzis1, G. Pellegrino1, C. Bongiorno1, E. Smecca1, G. Mannino1, F.Giannazzo1, G. G. Condorelli2, N. Sakai3, T. Miyasaka3 ,
C.Spinella1 and A. La Magna1 1 CNR-IMM Zona industriale, Strada VIII 5, 95121, Catania, Italy 2 Università degli Studi di Catania and INSTM
UdR Catania; Viale Andrea Doria 6, 95125 Catania, Italy. 3 Toin University of Yokohama, Graduate School of Engineering, 1614 Kuroganecho,
Aoba, Yokohama, 225-8503, Japan

Lead iodide perovskites have been raising a large attention due to their structural peculiarities and the intriguing transport
capabilities. The easy preparation procedure and the competitive electrical behaviour have been pushing forward a rapid
development of solar cells based on perovskite-like materials towards record efficiency values (above 20%). Nevertheless,
structural stability and degradation issues still remain main concerns that are not fully explored. Their deep knowledge is nowadays
mandatory to define proper strategies for a large durability of the photo-active material.
Lead iodide perovskites are unstable especially under air/moisture exposure, which causes degradation towards lead iodide. PbI2
inclusions in the cell architecture are indeed detrimental for the cell parameters and performances, and therefore some strategies
to protect the perovskite layers against ambient exposure have been proposed, (e.g. by Al2O3 or polymeric coatings).
We thus investigate the degradation path of methylammonium lead iodide (MAPbI3) films over flat TiO2 substrates at room
temperature by means of X-Ray Diffraction, Spectroscopic Ellipsometry, X-ray Photoelectron Spectroscopy and High Resolution
Transmission Electron Microscopy.
We find out that the degradation dynamics is similar in air and vacuum conditions; thereby the water molecules action is not the
unique source of instability. We argue that the degradation process has, in both cases, an early stage, which drives the starting
tetragonal lattice in the direction of a cubic atomic arrangement, at fixed MAPbI3 stoichiometry. Such early stage is followed by a
phase change with the PbI2 as the main solid product. This degradation product is structurally coupled with the original MAPbI3
lattice through the orientation of its constituent PbI6 octahedra and progressively erodes the starting MAPbI3 film.
The similarity of the degradation dynamics in air and vacuum highlights the occurrence of intrinsic thermodynamic mechanisms not
necessarily linked to humidity.

#P005 - Modeling and Development of a Double-Tuned (23Na/1H) Birdcage RF Coil for 2.35T Magnetic
Resonance Imaging Biomedical Applications
Marcello Alecci - (1) University of L'Aquila, Italy and (2) INFN- LNGS, L'Aquila, Italy
Other Authors: A. Vitacolonna (University of L'Aquila, Italy), A. Galante (University of L'Aquila and INFN-LNGS L'Aquila, Italy), T.M. Florio
(University of L'Aquila and INFN-LNGS L'Aquila, Italy), A. Chincarini (INFN, Sez. Genova, Italy), A. Retico (INFN, Sez. Pisa, Italy).

Magnetic Resonance Imaging (MRI) is proving to be a very useful tool for proton and sodium quantification in animal models of
stroke, ischemia, and cancer. For example, sodium MRI was able to monitor chemotherapeutic response in rat glioma models [1].
To this purpose, specially designed double-tuned RF coils are required and many design configurations have been described in the
literature [2-3].
1
23
In this work, we present the modeling and development of a dual-frequency RF volume coil suitable for H and Na images of
small/medium size samples at 2.35T, made by two coaxial birdcage coils.
A numerical FEM method (HFSS 15.2; eigenmode model; double 6128AMD Operon at 2GHz, 16 cores, 28GB of RAM to run the
simulation) was used to model and optimize the RF coil, taking into account the ratio between the coils diameter and length. We
also considered the effect of the RF shield on B1 field intensity and homogeneity. Linear driving of the two channels and a careful
1
23
angular orientation between the coils minimized the mutual coupling between the H and Na coils.
The current configuration of the dual-frequency RF coil is made of two coaxial birdcage coils: i) a larger (diameter 105 mm, length
1
160 mm) high-pass birdcage coil comprising 8 copper legs (5 mm width; 35 μm thickness) tuned to the H frequency (100.3 MHz);
and ii) a smaller (diameter 90 mm, length 130) low-pass birdcage coil comprising 8 copper legs (5 mm width; 35 μm thickness)
23
tuned to the Na frequency (26.6 MHz). The RF shield is selected with diameter 151 mm and length 210 mm. Without RF shield the
23
1
coil set was tuned at 2.35T by using Na and H capacitances, respectively, of 385pF and 49pF. In the presence of the RF shield the
23
1
resonant frequencies of the Na and H coils increase, respectively, of about 10% and 7%. In this condition, the coil was retuned by
23
1
increasing the Na and H capacitances, respectively, to 480pF and 52pF. Work is in progress to build a prototype suitable for
workbench and MRI testing with phantoms and small laboratory animals (mice/rats).
References
[1] V.D. Schepkin, et al., Magn. Reson. Med. 2005;53:85-92.
[2] M. Alecci, et al., J Magn Reson. 2006;181:203-11.
[3] A. Asfour, International Conference IEEE-EMBS, 2010; pg. 5693-5699.

#P006 - Point-Of-Care Plastic Biosensor Devices using a PEDOT-modified Electrochemical Glucose Sensing
Platform
Yana Aleeva - Università degli studi di Palermo
Other Authors: Giovanni Maira (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, V.le delle Scienze ed. 17, 90128, Palermo),
Viviana Figà (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, V.le delle Scienze ed. 17, 90128, Palermo), Vincenzo Vinciguerra
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Studi di Palermo, V.le delle Scienze ed. 17, 90128, Palermo), Bruno Pignataro (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo,
V.le delle Scienze ed. 17, 90128, Palermo)

There is an emerging global epidemic of diabetes that can be related to rapid increases in overweight, including obesity and
physical inactivity. According to World Healthcare Organization, diabetes is a leading cause of blindness, amputation and kidney
failure, while total deaths from diabetes are projected to rise by more than 50% in the next 10 years. To prevent life threatening
and debilitating complications associated with diabetes, researchers are continuously involved in developing glucose biosensors.
Hence, it is essential to develop a biosensor that can determine glucose levels having fast-response, high sensitivity and selectivity.
Depending upon the transduction technique, a number of glucose biosensors have been reported, including electrochemical,
optical, and electromagnetic spectroscopy biosensors. Among these types, electrochemical biosensors have been most widely
accepted for the sensitive detection of glucose.
Electrochemical biosensors offer an attractive opportunity for quick and sensitive detection of analytes in blood. In the present
work, polymer, namely poly(3,4-ethylenedioxythiophene) (PEDOT), films have been electropolymerized on Au electrodes on
polyethylene terephtalate (PET) substrates. Glucose oxidase (GOx) enzyme was immobilized on the PEDOT films via glutaraldehyde
2
chemistry. These fabricated plastic biosensors exhibited a high sensitivity of 7,4 mA/(mM*cm ) over the clinic range (2-10 mM) of
glucose by employing a low cost technology. The biosensors were coupled with an electronic interface just to show the possibility
to easily integrate such devices with the emerging technologies including those of smart phones or other wireless based systems
able to assist patients in remote. The potential to use our systems for sensing different analytes for a wide range of applications will
be discussed. Elettronica su plastica per sistemi “ smart disposable” project under PON 2007-2013 program is acknowledged.

#P007 - Radiative properties of multisubband plasmons in semiconductor quantum wells
Filippo Alpeggiani - Università di Pavia
Other Authors: Lucio Claudio Andreani (Dipartimento di Fisica, Università di Pavia, via Bassi 6, 27100 Pavia, Italy)

Plasmonic excitations are ordinarily associated to intraband transitions in metal-like electronic systems dressed by the mutual
Coulomb interaction [1]. A quasi-two-dimensional electron gas with multiple subbands, such as a highly doped semiconductor
quantum well, presents additional plasmonic excitations that originate from intersubband transitions, known as intersubband
plasmons [2,3], which show several similarities to surface plasmons of metallic nanostructures and have recently become of
interest due to strong collective effects in the electromagnetic response [4]. We present a semiclassical theory of intersubband
plasmons in quantum wells, based on nonlocal electrodynamics [5]. The theory is formulated in a very general way, and it can be
applied to stratified geometries of any degree of complexity, including planar microcavities, where plasmon-polariton effects are
predicted. Electrostatic coupling among different intersubband transitions gives rise to strongly radiative modes with
subpicosecond radiative lifetimes. These modes are very promising for attaining a significant enhancement of light-matter
interaction [6], up to the “ultrastrong coupling regime”, where quantum and nonlinear phenomena, such as the dynamical Casimir
effect, are expected to play a significant role.
[1] G. D. Mahan, Many particle physics, Springer (2000).
[2] L. Wendler and E. Kandler, Phys. Status Solidi B 177, 9 (1993).
[3] Y. Todorov and C. Sirtori, Phys. Rev. B 85, 045304 (2012).
[4] A. Delteil, A. Vasanelli, Y. Todorov, et al., Phys. Rev. Lett. 109, 246808 (2012).
[5] F. Alpeggiani and L. C. Andreani, Phys. Rev. B 90, 115311 (2014).
[6] B. Askenazi, A. Vasanelli, A. Delteil, et al., New J. Phys. 16, 043029 (2014).

#P008 - Polydopamine: beyond its mussel-like features, towards bioelectronic applications.
Marianna Ambrico - CNR NANOTEC
Other Authors: Paolo F. Ambrico (CNR NANOTEC), Antonio Cardone (CNR ICCOM) , Stefania R. Cicco (CNR ICCOM), Teresa Ligonzo
(Dipartimento Interateneo di FISICA UNIBA), Marco d’Ischia Dipartimento di Chimica, Università Federico II, Napoli), Gianluca M.Farinola
(Dipartimento di Chimica, UNIBA)

Multifunctional melanin-like polymers properties, i.e. broad band absorption in the UV-visible range, the hydration dependent
hybrid protonic–electronic conduction and biocompatibility, inspired their implementation as active materials in bioelectronics
application. Polydopamine represents an intriguing melanin-like polymer (black melanin-type) mainly know because of its
filmability due to the high adhesive (mussel-like) feature. The attention was recently focused also on the polydopamine (pDA)
optoelectronic properties, that are showing similarity with the eumelanin ones when embedded in metal –insulator-semiconductor
(MIS) devices. pDA n-doping by in-air o-oxidation with aromatic amine resulted in the tuning of the MIS device functioning.
The incorporation within the pDA scaffold of pheomelanin units serving as photosensitizing component is an intriguing bio-inspired
strategy for the enhancement of the pDA optical response. This strategy of implementing pheomelanin is based on the synthesis of
5-S-cysteinyldopamine product of metabolism, resembling the pheomelanin precursor 5-S-cysteinyldopa, and its copolymerization
in variable percentage with dopamine p(DA/CDA). When embedded in p(DA/CDA) as the ‘insulator’ in MIS devices, the copolymer
exhibits remarkable impedance properties closer to those of biological materials with a photocapacitive behavior at interesting
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high frequency values of the AC voltage signal. The photoresponse is tunable via the feed ratio of DA and CDA monomers and
found enhanced when increasing the CDA content.

#P009 - Early detection of ToMV and TyMV plant viruses via impedance spectroscopy characterization of
textured silicon –based devices
Marianna Ambrico - CNR NANOTEC
Other Authors: Paolo F. Ambrico (CNR NANOTEC), Danilo Vona (Dipartimento di Chimica, UNIBA), Stefania R. Cicco (CNR ICCOM),
Angeloantonio Minafra (CNR IPSP), Fabio Palumbo (CNR NANOTEC)

The early diagnosis of plant disease due to virus infection long before the disease is overt may represents a significant advance in
the management of the virus effects by pharmacological therapy. A promising approach to boost the sensitivity of the virus
detection can be developed trough impedance spectroscopy by bio-electronic devices provided with textured silicon surfaces (TSi).
TSi have been produced by plasma etching processes leading to the enhancement of the density of active sites for biomolecules
detection due to the increase of the surface/volume area ratio (i.e. aspect ratio). The signal response of the virus/TSi hybrid
devices can be furthermore improved by properly adjusting the wetting surface characteristics. The electrochemical interaction
between viruses bearing differently charged residues with the textured surfaces can also enable the selectiveness between two
different viruses. At best, with suitable morphological features of the surface texturing, intercalation of the virus in the structure is
expected to result, thus allowing also fine selectivity with respect to the virus shapes.
In this framework, the present study is aiming to propose a plasma textured silicon surface based-device for a more sensitive
detection of Tomato mosaic virus(ToMV) and Turnip yellow mosaic virus(TyMV).The electrical signal transduction across such a
structure was evaluated viaimpedance spectroscopy technique. The resultsevidenced a high sensitivity to the virus species, a
lowered concentration detection limit (about ng/ml), corresponding to the virus concentration development at the time when
plants is asymptomatic.
A specific frequency (100 mHz) of the AC signal was found maximizing the device performance in term of virus concentration
detection. The results constituted a preliminary step for engineering portable devices embedding textured surfaces with the aim to
“on site” evaluate plant health conditions.

#P010 - LIF study of N2(A) vibrational kinetics under nitrogen streamer conditions
Paolo Francesco Ambrico - CNR NANOTEC
Other Authors: Milan Simek (Institute of Plasma Physics, Department of Pulse Plasma Systems, Academy of Sciences of the Czech Republic, Za
Slovankou 3, 182 00 Prague, Czech Republic), Vaclav Prukner (Institute of Plasma Physics, Department of Pulse Plasma Systems, Academy of
Sciences of the Czech Republic, Za Slovankou 3, 182 00 Prague, Czech Republic)

Non-thermal atmospheric-pressure plasma sources based on filamentary streamers generated in various discharge configurations
(surface, volume, DBD, liquids) are emerging tools for various applications because they efficiently produce highly reactive species.
The streamer creates a very thin channel containing various excited and reactive species during its propagation. Streamer
discharges driven in nitrogen are characterized by substantial quantities of long-living (metastable) energy carriers (e.g. N2(A),
4
N( S), N2(X) that are capable of affecting the physical chemistry of the discharge
The evolution of individual v=0-10 vibrational levels of N2(A) metastable species produced by filamentary streamer discharge was
investigated by the laser-induced fluorescence technique. Triggered single streamer filament was periodically produced in pure
nitrogen at a pressure of 200 torr and metastable species were monitored during the streamer channel decay in the centre of the
discharge gap. The observed dynamics of N2(A) vibrational levels follow two very different scenarios: while higher (v>6) vibronic
levels decay exponentially in hundreds of nanoseconds, the populations of lower levels (v£6)definitely increase, first reaching a
3 +
local maximum on a microsecond timescale and then decreasing afterwards. Population maxima of N2(A Su , v£6) levels occur after
the streamer onset with a certain delay, which decreases with increasing vibrational number. Interpretation of experimental
observation based on a 0-D kinetic model of the post-discharge period takes into account the most important processes
redistributing populations between theN2(A), N2(B) and N2(C) vibronic levels. The modelreproduces experimental observations
fairly well, including observed maxima delays occurring due to the collisional cascade, which transfers metastable species from
higher even/odd vibrational levels towards v=0/v=1 terminal levels through the Dv=2 vibrational relaxation mechanism. A
calibration procedure based on the rate of energy-pooling processes was used to determine absolute populations of the v=0 and 1
levels from LIF data, and the model results were utilized to place on an absolute scale all the higher (v>1)measured vibronic levels.
Vibrational distributions obtained from calibrated LIF data at selected instants show a reasonable qualitative agreement with
14
-3
model predictions. Population maxima exceeding 2´10 cm were fixed for v=2 and 3 vibrational levels, while the lowest v=0 level
13
-3
reaches only 4-5´10 cm . Lastly, we show that the observed rate of the v=2 level decay is not compatible with published rate
constants for the v=2->v=0 vibrational relaxation

#P011 - Subnanosecond spectroscopy and imaging of low pressure N2 streamer discharge
Paolo Francesco Ambrico - CNR Nanotec
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A streamer is a frequent form of transient discharge which develops from an electron avalanche in an overvolted gap. The most
important characteristics of such streamers are very high propagation velocity, a small streamer channel radius, and high density
and mean energy of free electrons occurring in the streamer head. All these facts make laboratory streamers extremely difficult to
observe with sufficient spatial (mm) and temporal (ps) resolutions.
Optical emission produced by streamers is determined by the spatial distribution of various species within the streamer channel
that were excited to radiative states by streamer head electrons. Radial distributions produced by streamer electrons are strongly
non-uniform because the maximum electric field of a propagating streamer occurs on the axis of the streamer and rate constants of
the excitation, dissociation and ionization processes exponentially depend on the E/N. Radial non-uniformity of excited species
have to be considered when using diagnostics with limited spatial and temporal resolutions or when comparing experimental
results with numerical simulations.
In this contribution, evolution of optical emission produced by developing streamer filament in the DBD gap of 5mm was inspected
by employing ultrafast ICCD diagnostic at 50torr in pure N2. Due to the enhanced stability of the streamer discharge triggered by
short nanoseconds high voltage pulse with sharp rise time of the order of few nanosecond and by employing technique of kinetic
series with a variable width of ICCD intensifier gate, we have been able to achieve effective temporal resolution of tens of
picoseconds. Such an enhanced temporal resolution allows resolving various phases of the streamer channel evolution, either
through averaged ICCD images or ICCD spectra.
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#P012 - Transition metals-graphene interaction: the role of the screened van der Waals energy
Alberto Ambrosetti - Università degli Studi di Padova, DIpartimento di Fisica e Astronomia
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The interaction of graphene with transition metals is of particular interest for practical applications, which include for instance
the efficient production of high-quality graphene. The accurate theoretical description of transition metals-graphene interfaces,
however, is a particularly challenging problem due to the complex interplay between van der Waals (vdW) and hybridization
effects.
Here we apply the DFT/vdW-WF2s method [1], which allows to augment semi-local Density Functional Theory through the
introduction of screened vdW interactions. Notably, we find that a reliable modeling of the van der Waals interaction should
account for complex metal screening effects, that are due to the combined contributions of the p- and s-like \textit{quasi-free}
electrons, and the more \textit{localized} d-states. The resulting geometry and energetic properties are in good agreement with
experimental data and sophisticates theoretical calculations. Moreover, the Maximally Localized Wannier Functions underlying the
DFT/vdW-WF2s method allow for an intuitive understanding of the complex binding mechanism. [1] P. L. Silvestrelli and A.
Ambrosetti, Phys. Rev. B 87, 075401 (2013).

#P013 - Statistical physics of nonlinear wave interaction
Fabrizio Antenucci - NANOTEC-CNR, Soft and Living Matter Laboratory
Other Authors: Miguel Ibánez Berganza (INFN, Gruppo Collegato di Parma, via G.P. Usberti, 7/A - 43124, Parma, Italy), Luca Leuzzi (NANOTECCNR, Soft and Living Matter Laboratory, Piazzale A. Moro 2, I-00185, Rome, Italy)

The statistical physics approach to nonlinear optics consider the electromagnetic modes as classical spins interacting through a 4body non-linear Hamiltonian, and the different emergent light emission regimes as different thermodynamic phases of the spin
model. This approach has provided explanations for the Passive Mode-Locking transition [1] and it is supposed to describe a
coherent wave regime with absence of long-range correlations in the Random Laser action [2, 3]. We have studied these relevant
models, which are vector spin models with 4-body interactions on irregular topologies, beyond the Mean-Field approximation used
in previous works [4]. We have found a rich and novel behavior, as the irrelevance of uncorrelated disorder (or dilution); the
presence of a threshold beyond which the energy is non-equipartite; the absence of symmetry breaking in the presence of
fluctuations; the vanishing of two-point correlators. These properties have consequences on real optical systems.
[1] A. Gordon and B. Fischer, Phys. Rev. Lett., 89:103901, (2002)
[2] L. Angelani, C. Conti, G. Ruocco, and F. Zamponi. Phys. Rev. Lett., 96:065702, (2006)
[3] F. Antenucci, C. Conti, A. Crisanti, and L. Leuzzi, Phys. Rev. Lett., 114:043901 (2015)
[4] F. Antenucci, M. Ibánez Berganza and L. Leuzzi, Phys. Rev. A, 91:043811 (2015)
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#P014 - Holographic Interferometry for the preservation of cultural heritage: characterization of hidden defects
on paintings on wood by DSPI method
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In the present study we tested the reliability and the performances of a compact Digital Speckle Pattern Interferometer for
monitoring the whole body deformations of a painting on wood in out of laboratory conditions. Digital Speckle Pattern
Interferometry (DSPI) is based on the traditional double-exposition holographic method, formerly utilizing special photographic
plates and later electronic equipment. Nowadays DSPI is a well-established, non-contact and non-destructive testing technique,
increasingly employed as a diagnostic tool in the field of cultural heritage. ESPI utilizes, in its basic implementation, a laser, a TV
camera and a few optical components, providing non-contact, full field, sub-micrometric capacities. The object under examination
is simply illuminated by a low intensity laser light and does not need any preparation. It is imaged onto the camera sensor where a
reference laser beam is also superimposed. The output of a DSPI system consists of an interference fringes pattern (interferogram)
overlaid onto the image of the object under examination. Fringes are produced numerically from two holograms of the object,
recorded at different times, if some deformation occur, and can be regarded as a map of the surface displacement. Whole-body
structural behavior as well as localized displacements can be evaluated at sub-micrometric scale. A large number of numerical
methods have been developed for PC-based automated processing of DSPI interferograms, providing high spatial resolution and
accurate, quantitative measurements. However, by utilizing former but still valid paradigms, the visual analysis of the shape and
the number of such fringes can offer a simply interpretable evaluation of global deformations, as well as of hidden defects in
restricted areas. Such a features can provide an intuitively user-friendly method for art conservators, not accustomed to high-tech
or math based methods, in this way helping in disseminating the technique in that community. Despite DSPI has been applied in a
number of cultural heritage applications, largely improving the traditional art diagnostics survey methods, it did not become a
familiar tool in the art conservation field. Most of the studies, utilizing optical methods in artwork diagnostics, appear based on
random, short term, interactions between research laboratory and cultural heritage conservation institutions.

#P015 - Ce:YAG composites for white LED
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Composites and luminescent polymers have been recently found to be potential candidates for the development of white LED,
lasers and luminescent concentrators for solar cells. Due to its luminescence properties YAG doped with lanthanides ions is a good
candidate as light emitting filler.
In a recent our work, the preparation of a polymeric nanocomposite containing Ce:YAG nanoparticles using in situ polymerization
has been reported [1]. A good dispersion of Ce:YAG nanoparticles has been obtained maintaining them luminescence properties. In
addition, an increase of thermal stability and stiffness of PMMA was observed [2]. Then, the preparation of Ce:YAG-PMMA
composite has been performed by using the melt compounding method, which is not expensive, allows to obtain big quantitative
of material, and limit the exposition at the carcinogenic monomer metyl-methacrylate used as starting precursor in the in situ
polymerization [3]. In this work the preparation of Ce:YAG-PMMA and of Ce:YAG-PC composites by using the melt compounding
method at several amount of Ce:YAG in the range 0.1-5 wt.%. is reported. Structure, morphology, thermal and mechanical
properties of the composites were investigated. The optical properties of the obtained composites and of the composites
combined with a blue LED were measured to investigate the effect of the Ce:YAG amount on the resulting emitted light in view of
possible applications.
Results showed that the particles are homogenously dispersed in each polymer and that the thermal stability of the polymer and
the optical properties depend on the filler quantity.
Acronym: YAG: yttrium aluminum garnet; PMMA: Polymethylmethacrylate; PC: polycarbonate.
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[2] A. Zanotto, A. Spinella, G. Nasillo, E. Caponetti, A.S. Luyt, EXPRESS Polymer Letters Vol.6(5) (2012) 410-416.
[3] M.L. Saladino, D. Chillura Martino, M.A. Floriano, D. Hreniak, L. Marciniak, W. Stręk, E. Caponetti, The Journal of Physical
Chemistry C, Vol. 118 (2014) 9107−9113.

#P016 - Neutron spectra for temperature and confinement diagnostics of imploded ICF plasma: models and 1D
and 2D simulations
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The spectrum of neutrons released by an inertially confined fusion (ICF) plasma provides valuable information on the emitting
plasma [1] This includes, but is not limited to, ion temperature and confinement parameter rho*R.
For instance, a neutron-averaged ion temperature <T> is obtained from the width of unscattered portion of neutron spectra. The
confinement parameter is instead obtained from the ratio of the 14.5 MeV DT neutrons scattered in the 10-12 MeV range to the
unscattered neutrons.
1/2
In case of a uniform source, at rest, the source spectrum is approximately Gaussian, with FWHM proportional to T [2] However,
ICF imploded plasmas are space- and time-dependent, and plasma motion effects can also be important. Even neglecting scattering
and secondary and tertiary neutrons, the spectrum is no more Gaussian, and this must be taken into account in the analysis of the
emitting plasma.
As a first step in the development of a synthetic neutron diagnostics, we have written a neutron-source Monte Carlo package,
taking into account thermal ion motion, bulk fluid motion, and elastic scattering. The package is coupled to the 2-D radiationhydrodynamics code DUED [3].
We present neutron spectra obtained from i) 1-D simulations of exploding pushers; ii) simulations of targets with parameters
analogous to the NIF record-yield high-adiabat implosions [4], iii) 1D simulations of igniting capsule implosions; iii) 2D simulations
of shock-ignition targets. We discuss the effects of bulk motion (evident in exploding pushers and in targets with strongly distorted
hot spots).
We also show how the spectrum FWHM is related to an appropriately weighted ion temperature, also including the effects of fluid
motion.
Work supported by the Italian projects MIUR PRIN2012AY5LEL and Sapienza C26A12CZH2.
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[3] S. Atzeni et al., Comput. Phys. Commun. 169 153 (2005)
[4] O. Hurricane et al, Nature 506, 343 (2014)
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PALM imaging of Deinococcus radiodurans with a mysterious fluorophore.
Liliana Barbieri, Romain Berardozzi, Dominique Bourgeois, Joanna Timmins
IBS, Institut de Biologie Structurale Jean-Pierre Ebel, CEA, CNRS, Université Joseph Fourier, 71 rue Jules Horowitz, 38044 Grenoble,
France
Fluorescence nanoscopy based on PALM (PhotoActivated Localization Microscopy) or STORM (STochastic Optical Reconstruction
Microscopy) usually relies on intensive work to achieve successful labeling of the target molecules to be imaged. In PALM,
genetically encoded labeling is achieved using phototransformable fluorescent proteins that change their fluorescence state upon
illumination, and sparse single-molecule activation is obtained through weak illumination of the sample with UV-violet light. In
STORM, organic dyes are used through either antibody labeling or binding to specific peptide sequences or proteins fused to the
target. Data collection then typically requires oxygen-free redox buffers that ensure efficient photoswitching of the dyes. In an
effort to develop high-resolution microscopy of the strongly radioresistant bacterium Deinococcus radiodurans, we discovered that
the membrane of this microorganism can be imaged at the nanoscale without any labeling procedure. This was achieved using
standard buffers and a minimal PALM set up in which only a 561-nm laser is used for activation and readout. This finding originated
from preliminary experiments aiming at evaluating the level of background fluorescence possibly produced by deinoxanthin, an
orange-colored carotenoid molecule that scavenges reactive oxygen species and is responsible for the pink pigmentation of D.
radiodurans. We collected PALM data on fixed control samples devoid of any engineered fluorescence labeling, and to our surprise,
we observed pronounced and sparse single-molecule fluorescence localized at the bacterial membrane. The data allowed to
reconstruct images of the D. radiodurans membrane at a resolution < 50 nm. We looked at possible sources of fluorescent
impurities that could be present in the medium and show pronounced affinity for the D. radiodurans membrane, effectively
allowing a PAINT-like nanoscopy approach. However, although the amount of staining was not reproducible from colony to colony,
efforts to eliminate it by changing or thoroughly cleaning all constituents of the sample (growth medium, PBS, water, fixative,
cover-slides …) were unsuccessful. Single-molecule fluorescence was also observed in live D. radiodurans cells and in a mutant
strain in which the deinoxanthin synthetic pathway was impaired leading to an accumulation of the lycopene by-product. The
molecule responsible for these observations thus remains to be identified. Its photophysical behavior measured at the singlemolecule level will be presented in this poster.

#P018 - Properties and applications of plasma actuators based on Surface Dielectric Barrier Discharges
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Properties and applications of plasma actuators based on
Surface Dielectric Barrier Discharges
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Surface Dielectric Barrier Discharges (SDBD) are atmospheric pressure cold plasma devices where microdischarges happen in a thin
air layer just above an insulating material surface. Besides other uses, this feature makes these devices interesting for
aerodynamics, being particularly suitable in order to energize the boundary layer of airflows surrounding objects, an application
known as plasma actuator [1]. As a matter of fact, many experimental studies have proved that SDBDs can generate an induced
airflow of several m/s. Here we present experimental results concerning the spatial structure of the induced flow, in particular
when the discharge undergoes a transition to the filamentary regime.
On the other hand the plasma state produced in these devices consists of a high rate repetition of nearly independent discharge
events happening in short times (a few tens of nanoseconds)and within a small spatial extension (a few hundreds of microns), i.e.
microdischarges [2]. Here we present some results of an experimental campaign concerning the statistical properties of
microdischarges which build up the SDBD. In particular we have studied single microdischarge current events, which have been
measured with a fast current probe (100 MHz bandwidth) collected by a small portion of the electrode expressly sectioned [3].
Differences in the amplitude, duration and transported charge associated to the microdischarges have been measured in
correspondence of various phases of the discharge events. This could be correlated with the induced velocity field, because the
boundary layer flow is influenced by collisions between neutral air molecules and charged particles moving in the discharge region.
[1]T. C. Corke, C. L. Enloe and S. P. Wilkinson, Ann. Review of Fluid Mech. 42, 505 (2010)
[2] U. Kogelschatz, Plasma Chemistry and Plasma Processing 23, 1 (2003)
[3] I. Biganzoli, R. Barni and C. Riccardi, Rev. Scient. Instruments 84, 016101 (2013)
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The conversion of biomass to chemicals has been the subject of intense research during the past decade. Different technologies are
used to this aim as high temperature pyrolysis and gasification into syngas and bio-oils, conversion at supercritical conditions,
biomass liquefaction, biological methods. The above methods suffer from some drawbacks such as harsh reaction conditions, high
energy consumption, low selectivity. Heterogeneous photocatalysis can be considered a viable alternative since the process can be
carried out under mild conditions of temperature and pressure. Glucose, which is a major component of biomass, can be used as a
model compound for the sustainable production of high value chemicals. In this work it is reported the conversion of glucose in
aqueous dispersion of various TiO2 based photocatalysts. Aerobic and anaerobic conditions were used to study the distribution of
the products both in the liquid (arabinose, gluconic acid, fructose and formic acid) and gas (H2 and CO2) phases. Commercial and
home prepared bare and Pt-supported TiO2 samples were used as the photocatalysts. The Pt-TiO2 samples have been tested under
anaerobic conditions. The photoreactivity runs were carried out at room temperature in a 800 mL Pyrex cylindrical photoreactor
irradiated in the UV region with a 125 W medium pressure Hg lamp. The initial aqueous glucose concentration was 1 mM. The
identification and quantitative determination of its products were performed by HPLC whereas the CO2 and H2 evolution was
followed by GC-TDC analyses. The distribution of the products was different in the presence of the various powders and the
presence of Pt resulted essential for the anaerobic production of H2 as no hydrogen was detected by using naked TiO2
photocatalysts. The home prepared samples resulted more active than the commercial ones. The rutile polymorph was the most
active sample both for glucose conversion and H2 formation.

#P020 - Molecular mechanism of Bacillus subtilis GabR, a pyridoxal 5 ′-phosphate dependent transcriptional
activator
Stefano Bettati - Università degli Studi di Parma
Other Authors: Davide Amidani (Dipartimento di Bioscienze, Università degli Studi di Parma, Parma, Italy), Barbara Campanini (Dipartimento di
Farmacia, Università degli Studi di Parma, Parma, Italy), Andrea Valeria Canosa (Dipartimento di Farmacia, Università degli Studi di Parma,
Parma, Italy), Roberto Contestabile (Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, “Sapienza” Università di Roma, Roma, Italy),
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Martino Luigi di Salvo (Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, “Sapienza” Università di Roma, Roma, Italy), Teresa Milano
(Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, “Sapienza” Università di Roma, Roma, Italy), Stefano Pascarella (Dipartimento di Scienze
Biochimiche “A. Rossi Fanelli”, “Sapienza” Università di Roma, Roma, Italy), Claudio Rivetti (Dipartimento di Bioscienze, Università degli Studi di
Parma, Parma, Italy), Angela Tramonti (Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, “Sapienza” Università di Roma, Roma, Italy),
Stefano Bettati (Dipartimento di Neuroscienze, Università degli Studi di Parma, Parma, Italy)

GabR is a transcriptional regulator belonging to the novel MocR/GabR family, characterized by a short N-terminal DNA-binding
domain and a long C-terminal effector binding and/or oligomerization domain. The latter is structurally homologous to
aminotransferases, a group of enzymes involved in amino acids metabolism that use pyridoxal 5'-phosphate (PLP) as a cofactor. In
the presence of gamma-aminobutyrate (GABA), GabR activates transcription of the gabT and gabD genes, which encode two
enzymes involved in GABA metabolism (GABA aminotransferase and succinate semialdehyde dehydrogenase, respectively).
The aim of the present study is to investigate the molecular mechanism of GabR gene regulation in Bacillus subtilis. In particular,
we focused our attention on the GabR/DNA binding and on the role of PLP and GABA in this interaction. Spectroscopic analysis
exploiting absorption and fluorescence emission properties of PLP indicate that GabR can react with cysteine, glycine and GABA
with formation of covalent adducts. In the case of GABA and glycine an external aldimine is formed (Kds of 1.98 ± 0.13 mM and > 80
mM, respectively). This result is somewhat surprising considering that in the case of GabR, and differently from PLP-enzymes, GABA
is a regolatory cofactor and not the substrate, and GabR appears unable to complete the transamination reaction of the bound
amino acid. Reaction with cysteine leads to the formation of a lanthionine external Schiff base which is released upon dialysis to
give the GabR apo-form. No significant changes occur in the protein secondary structure upon PLP and GABA binding, as indicated
by far-UV circular dichroism spectra. Since crystallographic studies reported that GabR is a head-to-tail domain-swap homodimer,
we investigated the oligomerization state by gel electrophoresis and by atomic force microscopy (AFM). Particle volume analysis of
GabR AFM images indicates a monomer-dimer equilibrium in the absence of DNA. Likewise, analysis of GabR/DNA complexes
shows that GabR binds DNA as a dimer, regardless of the presence of PLP and GABA. Because these ligands have little effect on the
DNA binding affinity of GabR, which falls in the tens of nanomolar range, the mechanism exploited to regulate transcription
remains unclear.
Currently we are pursuing mutagenesis of both GabR and its target DNA sequence to identify the DNA sequence repeats involved in
the specific binding of GabR and to assess the energetic contribution of the two protein domains to the protein-DNA interaction.

#P021 - Time-domain investigation of core-hole relaxation dynamics
Francesco Bisio - CNR-SPIN
Other Authors: Luca Pasquali (Dipartimento di Ingegneria "Enzo Ferrari", Università di Modena e Reggio Emilia, Modena, Italy), Emiliano Principi
(Elettra Sincrotrone Trieste, Trieste, Italy), Federico Boscherini (Dipartimento di Fisica e Astronomia, Università di Bologna, Bologna, Italy),
Maurizio Canepa (Dipartimento di Fisica, Università di Genova, Genova, Italy)

We investigated the ultrafast, sub-ps many-body relaxation dynamics in a metallic valence band following the creation of a high
density of core-level holes by means of a time-domain pump/probe experiment, where core-holes were generated by a seeded FEL
pulse (FERMI@Elettra), and the valence-band dynamics was probed by the reflectivity of an ultrashort near-IR pulse.
The experiments were performed on aluminum films; Al has a simple electronic structure, consisting of a valence band, 2p core
levels with around 73 eV binding energy, and deeper 2s and 1s states. Thus, at photon energies just in excess of the L2,3 edge, the
photoexcitation cross section is dominated by 2p-core-hole excitation, meaning that there exists a strongly preferential channel for
soft-X-ray
absorption
in
the
material.
In order to selectively address the effect of a core-hole creation, the pump-FEL energy was swept across the 2p core-level
absorption edge, while measuring the optical reflectivity with the probe beam, performing pump-probe reflectivity measurements
with variable FEL energies both below and above the Al L2,3 edge at 72.5 eV, λ ≈ 17 nm.
Preliminary experiments performed on the EIS beamline@FERMI on 200-nm thick Al films (FEL fluence 25 mJ) show the feasibility
of this complex experiment, and provide interesting clues about the FEL-induced excitation dynamics.In the short-delay regime, a
major difference is seen in the visible-reflectivity change DR between above/below edge excitation. At larger delays, the ΔR
dynamics converge to a common trend, with a deep reflectivity decrease followed by a long-delay recovery, indicating possibly
similar
mechanisms
of
energy
transfer
from
the
electron
gas
to
the
lattice.
In the very-short-delay regime, instead, the visible reflectivity behaviour is dominated by the effects of electronic excitation,
particularly the way the hot-electron energy is redistributed in the valence band by eletron-electron scattering, and then
transferred to the lattice within the time scales of the electron-phonon coupling. In this respect, the simplicity of the Al electronic
structure allows to isolate fewer electron energy-decay channels (e.g. Auger processes only for the Al 2p hole, valence-valence
scattering for the excited electrons) simplifying the data analysis, although a full-fledged model will be required to interpret the
data. A deep analysis of the short-delay dynamics might indeed grant access to interesting properties of nonequilibrium aluminium,
like the electron-phonon coupling time, a case-study for more complex systems under analogous conditions.

#P022 - MARTINI Coarse-Grained Models of Polyethylene and Polypropylene
Davide Bochicchio - Università degli Studi di Genova
Other Authors: Emanuele Panizon (Physics Department, University of Genoa, via Dodecaneso 33, 16146 Genoa, Italy) Luca Monticelli (IBCP,
CNRS UMR 5086, 7 Passage du Vercors, 69007 Lyon, France) Giulia Rossi (Physics Department, University of Genoa, via Dodecaneso 33, 16146
Genoa, Italy)
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The effect of micro and nanoplastics on living organisms is nowadays the object of intense research efforts from the toxicological
point of view [1], but it is still largely unexplored at the molecular level. Here the main challenge is that the interaction between
polymers and biological materials involves processes covering a wide range of time and length scales. Thus, fully atomistic
simulations are often too cumbersome, and coarse grained (CG) models become very useful to capture many physical aspects that
would remain unexplored because of computational time reasons.

We developed two coarse grained models of polyethylene and polypropylene, compatible with the MARTINI CG force
field [2]. As a first step, we derived the CG bonded and non-bonded interactions, in a way to reproduce bonds, angles
and dihedrals distributions in the melt obtained with a united atoms model. After that, our models were validated by
comparison with experimental data and finer level calculations, in terms of structural and thermodynamic properties.
The PE model is in excellent agreement with the available data, both in terms of density and radius of gyration in the
melt. The PP model overestimates the melt density, while reproducing correctly the radius of gyration. As in its most
common form PE is a highly branched polymer [3], we also developed and validated a PE model including branching
units, reproducing the structural properties of Linear Low Density Polyethylene (LLDPE).
The behaviour of the polymer chains was tested also in different environments. The chains correctly collapse in water,
and the scaling of the radius of gyration with the polymer size in a good solvent is in agreement with the theory. The
conformational properties of the polymer chains in a PE/PP blend agree very well with the ones obtained with the
atomistic model. In view of the application of our PE and PP models to the study of polymer-membrane interactions, we
calculated the free energy profiles of dimers of PE and PP penetrating a POPC membrane. Our MARTINI models
reproduce the atomistic free energy profiles very well, leading to the right water-membrane partitioning.
In summary, our CG PE and PP models perform well and are consistent with the MARTINI force field for lipids,
paving the way to applications in the realm of both material sciences and biomedicine.
[1] Rochman, C. M.; Browne, M. A.; Halpern, B. S.; Hentschel, B. T.; Hoh, E.; Karapanagioti, H. K.; Rios-Mendoza, L.
M.; Takada, H.; Teh, S.; Thompson, R. C. Policy: Classify Plastic Waste as Hazardous. Nature 2013, 494, 169–171
[2] Marrink, S. J.; Risselada, H. J.; Yefimov, S.; Tieleman, D. P.; de Vries, A. H. The MARTINI Force Field: Coarse
Grained Model for Biomolecular Simulations. J. Phys. Chem. B 2007, 111, 7812–7824
[3] Gelfer, Y.; Winter, H. H. Effect of Branch Distribution on Rheology of LLDPE during Early Stages of
Crystallization. Macromolecules 1999, 32, 8974–8981

#P023 - FT-IR study of biopolymer-clay nanocomposites: effects of intercalation in montmorillonite on the
properties of chitosan films
Caterina Branca - Dipartimento di Fisica e Scienze della Terra, Università di Messina
Other Authors: Ulderico Wanderlingh, Dipartimento di Fisica e Scienze della Terra, Università di Messina Giovanna D’Angelo, Dipartimento di
Fisica e Scienze della Terra, Università di Messina Cristina Crupi, Dipartimento di Fisica e Scienze della Terra, Università di Messina Simona
Rifici, Dipartimento di Fisica e Scienze della Terra, Università di Messina

Chitosan-based nanocomposites at different sodium montmorillonite (MMT) loadings were prepared by solution casting. The MMT
weight percent relative to chitosan was varied from 1 to 5% and the impact on the swelling and structural properties of chitosan
film was investigated by X-ray diffraction and Fourier Transform infrared spectroscopy. In order to better discriminate the different
functional groups involved in the interaction with the clay, the FTIR spectra were deconvoluted by a curve fitting procedure. The
objective of the work was to correlate the physicochemical properties of the films to the nanostructures and the interactions
occurring between the biopolymer and the clay. The XRD results evidenced that the intercalation of chitosan chains within the
silicate galleries takes place to a different extent depending on the clay loading. The FTIR analysis, besides confirming intercalation,
evidenced that the clay interacts with chitosan through hydrogen bonding involving primarily the amide groups. These interactions
are responsible for the formation of a denser crosslink network that lowers the water sorption of the chitosan/MMT
nanocomposites in comparison to the pure chitosan film.

#P024 - Vents Pattern Analysis at Mount Etna volcano (Sicily)
Alfonso Brancato - Istituto Nazionale di Geofisica e Vulcanologia - Osservatorio Etneo
Other Authors: Mauro Coltelli (Istituto Nazionale di Geofisica e Vulcanologia – Osservatorio Etneo), Giuseppina Tusa (Istituto Nazionale di
Geofisica e Vulcanologia – Osservatorio Etneo), Cristina Proietti (Istituto Nazionale di Geofisica e Vulcanologia – Osservatorio Etneo), Stefano
Branca (Istituto Nazionale di Geofisica e Vulcanologia – Osservatorio Etneo)
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Mt. Etna is the largest, as well as the most active volcano in the Mediterranean Sea. Volcanism started about 500 ky ago and the
erupted magmas range from tholeitic to alkaline affinity. An almost continuous summit activity characterizes the volcano; however,
flank eruptions occur at an interval of years, mostly concentrated along the NE, S and W rift zones.
Volcanic hazard, in terms of map of future vent opening, will be explored by means of a spatial point pattern analysis of the known
historical positions (154 flank vents) of the last 4.0 ka.The vents indicate that they cluster on a variety of spatial scales. Such
clustering suggests that nonhomogeneous Poisson models should be used to forecast future vents distribution. That is spatial
intensity (events per unit area) varies across the map region. For this reason, both spatial regularity (first-order feature, with
density estimation) and clustering (second-order feature, with minimum distance separation among vents) in the Etna region at
different distances are analysed. In particular, a Gaussian kernel technique (Connor & Connor, 2002) and the Ripley K-function
(Ripley, 1976) are used to explore both features, respectively.
Some historical vents, which presently result covered, were extracted by the previous geological maps; other vents, mostly related
to eruptions occurred before 1600 AD, were located after a reconstruction based on the portions of the lava flow fields still
cropping out. The latter invoke an uncertainty, the measurement error zone, whichis different from the spatial error, whose
possible solution lies in the kernel density estimation, when the bandwidth is applied. Indeed, this bandwidth allows for the
sampling error in the location (aleatory uncertainty), that describes what we would see if we could repeat the experiment by
observing a different sample of flank vents. Therefore, both uncertainty sources have to be considered in a bandwidth that
combines the sampling error and the measurement error (larger for poorly located vents).
Probabilities (retrieved after the density estimation application) have been calculated with the most significant values in line with
the SSE sector of the volcano edifice, encompassing S rift as well as the upper slope of Valle del Bove, even though not negligible
values were estimated along the NE and W rift areas.
References
Connor C. B. & Connor L. J. 2009. Estimating spatial density with kernel methods, Volcanic and tectonic hazard assessment for
nuclear facilities. Cambridge University Press, Cambridge, UK, 346-368.
Ripley B. D. 1976. The second-order analysis of stationary point process. J. Appl. Prob., 13, 255-266.

#P025 - Automatized near-real-time short-term Probabilistic Volcanic Hazard Assessment of tephra dispersion
before and during eruptions: BET_VHst for Mt. Etna
Alfonso Brancato - Istituto Nazionale di Geofisica e Vulcanologia - Osservatorio Etneo
Other Authors: Jacopo Selva (Istituto Nazionale di Geofisica e Vulcanologia – Sezione di Bologna), Simona Scollo (Istituto Nazionale di Geofisica e
Vulcanologia – Osservatorio Etneo), Antonio Costa (Istituto Nazionale di Geofisica e Vulcanologia – Sezione di Bologna), Michele Prestifilippo
(Istituto Nazionale di Geofisica e Vulcanologia – Osservatorio Etneo)

Tephra dispersal may heavily affect public health and critical infrastructures, such as airports, road networks, and electric power
supply systems. Mainly for this reason and because there is an increase of number of explosive eruptions at Etna, three eruptive
scenarios are daily run at the Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo, to forecast volcanic ash dispersal
and fallout every 3 hours. However, although the results are very useful to give preliminary warnings the uncertainties are not
treated. Probabilistic Volcanic Hazard Assessment (PVHA) represents the most complete scientific contribution for planning rational
strategies aimed at managing and mitigating the risks posed by eruptive activity during volcanic crises and eruptions. Short-term
PVHA (over time intervals in the order of hours to few days) must account for rapidly changing information coming from the
monitoring system, as well as, updated wind forecasts, and they must be accomplished in near-real-time. In addition, while during
unrest the primary goal is to forecast potential eruptions, during the eruptions it is also fundamental to correctly account for the
real-time status of the eruption and of tephra dispersal, as well as its potential evolution in the short-term. In this work, we take
into account both central and lateral eruptions that can generate short and long lasting activity respectively. For central eruptions
we considered eruptive scenarios similar to the 12 January 2011, the 22 July 1998, the 5 January 1990 and 122 BC eruptions. For
lateral eruptions the 2001 and 2002-03 eruptions were taken in consideration but we changed the location of the volcanic vent.
Hundreds of simulations are carried out by a volcanic ash dispersal model and results are analyzed by the BET_VHst model for Etna
volcano. The model has its roots into present state deterministic procedure, and it deals with the large uncertainty that such
procedures typically ignore, like uncertainty on the potential position of the vent and eruptive size, on the possible evolution of
volcanological input during ongoing eruptions, as well as, on wind field. Uncertainty is treated by making use of Bayesian inference,
alternative modeling procedures for tephra dispersal, and statistical mixing of long- and short-term analyses.

#P026 - ZnO nanowires grown on bulk ZnO: elastic properties modification induced by deep-cryogenic
treatment
Marcello Cabibbo - DIISM - Università Politecnica delle Marche
Deep-cryogenic treatment was performed on vertically aligned ZnO nanowires produced by metal organic chemical vapor
deposition. The mechanical response of the nanowires was detected by nanoindentation tests. It was found that Young's modulus,
the critical buckling stress and strain of individual nanowires is not significantly influenced by cryogenic exposure. Yet, the bulk base
ZnO, from which the nanowires are grown, halved after a deep-cryogenic treatment.
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#P027 - Pressurization and depressurization phases inside the plumbing system of Mt. Etna volcano: evidence
from a multiparametric approach
Andrea Cannata - Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo, Sezione di Catania
Other Authors: Giancarlo Spedalieri (Università di Catania, Dipartimento di Scienze Biologiche, Geologiche e Ambientali, Italy), Boris Behncke
(INGV, Osservatorio Etneo, Italy), Flavio Cannavò (INGV, Osservatorio Etneo, Italy), Giuseppe Di Grazia (INGV, Osservatorio Etneo, Italy),
Salvatore Gambino (INGV, Osservatorio Etneo, Italy), Stefano Gresta (Università di Catania, Dipartimento di Scienze Biologiche, Geologiche e
Ambientali, Italy), Sergio Gurrieri (INGV, Sezione di Palermo, Italy), Marco Liuzzo (INGV, Sezione di Palermo, Italy), Mimmo Palano (INGV,
Osservatorio Etneo, Italy)

During 2013 Mt. Etna volcano experienced intense eruptive activity at the summit craters, foremost at the New Southeast Crater
and to a minor degree at the Voragine and Bocca Nuova (BN), which took place in two cycles, February-April and SeptemberDecember.
In this work, we mainly focus on the period between these cycles, applying a multiparametric approach. The period from the end of
April to 5 September showed a gradual increase in the amplitude of long period (LP) events and volcanic tremor, a slight inflation
testified by both tilt and GPS data, and a CO2 flux increase. Such variations were interpreted as due to a gradual pressurization of
the plumbing system, from the shallowest part, where LP and volcanic tremor are located, down to about 3-9 km b.s.l., pressure
source depths obtained by both geodetic and CO2 data.
On 5 September, at the same time as a large explosion at BN, we observed an instantaneous variation of the aforementioned
signals (decrease in amplitude of LP events and volcanic tremor, slight deflation, and CO2 flux decrease), and the activation of a new
infrasonic source located at BN. In the light of it, the BN explosion probably caused the instantaneous end of the pressurization,
and the opening of a new vent at BN, that has become a new steady source of infrasonic events. This apparently slight change in
the plumbing system also led to the gradual resumption of activity at the New Southeast crater, culminating with the second lava
fountain cycle of 2013.

#P028 - Diagnostics for laser plasma generation using SiC detectors and Ion collectors
L. Torrisi - Università di Messina, Dipartimento di Fisica e Scienze della Terra
Other Authors: Giovanni Ceccio (Dip.to di Fisica e S. d. T., Università di Messina, Viale F.S. D’Alcontres 31, 98166, S. Agata (Me), Italy), Antonino
Cannavo' (Dip.to di Fisica e S. d. T., Università di Messina, Viale F.S. D’Alcontres 31, 98166, S. Agata (Me), Italy), Mariapompea Cutroneo
(Nuclear Physics Institute, AS CR, 25068 Rez, Czech Republic)

In the ambit of laser-matter interaction and in vacuum plasma generation, a fast diagnostic can be employed to detect the
generated photons, electrons and ions streams. At low and high laser intensities a fast diagnostic can be applied by using SiC
semiconductors and ion collectors connected in Time-Of-Flight (TOF) configuration. The advantages of such detectors are due to
the SiC wide gap energy that permits to doesn’t see the visible light plasma emitted, to the low leakage current of the
semiconductor at room temperature, to the high radiation hardness and to the employment of a fast detection electronics using a
10
2
high frequency storage oscilloscope. TOF spectra of SiC detectors and ion collectors performed at laser intensities from 10 W/cm
19
2
up to 10 W/cm , obtained in different international laser facilities, will be presented and discussed.

#P029 - AN ALGORITHM FOR AUTOMATIC ESTIMATION OF BACKGROUND SIGNAL OF RAMAN
SPECTRA FROM BIOLOGICAL SAMPLES
Vito Capozzi - Università di Foggia/Dipartimento di Medicina Clinica e Sperimentale
Other Authors: Crescenzio Gallo (Università degli studi di Foggia, Dipartimento di Medicina Clinica e Sperimentale, Via Napoli 20, 71122 Foggia,
Italy), Giuseppe Perna (Università degli studi di Foggia, Dipartimento di Medicina Clinica e Sperimentale, Via Napoli 20, 71122 Foggia, Italy),
Maria Lasalvia (Università degli studi di Foggia, Dipartimento di Medicina Clinica e Sperimentale, Via Napoli 20, 71122 Foggia, Italy)

Raman microspectroscopy is extensively used to investigate the composition and structure of a wide range of materials at
microscopic level. In particular, it has been successfully applied to study the chemical content of biological samples (as biopolymers,
cells and tissues) because it involves the detection of vibrational modes which are specific of the functional groups inside the
sample, so constituting a sort of “fingerprint” of the analysed material [1]. In fact, the Raman spectra of biological samples are
characterized by several peaks due to vibrational modes arising from a large variety of biomolecular functional groups.
However, so that the Raman microspectroscopy is able to provide reliable results, some obstacles have to be overcome. The main
of these is the removal of spectral background signals, due to both intrinsic autofluorescence and stray light, which are usually a
few orders of magnitude stronger than those related to Raman signal. Several computational methods have been proposed for
rejecting the mentioned spurious signals and obtain the true Raman signals: among them, polynomial fitting is the most popular
one, because of its simplicity. Nonetheless, such methods gives results which depend on the order of chosen polynomial function
and often requires user selection of “non-Raman” locations on which to base the fit. So, several iterative methods, producing a
background in an automated way, have been developed: the most widespread iterative method is the modified polynomial fitting
method, which was originally proposed by Lieber and Mahadevan-Jansen [2] and successively improved by other authors [3].
In this work, a flexible polynomial background construction algorithm has been implemented in order to estimate the background
of typical Raman spectra from cell samples. Such method is based on several subsequent steps: first of all, the boundaries of
spectral regions containing Raman peaks bands are identified by approximating spectrum’s derivative; then, many fitting are
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performed by using polynomial functions of different orders for the different spectral regions; afterwards, for each spectral region
the area underlying the polynomial fits are estimated and compared in order to exclude outliers polynomial functions; finally, for
each spectral region a proper polynomial function is chosen for represent the background.
Substantially, our algorithm computes the background in a piecewise manner performing an efficient spline construction region by
region. This method has been tested with synthetic and experimental spectra.
References
[1] G. Clemens et al., Analyst 139, 4411-4444 (2014).
[2]C.A. Lieber and A. Mahadevan-Jansen, Applied Spectroscopy 57, 1363-1367 (2003).
[3]J. Zhao et al., Applied Spectroscopy 61, 1225-1232 (2007).

#P030 - Self-trapping and gradient-cooling of 2D polariton condensates
Davide Caputo - CNR NANOTEC - Istituto di nanotecnologia
Other Authors: D. Ballarini (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100
Lecce), M. de Giorgi (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100 Lecce), L.
Dominici (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100 Lecce), K.W. West
(Department of Electrical Engineering, Princeton University, Princeton, New Jersey 08544, USA), L. Pfeiffer (Department of Electrical Engineering,
Princeton University, Princeton, New Jersey 08544, USA), G. Lerario (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o
Campus Ecotekne, via Monteroni - 73100 Lecce), D. Colas (Departamento de Fisica Teorica de la Materia Condensada, Universidad Autonoma de
Madrid, E-28049 Madrid, Spain), J. P. Restrepo (Departamento de Fisica Teorica de la Materia Condensada, Universidad Autonoma de Madrid, E28049 Madrid, Spain), G. Gigli (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100
Lecce), F. P. Laussy (Departamento de Fisica Teorica de la Materia Condensada, Universidad Autonoma de Madrid, E-28049 Madrid, Spain), D.
Sanvitto (CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100 Lecce)

Polariton condensation has been observed in many systems, ranging from standard 2D[1]
Polariton condensation has been observed in many systems, ranging from standard 2D[1] microcavities and 1D wires to confined
pillars[2] and more recently using hybrid or organic dyes as active materials[3]. Although several aspects of the condensation
dynamics and the formation of an extended coherent state of polaritons are well understood [4], the non-conventional out-ofequilibrium character of these hybrid states of light and matter regularly brings on stage unexpected phenomenology[5]. In
particular, we have recently observed a surprising diffraction-limited self-localisation of the polariton condensate on the top of a
potential hill, followed by ballistic expansion outside of the excitation region.
We explain these intriguing phenomena in terms of a self-trapping effect arising from the interplay of diffusion and thermalization,
which leads to the formation of cold polariton drops at points of maximum potential energy. At higher excitation densities, the
opposite situation occurs: a delocalized polariton condensate, thermalized at the lowest energy state of the dispersion, extends for
hundreds of microns outside of the excitation spot. This condensate is constrained only by the slight differences in the sample
potential minima and by the decreasing density of polaritons for larger distances from the excitation spot, and it is observed here
for the first time thanks to the long lifetime of polaritons (high-Q sample used in these experiments). Its formation is the result of
the interplay between energy relaxation from higher energies states and stimulated scattering towards the bottom of the
dispersion, characteristic of bosonic particles. The phase transition is studied for increasing polariton densities by measuring the
first order spatial coherence of the two dimensional polariton fluid.
These results show that much is left to explore in the high-density and ultrafast dynamics of polaritons, with a striking and unique
phenomenology that could open new areas of research and applications not accessible to their atomic counterparts.
[1] Wertz, E. et al. Spontaneous formation and optical manipulation of extended polariton condensates. Nature Phys. 6, 860864
(2010).
[2] Bajoni, D. et al. Polariton laser using single micropillar GaAsGaAlAs semiconductor cavities. Phys. Rev. Lett. 100, 047401 (2008).
[3] Daskalakis, K. S. et al. Nonlinear interactions in an organic polariton condensate, Nature Materials 13, 271–278
[4] Timofeev, V. & Sanvitto, D. (eds) Exciton Polaritons in Microcavities Vol. 172 (Springer, 2012)

#P031 - Investigations on Laser Thermal Annealing on Germanium for High Dopant Activation
Giuseppe Mario Caruso - University of Catania
Other Authors: Simona Boninelli (MATIS IMM-CNR and Dipartimento di Fisica e Astronomia, Università di Catania, Catania, Italy), Maryam
Shayesteh (Tyndall National Institute, University College Cork, Cork, Ireland), Ray Duffy (Tyndall National Institute, University College Cork, Cork,
Ireland), Karim Huet (Laser Systems and Solutions of Europe, Gennevilliers, France), Filadelfo Cristiano (LAAS CNRS, University of Toulouse,
Toulouse, France)
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Nowadays, there is a renewed interest in the use of Ge for advanced CMOS technology because of its superior electrical
characteristics and lower temperature processes compared with Si, as well as its compatibility with the well-established silicon
technology. Laser thermal annealing (LTA) process is gaining interest in the context of the 3D sequential integration where a locally
confined thermal budget is needed for top FET to preserve the bottom FET from any degradation. Our aim is to investigate the
effects of LTA on Ge based n-type ultra-shallow junctions to gain highly activated dopant concentrations.
15
2
We doped Ge with As or P by ion implantation with a dose of 10 atoms/cm at 28 keV and 15 keV, respectively. Then we
compared a LTA with a conventional thermal treatment in order to remove ion implantation damage and increase the dopant
activation. We performed Raman spectroscopy, Transmission Electron Microscopy and Secondary Ion Mass Spectroscopy to study
the disorder and the dopant diffusion after the LTA process. In detail, we studied the amorphous to crystalline phase transition as a
20
−3
function of the increasing LTA energy density. We found that using LTA, higher carrier concentration (above 10 cm ) was
achieved in n-type doped regions with respect the conventional thermal annealing.
These fundamental studies clarify the thermal effect of LTA on very thin (tens of nm) Ge films and could be considered for the
fabrication of junctions in advanced 3D Ge-based devices.

#P032 - Low temperature properties of unconventional ferromagnetic Josephson junctions
Roberta Caruso - Università degli Studi di Napoli Federico II
Other Authors: Davide Massarotti (Dipartimento di Fisica, Università degli Studi di Napoli Federico II, Napoli; CNR-SPIN Napoli), Avradeep Pal
(Department of Materials Science and Metallurgy, University of Cambridge), Mark G. Blamire (Department of Materials Science and Metallurgy,
University of Cambridge), Francesco Tafuri (Dipartimento di Ingegneria Industriale e dell’Informazione, Seconda Università di Napoli, Aversa;
CNR-SPIN Napoli)

Josephson junctions incorporating non-conventional barriers such as ferromagnetic insulators have been widely investigated in
recent years [1,2]. These devices show a wide range of interesting properties such the low dissipation and spin polarization of the
supercurrent, which makes them quite attractive for the realization of superconducting magnetic memories.
We have focused our attention on the study of the temperature dependence of the critical current and the characteristic voltage of
ferromagnetic tunnel junctions down to low temperatures. Our preliminary results show different trends for junctions with
different spin filter efficiencies. An anomalous behavior in presence of an external magnetic field is also observed. Results are
discussed in the wide context of weak links to trace possible unconventional effects.
[1] Buzdin, A.I., Rev. Mod. Phys. 77, 935, (2007)
[2] Senapati, K. and Blamire, M.G. and Barber, Z. H., Nat. Mat. 10, 849, (2011)
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Università di Catania
Other Authors: Giuseppe Arrabito (Dipartimento di Fisica e Chimica, Università di Palermo, Italy), Felicia Cavaleri (Dipartimento di Fisica e
Chimica Università di Palermo; Dipartimento di Fisica e Astronomia Università di Catania), Valeria Vetri (Dipartimento di Fisica e Chimica,
Università di Palermo, Italy), Valeria Militello (Dipartimento di Fisica e Chimica, Università di Palermo, Italy), Salvatore Di Maro (DiSTABiF,
Second University of Naples, Caserta, Italy), Sandro Cosconati (DiSTABiF, Second University of Naples, Caserta, Italy), Ettore Novellino
(Dipartimento di Farmacia, Università degli Studi di Napoli "Federico II", Napoli, Italy), Maurizio Leone (Dipartimento di Fisica e Chimica,
Università di Palermo, Italy), Bruno Pignataro (Dipartimento di Fisica e Chimica, Università di Palermo, Italy)

Printing biology is our way to define a novel field employing material printing techniques generally used in plastic electronics to
solve important issues of biology by miniaturized and high-throughput platforms. In this field, we already showed the possibility to
use Dip Pen Lithography to fabricate single-cell biochips [1]. Also,we employed non-contact patterning methods such as inkjet
printing methods to fabricate microarrays for drug screening at solid-liquid interfaces [2] or in picoliter-scale liquid droplets [3] so
enabling high-throughput screening of chemical libraries onto disease-based targets. In this regard, printing methods would greatly
reduce times and costs of standard drug screening campaigns which are commonly based on complex liquid handling robotics and
are time and reagent consuming (micro-, nanoliter scale). In this work, we show a low-cost, general and miniaturized printing
biology approach for drug screening, by combining Inkjet Printing and Dip Pen Lithography to develop the biochip. We show the
possibility to precisely deliver femtoliter scale droplets of protein targets by Dip Pen Lithography by finely tuning the deposition
parameters and ink formulation. Protein solutions are spiked with glycerol at 30 % v/v and are deposited at defined values of
humidity (50 % -70 % R.H.). This permits to obtain microscale droplet arrays where picoliter volumes of drug candidates solutions
are readily deposited by inkjet printing. In this way, it is possible to produce different drug targets concentration directly on-chip.
Fluorescence confocal microscopy is here used to quantify drug-ligand interaction by means of standard intensity based imaging
and fluctuation techniques that permit mapping concentration and important biophysical parameters including diffusion
coefficients of fluorolabeled (or intrinsically fluorescent) ligands at nanomolar concentration. Outputs obtained on different
systems by means of such a miniaturized approach are compared with the ones obtained on standard microliters volumes samples,
confirming the ability of our biochip printing methodology to discriminate ligand-target interactions in different compounds. MiUR
and the PRIN2012 program are acknowledged for fudings.
Bibliography
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#P034 - Electrochemical investigation of recovery mechanisms in dye sensitized solar cells. Evidence of lifetime
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In this work we study the spontaneous recovery phenomenon present in solar cells sensitized with a Ruthenium complex based dye
N719, which manifests with the increase over the time of the short circuit current (Isc) and the open circuit voltage (Voc) after the
cell is illuminated, for durations of minutes up some days. We investigate the effects of temperature and type of components used
in the electrolyte, based on iodide/iodine redox couple, using current-voltage measurements and electrochemical impedance
spectroscopy (EIS) under dark and open-circuit conditions. The characteristic frequency peaks observed in the spectra, identified by
Nernstian diffusion in the electrolyte, the diffusion and recombination of the photoinjected electrons in the TiO2 and the charge
transfer at the platinum counter electrode, allow to determine the mechanism which causes the observed drifts. By impedance
spectra modelling we determine the time evolution of the effective lifetime of the electrons in the TiO2. The main result is that the
life time of electrons in the oxide increases over time, confirming the recovery of the performances and that the phenomenon
depends on the charge transport mechanism at the TiO2-electrolyte interface. In particular the instability is induced by electron
trapping by the defects present in the TiO2 created by ionic and molecular components present in the electrolyte that limit the
recombination of electrons from TiO2 to the triiodide.
*) This work has been funded by MIUR by means of the national Program PON R&C 20072013,
project “Tecnologie per l’ENERGIA e l’Efficienzaenergetica
(ENERGETIC)”(PON02_00355_3391233).
1-Corresponding author. Tel.: +39-320 91 07390; E-mail: chiappara.clara@unict.it

#P035 - Characterization and development of a low cost system to evaluate beam quality in diagnostic radiology
Andrea Chierici - Università di Pisa - Scuola di Ingegneria
Other Authors: Chiara Romei (Università di Pisa), Riccardo Ciolini (Università di Pisa), Francesco d’Errico (Università di Pisa and Yale
University)

In our previous work a commercial silicon PIN-photodiode (Hamamatsu, mod. S2506-02) was tested and characterized as ionizing
radiation detector for radiological applications in a wide range of configurations and effective energies: 17-19 keV (mammography)
and 23-72 keV (conventional radiography and CT). In order to validate the dose response, the photodiode voltage output was
compared to the readout of a Barracuda device (a semiconductor device used in clinical application), and Monte Carlo simulations
were performed. Novel acquisition electronics was designed to amplify the PIN diode signal, based on a transresistive, nonpolarized ampliﬁcation current-to-voltage conversion stage using an OPA2340 operational ampliﬁer. In order to investigate the
reproducibility of devices from different production batches, two lots of 14 photodiodes each were irradiated simultaneously with
X-rays and a small systematic difference (below 10%) was observed between the two batches: the difference is low but required
different calibration factors. The angular sensitivity of the devices was investigated during CT and mammography acquisitions: the
dose response showed a growing dependence on radiation angle of incidence moving toward lower effective energies. The
sequential single slice CT acquisition, performed at slow rotational speed, showed a low angular dependence over the range of
effective energies used. The photodiodes, inserted in a modular phantom, allowed the optimization of CT acquisition protocols in
terms of diagnostic quality and dose received, which is especially important for pediatric subjects. The response uniformity was
investigated in mammography over a large FOV: moving the devices along the axis of the acquisition plane showed a significnt
angular dependence over the range of low energies used, requiring different calibration factors. A low cost system was developed
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with the characterized devices which can be used in every day beam quality measurements in terms of spatial uniformity, exposure
rates and energies.

#P036 - Experiments and computational investigations on HBx /Dleu2 lncRNA complexes: a possible “address
code” to TRIM13 target.
Letizia Chiodo - Center for Life NanoScience CLNS@Sapienza, Istituto Italiano di Tecnologia, Rome, Italy
Other Authors: Debora Salerno (Center for Life NanoScience@Sapienza, Istituto Italiano di Tecnologia, Rome, Italy and Dept of Internal MedicineDMISM, University of Rome “La Sapienza”, Rome, Italy), Grazia Cottone (Dept of Physics and Chemistry, University of Palermo, Palermo, Italy
and School of Physics, University College of Dublin, Dublin, Ireland), Safaa Jeddari (Dept of Internal Medicine-DMISM, University of Rome “La
Sapienza”, Rome, Italy), Giancarlo Ruocco (Center for Life NanoScience@Sapienza, Istituto Italiano di Tecnologia, Rome, Italy and Biocomputing
Lab, Department of Physics, University of Rome “La Sapienza”, Rome, Italy), Massimo Levrero (Center for Life NanoScience@Sapienza, Istituto
Italiano di Tecnologia, Rome, Italy and Dept of Internal Medicine-DMISM, University of Rome “La Sapienza”, Rome, Italy and INSERM U1052,
Cancer Research Center of Lyon (CRCL), Lyon, France), Francesca Guerrieri (Center for Life NanoScience@Sapienza, Istituto Italiano di
Tecnologia, Rome, Italy and Dept of Internal Medicine-DMISM, University of Rome “La Sapienza”, Rome, Italy)

Long non coding RNAs (lncRNAs) are transcripts longer than 200 nt (1), recently recognized to exert a crucial role in epigenetics and
in particular to modulate signalling pathways contributing to hepatocellular carcinoma progression (1,2). Assuming HBV-mediated
carcinogenesis and HBV x protein oncogenic role, a possible molecular mechanism underlying lncRNAs expression and HBx has
been recently investigated (3). Furthermore, Dleu2 contains within its genome the sequence of TRIM13 gene, implicated in
autophagy (4,5). Comparative analysis has indicated that lncRNAs are evolutionarily conserved, and Dleu2/Trim13 was found to be
conserved at the genomic level between human and mouse (6). A significant role of lncRNAs is the regulation of gene expression
via a mechanism involving interaction with the epigenetic silencing complex Polycomb Repressive Complex 2 (PRC2).
In this work, we hypothesize that HBx can bind Dleu2, in turn linked to PRC2, so directing chromatin modifiers to specific genomic
loci and particularly to TRIM13 promoter. Dleu2/HBx and Dleu2-Hbx/PRC2 proteins interaction has been investigated with
bioinformatics tools (7-10) and RIP (RNA Immune Precipitation) experiments. The HBx structure was modelled by using I-TASSER,
and the intrinsic disorder assessed by IUPred. Secondary and tertiary structure of 11 RNA exons were derived via DotKnot and
RNAcomposer, respectively. Protein and exons models were then docked by using HEX and HADDOCK, to guarantee both an
efficient sampling of mutual configurations and a more refined description of the interaction, including electrostatics. The different
HBx-exon complexes were ranked; specific binding sites on HBx have been identified. A RIP experiment was also performed; the
observation that, after HBx precipitation, Dleu2 is present in the sample, confirms a direct lncRNA Dleu2 /HBx interaction.
Docking of the complex Hbx-Dleu2, for some exons, with PRC2 proteins (EED, RBBP4, EZH2) reveals that the PRC2 proteins are
competitors for the same binding site, while the HBx binding site is located in a different region of the same exon. We therefore
propose a model (11) with three players, HBx-Dleu2-PRC2, in which HBx binding Dleu2/PRC2 disables the direct epigenetic silencing
of specific regions of the genome where Dleu2 associates.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
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Other Authors: Dominik Kreigner (Charles University, Department of Condensed Matter Physics, Ke Karlovu 5, CZ-121 16 Prague 2, Czech
Republic), Stefano Cecchi (Paul-Drude-Institut für Festkörperelektronik, Hausvogteiplatz 5-7, 10117 Berlin, Germany), Mario Lodari (L-NESS
Politecnico di Milano, Via Anzani 42, 22100 Como, Italy), Valeria Mondiali (L-NESS Politecnico di Milano, Via Anzani 42, 22100 Como, Italy),
Jacopo Frigerio (L-NESS Politecnico di Milano, Via Anzani 42, 22100 Como, Italy), Michael Barget (Dipartimento di Scienza dei Materiali and LNESS, Università di Milano-Bicocca, via Cozzi 53, 20125 Milano, Italy), Emilano Bonera (Dipartimento di Scienza dei Materiali and L-NESS,
Università di Milano-Bicocca, via Cozzi 53, 20125 Milano, Italy), Monica Bollani (IFN-CNR, L-NESS, Via Anzani 42, 22100 Como, Italy)

Tensile-strained Ge is a promising candidate for a direct bandgap semiconductor which is compatible with existing Si integration
technologies. However, the realization of tensile Ge within the SiGe-on-Si system requires approaches beyond simple twodimensional
heteroepitaxy
[1,2].
Free-standing Ge membranes are a possible route towards this goal, since disconnection from the Si substrate allows much greater
freedom to deform the structures with suitable stressors [3]. However, the lithographic processes required to create such
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membranes themselves lead to variations in the properties of the material, which need to be characterized on the sub-micron
scale. Ge membranes were fabricated by optical lithography and dry and wet selective anisotropic etching, in order to first define
Ge
mesas
and
then
undercut
the
Si
substrate
from
underneath.
Nanodiffraction experiments were performed using a nano-focused X-ray beam at the ID01 beamline of the European Synchrotron
Radiation Facility in Grenoble. Fast-scanning X-ray nanodiffraction microscopy [4] was used in order to map the structural quality,
strain state, and deformation of the Ge membranes. Nanodiffraction results were compared with finite-element method
simulations,
micro-Raman
measurements,
and
large-area
laboratory
X-ray
diffraction
results.
1. M. J. Süess, R. Geiger, R. A. Minamisawa, G. Schiefler, J. Frigerio, D. Chrastina, G. Isella, R. Spolenak, J. Faist, and H. Sigg. Nat.
Photonics
7
(6)
466-472
(2013)
2. Abdelhamid Ghrib, Moustafa El Kurdi, Mathias Prost, Sébastien Sauvage, Xavier Checoury, Grégoire Beaudoin, Marc Chaigneau,
Razvigor Ossikovski, Isabelle Sagnes, and Philippe Boucaud. Adv. Opt. Mater. 3 (3) 353-358 (2015)
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(2014)
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Robert Jaques, Raphael Grifone, Peter Boesecke, Jens Katzer, Ioan Costina, Hamid Djazouli, Thomas Schroeder, and Tobias Urs
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#P038 - Graphene foams to tune the benefits of 2D materials for a 3D world
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Although 2D graphene has innumerable useful properties, in order to be exploited in many real world applications it must be
manipulated into 3D structures. Ideally this should occur without any deterioration in electrical conductivity, to which chemically
exfoliated graphene structures are prone. Instead graphene may be grown on templates of virtually any shape by Chemical Vapour
Deposition (CVD), and in this way highly conductive, free-standing 3D graphene macrostructures called graphene foams (GF) were
first produced from nickel foam templates in 2011 [1]. Since then there has been great interest in their use either alone or in
composites with other materials in applications such as electrodes for supercapacitors [2] and Li-ion batteries [3], gas sensors [4]
and adsorbents [5].
In this study, we grew GFs on metal foam templates using atmospheric pressure CVD. We were able to tune the number of
graphene layers deposited and hence the robustness of the resulting foam by varying the type of template used (nickel or copper)
and the flow rate of methane precursor. The resulting foams had a very low resistance, corresponding to excellent electrical
conductivity. This is due to the fast transport channels created by the highly-branched, crystalline graphene network.
The pore sizes of the GFs grown by this approach were on the order of around 200 μm. This is ideal for some applications
(particularly biological), but many others would require a significant reduction of the pore size, for example for membranes or high
density energy storage. To this end, we also synthesised 3D structures similar to GFs by CVD growth of graphene on Ni
nanoparticles (<100 nm) annealed to form a network. The resulting GFs had a hierarchical structure, with both large (> 10 μm) and
small (~1 μm) pores. These pores could eventually be controlled by compressing the Ni particles into pellets under varying
pressures.
GFs are a highly promising way to bring the outstanding properties of 2D graphene to the 3D world. They have great potential for
many different applications, as they have excellent electrical conductivity as well as mechanical properties. However, so far they
have been largely limited by the size of the pores in commercially available metal foams. In this study, we have suggested an
approach to overcome this limitation. Future work will focus on control of the pore sizes as well as introducing further interesting
properties by exploiting the different growth mechanisms of graphene on different metal nanoparticle catalysts. [6]
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Expermental evidence of topological superconductivity has been based till now on probing the zero-bias conductance peak via
tunneling spectroscopy. Here we propose an aternative and complementary tool to etect topological phase transition and the
presence of Majorana edge states via the occurrence of discontinuities in th Josephson current-phase relation in a semiconducorsuperconductor heterostructure in the presence of spin-orbit and magnetic field. Such discontinuities, which represent a sufficient
condition for a transition to a non-trivial state, can be experimentally revealed by characteristic temperature and phase
dependences of the current.

#P040 - The Transient Localization Scenario for Charge Transport in Crystalline Organic Materials.
Sergio Ciuchi - University of L'Aquila
Other Authors: Simone Fratini (Institut Neél CNRS Grenoble, France), Didier Mayou (Institut Neél CNRS Grenoble, France)

Understanding the microscopic mechanisms that govern charge transport in organic materials has been an open question for more
than half a century. It is currently believed that the mobility in the best crystalline organic semiconductors is intrinsically limited by
the presence of large thermal molecular motions, which are a direct consequence of the weak van der Waals inter-molecular
bonds. These lead to an original regime of transport called transient localization, which shares features of both localized and
itinerant electron systems. We concentrate on a commonly studied model which describes the interaction of the charge carriers
with inter-molecular vibrations.
We describe in particular a relaxation time approximation which clarifies how the transient localization due to slow dynamical
molecular motions relates to the Anderson localization realized for static disorder. Finally, we present a theoretical framework
which identifies the optical conductivity as a fundamental experimental quantity to understand the charge transport mechanism.
The relevance of the transient localization scenario to other classes of systems will be also briefly discussed.
References.
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#P041 - EquilTheTA: a web-based tool for thermodynamics and transport properties of equilibrium plasmas
Gianpiero Colonna - CNR
Other Authors: G. Colonna (CNR), A. D'Angola (Univesrità della Basilicata), A. Laricchiuta (CNR)

EquilTheTA (EQUILibriumfor plasma THErmodynamicsand Transport Applications) is a web-based software which calculates
chemical equilibrium product concentrations from any set of reactants and determines thermodynamic and transport properties
for the product mixture in wide temperature and pressure ranges. The program calculates chemical equilibrium, thermodynamic

326

POSTERS
properties and transport coefficients starting from recent and accurate databases of atomic and molecular energy levels [1] and
collision integrals [2].
Chemical equilibrium composition is a complex problem and many algorithms have been developed [3-5]. EquilTheTAis based on a
new approach [6,7], which consists in solving one equilibrium equation at a time. The algorithm is based on the idea of Villars [8]
soon abandoned because the original method was not easily automatized. The reaction ordering is chosen determining, at each
step, which reaction is farther from equilibrium, defining a reaction distance. The algorithm is very fast and stable, finding in very
few steps the concentration of principal species and refining the solution of minority species in a second stage, this feature being
adequate for fluid dynamic applications. A crucial aspect is the automatic determination of a shortcut reaction that produces in a
single step the same advancement resulting from hundreds of thousand steps with the original reaction set. In the calculations,
Debye length and cut-off are consistently updated and virialcorrections (up to third order) can be considered.
Transport coefficients are calculated by using high order approximations of the Chapman-Enskogmethod. The Eucken [9]
approximation and the Butler-Brokaw [10] equation have been used for the calculation respectively of the internal thermal
conductivity and of the reactive one.
Selected results for planetary atmospheres (Earth, Mars, Jupiter) are presented.
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Biomass conversion technologies have recently gained high industrial interest for the production of sustainable fuels and fine
chemicals; starting feedstocks for these processes are generally complex mixtures of oxygenated compounds, ranging from lignans,
carbohydrates and polyalcohols to carboxylic acids [1]. Framed within this scientific context the entire reforming mechanism of two
well-known polyols, namely ethylen glycol (C2) and glycerol (C3), on a small Pd cluster was investigated by means of density
functional theory. Among the large amount of reaction pathways that can be followed in the reforming of oxygenates, we discuss
here only the route that brings to carbon monoxide and hydrogen as final products, since it is the most relevant in the biomass
treatment.
It was found that the C-H bond cleavage, where the H atom transfers to the cluster, has an activation energy which is typical of such
processes [2] and common to all the mechanism we will deal with. On the other hand, the rate determining step (rds) is the C-C
bond breaking, with an activation barrier which exceeds the 160 kJ/mol. The same investigation applied to C3 suggests that the
mechanisms of the two studied polyols cross after the C-C reforming step, through a facile 1,2 hydrogen shift in a shared
intermediate.
In order to obtain information on the reforming of heavier polyols, the rds was calculated for all the stereoisomers of C4
(erythritol), C5 (xilytol, arabitol and ribytol), C6 (mannitol, sorbitol, galactitol and iditol), by including the influence of the position of
the breaking C-C bond. Part of the reaction mechanism is in this case affected also by secondary interaction between hydroxiles
and the palladium cluster.
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Chimica Università degli Studi di Palermo), Antonio Prestianni (Dipartimento Fisica e Chimica Università degli Studi di Palermo), Dario Duca
(Dipartimento Fisica e Chimica Università degli Studi di Palermo)

The future development and assesment of an industry more environmental friendly will include the use of metal-free
catalysts. Most of the reported metal-free catalysts are homogeneous and often their recycle is difficult; therefore, develop and
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investigate them is of interest both theoretical and experimental. Recently, N-doped nanotubes and graphene sheets, were
synthesized [1,2], and it was demonstrated that the incorporation, within these carbon structures, of nitrogen atoms causes a
greater electron mobility and introduces more active sites for catalytic reactions. This investigation is aimed at elucidating the main
features of the hydrogen fragmentation over these carbon frameworks. Several models and different theoretical approaches were
employed in this investigation to characterize the structure and properties of nitrogen pyridinic moieties framed within a carbon
network, commonly classified as pyridinic defects. Two different kinds of pyridinic defects configurations within a carbonaceous
environment were studied. The influence of the size of the π-system and of the curvature on the ergonicity associated to the H2
bond cleavage were analyzed. It was found that increasing the number of the benzene rings surrounding the defect the ergonicity
of the reaction increases whereas the curvature of the carbon network scarcely affects this quantity.

[1] H. Wang, T. Mayalagan, X. Wang, ACS Catal. (2012) 1052
[2] H. Xingbang, Z. Zheng, L. Qiuxing, W. Youting, Z. Zhibing, Chem. Phys. Lett. (2011) 287

#P044 - UV irradiation of Methanol ice: role of the substrate
Giuliana Cosentino - Università degli Studi di Palermo
Other Authors: A. Jimenez-Escobar (INAF - Osservatorio Astronomico di Palermo), A. Ciaravella (INAF - Osservatorio Astronomico di Palermo), A.
M. Venezia (CNR - Istituto per lo Studio dei Materiali Nanostrutturati), C. Cecchi Pestellini (INAF - Osservatorio Astronomico di Palermo)

Complex organic molecules have been detected in a lot of dierent astrophysical environments. Both very simple molecules like
water (H2O), carbon monoxide (CO), carbon dioxide (CO2) and other more complex, e.g. methanol (CH3OH), have been found in
molecular clouds and hot cores (Wooden et al. 2004). However, the origin of these molecules is still controversial and many kinds
of reaction pathways have been taken into account. Gas-phase reactions are not sufficient, given the low densities of the
astrophysical environments. Solid-phase (ice) reactions are much more probable and can be induced by radiation. Radiation leads
to the destruption of molecules, forming fragments and radicals, which in turn can react and form new, more complex, molecules.
In the last decades a lot of experiments have been carried out in order to evaluate how radiation aects the ice chemical complexity.
Interstellar ice analogues have been irradiated by Ultraviolet (UV) radiation and X-rays and the ice evolution has been studied. The
results have given insights on the ice chemical evolution and contributed to the interpretation of the astrophysical environments.
We used the Life Irradiation Facility for Exochemistry (LIFE) to irradiate a CH3OH ice with an UV source that provides Ly- alpha and
hydrogen molecular emission, in order to study the chemical evolution as a function of the ice thickness and the substrate
composition.

#P045 - A new structural model of the human α7 nicotinic receptor in an open conformation.
Grazia Cottone - Dipartimento di Fisica e Chimica-Università di Palermo
Other Authors: Letizia Chiodo (Center for Life Nano Science @Sapienza, Istituto Italiano di Tecnologia, Roma, Italy), Therese E. Malliavin (Institut
Pasteur and CNRS UMR 3528, Unit´e de Bioinformatique Structurale, Paris, France), Luca Maragliano (Department of Neuroscience and Brain
Technologies, Istituto Italiano di Tecnologia, Genoa, Italy), Grazia Cottone (Department of Physics and Chemistry, University of Palermo, Palermo,
Italy and School of Physics, University College Dublin, Dublin, Ireland), Giovanni Ciccotti (Department of Physics, University of Roma ”La
Sapienza”, Rome, Italy and School of Physics, University College Dublin, Dublin, Ireland)

Nicotinic acetylcholine receptors (nAchRs) are ligand-gated ion channels that regulate chemical transmission at the neuromuscular
junction [1]. Structural information is available at low resolution from an eukaryotic receptor, and at high resolution from two
prokaryotic and an eukaryotic GluCl channel; and from a water-soluble homologue of the LBD of nAChRs, the pentameric
acetylcholine binding protein, which has been co-crystallized with a number of agonists and antagonists [2,3].
Structures of human channels however are still lacking. Homology modeling and Molecular Dynamics (MD) simulations are valuable
tools to predict structures of unknown proteins, however, for the case of human nAchRs, they have been unsuccessful in providing
a stable open structure so far. On one side the homology with prokaryotic species is too low, while on the other the open
eukaryotic GluCl proved itself unstable in several MD studies and collapsed to a dehydrated, non-conductive conformation, even
when bound to an agonist.
In this work, we provide an all-atom structural model of the open human α7 nAChR in complex with the agonist epibatidine. To
prevent channel closure we employ a restraint that keeps the transmembrane pore open, and obtain in this way a stable, hydrated
conformation. To further validate this conformation, we run four long, unbiased simulations starting from configurations chosen at
random along the restrained trajectory. The channel remains stable and hydrated over the whole runs; this allows to assess the
stability of the open conformation over a cumulative time of 1µs, 800 ns of which are of unbiased simulation. Analysis of pore
hydration and size, as well as ions distribution, interface between domains, protein hydrogen bonds network, and epibatidine
conformations at the binding sites support the picture of a fully active structure both in the extracellular and trasmembrane
regions.
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[1] Taly A, Corringer PJ, Guedin D, Lestage P, Changeux JP, Nat Rev Drug Discov 8: 733-750,2009
[2] Hansen SB, Sulzenbacher G, Huxford T, Marchot P, Taylor P, et al. EMBO J 24: 3635-3646, 2005.
[3] Mohammad Hosseini Naveh Z, Malliavin TE, Maragliano L, Cottone G, Ciccotti G, PLoS ONE 9: e88555, 2014.

#P046 - Proteins in saccharides matrices: biochemical and biophysical aspects
Grazia Cottone - Dipartimento di Fisica e Chimica-Università di Palermo
Other Authors: Lorenzo Cordone (Department of Physics and Chemistry, University of Palermo), Antonio Cupane (Department of Physics and
Chemistry, University of Palermo, Italy), Antonio Emanuele (Department of Physics and Chemistry, University of Palermo, Italy), Sergio Giuffrida
(Department of Physics and Chemistry, University of Palermo, Italy), Matteo Levantino (Department of Physics and Chemistry, University of
Palermo, Italy)

Embedding biomolecules in saccharide matrices leads to a series of peculiar properties that are relevant from the point of view of
both biochemistry and biophysics, and have important implications on related fields such as food industry, pharmaceutics, and
medicine. In this poster we present results from a combination of experimental (FTIR, SAXS, DSC, Light Scattering) and simulative
(MD) techniques on solutions or glassy matrices of oligo- and disaccharides at different water content, rigidity and temperatures,
both in the presence and in the absence of proteins. The perspective is to set up a connection between the biophysical approach,
which is generally “protein-centric”, and the pharmaceutical/applicative approach, which is traditionally “stabilization-procedure
centric”. The attention is addressed in particular to the modulation of systems dynamics, to its hydration, temperature, and
composition dependence, and to the molecular origin of the trehalose peculiarity.

#P047 - Nanoring as logic gate and memory mass device
Dario Cricchio - Università degli Studi di Palermo, Dipartimento di Fisica e Chimica
Other Authors: Emilio Fiordilino (Dipartimento di Fisica e Chimica, Università di Palermo, Via Archirafi 36, 90123 Palermo)

We study the application of one nanoring driven by a laser field in different
states of polarization in logic circuits. In particular we show that assigning
boolean values to different state of the incident
laser field and to the emitted signals, we can create logic gates such as OR, XOR and AND. We
also show the possibility to make logic circuits such as half-adder and full-adder using one and
two nanoring respectively. Using two nanorings we made the Toffoli gate. Finally we use the final
angular momentum acquired by the electron to store information and hence show the possibility to
use an array of nanorings as a mass memory device.

#P048 - Influence of the nanometer scale ring structure on the vibrational and relaxational dynamics of glasses
Cristina Crupi - Università degli Studi di Messina, Dipartimento di Fisica e Scienze della Terra
Other Authors: G. Ruello1, G. Carini1 and G. D'Angelo1 1Dipartimento di Fisica e Scienze della Terra, Università degli Studi di Messina, Messina,
Italy

Although glasses have been largely used for a wide variety of technological applications, much of their underlying structure and
dynamical properties remain puzzling. We present a detailed investigation of the intermediate range structure of a series of
alkaline borate glasses carried out by performing neutron diffraction measurements. We propose that the First Sharp Diffraction
Peak of glasses arises from the periodicity of the boundaries of voids in a random network and put forward a model which explains
its compositional and pressure dependence. In this model the planar section of a void is a n-membered ring of all-side vertex
sharing basic structural units. Furthermore, we establish a correlation between the low frequency vibrational dynamics, the
structural relaxation processes and the presence of voids on the nanometer length scale in several ring structured systems.

#P049 - Highly flexible, conductive and transparent ZnO:Al/Ag/ZnO:Al multilayer electrode
Isodiana Crupi - CNR-IMM MATIS
Other Authors: Giacomo Torrisi (Distretto Tecnologico Sicilia Micro e Nanosistemi, Catania, Italy), Stefano Boscarino (CNR-IMM MATIS &
Dipartimento di Fisica, Università di Catania, via S. Sofia 64, I-95123, Catania, Italy), Salvatore Mirabella (CNR-IMM MATIS, via S. Sofia 64, I95123, Catania, Italy), Antonio Terrasi ((CNR-IMM MATIS & Dipartimento di Fisica, Università di Catania, via S. Sofia 64, I-95123, Catania, Italy)
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The increasing interest in flexible devices, such as touch screens, solar cells and wearable electronics, has led to a great need for
mechanically robust transparent electrodes. Indium tin oxide (ITO) and aluminum-doped zinc oxide (AZO) are well known
transparent conductive oxides (TCO) and their reliability on flexible substrates have thus received attention by many researchers.
However, for flexible applications the TCO film should to be as thin as possible without compromising its conductivity.
We have already reported how the addition of 10 nm Ag mid-layer to a AZO film is highly beneficial, allowing to strongly reduce the
TCO thickness to about 100 nm, by maintaining, at the same time, a high optical transparency and an excellent conductivity [1].
However, thus far, there are very few studies that investigate the bending behavior of TCO/metal/TCO structures. We here report
the effect of bending on the electrical and optical degradation of AZO/Ag/AZO multilayers (50nm/10nm/50nm), and for comparison
of two AZO single layers (one with the same thickness of 110nm and one seven times thicker), deposited at room-temperature on
flexible polyethylene naphthalate (PEN) plastic substrates. The electrical stability, optical transmittance and film damage (crack size
and density) of samples under bending cycles were evaluated by I-V (percentage change in the electrical resistance), UV-Vis
spectroscopy and scanning electron microscopy. . Bend experiments were performed varying the radius and number of cycles. We
observe excellent electrical stability and high mechanical flexibility in the AZO/Ag/AZO sample, whereas this is not the case for the
single AZO films. The experimental results and the numerical simulations provide clear evidences of the key role played by the
ductile Ag interlayer that provides improved robustness under mechanical strain.
[1]

I. Crupi et al., Thin Solid Films 520 (2012) 4432–4435.

#P050 - Quantum measurement process by the parametric representation
Alessandro Cuccoli - Universita' di Firenze
Other Authors: Pietro Liuzzo-Scorpo (University of Nottingham), Paola Verrucchi (Istituto dei Sistemi Ccomplessi del CNR, Firenze)

We present a description of the quantum measurement process based on the parametric representation with environmental
coherent states. Such representation is specifically suitable for studying open quantum systems whose environment has to be
considered through the quantum-to-classical cross-over. Focusing upon projective measures, we consider the standard (von
Neumann) model to describe the pre-measurement process and the dynamical generation of entanglement between the system
and the environment, and briefly discuss the role played by decoherence: In order to illustrate the formalism, the two paradigmatic
models of spin and bosonic environments are considered. Exploiting the connection between large-N quantum theories and the
classical limit of related ones, we finally manage to push our description beyond the re-measurement step, showing that the
outcome production follows from a global-symmetry breaking, entailing the observed system's state reduction; the probabilistic
character of quantum measures appears thus related to the macroscopic character of the measuring apparatus.

#P051 - variation of SO2 explosive degassing prior to and after the August 2014 effusive eruption of Stromboli
volcano (Eolian islands, Italy)
Roberto D'Aleo - University of Palermo
Other Authors: Giancarlo Tamburello (University of Palermo), Marcello Bitetto (University of Palermo), Angelo Battaglia (University of Palermo),
Dario Delle Donne (University of Florence), Maurizio Ripepe (University of Florence), Alessandro Aiuppa (University of Palermo)

Here we report a novel dataset on the SO2 masses released by strombolian explosions prior to and after the August 2014 eruption
of Stromboli volcano. These data were acquired with two fully autonomous permanent SO2 camera devices installed at two sites
located at 0.5 km (Roccette) and 1.75 km (SciaradelFuocorim) from the crater terrace. A two dimensional integration was used here
to calculate the SO2 mass from individual explosive bursts at three different crateric areas. The analysis has been carried out with a
stand-alone user-friendly program called “Vulcamera”. The strombolian eruptions have shown a decrease in SO2 contents during
the sequence of lava overflows in June and an increase (up to 150-200 kg of SO2) weeks prior to the eruption. After the onset of the
effusive eruption the strombolian activity dropped as well as the released SO2 masses that slowly returned to background levels
after months. We interpreted this variation as a process of gas-magma drainage, due to the lava overflow/effusion, that reduces
the amount of gas available to create the gas slug in the shallow conduits. Our observations offer new insights for the
understanding of degassing dynamics within shallow conduit systems of Stromboli volcano.

#P052 - Photoneutron equivalent dose measurements around high energy LINACs
Francesco d'Errico - Yale University School of Medicine, New Haven CT, USA and Dipartimento di Ingegneria Civile e
Industriale, Università di Pisa
This paper presents in-air and in-phantom measurements of photoneutron equivalent doses in external radiotherapy. These data
are necessary to assess organ-averaged equivalent doses to derive the risk of secondary cancer development, associated with nontarget organ exposures. The in-phantom dose measurements were carried out in a BOMAB-like water-filled phantom, by means of
superheated emulsions. Dose data were acquired in a three-dimensional matrix of reproducible measurement points, which are
spaced according to detectors size. Various treatment schemes, including clinical protocols for the treatment of a prostate tumor
were considered and compared, by measuring the doses delivered to the planning target volume (PTV) and to peripheral
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radiosensitive regions (i.e. colon- rectum and bladder). Radiation qualities of 6, 12, 15, 18 and 20 MV were used; all of these are
capable of producing photoneutrons. Data from this work span most of the X-ray beam energies and prostate treatment modalities
used in the current clinical practice. These data permit the assessment of doses absorbed by a radiotherapy patient either at the
treatment volume or at out-of-field organs. It was in particular found that photon acceleration energies as low as 6 MV are able to
produce a non-negligible photoneutron component, which causes an undue dose to the patient of the order of tens microsievert
per unit photon dose delivered at the target volume.

#P053 - Synthesis of multiphase titania nanoparticles during laser ablation of titanium in water
Luisa D'Urso - University of Catania, Department of Chemistry
Other Authors: Marco Sinatra, Maria Elena Fragalà, Orazio Puglisi, Giuseppe Compagnini (Dipartimento di Scienze Chimiche, Università di
Catania, Viale A. Doria 6 Catania 95125 (Italy))

Laser ablation of solid targets in liquid environments has been established as a simple, straightforward and environmentally
friendly method for the synthesis of nanoparticles with desired properties [1]. During under-liquid ablation a large number of
phenomena, far from the equilibrium condition, can be responsible for the formation of a variety of exotic compounds, shapes and
phases at the nanoscale level. It has been reported that the ablation of titanium target in pure water gives titania nanoparticles in
suspension. These particles possess properties (size, defects states and stoichiometry) matching the requirements for the
achievement of active layers in hybrid solar cells[2] or to serve in several environmental protective tasks such as active photocatalytic dye removal or direct and ultrafast H2O2 assay[3]. While nanosecond laser ablation of Ti targets in liquid water leads to the
synthesis of multiphase TiO2 (anatase, rutile, brookite), a major challenge is actually to go deeper into the nanoparticle formation
mechanisms and to establish experimental strategies in order to control and finely tune the characteristic of the nanoparticles
produced.
This work shows that the ablation parameters, such as the laser fluence, the ablation time, the radiation wavelength are
interconnected with the crystalline phase of the nanoparticles produced as well as their shape and size. For instance short ablation
2
times (few J/cm ) and low infrared laser fluences give mostly particles as small as 10-30 nm in the rutile phase, while an overall
increase of the anatase phase quantity, coupled with the increase of the particle size up to the micro-size range (100-400 nm) is
observed when these conditions are changed. Traces of brookite in some experimental conditions are detected. Direct
experimental observations through electron microscopy and X-ray diffraction are supported by Raman mapping and Luminescence
data.
References:
[1] S.Barcikowski, G.Compagnini "Advanced nanoparticle generation and excitation by lasers in liquids" Phys.Chem.Chem.Phys. 15,
3022 (2013)
[2] V.Körstgens, S.Pröller, T.Buchmann, et al. "Laser-ablated titania nanoparticles for aqueous processed hybrid solar cells"
Nanoscale, 7, 2900 (2015)
[3] S.S.Pan, W.Lu, Y.H.Zhao, et al. "Self-Doped Rutile Titania with High Performance for Direct and Ultrafast Assay of H2O2" ACS
Appl.Mater.Interfaces 5, 12784 (2013)

#P054 - The table top high frequency lasing device
Rosalba Daniele - Università di Palermo Dipartimento di Fisica e Chimica
Other Authors: G. Castiglia, P. P. Corso, E. Fiordilino, B. Frusteri Dipartimento di Fisica e Chimica, Università di Palermo,Via Archirafi 36,
90123 Palermo and F. Morales DEIM, Università di Palermo,Viale delle Scienze, Parco d’Orleans, Palermo

Atomic and molecular systems, subjected to intense laser pulse, emit typical High-Order Armonic Generation (HHG) spectra. This
work aims to investigate the possibility to obtain a laser device by HHG. At this end, we analyzed the emission spectra by a
molecular ion driven by a linearly polarized laser field. The temporal behaviour is obtained using the Morlet wavelets transform of
emission. The results show that, after filtration of the electromagnetic radiation emitted, it is possible to select a frequency which
seems to have almost constant intensity and phase. This characteristic makes possible that HHG from a molecule can be used as
high frequency laser fields.

#P055 - Risk assessment for natural gas emissions in the Hellenic territory
Kyriaki Daskalopoulou - Universita degli Studi di Palermo
Other Authors: Walter 2 D’Alessandro 2 (National institute of Geophysics and Volcanology, Palermo, Italy), Sergio 1 Calabrese 1 (University of
Palermo, Palermo, Italy), Konstantnos 3 Kyriakopoulos 3 (National and Kapodistrian University of Athens, Athens, Greece), Francesco 1 Parello 1
(University of Palermo, Palermo, Italy)

Quantification of gaseous emissions in geological systems is an important achievement as it is a major source of greenhouse gas to
the atmospheric budget. There are two different categories of geological environments: the first includes emissions of the
predominant carbon dioxide (CO2), while the second includes emissions of the predominant methane (CH4).
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The geodynamic setting of the Hellenic territory is very complex and derives from a long and complicated geological history. It is
strongly characterized by intense seismic activity and enhanced geothermal gradient. This activity, with the contribution of an
active volcanic arc, favours the existence of many cold and thermal gas manifestations. Geogenic sources release huge amounts of
gases, which, apart from having important influences on the global climate, could also have a strong impact on human health.
A preliminary estimation of the gas hazard has been made for the last 20 years considering the whole population of Greece. In this
-8
period at least 2 fatal episodes with a total of 3 victims could be certainly attributed to CO2. This would give a risk of 1.3´10 fatality
per annum. Such value, probably underestimated, is much lower than most other natural or anthropogenic risks. Nevertheless this
risk, being unevenly distributed along the whole territory, should not be overlooked especially in areas with high density of gas
manifestations and high soil gas fluxes.
Gas output estimations are at present available only for a few of the gas manifestations. This catalogue will be basis for a
preliminary estimation of the total gas output of Greece.

#P056 - Morphological and electrochemical characterization of flame-made TiO2 nanoparticle coatings for
aluminum surfaces prepared by direct thermophoretic deposition
Gianluigi De Falco - Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale -Università
degli Studi di Napoli "Federico II"
Other Authors: Mariacira Liberini (Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Università degli Studi di
Napoli Federico II), Fabio Scherillo (Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Università degli Studi di
Napoli Federico II, Napoli, 80125, Italy), Mario Commodo (Istituto di Ricerche sulla Combustione, CNR), Patrizia Minutolo (Istituto di Ricerche
sulla Combustione, CNR), Antonino Squillace (Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Università degli
Studi di Napoli Federico II), Andrea D'Anna (Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Università degli
Studi di Napoli Federico II)

In this work, a one-step method forthe coating of aluminum surfaces with titania nanoparticles is presented. Narrowly sized, ultrafine TiO2 nanoparticles were synthesized by Flame Aerosol Synthesis and directly deposited by thermophoresis onto cylindrical
samples of aluminum AA2024. Submicron coatings of different thickness and porosity can be obtained by varying the total
deposition time. Two flame synthesis conditions were adopted in order to study the effect of particle size and phase composition
on the properties of titania coating. Fuel-lean synthesis condition was used to produce 3.5 nm diameter pure anatase
nanoparticles, while a mixture of rutile and anatase nanoparticle of 30 nm in diameter, rutile being the predominant phase, was
synthesized in fuel-rich non-sooting condition. Scanning Electron Microscopy were used to characterize morphology and porosity of
titania films, while coatings thickness were derived from Confocal Microscopy measurements. Electrochemical analysis was
performed by means of Electrochemical Impedance Spectroscopy,with the aim to characterize the capacitive behavior of coatings
through the analysis of impedance phase angle and modulus, which is an index of its capability to protect the sample.

#P057 - Modelling spatio-temporal dynamics of phytoplankton distributions in Mediterranean Sea
Giovanni Denaro - University of Palermo, Dipartimento di Fisica e Chimica
Other Authors: D. Valenti (University of Palermo, Dipartimento di Fisica e Chimica), B. Spagnolo (University of Palermo, Dipartimento di Fisica e
Chimica), F. Conversano (Stazione Zoologica "Anton Dohrn", Napoli), C. Brunet (Stazione Zoologica "Anton Dohrn", Napoli), G. Basilone (IAMCCNR, UOS Capo Granitola, Campobello di Mazara, Trapani), S. Mazzola (IAMC-CNR, UOS Capo Granitola, Campobello di Mazara, Trapani), A.
Bonanno (IAMC-CNR, UOS Capo Granitola, Campobello di Mazara, Trapani)

Recently, theoretical studies were able to reproduce real vertical distributions of phytoplankton biomass in marine ecosystems.
However, seasonal variations are not usually included in models which analyze the spatio-temporal dynamics of phytoplankton
distributions in real aquatic systems. On the other hand, random and deterministic changes in environmental variables are
responsible for significative consequences throughout the food chain, in particular in fish species, whose abundances are strictly
connected with seasonal changes in the chlorophyll concentration, a marker of phytoplankton species. Here we present a onedimensional stochastic reaction-diffusion-taxis model which allows to reproduce the spatio-temporal dynamics of five
picophytoplankton populations distributed along a water column in a marine ecosystem. The model consists of stochastic
differential equations, which include the effects of random and deterministic (seasonal) variations of environmental variables. The
equations of the model are solved by numerical integration for different values of the noise intensity, obtaining for each
picophytoplankton population the vertical distribution of biomass concentration as a function of the time. The numerical results,
3
expressed in cell/m , are converted in total concentration of chlorophyll a (chl a) and divinil-chlorophyll a (Dvchl a), obtaining
chlorophyll distributions along the water column. These theoretical profiles are compared with experimental data for the
chlorophyll concentration collected in a site of the Tyrrhenian Sea during four different periods of the year. In particular, for
2
suitable values of the noise intensity a good agreement (checked by χ goodness-of-fit test) between theoretical and experimental
chlorophyll distributions is obtained for all periods (seasons) investigated. Our findings confirm that the phytoplankton abundance
is strongly dependent on the oscillations of light intensity and depth of thermocline, deterministic (seasonal) spatio-temporal
behaviour of the vertical turbulent diffusivity, and random fluctuations of environmental variables. These results could be useful to
analyze phytoplankton dynamics in different marine ecosystems and predict future changes in phytoplankton abundance,
contributing to devise strategies able to prevent the reduction of phytoplankton biomass and consequent decrease of fish species.
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#P058 - γ and X ray irradiation effects on H2 unloaded and loaded P doped optical fiber
Diego Di Francesca - Université Jean Monnet St Etienne
Other Authors: A. Alessi (Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France) S. Girard (Laboratoire Hubert Curien,
UMR-CNRS 5516, F-42000 Saint-Etienne, France) C. Marcandella (CEA, DAM, DIF, F-91297 Arpajon, France) S. Agnello (Dipartimento di Fisica
e Chimica, Università degli Studi di Palermo, I-90123 Palermo, Italy) M. Cannas (Dipartimento di Fisica e Chimica, Università degli Studi di
Palermo, I-90123 Palermo, Italy) A. Boukenter (Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France) Y. Ouerdane
(Laboratoire Hubert Curien, UMR-CNRS 5516, F-42000 Saint-Etienne, France)

P doped optical fibers are employed for the production of optical amplifiers and laser [1]. In silica the P is mainly inserted in O=PO3
tetrahedra, in which the P forms a P=O linkage [2]. P related radiation induced defects are responsible for optical absorptions (OA)
that modify the fibers transmitting features. Griscom identified two paramagnetic phosphorous oxygen hole centers (POHC)
named stable and metastable. The first is considered the origin of OA bands at 2.2, 2.5 and 5.3 eV, while the other is considered
responsible for an OA band at 3.1 eV [3]. In P doped fibers H2 loading was employed to produce fiber bragg grating [4], these
materials feature lower radiation induced OA in the visible range [5] and a reduction of the induced POHC [6]. In this work we
studied irradiated P doped fibers by electron paramagnetic resonance, Raman and confocal luminescence microscopy spectra to
deepen the understanding of the radiation effects. The data indicate that stable and metastable POHC are induced. Under γ
irradiation from 1 to 7.8 MGy their concentrations appear independent from the dose. The Raman spectra indicate that the
radiation does not modify the matrix of the doped regions. Finally, under the X-ray irradiation we proved that the H2 loading
decreases the amount of the induced POHC even if the irradiation is performed several days after the loading, this result being
relevant for their concrete application.
[1] P.L. Kelly, I. Kaminov, G. Agrawal, eds., Erbium-Doped Fiber Amplifiers, Fundamental and Technology (Academic, London,
1999).
[2] V.G. Plotnichenko, V.O. Sokolov, V.V. Koltashev, E.M. Dianov, J. Non-Cryst. Solids 306, 209, 2002.
[3] D.L. Griscom, E. J. Friebele, K.J. Long, J. Appl. Phys. 54, 3743, 1983.
[4] B. Malo, J. Albert, F. Bilodeau, T. Kitagawa, D.C. Johnson, K.O. Hill, K. Hattori, Y. Hibino, S. Gujrathi, Appl. Phys. Lett. 65, 394,
1994.
[5] J. Canning, P.-F. Hu, Paper BThA6-1, Technical Digest, 2001 Bragg Gratings, Photosensitivity, and Poling in Glass Waveguides
(OSA, 2001).
[6] H. Hosono, K. Kajihara, M. Hirano, M. Oto, J. Appl. Phys. 91, 4121, 2002.

#P059 - Ionic and covalent functionalization of a layered perovskite with organic moieties: towards hybrid
proton conductors
Claudio Di Stefano - UNIPA
Other Authors: A. Mossuto Marculescu (1), S. Di Tommaso (1,2), A.S. Cattaneo (3), C. Tealdi (3), A. Martorana (1), F. Giannici (1) [ (1)
Dipartimento di Fisica e Chimica, Università di Palermo, Italy (2) Chimie ParisTech, Paris, France (3) Dipartimento di Chimica,
Università di Pavia, Italy]
The design of innovative proton conductors for intermediate-temperature fuel cells, closing the gap between PEMFC and SOFC, is a
forefront research theme in materials chemistry. [1] The HLaNb2O7 layered perovskite (HLN) can be functionalized between the
perovskite sheets to yield inorganic-organic hybrids: the intercalation of amines, alcohols, carboxylic or phosphonic acids, and their
covalent binding to the sheets has been demonstrated recently. [2-3]
We present results on the ionic intercalation and covalent bonding of different organic molecules to HLN in order to develop hybrid
proton conductors for use in intermediate temperature fuel cells: XRD, TGA, IR, and 1H, 13C and 29Si NMR, are used to elucidate
the intercalation process, together with ab initio periodic DFT [4].
Amines (histamine, octylamine, decylamine) and imidazole enter the interlayer space as cations, interacting ionically with the oxide
sheets; mercaptopropyltrimethoxysilane and decanol bind covalently to the oxide layers. The use of sonication is shown to improve
dramatically the reaction yield and to reduce the duration of syntheses. [5]
The ionic conductivity of hybrid materials is evaluated up to 300 °C.

[1] Laberty-Robert et al., Chem. Soc. Rev. 2011, 40, 961.
[2] Suzuki et al. Chem. Mater. 2003, 15, 636.
[3] Shimada et al. Chem. Mater. 2009, 21, 4155.
[4] S. Di Tommaso et al. J. Chem. Phys. 2014, 141, 024704.
[5] A. Mossuto Marculescu et al., manuscript in preparation

#P060 - Laser induced fluorescence diagnostics of atmospheric pressure plasma jets
Giorgio Dilecce - CNR - Istituto di Nanotecnologie
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(Dipartimento di Fisica Università di Trento), S. De Benedictis (CNR - Istituto di Nanotecnologie)

Critical requirements for the detection of transient species in atmospheric pressure (ATP) discharges are sensitivity, time and space
resolution. This is particularly true in plasma jets flowing towards a humid target, that are typical devices in plasma medicine
applications. The gas mixture composition and the physics of the discharge strongly depend on the presence of the target, and local
discharge conditions change in a sub-mm space scale. In addition the voltage source excitation is often pulsed. Laser Induced
Fluorescence (LIF) is the technique that satisfies these needs. LIF is based upon the absorption of laser photons by a molecular
lower state, the state to be probed, and on the observation of light (fluorescence) emitted by an upper state. In single-photon LIF
the upper and lower states are linked by a dipole-allowed ro-vibronic transition which the laser is tuned to. The observable is then a
complex function of both the absorption rate and the collision and radiative properties of the upper state.
The spatial resolution of LIF is determined by the geometry of the experiment. The optical axis of the fluorescence detection
arrangement is usually perpendicular to the laser beam, and the relevant collection optics contains a slit or an iris imaged onto the
sampled region by a lens assembly. The sampled volume is the intersection of the slit/iris image with the laser beam. It can typically
be a cylinder with diameter and height of the order of 0.1 mm with a focused laser beam. The temporal resolution is achieved by
pulsed tunable lasers, and is determined by the pulse duration, that is of the order of 10 ns. Both time and space resolutions of LIF
are suitable for a detailed characterization of ATP plasma jets.
In this paper we give a general description of the LIF technique by way of OH absolute measurements two plasma jet systems,
namely a “plasma gun” [1] and a RF plasma jet [2]. We address in detail: the modelling of the LIF measurement, taking into account
collisional processes and the spatial non-uniformity of the laser beam; saturation characteristics; absolute calibration; rotational
temperature measurements.
References
[1] D. Riés, G. Dilecce, E. Robert, P. F. Ambrico, S. Dozias and J.-M. Pouvesle “LIF and fast imaging plasma jet characterization
relevant for NTP biomedical applications”, J. Phys D: Appl. Phys. 47, 275401, (2014).
[2] G. Dilecce, L. M. Martini, M. Scotoni, P. Tosi, S. De Benedictis “Laser Induced Fluorescence in atmospheric pressure
discharges” Plasma Sources Sci. Technol. in press

#P061 - Plasma actuation to enhance the flame stabilization in a non-premixed lean microburner
Giorgio Dilecce - CNR - Istituto di Nanotecnologie
Other Authors: Maria Grazia De Giorgi (Dipartimento di Ingegneria per L'innovazione, Università del Salento, Lecce), Aldebara Sciolti
(Dipartimento di Ingegneria per L'innovazione, Università del Salento, Lecce), Elisa Pescini (Dipartimento di Ingegneria per L'innovazione,
Università del Salento, Lecce), Stefano Campilongo (Dipartimento di Ingegneria per L'innovazione, Università del Salento, Lecce), Antonio Ficarella
(Dipartimento di Ingegneria per L'innovazione, Università del Salento, Lecce)

The demand of micro-devices is growing up especially for application such as micro-robots and micro-airplanes. The bottleneck for
the development of such devices is the low energy density of the most common batteries. Building efficient micro-combustors has
proven difficult. The major challenges are connected with the reduced dimensions that produce a high ratio between surface and
volume of the device. Both the fluidodynamics and the heat loss are influenced by this ratio. Efforts in R&D are necessary to
produce micro systems on a large scale. A promising burner configuration is the plasma assisted combustor. There are numerous
works about the application of plasma for flame control, generally applied to macroscale combustor devices. Interesting works are
those of Kim et al. [11], Cha et al. [2] and Pilla et al. [3] where a coaxial combustor was chosen for the experiments, with different
plasma actuator technology: a dielectric barrier discharge (DBD) in [1], a glow type and the actuation affecting both reactants in [2]
and a nanosecond repetitively pulsed plasma in [3]. Based on the aforementioned considerations, in the present work a microburner design with a high-frequency DBD discharge was employed to investigate the influence of plasma actuation to stabilize a
lean non-premixed methane/air flame at atmospheric pressure and under different fuel/air ratios. We found that the plasma
actuation enhances the flame stability of a micro-burner especially at lean combustion conditions. The plasma action resulted
evident in an increase of the flashback and the blowout limits. The fuel/air ratio range in which flame is guaranteed is evidently
enlarged by the plasma actuation. Furthermore a change of the flame shape was recorded using visual observations due to the
increase of the flame propagation speed. The enlargement of the stability region permits to use ultra-lean mixtures and to emit less
pollutants into the atmosphere while maintaining a stable flame. The plasma assisted combustion is shown to be a promising way
to answer to the energetic needs of microscale devices.
References
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#P062 - EFFECT OF MIXED DISORDER ON MINIBAND STRUCTURE AND RESONANCE ENERGY OF
GaAs/AlxGa1-xAs SUPERLATTICES
Radouan Djelti - Mostaganem University
Other Authors: BENTATA Samir AZIZ Zoubir BESBES Anissa

Theoretical analysis of mixeddisorder (association between topological and structural disorder) on resonance energy and miniband
structure formation for rectangular GaAs/AlxGa1-xAs superlatticesis presented in this studies. The Airy functions model based on the
transfer-matrix technique with the assuming of the effective mass approximation and using Bastard's boundary conditions are
applied to Schrodinger's equation for an asymmetric potential. A detailed analysis of the resonance energy and miniband
formation is given.
Thetransmissions spectra revealthe appearance of a miniband structure with a concomitant disappearance of the localized states.
The possibility of the creation of resonant states, with a good control of the energy differences is pointed out. Also the high bias
voltage led to the emergence of a phase transition from the metallic state to the insulating.
The results show that for structures with short range correlation and stronger disorder, the electronic states of the system are
delocalized since the localization length is greater than the system size. The quantum states in the well play a key role in the
transmission.
Compared to other types of disorder structures already studied by the authors [1-2], we have shown in this study that the mixed
disorder which is a combination between topological and structural disorder, gives the miniband that resists well to low applied
bias voltages.
[1] R. Djelti, S. Bentata, Z. Aziz and A. Besbes, “Theoretical study of correlated disorder in superlattices under bias voltage”, Eur.
Phys. J. Appl. Phys. 48, 10605 (2009) p1-p6.
[2] R. Djelti, S. Bentata, Z. Aziz and A. Besbes, “Analytical evidence of commuting resonance energy in correlated disorder trimer
GaAs-AlxGa1–xAs superlattices”, Can.J. Phys, 87 (2009) 981-988.

#P063 - The self-diffusion in the systems with geometric constraints
Alla Dobroserdova - Ural Federal University
Other Authors: Dmitriy Rozhkov ( ), Sofia Kantorovich (Ural Federal University, Ekaterinburg, Russia; University of Vienna, Vienna, Austria)

The magnetic fluids are the systems consisting of single-domain magnetic particles suspended in a carrier liquid. They have a wide
area of applications, in particular, in medicine. The diffusion properties reply for a correct application of magnetic fluids in
medicine. There were several works dealing with the diffusion study [1 – 4].
We consider the quasi-two-dimensional case of magnetic fluids. We have monodisperse (with one type of magnetic particles) and
bidisperse (with two types of nanoparticles) systems. In our theory we suppose that the main structures are chain aggregates and
rings. So the monodisperse ferrofluids contain one type of chains and one type of rings. A microstructure of a bidisperse magnetic
fluid is more complex, and we consider 19 classes of chains and also rings consisting of large particles only.
We use Density Functional Theory to calculate the concentrations for chains and rings. After that we can obtain the mobility and
self-diffusion coefficients for different structures. We find how the self-diffusion coefficient depends on magnetic dipole-dipole
interaction parameters of small and large particles and small and large particles area fractions.
Also we perform the molecular dynamics simulations using ESPResSo [5] to calculate the self-diffusion coefficients. We consider
two types of systems: magnetic systems with magnetic dipolar particles and “nonmagnetic” systems with soft spheres. We can
obtain the self-diffusion coefficients for both magnetic and nonmagnetic systems. Then we divide the coefficient for magnetic
system on the coefficient for nonmagnetic one. So we obtain magnetic contribution to the self-diffusion coefficient.
We compare theoretical results with the data of computer simulations, and we have a good agreement.
The research was carried out in terms of RFBR Grant № 14-02-31698, Grant FWF START-Projekt Y627-N27.
1. Yu. A. Buyevich et al., Physica. A 190, 276 (1992)
2. K. I. Morozov, Phys. Rev. E 53 (4), 3841 (1992)
3. P. Ilg, Phys. Rev. E 71, 051407 (2005).
4. J. Jordanovic et al., Phys. Rev. Lett. 106, 038301 (2011).
5. http://espressomd.org

#P064 - Fourier transform infrared spectroscopy characterization of Wild Type Beta-2 Microglobulin and DE
Loop Mutants in solution, in single crystals and in form of fibrils
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University of Milano-Bicocca -Italy), Annalisa Relini (Dept. of Physics, University of Genova, Italy) Amanda Penco ( Dept. of Physics, University of
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Università di Milano - Italy and CIMAINA e Istituto CNR di Biofisica, Milano, Italy) Silvia Maria Doglia (Dept. of Biotechnology and Biosciences,
University of Milano-Bicocca -Italy)

β-2 microglobulin (β2m) is an amyloidogenic protein involved in the dialysis related amyloidosis.
Here, we characterized by Fourier transform infrared (FTIR) spectroscopy the wild type protein and its mutants Asp59Pro,
Trp60Gly, and Trp60Val. Although they displayed very similar 3D structures, the FTIR measurements in solution pointed to
significant differences in thermal stability and aggregation propensity. To comprehend these features, we studied each β2m
variants in form of single crystals by FTIR microscopy. Significant spectral differences were observed between the protein in
solution and in the crystalline state involving mainly the main β-sheet band. Furthermore, appreciable differences in secondary
structures were found among the variants [1].
We investigated also the β2m fibrils obtained after incubation for one week of each variant under fibrillogenic conditions.
Attenuated total reflection (ATR) measurement displayed a comparable hydrogen/deuterium exchange behaviour of the
intermolecular β-sheets, indicating similar accessibility and dynamics of these structures [2].
This study illustrates the potential of FTIR (micro)spectroscopy to obtain complementary structural information on the protein
under different physical states, namely in solution, in form of insoluble aggregates, and as single protein crystals.
References
[1] D. Ami, S. Ricagno, M. Bolognesi, V. Bellotti, S.M. Doglia, A. Natalello Biophys. J.,2012, 102, 1676-1684.
[2] Natalello A, Relini A, Penco A, Halabelian L, Bolognesi M, Doglia SM, PLoS ONE, 2015., 10(3.,) e0122449.
doi:10.1371/journal.pone.0122449

#P065 - Core placement and faceting in free and supported nanoalloys
Riccardo Ferrando - Dipartimento di Chimica e Chimica Industriale dell'Università di Genova
Other Authors: Emanuele Panizon, Davide Bochicchio, Giulia Rossi (Dipartimento di Fisica dell'Università di Genova, Via Dodecaneso 33, 16146,
Genova, Italy)

In binary non-miscible nanoalloys, size-mismatch and differences in surface energy often lead to core-shell structures. The
structural details of these nanoalloys, such as the position of the core and the thickness of the shell are known to affect in a
significant way the properties of the NPs. The subject of our study is determining the placement of the core and the faceting at the
core-shell boundaries.
We present an atomistic investigation on the energetics of different core shape and placements in core-shell nanoalloys,
considering both free and oxide-supported nanoparticles. Our results show that
(a) There is a universal trend in preferential faceting, that is open-packed (100) or close-packed (111) dominated interfaces,
correlated to size mismatch. Since strong strain builds up at interfaces, the simple picture of the Wulff-construction is not valid.
This result can be explained through structural relaxation processes common to all systems analysed, having thus a general
character indicating its validity to other systems where Wulff theorem fails.
(b) On both free and supported nanoalloys, there is a tendency for the asymmetric placement of the cores. In supported
nanoalloys, the core surface may appear at the interface with the oxide, as it happens for Ag-Cu and Ag-Ni on MgO(001).

#P066 - Computational investigation of the halloysite nanotube structure
Francesco Ferrante - Dipartimento di Fisica e Chimica - Università degli Studi di Palermo
Other Authors: Giuseppe Lazzara, Dipartimento di Fisica e Chimica - Università degli Studi di Palermo Nerina Armata, Dipartimento di Fisica e
Chimica - Università degli Studi di Palermo

Thanks to its peculiar tubular shape, halloysite (a 1:1 aluminosilicate with stoichiometry Al2Si2O5(OH)4·2H2O) is considered a
promising entrapment system for loading, storage and controlled release vehicle for variuos species. Economically viable and
enviromentally friendly, this material is competitive with other tubular systems as carbon, polymeric, metal or metal oxide
nanotubes.
In this report the results of a self consistent charge density functional tight binding investigation on models of spiral halloysite
nanotubes are shown. This study was aimed to obtain information on the distortions of the kaolinite sheet in the process of
nanotube formation, on the nature of the interarms interaction and on the general structural properties of the stoichiometric
water molecules in this spiral aluminosilicate. When the properties of the spiral nanotube are compared with those of the kaolinite
sheet, a certain degree of intrinsic disorder in the halloysite systems is revealed, due to the intrinsic nature of the spiral folding.
This is particularly evident in the hydrogen bonds network occurring in the hydrated nanotube.
The spiralization of a kaolinite sheet, both in the anhydrous and in the hydrated form, does not seem to cause major distortions of
the aluminium and silicon polyhedra. In view of this, spiralization of kaolinite should not be an energetically demanding task, in
particular when water molecules act as linkages between the spiral arms. The missing periodicity of the unit cell in a spiral
nanotube reflects in a large number of possible hydrogen bond geometries, corresponding to just as many minima in the potential
energy surface of the nanotube. This would suggest, if the transition from an energy minimum to another is hypotesized effortless,
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that the water molecules between the spiral arms are quite unsettled, so that the interaction between the arms could be seen as a
dynamic linkage instead of a static one.

#P067 - Fabrication and Characterisation of Titania Photonic Nanostructures
Tiziana Fiore - Dipartimento di Fisica e Chimica (DiFC)
Other Authors: Valentina Robbiano, Giuseppe Maria Paternò, Franco Cacialli (Department of Physics and Astronomy and London Centre for
Nanotechnology, University College London, WC1E 6BT, United Kingdom) Martina Dianetti, Francesca Brunetti (CHOSECentre for Hybrid and
Organic Solar Energy, Department of Electronic Engineering, University of Rome Tor Vergata, Via del Politecnico1, 00133 Rome, Italy) Bruno
Giuseppe Pignataro (Dipartimento di Fisica e Chimica (DiFC), Università degli Studi di Palermo, Viale delle Scienze, Ed. 17-90128 Palermo, Italy)

Titanium dioxide is a versatile material, employed in a wide range of applications, including photovoltaic devices, energy storage
and photocatalysis. In particular, in recent years TiO2 has been incorporated effectively as scaffold layer in organo-halide perovskite
solar cells, in which its porosity and meso/nanostructural arrangement play an important role in the charge transport processes
occurring in such promising class of photovoltaic devices. It is thus essential to investigate the experimental parameters controlling
its structural and optical features.
In this work, we report about the preparation and morphological characterization of photonic nanopatterned titania films (~ 200
nm). These monolayers were prepared via a three-steps method: i) deposition of self-assembled hexagonal closed-packed
monolayers of polystyrene microspheres, ii) infiltration of the titanium precursor into the interstitial spaces of the structure and iii)
removal of the colloidal crystal template by calcination. Interestingly, by simply using two different deposition techniques during
the infiltration step, namely spin-coating and drop-casting, we observe the development of two distinct photonic nanostructures,
honeycomb-like lattice and an hexagonal-closed packed microsphere monolayer, respectively. Titania-based nanophotonic
structures might be integrated in a number of optoelectronics devices to boost their performances, i.e. as a light-trapping layer in
solar cells.

#P068 - Properties of the (Ga(1-x)In(x))2O3 alloy over the whole composition range
Vincenzo Fiorentini - Università di Cagliari
Other Authors: M. B. Maccioni (U of CA), F. Ricci (U of CA)

Using density-functional ab initio techniques, we provide the first assessment of the main properties of the increasingly popular
(Ga1-xInx)2O3 alloy over the whole range of composition. The alloy is isostructural at low x with beta-Ga2O3 and at high x with
bixbyite In2O3, and exhibits a large and temperature-independent miscibility gap, between approximately 15 and 55% In content
for the bixbyite alloy grown epitaxially on In2O3, and 15 to 85% for the free-standing bixbyite alloy. The gap, volume and band
offsets to the parent compounds also exhibit anomalies as function of x. Specifically, the offsets in epitaxial conditions are
predominantly type-B staggered, but have opposite signs in the two end-of-range phases.

#P069 - Behavior of the Berry phase in gapped graphene
Vincenzo Fiorentini - Università di Cagliari
Other Authors: A. Urru (U of CA), G. Cocco (Uni Freiburg i.B.)

We show that, when a gap of tunable size opens at the conic band intersections of graphene, the Berry phase does not vanish
abruptly, but progressively decreases as the gap increases. Further, the phase also depends on the reciprocal-space path radius,
i.e., for a doped system, the Fermi wave vector. The phase and its observable consequences can thus be tuned continuously via gap
opening –by a modulating potential induced by strain, epitaxy, or nanostructuration– and doping adjustment.

#P070 - Absorption anisotropy in Ga2O3: a joint theory-experiment assessment
Vincenzo Fiorentini - Università di Cagliari
Other Authors: F. Ricci (U of CA), F. Boschi (U of Parma), A. Baraldi (U of Parma), A. Filippetti (CNR-IOM), M. Higashiwaki (NIICT, Japan), A.
Kuramata (Tamura Co., Japan), R. Fornari (U of Parma)

We revisit the issue of optical absorption anisotropy in the monoclinic insulator β-Ga2O3 combining accurate optical absorption
measurements with a theoretical analysis performed using different advanced computation methods based on density-functional
theory including hybrids, self-interaction correction and GW. As expected, the bandgap edge of bulk β-Ga2O3 is found to depend
on the polarization of light and on crystal orientation, with the lowest onset occurring at polarization in the ac crystal plane around
4.5-4.6 eV. Polarization along b unambiguously shifts the onset up by 0.2 eV. The theoretical analysis clearly indicates that the shift
of the b onset is due to a suppression of the transition matrix elements of the three top valence bands at Γ point.
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#P071 - Qualitative and quantitative characterization of historical pigments by XRF spectrometry
Dorotea Fontana - Dipartimento di Fisica e Chimica, Università di Palermo,
Other Authors: Maria Francesca Alberghina (Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Edificio 18, 90128
Palermo, Italy), Maria Brai (Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy;
Laboratorio di Fisica e Tecnologie Relative–UniNetLab, Università degli Studi di Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy),
Luigi Tranchina (Laboratorio di Fisica e Tecnologie Relative–UniNetLab, Università degli Studi di Palermo, Viale delle Scienze, Edificio 18, 90128
Palermo, Italy)

In the Cultural Heritage field, the study of the pigments covers a crucial role, both for historical-artistic and diagnostic reasons;
indeed most of the historical paints are mainly constituted by inorganic pigments, either pure or mixed, spread on the surfaces
using different binding agents [1]. The knowledge of the exact amount of different constituents of the paint, as well as of the
mixing and pictorial techniques, is crucial for a careful program of conservation of polychrome works. Moreover, since the
availability of these pigments has been changing through the centuries, their identification and chemical characterisation is useful
to acquire or deepen information about the artist and his/her work. This information can also be useful for authentication purposes
through relative dating because the identification of one pigment respect to another one can be used as a terminus post quem or
ante quem the artwork was realized.
On the basis of the before considerations, this work is focused on the chemical characterization and quantitative analysis of binary
mixtures obtained by mixing historical pigments: cinnabar, lapis lazuli, lead-tin yellow and chalk white. They were analysed both in
pure and mixed form, by varying their weight percentage, in order to produce binary mixtures [2] (realized following the Itten
Theory and the ancient artists recipes) to be investigated by means of a portable XRF spectrometer in order to carry out qualitative
and quantitative analyses of the two pigments constituent the mixture [3].
This experimental approach allows calculating the weight percentage of the single component, on an unknown (for the analyst)
mixture, composed by two known pigment, by inverse prediction on the calibration curve.

#P072 - Facile growth and transfer of high quality graphene layers by simple thermal treatments
Maria Elena Fragalà - Dipartimento di Scienze Chimiche, Università di Catania
Other Authors: Simone Scandurra, Marco Sinatra, Luisa D’Urso, Giuseppe Compagnini

Graphene growth is nowadays achievable by a wide variety of techniques. We demonstrate the possibility to grow high quality
graphene single and few layers by using simple and economic UHV thermal treatments of thin (100-150 nm thick) nickel films
deposited on Si/SiO2 (300 nm) substrates and nickel foam. The crucial role played by process parameters to trigger the graphene
growth yield as well as the overall film quality has been extensively investigated. In particular, hypothesis on the growth
mechanism is given in comparison with literature reports, with particular attention devoted to the effect of external carbon sources
and process pressure on single layer growth. Raman mapping confirms the presence of domains of turbostratic multi-layer areas as
well as single layer graphene islands as large as several um. SEM and AFM analyses allow for a detailed morphological
characterization of nickel film after annealing process and the observed anomalous grain growth seem to be correlated to
graphene formation. The as grown graphene layers can be further transferred onto any kind of substrate by wet methods. We
conclude that UHV annealing of nickel film and foam represent a valuable approach to provides graphene-based materials for
sensors and devices.

#P073 - Multiphoton k-resolved photoemission from gold surface states with 800-nm femtosecond laser pulses
Guido Fratesi - Dipartimento di Fisica, Università degli Studi di Milano
Other Authors: Fausto Sirotti (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France), Nathan Beaulieu
(Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France), Azzedine Bendounan (Synchrotron SOLEIL, L'Orme des
Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France), Mathieu G. Silly (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-surYvette, France), Christian Chauvet (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France), Gregory Malinowski
(Laboratoire de Physique des Solides, Université Paris-Sud, CNRS UMR 8502), Guido Fratesi (ETSF and Dipartimento di Fisica, Università degli
Studi di Milano, Milano, Italy), Valérie Véniard (ETSF and Laboratoire des Solides Irradiés, École Polytechnique, CNRS-CEA/DSM, 91128
Palaiseau, France), Giovanni Onida (ETSF and Dipartimento di Fisica, Università degli Studi di Milano, Milano, Italy

We measure direct multiphoton photoemission of the Au(111) surface state with 800-nm laser pulses. We observe the parabolic
dispersion in the angular distribution of photoelectrons having absorbed between four and seven photons. The k|| dispersion we
measure can be explained in terms of Shockley-state replicas, with a nascent hot electrons distribution at k|| above the Fermi
2
level. Moderate laser power densities, of the order of 100GW/cm , resulted in large electron yields, indicating the importance of
multiphoton excitations to define the electronic and magnetic properties of matter in the first hundred femtoseconds after laser
excitation [Phys. Rev. B 2014, 90, 035401].
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#P074 - Enhanced Atom Mobility on the Surface of a Metastable Film
Guido Fratesi - Dipartimento di Fisica, Università degli Studi di Milano
Other Authors: A. Picone (CNISM—Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy), M. Riva
(CNISM—Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy), A. Brambilla (CNISM—Dipartimento di
Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy), G. Bussetti (CNISM—Dipartimento di Fisica, Politecnico di
Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy), M. Finazzi (CNISM—Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da
Vinci 32, 20133 Milano, Italy), L. Duò (CNISM—Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy),
and F. Ciccacci (CNISM—Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milano, Italy)

A remarkable enhancement of atomic diffusion is highlighted by scanning tunneling microscopy performed on ultrathin metastable
body-centered tetragonal Co films grown on Fe(001). The films follow a nearly perfect layer-by-layer growth mode with a
saturation island density strongly dependent on the layer on which the nucleation occurs, indicating a lowering of the diffusion
barrier. Density functional theory calculations reveal that this phenomenon is driven by the increasing capability of the film to
accommodate large deformations as the thickness approaches the limit at which a structural transition occurs. These results
disclose the possibility of tuning surface diffusion dynamics and controlling cluster nucleation and self-organization [Phys. Rev. Lett.
2014, 113, 046102].

#P075 - High resolution NEXAFS of perylene and PTCDI: a surface science approach to molecular orbital
analysis
Guido Fratesi - Dipartimento di Fisica, Università degli Studi di Milano
Other Authors: Valeria Lanzilotto (Dipartimento di Chimica, Università degli Studi di Firenze, Via della Lastruccia 3, I-50019 Sesto Fiorentino,
Italy, and CNR-IOM, Laboratorio TASC, Km 163.5, Basovizza SS-14, I-34149 Trieste, Italy), Stefano Stranges (Dipartimento di Chimica e
Tecnologia del Farmaco, Università degli Studi di Roma “La Sapienza”, Roma, Italy, and CNR-IOM, Laboratorio TASC, Km 163.5, Basovizza SS14, I-34149 Trieste, Italy), Michele Alagia (CNR-IOM, Laboratorio TASC, Km 163.5, Basovizza SS-14, I-34149 Trieste, Italy), Gian Paolo Brivio
(ETSF, CNISM, Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca, via Cozzi 53, 20125 Milano, Italy), Luca Floreano (CNR-IOM,
Laboratorio TASC, Km 163.5, Basovizza SS-14, I-34149 Trieste, Italy)

We made use of synchrotron radiation to perform near edge X-ray absorption fine structure spectroscopy, NEXAFS, at the carbon Kedge of perylene and perylene-tetracarboxylic-diimide, PTCDI. Reference spectra measured for isolated molecules in the gas phase
are compared with polarization dependent NEXAFS spectra measured on highly oriented thin films in order to study the symmetry
of the molecular orbitals. The molecular overlayers are grown onto the rutile TiO2(110) surface for which the large anisotropic
corrugation effectively drives the molecular orientation, while its dielectric nature prevents the rehybridization of the molecular
orbitals. We employed density functional theory, DFT, calculations to disentangle the contribution of specific carbon atoms to the
molecular density of states. Numerical simulations correctly predict the observed NEXAFS azimuthal dichroism of the σ*
resonances above the ionization threshold, from which we determine the full geometric orientation of the overlayer molecules. A
discrepancy observed for the spectral contribution of the imide carbon atom to the calculated unoccupied molecular orbitals has
been explained in terms of initial state effects, as determined by Hartree–Fock corrections and in full agreement with the
corresponding shift of the C 1s core level measured by X-ray photoelectron spectroscopy, XPS. [Phys. Chem. Chem. Phys., 2014, 16,
14834-14844]

#P076 - Anchoring and Bending of Pentacene on Aluminum (001)
Guido Fratesi - Dipartimento di Fisica, Università degli Studi di Milano
Other Authors: Anu Baby (Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca, Milano, Italy), Shital R. Vaidya (CNR-IOM,
Laboratorio TASC, Basovizza, and University of Trieste, Italy), Laerte L. Patera (CNR-IOM, Laboratorio TASC, Basovizza, and University of Trieste,
Italy), Cristina Africh (CNR-IOM, Laboratorio TASC, Basovizza, Trieste, Italy), Luca Floreano (CNR-IOM, Laboratorio TASC, Basovizza, Trieste,
Italy), Gian Paolo Brivio (Dipartimento di Scienza dei Materiali, Università di Milano-Bicocca, Milano, Italy)

The adsorption of the first layer of organic molecules at the metal−organic interface in electronic devices is cri cal as it inﬂuences
the carrier injection across the interface and also forms the foundation for the growth of the subsequent layers, which in turn
affects the overall performance of these devices. Pentacene (C22H14) has shown temperature-independent highest hole and
electron mobility among the various organic small molecules. Aluminum is also a metal of potential interest for Si-free electronic
devices. Pentacene coupled to aluminum could be used to fabricate devices like Schottky diodes and organic thin film transistors,
and the interaction between pentacene and aluminum is also important in organic solar cells and memory devices.
In our study of pentacene/Al(001), we combined ab initio simulations, based on density functional theory (DFT) corrected for the
van der Waals interaction, with techniques to determine the structure of the system, such as reflection high-energy electron
diffraction (RHEED) and scanning tunneling microscopy (STM) and core-level spectroscopies, namely X-ray photoemission
spectroscopy (XPS) and near-edge X-ray absorption fine structure (NEXAFS) [1].
We find a major change of the molecular backbone resulting into a peculiar V-shape bending, due to the direct anchoring of the
two central carbons atop two Al atoms underneath. In the most stable adsorption configuration, pentacene is oriented with the
long axis parallel to the substrate [110] direction, where such anchoring is favored by optimally matched interatomic distances.
Remarkably, due to the generally low degree of order, we measure by STM a significant portion of molecules oriented along the
[100] direction, which also display the same V-shape conformation, as driven by the bond of the central carbon atoms of pentacene
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to a pair of slightly displaced Al atoms. Even in absence of long-range order, the substrate thus favors a specific structural and
electronic molecular conformation, which can be representative of a real interface layer of pentacene at an Al electrode.
[1] J. Phys. Chem. C, 2015, 119 (7), pp 3624–3633

#P077 - Quantum ring: HHG spectrum control.
Biagio Frusteri - Dipartimento di Fisica e Chimica, Universit`a degli Studi Palermo
Other Authors: Emilio Fiordilino (Dipartimento di Fisica e Chimica, Universit`a degli Studi Palermo, Via Archirafi 36, 90123, Palermo, Italy),
Giuseppe Castiglia (Dipartimento di Fisica e Chimica, Universit`a degli Studi Palermo, Via Archirafi 36, 90123, Palermo, Italy), Pietro Paolo Corso
(Dipartimento di Fisica e Chimica, Universit`a degli Studi Palermo, Via Archirafi 36, 90123, Palermo, Italy),

Atoms, molecules , clusters and other systems driven by a strong laser field of frequency \omega_L can emit a spectrum of laser
harmonics.
The high harmonics generation (HHG) phenomen is strongly affected by the symmetries of the system. It is well known that
systems with rotational symmetries emit only odd harmonics.
Numerous researcher make mainly attention to the possibilities to set different initial conditions in order to control the spectrum.
Recently, the study of nanotechnology is hot-topics and in particular the study of very symmetric systems such as fullerene,
nanoring and structured nanoring (nanoring with identical and symmetric scattering centers).
Therefore, it is natural and interestring to study the HHG emission from these systems and the effects of the symmetry break.
In this poster we present the HHG spectrum emitted by a nanoring consisting of six symmetric scattering centers; as a second step
we study the effects on the spectrum by small symmetry breakings. We show that tiny modifications of th symmetry allow a good
control of the spectrum.

#P078 - ON SURFACE DATING OF BRICKS
Anna Galli - CNR-IFN and Dipartimento di Scienza dei Materiali, Università Milano Bicocca
Other Authors: A. Artesani (1) , M. Martini (1), F. Maspero(1),(2), L. Panzeri (1), E. Sibilia (1) 1 Dipartimento di Scienza dei Materiali, Università
di Milano Bicocca, via R. Cozzi 55, 20125 Milano (Italy) and INFN 2 CUDAM, piazza della Scienza 4, 20126 Milano

Luminescence techniques are nowadays a powerful tool to date archaeological ceramic materials and geological sediments. In
particular thermoluminescence (TL) is widely used for brick dating, to reconstruct the building chronology of urban complexes.
However, it can be sometimes inconclusive, since TL assesses the firing period of bricks, that can be reused in different structures
even after centuries. This problem can be circumvented by using a dating technique which uses a resetting event different from
that of TL, which is the last heating of the material. An ideal candidate is OSL, for which the reset is the last exposure to sun light. In
fact, the exposure of the brick surfaces during the edification resets the light sensitive electron traps until the covering with mortar.
This advanced application of the OSL technique (surface dating) has been successfully attempted on rocks, marble and stone
artifacts, but not routinely on bricks.An attempt of application was possible thanks to a recent conservation campaign at the
Certosa di Pavia complex (Italy) where some bricks belonging to a XVII century collapsed wall could be sampled.It was therefore
possible to compare the dating results obtained by TL and OSL with the historical data.The main requirement for the successful
application of surface dating is the assessment of the bleaching effectiveness of the solar exposure. To evaluate the sunlight effects
on the luminescence signal of the surface, small carrots of brick have been exposed to daylight for different periods ( from 60 s to 1
year). Measurements of the OSL/IRSL signals showed that after a few hours the signal from the surface was reduced to 20% of the
original one. The deeper layers were significantly bleached only after one month of exposure. The depth profile of signals (OSL
emission vs. depth) depends on the opacity of the material, on the daylight spectrum and on the exposure time. The characteristic
form of the OSL /IRSL resetting profile in a brick is well fit by an empirical mode based on that proposed for rocks [Sohbati et al.,
2012], adding a time-dependent exponential term to the function of light signal vs depth.

R. Sohbati et al., J. Geophys Res-Sol 117 (2012).

#P079 - Proposal of a method for correcting the dose images measured with gafchromic EBT3 films irradiated
with proton beams
Grazia Gambarini - Universita' degli Studi di Milano and INFN, Milan, Italy
Other Authors: E. Massari, V. Regazzoni, M. Felisi, E. Artuso, D. Giove, Università degli Studi di Milano and INFN, Milan, Italy, A. Mirandola, M.
Ciocca, Medical Physics Unit, Centro Nazionale di Adroterapia Oncologica (CNAO), Pavia, Italy

The response of gafchromic EBT3 films depends on the LET of radiation, showing a quenching effect in the high LET region. A
method has been studied to correct the measured values in a simple and efficient way, feasible in the clinical practice. Considering
that for patient treatments hundreds of beams are necessary, two points were taken as a basis of the procedure to be developed.
The first point was that of avoiding the measurement of the depth-dose curve for all the utilized energies, evaluating the function

340

POSTERS
vs depth of both the depth-dose curve and the curve of under-response, utilizing the data measured with a few energies in the
range of those exploited for the treatment. The second point was that of utilizing the treatment plane data as input of the software
developed for the correction procedure. In order to correct the acquired images not only in SOBP condition but also for nonuniform dose distributions, the software evaluates a correction factor, in each position of the image, utilizing algorithms that take
into consideration the contributions of each pencil beam of the performed irradiation that can contribute to the absorbed dose in
the considered point.
The software for the image correction, developed in MATLAB, is still in improvement. The first results confirm that the proposed
method can be advantageous for achieving reliable spatial distribution of the absorbed dose in proton therapy by means of EBT3
films. The method deserves to be exhaustively improved by means of more precise evaluation of the broadening of pencil beams in
tissue or in water. The developed software will be then suitably adjusted in order to be applicable also to radiotherapy with carbon
ions.

#P080 - Ta-doped Bi2O3 investigated with X-Ray Absorption Spectroscopy and Density Functional Theory
Marianna Gambino - Dipartimento di Fisica e Chimica, Università di Palermo
Other Authors: Francesco Giannici (Dipartimento di Fisica e Chimica, Università di Palermo, Palermo, Italy), Stefania Di Tommaso (Dipartimento
di Fisica e Chimica, Università di Palermo, Palermo, Italy), Alessandro Longo (Istituto per lo Studio dei Materiali Nanostrutturati (CNR-ISMN),
Consiglio Nazionale delle Ricerche, Palermo, Italy), Antonino Martorana (Dipartimento di Fisica e Chimica, Università di Palermo, Palermo, Italy)

The design of efficient anion conducting IT-SOFC, working between 500-800°C, is a currently open challenge for the production of
clean power from H2 or biofuel. [1] One of the critical parameters in the developement of this technology is the anion diffusion
inside the electrolyte. The conduction mechanism is in turn determined by the local environment of cations involved in the process
of anion diffusion, and to this end X-Ray Absorption Spectroscopy (XAS) represents a poweful tool to resolve the finer details of the
atomic structure. Moreover, a Density Functional Theory (DFT) approach is extremely useful to identify the energetically favourite
atomic configurations. Today, cubic fluorite-type δ-Bi2O3 represents the reference compound for the design and optimization of
-1
new electroytes, as it shows the highest oxide-ion conductivity known so far (1 S∙cm at 750°C). Unfortunately, pure δ-Bi2O3 is
thermodynamically stable only in a narrow temperature range, but the structure can be stabilized by insertion of different dopants.
[2]
We have recently studied Bi2O3-Ta2O5 solid solutions in the concentration range between 7.5 and 30%mol by means of XAS, to shed
light on the local structure around cations. Extended X-Ray Absorption Fine Structure (EXAFS) data analysis on Bi L3-edge reveals a
highly disordered environment around bismuth. In particular, the presence of two different first shell distances Bi-O, suggests that
oxygen ions are displaced from the centroid of their OBi4 coordination tetrahedron. [3]
Concerning the local environment of dopants, the results on the Ta L3-edge are consistent with an ochahedral coordination around
Ta, forming TaO6 units. Below 10%mol, Ta forms isolated TaO6 octahedra, while between 10 and 30%mol, the TaO6 octahedra are
locally organized in Ta7O30 clusters, arising from corner-sharing TaO6 octahedra, which resemble the pyrochlore structure. These
clusters tend to aggregate further as the dopant concentration increases, and this evidence is corroborated by the high Ta-Ta
coordination numbers, between 3.1 and 3.9.
Finally, periodic DFT optimizations, performed on Bi0.75Ta0.25O1.75 with the CRYSTAL09 code, strongly support the experimental
evidence on the aggregation of Ta clusters at high dopant concentration. Indeed, comparing the energy values for the i) isolated
clusters and ii) linked clusters configuration, it is found that the linked clusters model has the lowest energy. These result support
the EXAFS experimental results and justify the high Ta-Ta coordination numbers found in the Ta-doped samples.
[1] E. D. Wachsman et al. Energy Environ. Sci. 2012, 5, 5498.
[2] N.M. Sammes et al. J. Eur. Ceram. Soc. 1999, 19, 1801.
[3] K. Koto et al. Solid State Ionics 1994, 72, 79.

#P081 - Fundamental study and analytical applications of Nanoparticle-Enhanced LIBS (NELIBS).
Rosalba Gaudiuso - Institute of Nanotechnology, National Research Council (Nanotec, CNR)
Other Authors: Can Koral (Department of Chemistry, University of Bari “A. Moro”, Bari, Italy), Marcella Dell’Aglio (Nanotec, CNR), Olga De
Pascale (Nanotec, CNR), Alessandro De Giacomo (Department of Chemistry, University of Bari “A. Moro”, Bari, Italy; Nanotec, CNR)

Nanoparticle-Enhanced LIBS (NELIBS) is a recently proposed method to efficiently increase the LIBS emission signal of metals up to
2 orders of magnitude, by depositing metal nanoparticles (NPs) on the sample surface [1]. This considerable emission enhancement
has been ascribed to two effects: 1) an improvement in the ablation effect, and 2) a more efficient production of seed electrons by
field emission, in turn due to the enhancement of the laser electromagnetic field induced by the NPs themselves [2].
Here, we report our investigations about the effect played by several experimental parameters, i.e., laser energy; laser spot
diameter; concentration, dimension, and kind of nanoparticles (NPs) in the case of NELIBS of metals. We also discuss NELIBS of nonmetallic samples, whose emission enhancement is lower (up to 2-3 times) and follows a different mechanism. A special case of
particular interest is that of transparent media, which can be efficiently made more absorptive by NP deposition. Moreover, we
demonstrated the suitability of NELIBS to quantitative analysis of various samples (metals, alloys and non-metallic samples), both
with the classical approach of drawing calibration lines and with calibration-free methods.
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[1] A. De Giacomo, R. Gaudiuso, C. Koral, M. Dell’Aglio, O. De Pascale, Nanoparticle-Enhanced Laser Induced Breakdown
Spectroscopy of metallic samples, Analytical Chemistry, 85 (2013) 10180-10187.
[2] A. De Giacomo, R. Gaudiuso, C. Koral, M. Dell’Aglio, O. De Pascale, Nanoparticle Enhanced Laser Induced Breakdown
Spectroscopy (NELIBS): effect of nanoparticles deposited on sample surface on laser ablation and plasma emission, Spectrochimica
Acta B, 98 (2014) 19-27.

#P082 - Spin-Crossover Molecule based Thermoelectric Junction
Dibyajyoti Ghosh - Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR)
Other Authors: Prakash Parida (Institute for Theoretical Physics, University of Regensburg, D-93040 Regensburg, Germany), Swapan K. Pati
(Theoretical Sciences Unit, Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore, 560064, India)

Using ab-initio numerical methods, we explore the spin-dependent transport and thermoelectric properties of a spin-crossover
(SCO) molecule (i.e. iron complex of 2-(1H-pyrazol-1-yl)-6-(1H-tetrazole-5-yl)pyridine) based nano-junction. We demonstrate a large
magnetoresistance, efficient conductance-switching and spin-filter activity in this molecule based two-terminal device. The spincrossover process also modulates the thermoelectric entities. It can efficiently switch the magnitude as well as spin-polarization of
the thermocurrent. We find that thermocurrent is changed by ~4 orders of magnitude upon spin-crossover. Moreover, it also
substantially affects the thermopower and consequently, the device shows extremely efficient spin-crossover
magnetothermopower generation. Furthermore, by tuning the chemical potential of electrodes into a certain range, a pure spinthermopower can be achieved for the high-spin state. Finally, the reasonably large values of figure-of-merit in the presence and
absence of phonon, demonstrate a large heat-to-voltage conversion efficiency of the device. We believe that our study will pave an
alternative way of tuning the transport and thermoelectric properties through the spin-crossover process and can have potential
applications in generation of spin-dependent current, information storage and processing.

Reference: Appl. Phys. Lett, 106, 193105 (2015)

#P083 - BSA hydrogels: a novel biomaterials
Daniela Giacomazza - Istituto di Biofisica - Consiglio Nazionale delle Ricerche
Other Authors: Giovanna Navarra (Dipartimento di Fisica e Chimica, Università di Palermo, 90100 Palermo, Italy), Chiara Peres (Dipartimento di
Nano-fisica, Istituto Italiano di Tecnologia, 16100 Genova, Italy), Maurizio Leone (Dipartimento di Fisica e Chimica, Università di Palermo, 90100
Palermo, Italy), Valeria Militello (Dipartimento di Fisica e Chimica, Università di Palermo, 90100 Palermo, Italy), Marco Contardi (Istituto di
Biofisica, Consiglio Nazionale delle Ricerche, 90146 Palermo, Italy), Pier Luigi San Biagio (Istituto di Biofisica, Consiglio Nazionale delle Ricerche,
90146 Palermo, Italy), Pasquale Picone (Istituto di Biomedicina e Immunologia Molecolare, Consiglio Nazionale delle Ricerche, 90146 Palermo,
Italy), Luigi Inguglia (Istituto di Biomedicina e Immunologia Molecolare, Consiglio Nazionale delle Ricerche, 90146 Palermo, Italy), Marta Di Carlo
(Istituto di Biomedicina e Immunologia Molecolare, Consiglio Nazionale delle Ricerche, 90146 Palermo, Italy)

Recently the fabrication of gels from biological molecules has received increasing interest in the field of biomaterials. Indeed these
gels, especially the hydrogels, can be biocompatible and biodegradable, can entrap large amounts of water or biological fluid, have
a microporous structure and provide an excellent mechanical support through their three-dimensional structure. These properties
make them the ideal biomaterials for applications in the biomedical field.
Here we report our results, obtained exploiting the proteins’ natural tendency to self-organize in a 3D network, for the production
of new protein-based materials. The main aim of our work has been to determine the best experimental conditions to obtain a
hydrogel of protein aggregates of BSA, a human-compatible and well-known protein. Our experimental procedure was to
characterize the nature of the aggregates created at different pH and the mechanical properties of the gel formed during the
incubation time; finally we tested the obtained protein hydrogels on a cellular model to verify their application as 3D scaffold.
We analyzed the conformational and structural changes of the protein during all the steps of the thermal aggregation and gelation
through FTIR and AFM measurements. The macroscopic hydrogel features have been tested by rheological measurements. SEM
images have given a picture of the different arrangement of the protein aggregates created at different pH at the end of the
incubation time. Biological tests on LAN5 cell culture have been performed. Our results indicate that BSA hydrogels can be a
promising material for biological application in the field of tissue engineering.

#P084 - Degradation of Cd-yellow Paints induced by adsorption of water and oxygen on CdS surface. Ab initio
approach
Laura Giacopetti - CNR-IOM UOS Cagliari c/o Dipartimento di Fisica/ Dipartimento di Fisica, Università degli Studi
di Cagliari
Other Authors: Alessandra Satta (CNR-IOM UOS Cagliari c/o Dipartimento di Fisica, Università degli Studi di Cagliari, Italy )

The cadmium yellow paints (CdS) used in impressionist and modernist paintings in early 1900s are undergoing several deterioration
processes whitening and discoloration. This discolored crusts at the surface of the paintings is formed mainly by white globular
hydrated cadmium sulfate (CdSO4*nH2O) and cadmium carbonate (CdCO3). The input for the formation of such whitish compounds
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is generally ascribed to an initial photo-oxidation process of Cd-yellow or to products used during the syntheses of CdS.[1] Also,
structural defects in CdS (deep traps) may play a role in the pigment alteration process
In order to understand the oxidation and hydration mechanisms of the whitish globules, at atomic level, we present a theoretical
study of point defects, namely Cd- and S- vacancies, both in the bulk and in the hexagonal non-polar {10.0} surface. The interaction
between the {10.0} defective surface of CdS and O2and H2O molecules is then studied to simulate the combined effects of exposure
to air and humidity. For this purpose, we adopted a first principles method within the framework of the Density Functional Theory
(DFT) in the Generalized GradientApproximation (GGA-PBE) with the use of ultrasoft pseudopotentials. [2]
[1] J. L. Mass, R. Opila, B. Buckley, M. Cotte, J. Church, A. Mehta, Appl Phys A (111), 2013, 59-68
[2] P. Giannozzi, et al J.Phys.:Condens.Matter, 21, 395502 (2009) http://www.quantum-espresso.org

#P085 - “Darker-than-Black” PbS Quantum Dots: Enhancing Optical Absorption of Colloidal Semiconductor
Nanocrystals via Short Conjugated Ligands
Carlo Giansante - Istituto di Nanotecnologia, CNR-Nanotec
Other Authors: Ivan Infante (Department of Theoretical Chemistry, Faculty of Sciences, Vrije Universiteit Amsterdam, De Boelelaan 1083, 1081 HV
Amsterdam, NL), Roberto Grisorio and Gian Paolo Suranna (DICATECh - Dipartimento di Ingegneria Civile, Ambientale, del Territorio, Edile e di
Chimica, Politecnico di Bari, via Orabona 4, 70125 Bari, IT), Giuseppe Gigli (Dipartimento di Matematica e Fisica ‘E. De Giorgi’, Università del
Salento, via per Arnesano, 73100 Lecce, Lecce, IT)

Here we present a conceptually novel approach to design light-harvesting nanomaterials based on colloidal quantum dots (QDs).
Indeed, a drastic broadband enhancement of QD optical absorption, along with preservation of good long-term colloidal stability, is
obtained upon quantitative replacement of the bulky electrically-insulating ligands at the QD surface coming from the synthetic
procedure with suitable short conjugated organic molecules. The rational design of the pendant and anchoring moieties that
constitute the replacing ligand framework provides tunable broadband increase of the optical absorption above 300 % for colloidal
PbS QDs also at high energies (> 3.1 eV), in contrast with predictions obtained by established formalisms derived from MaxwellGarnett effective medium theory. We attribute such a drastic absorbance increase to ground-state ligand/core orbital mixing, as
inferred by density functional theory calculations; in addition, our findings suggest that the optical bandgap reduction commonly
observed for PbS QD solids treated with thiol-terminating ligands can be prevalently ascribed to 3p orbitals localized on anchoring
sulfur atoms, which mix with the highest occupied states of the PbS core.
More broadly, we provide evidence that organic ligands and inorganic cores are inherently electronically coupled materials thus
yielding peculiar chemical species (the colloidal QDs themselves), which display arising (opto)electronic properties that cannot be
merely described as the sum of those of the ligand and core components.

#P086 - Variants of Intrinsic Disorder among Human Disease-related Proteins
Andrea Giansanti - Physics Department Sapienza University of Rome
Other Authors: Antonio Deiana, Physics Department Sapienza University of Rome.

Intrinsically disordered proteins are fascinating the community of protein science, at least since the last decade. There is a wellestablished line of research that intends to reveal the crucial role played by intrinsically disordered proteins (IDPs) in the
development of human diseases. The main argument is that IDPs are differentially more present in groups of disease-related
proteins. In this work we revisit a theme which has been quite present in the specialised recent literature, that of the differential
occurrence of disordered proteins among groups of disease-related proteins in the human proteome. Distinguishing two variants of
disordered proteins (those with long disordered domains or regions (IDRs), the others with both localised disorder and wide-spread
intrinsic disorder (IDP) clarifies to which extent there is a differential enrichment of disorder among proteins that pertain to cancer,
diabetes cardiovascular and neurodegenerative diseases. In particular, disease-related proteins are enriched in IDRs but not in IDPs.

#P087 - An “optimal” protein– saccharide ratio for bioprotection is present in low hydration amorphous
saccharide glassy systems: a FTIR study
Sergio Giuffrida - Dipartimento di Fisica e Chimica-Università di Palermo
Other Authors: Grazia Cottone (Dipartimento di Fisica e Chimica, Università di Palermo and School of Physics, University College of Dublin,
Dublin, Ireland), Lorenzo Cordone (Dipartimento di Fisica e Chimica, Università di Palermo)

Saccharides, and in particular trehalose, are well known for their high efficiency in protecting biostructures against adverse
environmental conditions. Experiments and simulations [1] on carboxy-myoglobin (MbCO) have shown that the protein dynamics is
highly inhibited in a low-water trehalose host medium, the inhibition being markedly dependent on the amount of residual water.
Beside hydration, the properties of the saccharide amorphous matrices are noticeably variable also with the protein/sugar ratio.
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In the work here presented, we performed an Infrared Spectroscopy (FTIR) study on the stretching band of the bound CO molecule
(COB) and on the Water Association Band (WAB) in dry amorphous matrices of various sugars (the disaccharides trehalose,
maltose, sucrose and lactose, and the trisaccharide raffinose), at different protein/sugar ratios. Such bands have already been
successfully exploited for the simultaneous study of the thermal evolution (20-300K) of the embedded biostructure and of the
matrix; indeed, the COB is one of most studied protein spectroscopical marker, and the WAB a very sensitive probe for the lowwater matrix.
The results show a high dependence of the protein and matrix dynamics on the protein/sugar ratio, depicting a scenario in which
the system dynamics evolves from matrix-slaved to coupled and eventully to protein slaved, with increasing protein concentration.
This support the idea, already proposed [1,2], that a mutual protein⇔matrix structural and dynamic influence subsists in low
hydrated systems, indicating that the protein-solvent master and slave paradigm does not strictly hold, but the mutual relationship
depends on the relative concentrations. Furthermore, for each sugar, an optimal protein/sugar concentration ratio, which
maximizes the protein preservation minimizing the thermal dynamics, can be identified.
References:
[1] S. Giuffrida, G. Cottone, G. Bellavia, L. Cordone, Proteins in amorphous saccharide matrices: Structural and dynamical insights on
bioprotection, Eur. Phys. J. E 36: 79 (2013)
[2] S. Giuffrida, G. Cottone, L. Cordone, Biophys. J. 91, 968-980 (2006)

#P088 - Noisy dynamics in long and short Josephson junctions
Claudio Guarcello - Dipartimento di Fisica e Chimica, Università di Palermo, Interdisciplinary Theoretical Physics
Group
Other Authors: Davide Valenti (1Dipartimento di Fisica e Chimica, Università di Palermo, Interdisciplinary Theoretical Physics Group, Università
di Palermo and CNISM, Unità di Palermo, Viale delle Scienze, Edificio 18, 90128 Palermo, Italy), Bernardo Spagnolo (Dipartimento di Fisica e
Chimica, Università di Palermo, Interdisciplinary Theoretical Physics Group, Università di Palermo and CNISM, Unità di Palermo, Viale delle
Scienze, Edificio 18, 90128 Palermo, Italy; Radiophysics Department, Lobachevsky State University, 23 Gagarin Avenue, 603950 Nizhniy Novgorod,
Russia; Istituto Nazionale di Fisica Nucleare, Sezione di Catania, Via S. Sofia 64, I-95123 Catania, Italy).

The transient dynamics of different noisy Josephson junctions (JJ) are computationally explored, analyzing several interesting cases.
First, the superconducting lifetime of a long JJ (LJJ) is investigated, analyzing its behavior as a function of the system and noise
parameters. Specifically we study the dynamics of the parameter φ, i.e. the phase difference between the macroscopic wave
functions in the two electrodes of the junction, whose dynamics is ruled by the perturbed sine-Gordon (SG)equation. We focus on
the mean switching time (MST), calculated as a nonlinear relaxation time, from the superconducting metastable state to the
resistive state. The dynamics of the phase difference φ is studied in the presence of an external noise source, modeled by using
different α-stable (or Lévy) distributions Sα(σ; β; μ). For proper values of the system parameters and different statistics of the noise
source, the MST is characterized by non-monotonic trends. The study of the time evolution of φ highlights the influence of noise
induced solitons on the MST behavior. In the presence of the so-called Lévy flights, another localized SG solutions, known as
breathers, can be detected.
The features of a ballistic graphene-based JJ is also investigated. The phase dynamics of this system is analyzed by the Resistively
and Capacitively Shunted Junction model, with a thermal noise contribute. The supercurrent deviates from the usual sinusoidal
behavior expected from the Josephson relations. A superconductor-graphene-superconductor system is characterized, as normal
current biased JJs, by the presence of quantum metastable states. In our work, the mean first passage time (MFPT) from these
metastable states is calculated in the presence of different sources of white or correlated Gaussian noise. MFPT data are obtained
for different values of both noise intensity and frequency of the alternate current bias, observing noise induced phenomena. The
study of the probability density function of the escape times is performed, by focusing on the appearance of noise induced nonmonotonic effects in the mean switching times.
We also present a study on the exclusive breather generation in LJJ stimulated by an external driving signal. This study is devoted to
establish an efficient experimental setting to generate SG breathers in a LJJ, exploiting a well-known phenomenon, the nonlinear
supratransmission (NLS). In our model, one end of the junction is driven by a sinusoidal pulse of amplitude A and frequency ω lower
than the plasma frequency of the junction. In the 2D parameter space (A,ω), in correspondence of specific values of A and ω, we
observe only breathers. Otherwise, different combinations of SG solutions propagate along the junction. To check the robustness of
the breathers generated, a Gaussian noise source is inserted into the perturbed SG model, and the percentage of surviving
breathers is calculated.

#P089 - Quality control of foods and nutraceutical applications: antioxidant properties of polyphenols.
Valeria Guarrasi - Istituto di biofisica CNR
Other Authors: Guarrasi Valeria (1), Vilasi Silvia (1), Costa Maria Assunta (1),Germanà Maria Antonietta (2), Rappa Cinzia (1,2), Lo Bosco F.
(1,2), San Biagio Pier Luigi (1) 1. Istituto di Biofisica U.O.S. di Palermo, Consiglio Nazionale delle Ricerche, Via Ugo La Malfa 153, Palermo, Italia
2. Dip. Scienze Agrarie e Forestali, Università degli Studi di Palermo, Facoltà di Agraria, Viale delle Scienze 11, Palermo, Italia

The Mediterranean diet is characterized by an abundance of fruits and vegetables considered nutraceuticals foods. Indeed, due to a
high content of polyphenols, fruits and vegetables play an excellent role in maintaining human well-being, enhancing health and
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preventing or even treating specific diseases. Polyphenols are a unique group of phytochemicals with substantial healthy potential
in many medical areas. Their activity is based on functional groups capable of accepting a free radical’s negative charge. The aim of
our study was to investigate the possibility of developing a new natural phytoextract, obtained by mixing bioactive components
from different Mediterranean species with a potential synergistic bioactive effect. Bioactive molecules, extracted from different
Mediterranean species, have been characterized and separated by High Performance Liquid Chromatography. Folin-Ciocalteu,
ORAC, DPPH assays were carried out to determine phenolic content and antioxidant capacity. Results have revealed variability in
phenolic content and composition among the different tissues and species. The effects of Polyphenol extracts from apple different
tissues were analyzed on the NIH-3T3 cell line.

#P090 - ARTIFICIAL AGING ON PAINTINGS: A STUDY OF THE CHROMATIC CHANGES
Anna M. Gueli - PH3DRA laboratories
Other Authors: Lisa Castelli (Dipartimento di Fisica e Astronomia & INFN, Sezione di Firenze, Via Sansone 1, I-50019 Sesto Fiorentino, Firenze),
Anna Mazzinghi (Dipartimento di Fisica e Astronomia & INFN, Sezione di Firenze, Via Sansone 1, I-50019 Sesto Fiorentino, Firenze), Stefania
Pasquale (PH3DRA Laboratories, Dipartimento di Fisica e Astronomia dell’Università di Catania & INFN-CT, Via S. Sofia 64, I Catania), Chiara
Ruberto (Dipartimento di Fisica e Astronomia & INFN, Sezione di Firenze, Via Sansone 1, I-50019 Sesto Fiorentino, Firenze), Sebastiano O. Troja
(PH3DRA Laboratories, Dipartimento di Fisica e Astronomia dell’Università di Catania & INFN-CT, Via S. Sofia 64, I Catania)

The colour specification is relevant in the study, the conservation and the restoring of ancient paintings. As is known the colour we
see is not always the original one, but it has been subject to different kind of alteration phenomena like the chemical and physical
degradation that modify the appearance of the pictorial materials. Every diagnostic program takes into account quantifying the
chromatic variation of the artistic artefacts due to the aging and to the exposure to different climatic conditions. The main
objective is the prevention of degradation phenomena, so it’s necessary to realize studies aimed to the knowledge of materials and
the related characterisation. These phenomena are the results of different agents as temperature, humidity and the exposure to
light during many years. The artificial aging techniques can reproduce, in laboratory, the effect of time in a short period. In this way
it is possible to study selectively the effects of the degrading agents and the modification of the optical and physical characteristics.
The aim of this work is the quantification, by optical reflectance spectroscopy, of the chromatic variation on paintings after
different cycles of controlled artificial aging, on varying temperatures and humidity (thermo-hygrometric aging) and modifying the
exposure to optical radiation (induced photo-degradation). For this purpose, a climatic room able to change simultaneously
temperature, relative humidity, light, Ultraviolet (UV) and Infrared (IR) radiations exposure was used. Photo-degradation was
evaluated separately in a Lighting box equipped with five different sources: D65 (Artificial Daylight), 840 (formerly TL84), F (Point of
Sale lamp), Tungsten Filament (typical home lighting) and UV (Ultra Violet Blacklight).The aging cycle was performed varying
temperature, relative humidity and exposure to electromagnetic radiation in the climatic room. The effects of the photodegradation after the exposure to different radiation sources in the Lighting box were also evaluated. The measurements were
performed on painting samples specifically prepared with historical pigments of different hues (blue, green, red and yellow)
painted using four different binders (Casein, Linseed Oil, Poppy Oil and Egg yolk) in order to evaluate the role of medium. The same
aging cycle was applied on every pigment painted with all binders and the effects were measured with the routine protocolfor the
optical reflectance spectroscopy. The results were analyzed comparing the Spectral Reflectance Factor (SRF%) trend and the
chromatic coordinate values in the CIELab color space. The role in the artificial aging process of each binder and each pigment
powder was also evaluated.

#P091 - Condensed phase of Bose-Fermi mixtures with a pairing interaction
Andrea Guidini - university of camerino
Other Authors: Gianluca Bertaina (Dipartimento di Fisica, Università degli Studi di Milano, Via Celoria 16, I-20133 Milano, Italy), Davide Emilio
Galli (Dipartimento di Fisica, Università degli Studi di Milano, Via Celoria 16, I-20133 Milano, Italy), Pierbiagio Pieri (School of Science and
Technology, Physics Division, University of Camerino, Via Madonna delle Carceri 9, I-62032 Camerino, Italy)

We study the condensed phase of a Bose-Fermi mixture with a tunable pairing interaction between bosons and fermions with
many-body diagrammatic methods and fixed-node diffusion quantum Monte Carlo simulations. For a 3D system, a universal
behavior of the condensate fraction and bosonic momentum distribution with respect to the boson concentration is found to hold
in an extended range of boson-fermion couplings and concentrations. For vanishing boson density, we prove that the bosonic
condensate fraction reduces to the quasiparticle weight Z of the Fermi polaron studied in the context of polarized Fermi gases,
unifying in this way two apparently unrelated quantities. For the 2D case we present some preliminary results in the weak-coupling
limit for chemical potentials and condensate fraction.

#P092 - Band-edge BCS–BEC crossover in a two-band superconductor: physical properties and detection
parameters
Andrea Guidini - university of camerino
Other Authors: Andrea Perali (School of Pharmacy, Physics Unit, University of Camerino, 62032 Camerino, Italy)

Superconductivity in iron-based magnesium diborides and other novel superconducting materials has a strong multi-band and
multi-gap character. Recent experiments support the possibillity for a BCS–BEC crossover induced by strong-coupling and proximity
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of the chemical potential to the edge of one of the bands. Here we study the simplest theoretical model which accounts for the
BCS–BEC crossover in a two-band superconductor, considering tunable interactions and tunable energy separations between the
bands. Mean-field results for condensate fraction, correlation length, and superconducting gap are reported in typical crossover
diagrams to locate the boundaries of the BCS, crossover and BEC regimes. When the superconducting gap is of the order of the
local chemical potential, superconductivity is in the crossover regime of the BCS–BEC crossover and the Fermi surface of the small
band is smeared by the gap opening. In this situation, small and large Cooper pairs coexist in the total condensate, which is the
optimal condition for high-Tc superconductivity. The ratio between the gap and the Fermi energy in a given band results in the best
detection parameter for experiments to locate the system in the BCS–BEC crossover. Using available experimental data, our
analysis shows that iron-based superconductors have the partial condensate of the small Fermi surface in the crossover regime of
the BCS–BEC crossover, supporting the recent ARPES findings.

#P093 - Glycation effects on the conformational properties and fibrillization of ß-lactoglobulin
Rita Guzzi - University of Calabria, Department of Physics and CNISM Unit
Other Authors: Andrea Stirpe (Department of Physics, Molecular Biophysics Laboratory, University of Calabria, 87036 Rende, Italy), Luigi Sportelli
(Department of Physics, Molecular Biophysics Laboratory and CNISM Unit, University of Calabria, 87036 Rende, Italy), Antoni Sanchez-Ferrer
(ETH Zurich, Laboratory of Food & Soft Materials, Institute of Food, Nutrition & Health,8092 Zurich, Switzerland), Jozef Adamcik (ETH Zurich,
Laboratory of Food & Soft Materials, Institute of Food, Nutrition & Health, 8092 Zurich, Switzerland), Raffaele Mezzenga (ETH Zurich, Laboratory
of Food & Soft Materials, Institute of Food, Nutrition & Health, 8092 Zurich, Switzerland)

The glycation process, by Maillard reaction, involves the interaction of reactive side chain amine groups (lysine, arginine and Nterminal) of proteins with the carbonyl groups of sugars. The final product of the reaction is a family of heterogeneous compounds
called Advanced Glycation End products (AGEs), which play an important role in aging processes and neurological disorders.
We report on the effects of different degree of glycation of ß-lactoglobulin (BLG) with glucose and dihydroxyacetone (DHA) on the
conformational and aggregation properties of the protein, by combining different experimental approaches. Glycation was
performed in the dry state by incubating samples at 40 °C for different times (8 and 72 h for glucose, 2, 4, 8 and 72 h for DHA). A
mixture of BLG glycoforms was identified by mass analysis, with an average of 3 and 10 modified sites after, respectively, 8 and 72 h
of incubation with glucose. In contrast, DHA is more effective to trigger the reaction, and 12 glycation sites were observed after
only 2 h of incubation.
Formation of AGEs was monitored by fluorescence spectroscopy, and two different compounds were formed, pentosidine and
malondialdehdye, whose concentration increases with the glycation degree.
Glycated BLG shows a marked reduction in the binding affinity for stearic acid at high glycation levels. This finding suggests that one
or both lysine residues anchoring the fatty acid could be involved in the glycation process, altering the functional properties of the
protein.
Fibrillization induced by high temperature incubation at low pH of glycated BLG was characterized by AFM, FTIR, NMR, WAXS. The
overall results show that the fibrils produced by glucosylated BLG are formed by short glycated peptide sequences and are more
flexible compared to those formed by the native protein. Sporadic and even shorter fragments are present when BLG reacts with
DHA.
The energetics of the fibrillation process investigated by DSC shows an exothermic profile for glucosylated BLG, typical of selfassembled ß-structured fibrils, even if less marked compared to the unmodified protein. Interestingly, the exothermic peak is
absent for BLG glycated with DHA.
To conclude, both sugars bind to the protein residues and exert a steric hindrance affecting both the protein functionality and the
morphology of the resulting aggregates.

#P094 - Radiative Near field Heat transfer
Roberta Incardone - Max Planck Institute
Other Authors: Matthias Kruger (Max-Planck-Institut fur Intelligente Systeme, Heisenbergstr. 3, D-70569 Stuttgart, Germany and Institut fur
Theoretische Physik IV, Universitat Stuttgart, Pfaffenwaldring 57, D-70569 Stuttgart, Germany

We study radiative (near field) heat transfer between objects in vacuum at different temperatures. By use of classical scattering
theory[1] , we derive closed expressions for this transfer for objects of arbitrary shape and material, from which general properties
of the transfer can be analyzed. We present several examples including spheres, cylinders and ellipsoidal particles[2], thereby
demonstrating the size and shape dependence of radiative heat transfer.
[1]M.
Kruger,
G.
Bimonte,
T.
Emig,
M.
[2]R. Incardone, T. Emig, M. Kruger, EPL, 106, 41001, (2014).
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#P095 - Nonlinear quantum transport in molecular junctions: a uniform theory bridging coherent tunneling and
Coulomb blockade limits based on the Anderson’s imputiy model
Bih-Yaw Jin - National Taiwan University/Department of Chemistry
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We develop a novel nonlinear quantum transport theory through molecular junctions in the presence of electron-electron
interaction by using nonequilibrium Green’s function (NEGF) techniques and renormalized perturbation theory. In the perturbation
treatment, the zeroth-order Hamiltonian of the molecular junction is composed of independent single-impurity Anderson’s models
(SIAMs), which act as the channels where charges come through or occupy, and the interactions between different channels are
treated as the perturbation. Within this scheme, the effects of molecule-lead interaction, electron-electron interaction and hopping
interaction are included nonperturbatively, and the charge transport process can be studied in the intermediate parameter range
from Coulomb blockade regime to coherent tunneling regime. The concept of quasi-particle is introduced to describe the kinetic
process of charge transport, and then the electric current through sequential tunneling and coherent tunneling can be
distinguished and calculated. As a test study, the Hubbard model is used as the molecular Hamiltonian to simulate dimeric and
trimeric molecular junctions. Various nonlinear current-voltage characteristics, including Coulomb blockade, negative differential
resistance (NDR), rectification and current hysteresis, are shown in the calculations, and the mechanisms are elucidated.

#P096 - Fluid theory of the ultrarelativistc regime in the propagation of an ultrastrong, femtosecond laser pulse
in a plasma
Dušan Jovanović - Institute of Physics, University of Belgrade
Other Authors: Renato Fedele Dipartimento di Fisica, Universit
a di Napoli “Federico II,” Complesso
Universitario di M.S. Angelo, Napoli, Italy INFN Sezione di Napoli, Complesso Universitario di M.S. Angelo, Napoli, Italy Milivoj Beli ć Texas A&M
University at Qatar, P.O. Box 23874, Doha, Qatar Sergio De Nicola SPIN-CNR, Complesso Universitario di M.S. Angelo, Napoli, Italy

The interaction of a multi-petawatt, pancake-shaped laser pulse with an unmagnetized plasma is studied analytically and
numerically in a regime with ultrarelativistic electron jitter velocities, in which the plasma electrons are almost completely expelled
from the pulse region. The study is applied to a laser wakefield acceleration scheme with specifications that may be available in the
next generation of Ti:Sa lasers and with the use of recently developed pulse compression techniques. A set of novel nonlinear
equations is derived using a three-timescale description, with an intermediate timescale associated with the nonlinear phase of the
electromagnetic wave and with the spatial bending of its wave front. They describe, on an equal footing, both the strong and the
moderate laser intensity regimes, pertinent to the core and to the edges of the pulse. These have fundamentally different
dispersive properties since in the core the electrons are almost completely expelled by a very strong ponderomotive force, and the
electromagnetic wave packet is imbedded in a vacuum channel, thus having (almost) linear properties. Conversely, at the pulse
edges, the laser amplitude is smaller, and the wave is weakly nonlinear and dispersive. New nonlinear terms in the wave equation,
introduced by the nonlinear phase, describe without the violation of imposed scaling laws a smooth transition to a nondispersive
electromagnetic wave at very large intensities and a simultaneous saturation of the (initially cubic) nonlocal nonlinearity. The
temporal evolution of the laser pulse is studied both analytically and by numerically solving the model equations in a twodimensional geometry, with the spot diameter presently used in some laser acceleration experiments. The most stable initial pulse
length is estimated to exceed 1.5–2 microns. Moderate stretching of the pulse in the direction of propagation is observed, followed
by the development of a vacuum channel and of a very large electrostatic wake potential, as well as by the bending of the laser
wave front.

#P097 - ABSENCE OF RECONFIGURATION FOR EXTREME PERIODS IN RECTANGULAR ARRAYS OF
ANTIDOTS
Muhammad Kamran - Department of Physics, COMSATS Institute of Information Technology, Islamabad, Pakistan
Other Authors: S.R. Naqvi1, Department of Electrical Engineering, COMSATS Institute of IT, Wah Cantt., Pakistan S. K. He, S. P. Zhao, X. G. Qiu,
IoP, CAS, and National Laboratory of Condensed Matter Physics, Beijing, China

We study the magneto-resistance oscillations of four reference samples, S1 to S4, with varying periods in rectangular arrays of
antidots on superconducting Nb film. Conforming to literature, the oscillations of S1 reveal the existence of two types of matching
effect with different constant magnetic field intervals induced by reconfiguration. On the contrary, we observe very sharp and
narrow magneto-resistance oscillations in S4 with very small period of antidots, and a maximum of two oscillations in S2 and S3
with large period of antidots, without any reconfiguration. Therefore, we establish that when the period of antidots either
approaches zero or becomes very large, the reconfiguration phenomenon vanishes, and only one type of matching may be
observed.
Table 1: Geometrical parameters of the various antidot (holes)array samples.
Sample Antidot array (nm) Direction of current (nm) Diameter of Hole (nm)
S1
400´800
400
200
S2
800´1600
800
200
S3
1600´800
1600
200
S4
300 ´400
300
290
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#P098 - Thermodynamics and transport properties of high-density hydrogen plasma
Annarita Laricchiuta - CNR
Other Authors: A. Laricchiuta (CNR), A. D'Angola (Università della Basilicata), M. Capitelli (CNR) and G. Colonna (CNR)

The development of new technologies and experimental techniques has triggered intensive theoretical research on the modeling of
spatially confined quantum systems [1, 2] and also of extreme-high-pressure plasmas [3] like in stellar envelopes [4].
The thermodynamic properties and transport coefficients of non-ideal, high-density hydrogen plasma have been investigated,
accounting for quantum effects due to the change in the energy spectrum of atomic hydrogen when the electron-proton
interaction is considered embedded in the surrounding particles. High-density conditions have been simulated assuming atomic
hydrogen subject to a screened Coulomb potential, to account for the surrounding plasma.
The ionization equilibrium is affected by the pressure ionization phenomenon, deeply investi- gated in literature as resulting from
the non-ideal Debye-Hückel corrections [5]. The influence of the plasma leads to a correction term lowering the ionization
2
potential, that corresponds to the so-called self-energy shift [5,6], ∆ = −e /λD , thus leading to an effective value Ieff = I0−∆, where I0
is the ionization potential of the isolated, unperturbed hydrogen atom. Actually an additional lowering is due to the effect of the
presence of a screened Debye potential on the eigenvalues for electronic levels obtained solving the Schrödinger equation,
correspondingly observed in the case of box confinement. Furthermore the ensemble of levels affects also the internal partition
function of H atom in the Saha equation.
The effects of non-ideality in the thermodynamics of high-density hydrogen plasma on transport properties have been investigated
in the frame of the Chapman-Enskog theory.The electrical conductivity of Debye plasma also exhibits a dependence on the total
electron density that is affected by the pressure ionization, i.e. the minimum behavior of the conductivity and the Mott transition
merging to the fully ionized regime.
References
[1] T. Sako, G. H. F. Diercksen, J. Phys. B 36 (2003) 1681.
[2] U. Merkt, J. Huser, M. Wagner, Phys. Rev. B 43 (1991) 7320.
[3] R. Dutt, A. Mukherjee, Y. P. Varshni, Phys. Lett. A 280 (2001) 318.
[4] D. G. Hummer, D. Mihalas, D., Astrophys. J. 331 (1988) 794.
[5] D. Kremp, M., Schlanges, W. D. Kraeft, Quantum Statistic of Nonideal Plasmasin Springer Series on Atomic, Optical and Plasma
Physics 25 Springer, 2005.
[6] M. Capitelli, G. Colonna, A. D’Angola, Fundamental Aspects of Plasma Chemical Physics: Thermodynamics, in Springer Series on
Atomic, Optical, and Plasma Physics 66 Springer, 2012.

#P099 - Time-dependent optical systems and PT-Symmetric Hamiltonians
Margherita Lattuca - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM
Other Authors: Fabio Bagarello, Dipartimento di Energia, Ingegneria dell'Informazione e Modelli Matematici, Università degli Studi di Palermo,
Italy, and INFN, Torino, Italy; Roberto Passante, Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Via Archirafi 36,
I-90123 Palermo, Italy; Lucia Rizzuto, Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Via Archirafi 36, I-90123
Palermo, Italy; Salvatore Spagnolo, Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Via Archirafi 36, I-90123
Palermo, Italy

In recent years non-Hermitian Hamiltonian have been frequently used to describe dissipative effects in open optical systems.
We consider a two-level atom interacting with a single cavity mode of the electromagnetic field in the rotating wave
approximation, when one parameter of the system is periodically modulated in time. This system is also relevant for the dynamical
Casimir and Casimir-Polder effects. In particular, we consider a periodically driven transition frequency of the two-level system and
a periodic change of the frequency of the cavity mode. We show that, for appropriate choices of the system parameters, both cases
can be simulated with a static non-Hermitian PT-symmetric JC Hamiltonian with an imaginary coupling constant. Finally, we
investigate both mathematical and physical properties of this non-Hermitian Hamiltonian.

#P100 - Halloysite as sustainable nanomaterial for water-in-oil emulsion stabilization
Giuseppe Lazzara - Università degli Studi di Palermo
Other Authors: Giuseppe Cavallaro (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo), Stefana Milioto (Dipartimento di Fisica e
Chimica, Università degli Studi di Palermo), Filippo Parisi (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo)

We prepared biocompatible hybrid halloysite nanotubes (HNTs) with a tunable hydrophobic/hydrophilic interface. The selective
modification of the HNTs external surface with cationic surfactants endows to generate tubular nanostructures with an
hydrophobic shell and an hydrophilic cavity.To this aim alkyltrimethylammonium bromides have been tested. The influence of the
surfactants alkyl chain on the HNTs functionalization degree has been investigated. The dynamic behavior of the surfactant/HNT
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hybrids in solvents with variable polarity has been correlated to their affinity towards hydrophobic media explored through
partition experiments. Water contact angle experiments proved that lengthening the alkyl chain of the surfactant generates the
enhancement of surface hydrophobicity. The water-in-oil emulsion is able to solubilize copper sulphate proving the incorporation
and the loading of hydrophilic compounds into the HNTs lumen. Here we have fabricated ecocompatible reverse micelles with
tunable hydrophobic/hydrophilic interface that might be suitable for industrial and biological applications as well as for selective
organic synthesis. The prepared reverse inorganic micelles are efficient nanocontainers for the entrapment of the hydrophilic
antibacterial agents. These features may be further exploited for biotechnological, conservation of cultural heritage and
pharmaceutical applications.

#P101 - Tracking the molecular mouse trap mechanism in alpha1-antitrypsin with time-resolved X-ray solution
scattering
Matteo Levantino - University of Palermo, Dept. of Physics and Chemistry
Other Authors: James A. Irving (Department of Medicine, University College London, London, United Kingdom) Vincenzo Martorana (Institute of
Biophysics, National Research Council of Italy, Palermo, Italy) Imran Haq (Department of Medicine, University College London, London, United
Kingdom) Mauro Manno (Institute of Biophysics, National Research Council of Italy, Palermo, Italy) David A. Lomas (Department of Medicine,
University College London, London, United Kingdom)

The inhibitory activity of proteins belonging to the serpin family is based on a peculiar mouse-trap mechanism: an exposed loop of
the serpin molecule is cleaved by the target protease thus triggering the insertion of the loop into a beta-sheet of the serpin and
the disruptive translocation of the protease. We have used time-resolved X-ray solution scattering to investigate the profound
structural changes that occurs upon interaction of alpha1-antitrypsin (AAT), the prototypical member of the serpin family, and the
protease chymotrypsin (CHY). Stopped-flow millisecond resolved experiments have been performed at the ID02 beamline of the
European Synchrotron Radiation Facility (ESRF). The time evolution of the X-ray scattering patterns can be well described in terms
of a kinetic model implying the presence of two distinct structural intermediates in the pathway connecting the Michaelis complex
with
the
final
stable
AAT-CHY
covalent
complex.

#P102 - Inhibition of insulin aggregation by alpha-casein: the effect on different nucleation mechanisms as a tool
for the investigation of amyloid formation
Fabio Librizzi - Consiglio Nazionale delle Ricerche, Istituto di Biofisica, U.O.S. Palermo
Other Authors: Rita Carrotta (Consiglio Nazionale delle Ricerche, Istituto di Biofisica, U.O.S. Palermo, Via Ugo La Malfa 153, 90146 Palermo),
Dario Spigolon (Consiglio Nazionale delle Ricerche, Istituto di Biofisica, U.O.S. Palermo, Via Ugo La Malfa 153, 90146 Palermo; Dipartimento di
Fisica e Chimica, Università di Palermo, Viale delle Scienze Ed. 17, 90128 Palermo), Donatella Bulone (Consiglio Nazionale delle Ricerche, Istituto
di Biofisica, U.O.S. Palermo, Via Ugo La Malfa 153, 90146 Palermo), Pier Luigi San Biagio Consiglio Nazionale delle Ricerche, Istituto di Biofisica,
U.O.S. Palermo, Via Ugo La Malfa 153, 90146 Palermo)

The inhibition of protein aggregation is currently one of the most challenging topics in biomolecular research. Alpha-casein, which
is abundantly found in bovine milk, has been recently shown to hinder the aggregation process in several proteins, including the
1,2
amyloid beta-peptide, involved in Alzheimer disease . The molecular mechanisms underlying this inhibitory effect are not
completely clear and, given the importance and the multiplicity of the applications, need to be further investigated.
We studied the effects of alpha-Casein on insulin, a 51-residue hormone which constitutes a suitable model system for the
investigation of the general properties of amyloid formation. Importantly, as for other proteins, insulin aggregation is known to be
3-5
strongly affected by the existence of secondary nucleation pathways We show that alpha-casein has a very strong inhibiting
effect on insulin amyloid formation, even at extremely low doses (down to 1:1000 molar ratio), when the aggregation process is
characterized by secondary nucleation. At difference, the inhibitory effect is vanishing in other cases, such as the initial oligomer
6
formation observed at high concentration, which does not involve secondary nucleation pathways . These findings indicate that an
efficient inhibition of amyloid formation can be achieved by chaperone-like systems by sequestering the early aggregates, before
they become able to trigger the exponential proliferation brought about by secondary nucleation mechanisms. Moreover, the
different extent of the chaperon-like activity of alpha-casein can help to single out the various steps and processes which affect
amyloid formation.
1. Carrotta R. et al., 2012, Biochim. Biophys. Acta 1820: 124-132.
2. Carrotta R. et al., 2012, J. Phys. Chem. B 116:14700-14707.
3. Librizzi F. et al., 2005, Prot. Sci. 14: 3129-3134.
4. Foderà V. et al., 2008, J. Phys. Chem. B 112: 3853-3858.
5. Foderà V. al., 2009, J. Phys. Chem. B 113: 10830-10837.
6. Librizzi F. et al., 2014, J. Phys. Chem. Lett. 5: 3043-3048.

#P103 - COMPARISON OF CHARACTERISTICS OF FRICKE XYLENOL ORANGE GEL DOSIMETERS
MADE WITH VARIOUS GEL MATRICES
Giulia M. Liosi - Department of Energy, Nuclear Engineering Division-CeSNEF
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Other Authors: G. Gambarini (Department of Physics, Università degli Studi di Milano and INFN, Milano, Italy), S. Benedini (Department of
Energy, Nuclear Engineering Division-CeSNEF, Politecnico di Milano, Milano, Italy), D. Dondi (Dipartimento di Chimica, Università di Pavia,
Pavia, Italy), S. Lazzaroni (Dipartimento di Chimica, Università di Pavia, Pavia, Italy), A. Zeffiro (Dipartimento di Chimica, Università di Pavia,
Pavia, Italy), R.Marconi (Dipartimento di Chimica, Università di Pavia, Pavia, Italy), F. Giacobbo (Department of Energy, Nuclear Engineering
Division-CeSNEF, Politecnico di Milano, Milano, Italy), M. Mariani (Department of Energy, Nuclear Engineering Division-CeSNEF, Politecnico di
Milano, Milano, Italy), M. Carrara (Medical Physics Unit, Fondazione IRCCS Istituto Nazionale Tumori, Milano, Italy), E. Pignoli (Medical Physics
Unit, Fondazione IRCCS Istituto Nazionale Tumori, Milano, Italy)

During the last decades, the interest in gel dosimeters for medical application has increased
thanks to good properties that make them promising for good precision and high resolution
measurements of the dose spatial distribution in radiotherapy. In particular, both Polymeric-gel and
Fricke-XylenolOrange-gel (FXG) dosimeters were developed, but the FXG dosimeters possess
further advantages for the application and have shown more reliable results.
It is known that FXG dosimeters have a dose response that depends on: i) the time elapsed
between preparation and irradiation, ii) the time elapsed between irradiation and analysis, iii)
subsequent irradiations. These characteristics result to be different for the different gelling agents.
Various gel matrices have been investigated. Gelatin from porcine skin, Agarose and PVA are the
gelling agents most commonly chosen for FGX dosimeters.
In this work, investigations have been carried out concerning the influence, on the dosimeter
response, of the time elapsed between preparation and irradiation, or between irradiation and
measurements. Moreover, the sensitivity of the dosimeters for subsequent exposures has been
inspected. The results obtained with the three gelling agents, gelatin, Agarose and PVA, have been
compared.
The achieved results have shown good consistency with the variation identified in the
absorption spectra shapes for dosimeters irradiated with various doses and several subsequent
exposures.
#P104 - Dynamical weakening, remote triggering and acoustic fluidization in a fault system
Eugenio Lippiello - Department of Mathematics and Phsyics Second University of Naples
Other Authors: Massimo Pica Ciamarra, CNR--SPIN, Dept. of Physics, University of Naples ``Federico II'', Naples,, Nanyang Technological
University, Singapore Ferdinando Giacco,, CNR--SPIN, Dept. of Physics, University of Naples ``Federico II'', Naples, Lucilla de Arcangelis, Dept. of
Industrial and Information Engineering, Second University of Naples and CNISM, Aversa (CE),

The unexpected weakness of some faults has been attributed to the emergence of acoustic waves that promote failure by reducing
the confining pressure through a mechanism known as acoustic fluidization, also proposed to explain earthquakes remote
triggering. Here we validate this mechanism via the numerical investigation of a granular fault model system. We find that the
stick-slip dynamics is affected only by perturbations applied at a characteristic frequency corresponding to oscillations normal to
the fault, leading to gradual dynamical weakening as failure is approaching. Acoustic waves at the same frequency spontaneously
emerge at the onset of failure in absence of perturbations, supporting the relevance of acoustic fluidization in earthquake
triggering.

#P105 - Time-of-flight analysers for Hard X-ray Photoelectron Spectroscopy at Free Electron Lasers
Valerio Lollobrigida - Dipartimento di Matematica e Fisica, Università Roma Tre
Other Authors: G. Greco (Dipartimento di Scienze, Università Roma Tre), D. Simeone (Dipartimento di Scienze, Università Roma Tre), A. Verna
(Dipartimento di Scienze, Università Roma Tre), F. Offi (Dipartimento di Scienze, Università Roma Tre), G. Stefani (Dipartimento di Scienze,
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The advent of fourth generation synchrotron radiation facilities, namely the Free Electron Lasers (FELs), able to provide short (2 33
2
2
100 fs) but intense (10 photons/s/mm /mrad /0.1%bandwidth) pulses of light also in the hard X-ray regime (photon energy above
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2000 eV), opens new possibilities to study the ultrafast dynamics of processes exploiting the capability of Hard X-ray Photoelectron
Spectroscopy (HAXPES) to measure core-level spectra of elements with bulk sensitivity.
In order to detect the intense bursts of high kinetic energy electrons generated by the X-ray pulses with an energy resolution
comparable to that offered by the existing category of electron analysers, a new class of spectrometers also able to discriminate
between electron bunches generated by consecutive photon pulses must be designed. A natural choice may be that of time-offlight (TOF) spectrometers, which require a time reference in order to measure kinetic energies.
We present a characterisation of two different TOF spectrometers, namely one based on a standard retarding cylindrical lens and
1
one based on the spherical reflector geometry . SIMION® software has been used in order to evaluate electron trajectories of high
kinetic energy electrons (5000 – 10000 eV) and extract transmission properties, angular acceptance and energy resolution. It
resulted that while the linear system is able to accept a larger solid angle (cone aperture ±7° for the linear TOF and ±2° for the
spherical reflector), the spherical mirror offers a better energy resolution (about 60 meV at 5000 eV kinetic energy compared to 1.5
eV at 10250 eV for the linear lens). This energy resolution values are obtained considering only the time resolution of the detector
(such as a microchannel plate, MCP). Both analysers are capable to transmit a range of kinetic energies with a transmission above
90% wide enough to measure at the same time core level spectra from most elements (110 eV for the linear lens and 40 eV for the
spherical reflector). Furthermore, we proved that both instruments are able to discriminate between two consecutive electron
bunches having a temporal separation of about 220 ns as in the case of the European X-ray Free Electron Laser (EXFEL), which is
currently under construction at Hamburg.
[1] V. Lollobrigida et al., in preparation
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Intra-operative radiation therapy (IORT) is a treatment modality where a single high dose of radiation is delivered directly to the
tumor bed or to the exposed tumor during the surgical intervention, while avoiding surrounding dose-limiting structures. Mobile
electron linear accelerators dedicated to IORT have been manufactured which have promoted a local large diffusion of this
radiotherapy modality.
For breast irradiation, a single fraction of 21 Gy delivered on the target volume during the surgical procedure is equivalent to the
total dosage (60 Gy) usually delivered during 30 external fractionated radiotherapy at 2Gy/fraction. Alternatively, a single dose of
10 Gy can be administered as Intra-Operative Boost to the tumor bed, followed by hypo-fractionated or conventional external
beam whole breast radiotherapy.
This work reports a comparison between the response of alanine and Markus ionization chamber carried out for measurements of
the output factors (OF) of electron beams produced by a linear accelerator used for IORT. Output factors (OF) for conventional
high-energy electron beams are normally measured using ionization chamber according to international dosimetry protocols.
However, the electron beams used in IORT have characteristics of dose per pulse, energy spectrum and angular distribution quite
different from beams usually used in external radiotherapy, so the direct application of international dosimetry protocols may
introduce additional uncertainties in dosimetric determinations. The high dose per pulse could lead to an inaccuracy in dose
measurements with ionization chamber, due to overestimation of ks recombination factor. Furthermore, the electron fields
obtained with IORT-dedicated applicators have a wider energy spectrum and a wider angular distribution than the conventional
fields, due to the presence of electrons scattered by the applicator’s wall. For this reason, a dosimetric system should be
characterized by a minimum dependence from the beam energy and from angle of incidence of electrons. This become particularly
critical for small and bevelled applicators. All of these reasons lead to investigate the use of detectors different from the ionization
chamber for measuring the OFs.
Furthermore, the complete characterization of the radiation field is achieved also by the use of Monte Carlo Geant4 simulations
which allows to obtain detailed information on dose distributions. We compared the output factors obtained by means of alanine
dosimeters and Markus ionization chamber. The results are characterized by a good agreement of response of alanine pellets and
Markus ionization chamber and Monte Carlo results (within about 3%) for both flat and bevelled applicators.
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Titanium dioxide (TiO2), thanks to its interesting properties as nontoxicity, low cost and high chemical stability, has been extensively
investigated for several application in which, following light absorption, the generated charges can be usefully applied, as for
photovoltaic applications or for photocatalytic devices. However, due to the wide intrinsic energy gap of TiO2 (between 3.0 and 3.2
eV, depending on the crystalline structure), only a small fraction of the solar spectrum can be used to promote the light absorption.
In the photocatalytic devices one of the most important goal of the recent research is to be able to prepare photocatalyst which
can be active by absorbing the visible light, in order to increase the application of TiO2-based system in poor regions (where it could
be difficult to use UV light sources) or to reduce the application cost. In order to increase the fraction of the solar spectrum that can
be absorbed, different approaches have been used, mainly by doping TiO2 with metals or anions.
In this paper we will present the results on the investigation on the photocatalytic properties of N-doped TiO2 thin films deposited
by drop-coating on different substrates (glass, alumina), both flat and as membranes. The solution was prepared using the sol-gel
method and, after the deposition, the samples were annealed at different temperatures to promote the formation of a crystalline
phase. The samples have been characterized by using X-ray photoemission spectroscopy (XPS), X-ray diffraction (XRD) and
Secondary Electron Microscopy (SEM). The photocatalytic tests have been performed following the degradation of carbamazepine
under illumination of visible light (from a solar simulator). The SEM images have shown the presence of a rough surface composed
by nanocrystals, with an anatase form, determined by XRD, if the annealing temperature is higher than 300°C. The nitrogen
concentration, determined by means of XPS, is quite low, about 2%, and decreases after the annealing process. From the careful
analysis of the N1s peak, the presence of interstitial nitrogen has been reported. The photocatalytic tests have shown that the Ndoped TiO2 films are able to promote the degradation of carbamazepine up to about 70% of the initial concentration
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Alzheimer’s Disease (AD) is the most common neurodegenerative disorder, whose incidence dramatically increases with the aging
of the population. Signs and symptoms of clinically manifest AD are well characterized and one of the hallmarks of this devastating
pathology is the formation of extracellular amyloid plaques in the brain. These deposits are composed by well-ordered, β-sheet
rich, fibers of Amyloid β peptides (Aβ) produced by the aberrant proteolysis of the Amyloid Precursor Protein (APP) in residues of
39-43 amino acids. However, recent studies indicate that small soluble oligomers are more toxic than monomers or fibrils in
causing neuronal disease. Based on this evidence, new therapeutic approaches mainly target the inhibition of Aβ aggregation or
deliver the unstable amiloidogenic monomers towards the formation of harmless and stable aggregates. In this context, molecular
chaperones are crucial in targeting either the aggregation, or protein misfolding, or enhancing the clearance of toxic derivatives
produced by Aβ. Different chaperones have been already described as potential inhibitors of the fibrillation process of Aβ. Indeed,
these highly conserved cellular machines play a fundamental role in controlling protein misfolding and keeping the homeostasis in
vivo throughout different and complex mechanisms. Compelling evidence by others and us indicates a mechanism of interaction
between Aβ and the mitochondrial chaperonin Hsp60 that might be crucial for the prevention of the neurological damage
associated with AD pathology. However, the mechanism governing the Aβ-Hsp60 interaction is not fully understood. In this work
we investigate the role of Hsp60 in the aggregation pathway of Aβ peptide. In order to achieve our goal, different biophysical
techniques as fluorescence, circular dichroism spectroscopy, high performance liquid chromatography, atomic force microscopy
(AFM) have been used. On the whole, our results indicate that the interaction between Aβ and Hsp60 is characterized by an antiamyloidogenic activity. Our results highlight the potential use of Hsp60 in the development of innovative strategies for AD
treatment.
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Neuroserpin (NS) is a tissue plasminogen activator (tPA) serpin inhibitor in the brain, belonging to the SERPIN suprfamily
andinvolved in different neurological pathologies, including the Familial Encephalopathy with Neuroserpin Inclusion Bodies (FENIB),
related to the aberrant polymerization of neuroserpin mutants. So far, a pharmacological treatment of FENIB, i.e. an inhibitor of NS
polymerisation, remains an unmet challenge. Here, we present the biophysical characterisation of the effects of embelin (EMB), a
small natural compound, on NS conformational stability and polymerisation. EMB does not unfold NS molecules, but destabilises all
known NS conformers, specifically binding to NS molecules. In particular, NS polymers disaggregate in the presence of EMB, and
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their formation is prevented. The NS/EMB complex does not inhibit tPA proteolytic activity. Both effects are pharmacologically
relevant: firstly by inhibiting the NS polymerisation associated to FENIB, and the secondly by antagonizing metastatic processes
facilitated by NS activity in the brain.

#P110 - Characterization of skeletal muscle-derived extracellular vesicles (EVs): the effect of palmitoylation in
EV biogenesis and the structural organization of their membrane
Valentina Buffa - National Research Council of Italy, Institute of Biophysics
Other Authors: Valentina Buffa,1 Samuele Raccosta,2 Daniele Romancino,1 Antonietta Notaro,1 Rosina Noto,2 Vincenzo Martorana,2 Mauro
Manno,2 Antonella Bongiovanni 1 1. Inst. of Biomedicine and Molecular Immunology, Natl. Res. Council of Italy, via Ugo La Malfa 153, 90146
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Several cell types have the capacity to secrete extracellular vesicles (EVs)with a size ranging from hundreds to tens of nanometers
(Exosomes), which contain cell-specific collections of proteins, lipids, and genetic material. Skeletal muscle (SkM) cells can release
Alix-positive EVs (Romancino et al., FEBS J. 2013), suggesting a new paradigm for understanding how muscles communicate with
other organs, such as adipose tissue, bones, the brain, or tumors. Here,we have used an integrated biological/biophysical approach
to determine whether protein lipidation (i.e., palmitoylation) affects the localization of EV modulator(s), EV biogenesis, and
EV structural organization and heterogeneity. Protein palmitoylation was altered using a specific inhibitor (2-Br-Palmitate, 2BP).
The biochemical analyses of exosome-specific biomarkers/regulatorsallowed us to determine that Alix is palmitoylated and that
palmitoylation inhibition altered its subcellular localization. Also, we showed that palmitoylation inhibition altered the size and
heterogeneity of EV, by using dynamic light scattering (DLS), that is here established as a routine technique to analyze and compare
the size and diffusional properties of EVs in dispersion in different experimental settings. Small-angle X-ray scattering (SAXS)
showed that the structural organization of the lipid bilayer of 2BP-treated EV, is qualitatively different compared to non-treated EV.
Thus, we propose that palmitoylation might function to regulate the proper function of Alix in SkM-derived EVbiogenesis and to
maintain proper EV membrane structural organization.Beside its biological relevance, our study sets the route for a comprehensive
structural characterization of EV, which is expected to be crucial in the design of engineered exosomes tobe employed in the tissue
regeneration field, e.g.to help in recovery from muscle atrophy and/or injury.

#P111 - Diffusion coefficient of PVA Fricke gel dosimeters
Andrea Marini - Dipartimento di Ingegneria Civile e Industriale, Università di Pisa
Other Authors: C. Corradi (Università di Pisa), S. Gallo (Università di Palermo and INFN Sez. Catania), M.G. Cascone (Università di Pisa), L.
Lazzeri (Università di Pisa), M. Marrale (Università di Palermo and INFN Sez. Catania), F. d’Errico (Università di Pisa and Yale University)

Fricke gel dosimeters based on various matrix has been studied for a long time as 3D dosimetric system for radiotherapy. Selfoxidation and loss of spatial resolution due to diffusion have been the main issues that have impaired the affirmation of this
technique so far. As part of an Italian nation-wide research program, we were interested in develop new gel formulations that are
3+
simple, reproducible and non toxic. We studied the one dimensional diffusion coefficient of Fe ions inside Fricke gel dosimeters
based on a matrix of PVA cross-linked with a di-aldehyde. With a spectrophotometer equipped with a moving tray we were able to
collect absorbance measurements at different positions of the gels. The method is simple, reproducible and has a good spatial
resolution. We found that the amount of di-aldehyde influences the initial absorbance, as well as the cross-linking degree of the
gel. We tested different compositions in order to combine a low initial absorbance, slow diffusion and a good sensibility.

#P112 - Patterns of high-frequency trading networks at NASDAQ OMX Helsinki
Luca Marotta - University of Palermo
Other Authors: Jyrki Piilo (Turku Centre for Quantum Physics, Department of Physics and Astronomy University of Turku, Finland), Rosario N.
Mantegna (Dipartimento di Fisica e Chimica, Università di Palermo, Palermo, Italy and Center for Network Science and Department of Economics,
Central European University, Budapest, Hungary)

We investigate trade networks and high-frequency sub-networks of market members trading at NASDAQ OMX Helsinki. We label a
trade as a high-frequency trade if it belongs to a group of trades that are occurring with inter-trade time intervals shorter or equal
to one millisecond. For several securities we monthly analyze the networks of high-frequency trades between pairs of market
members. We perform a statistical validation [1] of the links forming these networks against a random null hypothesis which
preserves the heterogeneity of each market member's performed transactions. The statistically filtered networks, containing both
over-expressed and under-expressed links, allow the identification of actual high-frequency trading players and market members
who are trading by them. We also provide statistical evidence of the presence of preferential relationships between market
members in the network consisting of all trades for a given security, in spite of market anonymity. A possible correlation between
the validated network of all trades and the validated network of high-frequency trade is examined.
[1] Tumminello M, Miccichè S, Lillo F, Piilo J, Mantegna RN (2011) Statistically Validated Networks in Bipartite Complex Systems.
PLoS ONE 6(3): e17994. doi:10.1371/journal.pone.0017994
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Alongside with the development of Neutron Capture Therapy (NCT) and the use of thermal neutrons for radiotherapeutic purposes,
many efforts have been devoted to the characterization of the beam in order to optimize therapy procedures. Reliable dose
measurements should be able to determine the various (neutrons and photonic) components of the mixed beam usually employed
for therapy.
This paper studies the effect of additives such as Boric and Gadolinium nuclei on the sensitivity of neutron organic (alanine and
ammonium tartrate) dosimeters analyzed through Electron Spin Resonance (ESR) technique. These dosimeters were exposed to a
10
64
mixed (neutron-gamma) field mainly composed of thermal neutrons. The choice of B and Gd as nuclei additives is due to their
very high capture cross section for thermal neutrons. Also, after the nuclear reaction with thermal neutrons are emitted particles,
which in turn release their energy in the vicinity of the reaction site.
The irradiation with mixed (neutron-gamma) field were performed within the thermal column of the TRIGA reactor, University of
Pavia. Dosimeters readout was performed through the Electron Spin Resonance (ESR) spectrometer Bruker ECS106 located at the
Laboratory of Dosimetry ESR / TL of the Department of Physics and Chemistry - University of Palermo.
We found that the addition of Gadolinium allows to largely increase the sensitivity of the dosimeters for thermal neutrons. In
particular, a low concentration (5% by weight) of gadolinium oxide leads to an improvement of the sensitivity of neutrons more
than 10 times. In addition, for this low content of gadolinium the photon tissue equivalence is not heavily reduced. This
experimental analyses are compared with computational analyses carried out by means of Monte Carlo simulations performed with
the MCNP (Monte Carlo N-Particle) transport code. A good agreement was observed for alanine dosimeters.
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Fricke Xylenol Gel (FXG) dosimetric system is based on the radiation induced oxidation of ferrous (Fe ) to ferric (Fe ) ions.
The application of Fricke gels for ionizing radiation dosimetry is continuously increasing worldwide due to their many favorable
properties. However, one of their shortcomings is that ferrous and ferric ions diffuse in the gel matrix. To maintain the spatial
integrity of the dose distribution, Fricke gels must be undergoing measurement within a few hours of their irradiation, so that ferric
ions remain close to their point of production. Thus, the spatial integrity of the dose distribution in the Fricke gel is maintained.
The gel matrix also contributes to the oxidation of ferrous ions during irradiation, increasing the chemical yield of ferric ions in
aqueous solution and increasing the sensitivity of the dosimeter.
The oxidation of ferrous ions also causes a reduction of the longitudinal nuclear magnetic relaxation time T1 which can be
measured by means of Nuclear Magnetic Resonance Relaxometry (NMR) and Magnetic Resonance Imaging (MRI).
The results presented are related to an experimental investigation conducted on Fricke Gels characterized by gelatinous matrix of
Agarose or PVA.
We performed NMR relaxometry investigations which allow for direct measurements of the relaxation times in samples exposed to
clinical photon beams. The main dosimetric features of the NMR signal were investigated. The gels were irradiated in the clinical
dose range between 0 and 20 Gy. In order to assess the photon sensitivitywe analyzed the dependence of NMR relaxation time on
radiation dose with varying ferrous ammonium sulfate content inside FXGs. Furthermore, signal stability was followed for several
days after irradiation.
These measurements were preliminary to MRI analysis which can permit 3D dose mapping. In order to optimized the MRI response
a systematic study was performed to optimize acquisition sequences and parameters. In particular, we analyzed for inversion
recovery sequences the dependence of MRI signal on the repetition time TR and on the inversion time TI.
The dose calibration curves are reported and discussed from the point of view of the dosimeter use in clinical radiotherapy. This
work has highlighted that the optimization of additives inside gel matrix is fundamental for optimizing photon sensitivity of these
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detectors. We can conclude that FXG dosimeters with optimal ferrous ammonium sulfate content can be regarded as a valuable
dosimetric tool to achieve fast information on spatial dose distribution.
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Giuseppe Maruccio - University of Salento
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Complex transition metal oxides present interesting physical phenomena, such as high dielectric permittivities, ferroelectricity and
multiferroicity. Their extreme sensitivity to structural distortions and crystal chemistry offers many routes to control these
properties. Here we report our activity on multiferroic and high-k oxides.
BiFeO3 (BFO) is a promising multiferroic material for its high ordering temperatures far above room temperature (Néel temperature
TN = 643K and a ferroelectric ordering below Tc=1103K). A robust and large exchange bias effect has been demonstrated at room
temperature in BiFeO3/CoFeB heterostructures. The exchange bias and magnetoelectric coupling at a BFO/ferromagnet interface
can play a key role in the development of electrically controlled spin devices.Our activity ranges from target preparation and
optimization to a systematic study of thin films deposited by PLD. The realization of targets with phase and stoichiometry control
still represents a significant task, since the quality of the BFO film strongly depends from target characteristics. Structural, dielectric
and ferroelectric characterizations of both bulk and thin films were performed using X-Ray Diffraction, impedance spectroscopy
and ferroelectric characterization by means of a train pulses technique, named PUND (positive-up negative-down), and
piezoresponse force microscopy (PFM). A systematic study was then performed to understand the role of each deposition
parameter, such as substrate temperature, oxygen pressure on the structure and impure phase formation during BFO film growth.
It was found that a non-stoichiometric target is preferable to limit the effect of bismuth losses and contain the impure phase
formation. Increasing the oxygen pressure, improved dielectric properties have been observed, due to the decreasing number of
oxygen vacancies.
Bulk Y2CuTiO6 (YCTO) showed high dielectric constant (ε’) and very small dielectric loss. In resonators, antennas and transmitters, a
high dielectric constant and a low dielectric loss are important to miniaturize the devices and reduce the bandwidth. Moreover,
novel materials with improved dielectric properties are required to enhance the performance of CMOS field-effect transistors and
to allow further miniaturization. However a quantitative analysis of the thin films is necessary for device applications. In our work
we compared the dielectric properties of YCTO thin films prepared by PLD and characterized for their dielectric properties in
comparison with SiO2 and MgO. The dielectric constant of YCTO thin films was found to vary from 22 up to 100 at 100 kHz for the
films deposited at 0.5 and 0.05 Pa oxygen pressure, respectively. This last value is about 25 times higher than for SiO2 and 10 times
higher than MgO.
Work to implement these materials in electronic and spintronic devices is currently in progress.
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Other Authors: Giuseppe Cavallaro (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo), Giuseppe Lazzara (Dipartimento di
Fisica e Chimica, Università degli Studi di Palermo), Marina Massaro (Dipartimento STEBICEF, Università degli Studi di Palermo), Renato Noto
(Dipartimento STEBICEF, Università degli Studi di Palermo), Filippo Parisi (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo),
Serena Riela (Dipartimento STEBICEF, Università degli Studi di Palermo)

Volatile organic compounds (VOCs) are chemicals released to the atmosphere by natural and anthropogenic sources. VOCs are
hazardous air pollutants and promote formation of photochemical smog. Variety of chemicals released from pharmaceutical
industry includes priority pollutants like benzene, toluene, and dichloromethane. The aim of this work was at designing, preparing
and characterizing from the physico-chemical view-point a pseudo nano-sponge with low environmental impact for pollutant
removal. As adsorbent material, a nanocomposite based on nanoclay and cucurbiturils, which are biocompatible materials, were
investigated.
Clay minerals (e.g. montmorillonite and kaolin) are important components of soils and sediments. Many have strong sorption
affinities, large specific surface areas and high cation exchange capacities. These aluminosilicates have been tested since more than
40 years ago in the removal of toxic metals or organic pollutants. Among the aluminosilicates, halloysite (Al2Si2O5(OH)4·nH2O) is a
special nano-geomaterial because of its tubular morphology, high porosity and tunable surface chemistry which enabled it to be
utilized as a promising adsorbent for various organic pollutants.
Cucurbiturils are cyclic polymers of glycourils which can exhibit similar host–guest chemistry as cyclodextrins. There are different
homologues of cucurbiturils among which CB[8] selected in this work can hold small gas molecules, aliphatic and aromatic guests.
The adsorption capability of hybrid nano-sponge was investigated and correlated to the structural feature of the adsorbent
sustainable nanomaterial. Toluene was selected as contaminant prototype.
Acknowledgments. The work was financially supported by the University of Palermo, PRIN 2010-2011 (prot. 2010329WPF)
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We report on numerical results of energy spectra of photoelectrons emitted by irradiating an hydrogen atom with a relatively weak
single attosecond XUV pulse in the presence of a two-color IR laser pulse. The densities of probabilities have been obtained by
treating the interaction of the atom with the XUV radiation at the first order of the time-dependent perturbation theory and
describing the emitted electron through the Coulomb-Volkov wavefunction. The results of the calculations agree with the ones
found by numerically solving the time-dependent Schrödinger equation. Specifically, we use an algorithm that implements an high
recision variant of the Cranck Nicolson integration method and allows to take into account the singularity in the Coulomb
potential. Analysis of the spectra obtained for very long pulses show that certain features may be explained in terms of quantum
interferences in the time domain.
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36, 90123 Palermo, Italy), P.P. Corso (Dip.di Fisica e Chimica, via Archirafi 36, 90123 Palermo, Italy), R. Daniele (Dip.di Fisica e Chimica, via
Archirafi 36, 90123 Palermo, Italy), N.Yu. Shubin ( Scientific Research Institute for System Studies of RAS, Moscow, Russia), V.V. Strelkov (General
Institute of Russian Academy of Science, 38, Vavilova st., Moscow, 119991 Russia; Moscow Institute of Physics and Tecnology (State University),
141700 Dolgoprudny, Moscow Region, Russia)

We use a 5-level system to investigate the HHG spectrum emitted by an atom driven by a linearly or elliptically polarized laser field.
For this model the Schrodinger equation is numerically solved and we study the dipendence of the spectra, harmonic intensity and
polarization of emitted radiation on the laser field ellipticity. Studying the intensity of the emitted radiation we find that un alsoder
high laser ellipticity the harmonic emission is greatly reduced; the analysis of results shows that the harmonic intensity and the
emitted radiation depend on the laser ellipticity.

#P119 - Dynamical Properties of the Homogeneous Electron Gas from Auxiliary Fields Quantum Monte Carlo
Mario Motta - Dipartimento di Fisica, Universita' degli Studi di Milano
Other Authors: Davide Emilio Galli (Dipartimento di Fisica, Universita' degli Studi di Milano), Saverio Moroni (IOM-CNR DEMOCRITOS e SISSA,
Trieste) and E. Vitali (Dipartimento di Fisica, Universita' degli Studi di Milano)

Quantum Monte Carlo (QMC) simulations of many body fermionic systems are considerably complicated by the well known sign
problem [1]. Although very accurate approximation schemes have been developed for the calculation of static properties, the
possibility of extending such methodologies to the investigation of dynamical properties is still largely unexplored [2]. Recently, a
number of innovative QMC methods have been conceived, which map the imaginary time evolution into a random walk in the
manifold of Slater determinants. In such methods the sign problem emerges in a different form, and can be treated introducing
approximations that are more likely to permit the study of excited states [5]. We have focused on the phaseless auxiliary Fields
QMC method (AFQMC), developed by S. Zhang [3]. Generalizing the formal manipulations suggested by F. Assaad et al. [4], we
propose a practical scheme to evaluate dynamic correlation functions in imaginary time, giving access to the response functions of
interacting fermionic systems. We assess the accuracy of the methodology via the study of exactly solvable simple models,
comparing AFQMC predictions with exact solutions [5]. We also compute the imaginary time correlation functions and the effective
mass of the two-dimensional homogeneous electron gas in the high-density regime, providing comparison between AFQMC results
and other QMC methods, and with recent experimental data [6].
REFERENCES:
[1] R.P. Feynman, A.R. Hibbs, Quantum Mechanics and Path Integrals, McGraw-Hill (1965)
[2] M. Nava, D. Galli, S. Moroni and E. Vitali: arXiv:1302.1799 (2013)
[3] S. Zhang: 'Quantum Monte Carlo Methods for Strongly Correlated Electron Systems', in Theoretical Methods for Strongly
Correlated Electron Systems, Springer Verlag (2003)
[4] M. Feldbacher and F. F. Assaad: Phys. Rev. B 63, 073105 (2001) [5] M. Motta, D.E. Galli, S. Moroni and E. Vitali, J Chem Phys.
140, 024107 (2014) [6] M. Motta, D.E. Galli, S. Moroni and E. Vitali, in preparation

#P120 - Scaling behaviours at first order quantum transitions
Jacopo Nespolo - Dip. di Fisica dell' Università di Pisa and INFN, Sez. Pisa
Other Authors: Massimo Campostrini and Ettore Vicari (Dip. di Fisica dell'Università di Pisa and INFN, Sez. Pisa), Andrea Pelissetto (Dip. di Fisica
di "Sapienza", Università di Roma and INFN, Sez. Roma I)

The theoretical description of phase transitions and critical phenomena primarily takes place in the ideal settings of infinite and
spatially homogeneous conditions. Yet the way in which a system undergoes a phase transition can be substantially modified by its
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finiteness and the presence of inhomogeneities. At continuous phase transitions, characterised by the development of diverging
correlations at criticality, the theories of finite-size scaling (FSS) and trap-size scaling (TSS) can account for the modified critical
behaviours of systems in finite and inhomogeneous conditions, respectively.
Systems that undergo first-order (or discontinuous) phase transitions are characterised by discontinuities of thermodynamic
quantities across the transition and do not develop diverging correlations at the transition in the thermodynamic limit.
Nevertheless, finite-size effects do affect these systems, in the form of a rounding and smoothing of the transitions' discontinuities.
After reviewing our understanding of scaling behaviours at continuous transitions, we show that sensible theories of FSS and TSS
can be put forward in the context of finite or inhomogeneous systems undergoing first order quantum transitions (FOQT). Our
results are confirmed by numerical simulations on the quantum Ising chain in transverse and parallel fields and on the q-state
quantum Potts chain with q>4, both affected by FOQT. Our theory is especially important in the interpretation of experimental or
numerical data, providing tools to discriminate between a smoothed discontinuous transition and a genuine continuous transition.

#P121 - Functional connectivity modulation induced by transcranial direct current stimulation of the motor
network investigated by resting state fMRI
Stefania Nici - Department of Physics and Chemistry, University of Palermo
Other Authors: Maurizio Marrale (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Giorgio Collura
(Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Salvatore Gallo (Department of Physics and Chemistry,
University of Palermo and INFN Catania Section and PH3DRA Laboratories, University of Catania), Tommaso Piccoli (Department of Experimental
Biomedicine and Clinical Neurosciences), Cesare Gagliardo (Department of Biotechnology, Medical and Forensic Biopathology), Massimo Midiri
(Department of Biotechnology, Medical and Forensic Biopathology), Maria Brai (Department of Physics and Chemistry, University of Palermo and
INFN Catania Section),

During rest the brain network is not idle, but rather shows a vast amount of spontaneous activity that is highly correlated between
multiple brain regions. Resting state functional Magnetic Resonance Imaging (rs-fMRI) analyses focuses on spontaneous low
frequency fluctuations (< 0.1 Hz) in the BOLD signal and investigates synchronous activations between regions that are spatially
distinct (functional connectivity, FC), occurring in the absence of a task or stimulus.
Transcranial Direct Current Stimulation (tDCS) is a non-invasive brain stimulation technique that is known to modulate cortical
activity and FC among brain regions, as measured by functional Magnetic Resonance Imaging. It is well established that motor
response (motor evoked potentials, MEP) is enhanced by anodal tDCS stimulation and reduced after catodal tDCS stimulation, for a
period of about 5 minutes. Further studies showed different patterns of FC modulation after tDCS, depending on polarity but also
on the regions studied, but little is known about the duration of the effect.
This study is aimed at measuring the variation of functional connectivity between cortical brain regions after tDCS along time. For
this purpose we enrolled 20 healthy right-handed subjects. All subjects underwent 4 sessions RS-fMRI (10’ each, TR 2’’, 300
volumes, 1.5T scanner): 2 immediately before and 2 after 20’ tDCS over left M1. 12 of them received real (anodal) tDCS, 8 received
sham stimulation. Data from 6 subjects (5 real, 1 sham) have been excluded for movement artifacts or other technical problems.
We analyzed FC between left and right M1 with two different statistical analyses: Seed-based Correlation Analysis (SCA) and the
Temporal Concatenation Group ICA (TC-GICA).
Seed-based Correlation Analysis showed a significant decrease of FC during the first fMRI acquisition immediately after anodal tDCS
stimulation(p=0.005), that got back to baseline during the last fMRI session. This behavior was not found in subjects who
underwent sham stimulation (p=0.12).
The Temporal Concatenation Group ICA (TC-GICA) showed that immediately after anodal stimulation the average value of voxels
decreases significantly (p <0.05) whereas there is no significant decrease in the case of sham tDCS stimulation.
Our results shows that anodal tDCS is able to induce connectivity changes within motor network, that is reversible in a period
lasting between 10’ and 20’ after stimulation.

#P122 - A fourth-order method for the calculation of Casimir-Polder forces in terms of vacuum fluctuations and
radiation reaction field
Antonio Noto - Università degli studi di Palermo and Laboratoire Charles Coulomb-Université de Montpellier
Other Authors: Jamir Marino (Institute of Theoretical Physics, TU Dresden, D-01062 Dresden, Germany), Roberto Passante (Dipartimento di Fisica
e Chimica, Università degli Studi di Palermo and CNISM, Palermo, Italy)

We consider two two-level atoms interacting with the relativistic scalar field in the vacuum state
or in a thermal state. We extend to the fourth order in the coupling constant the general procedure
by Dalibard, Dupont-Roc and Cohen-Tannoudji [1], in order to evaluate the dispersion interaction
energy between the atoms and separate it in contributions from vacuum fluctuations and radiation
reaction field. This method can be also easily generalized to the electromagnetic field and to other
states of the field. By considering the rate of change of an arbitrary atomic observable GA/B given
by the Heisenberg equations (A and B indicate the two atoms), we exploit the possibility to split the
field and atomic operators in a free and a source part. We thus obtain two different contributions
to the evolution rate of GA/B with a clear physical origin: a vacuum fluctuations contribution that
can be interpreted as due to field fluctuations inducing correlated polarizations on the two atoms,
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and a radiation reaction contribution due to the presence of the atoms that polarize the field which
in turn reacts back on the atoms. Our method is pretty general and the equations obtained for
the fourth-order interaction energy can be also used in several physical situations. In particular,
we apply it to evaluate the dispersion interaction energy between the two atoms in three different
cases: atoms at rest in the vacuum, atoms at rest in a thermal bath and atoms accelerating in the
same direction in the vacuum [2]. The latter case is also related to the Unruh effect.
[1] J. Dalibard, J. Dupont-Roc, and C. Cohen-Tannoudji, J. Physique 43, 1617 (1982); J. Physique 45 637 (1984).
[2] J. Marino, A. Noto, and R. Passante, Phys. Rev. Lett. 113, 020403 (2014).

#P123 - The influence of interparticle correlations on the scattering and birefringence in magnetic fluids:
combined simulation and theoretical study
Ekaterina Novak - Ural Federal University
Other Authors: Elena Minina (Institute for Computational Physics, University of Stuttgart, Stuttgart, Germany (Current place of work)), Elena
Pyanzina (Ural Federal University)

Сommercial magnetic fluids are polydisperse stable suspensions of single domain magnetic
particles. Ferroparticles of such small sizes (typical diameter 10–20 nm) can be considered as
uniformly magnetized; each particle has a permanent magnetic dipole moment. The magnetic cores
are usually stabilized with a surfactant shells to prevent particle agglomeration. In theory one
usually employs dipolar hard sphere model to describe the properties of ferrofluids. Another
efficient method to describe the response of magnetic fluids is to use a computer simulations. We
choose bidisperse system as the first step to take into account polydispersity of ferrofluids when
studying thermodynamics of magnetic fluids. Using molecular dynamics simulations, we calculated
polydisperse structure factor and compared it to a model bidisperse structure factor calculated
analytically. It is well-known that magnetic fluids when subjected to an external magnetic field
exhibit birefringence. We check the analytical model for a bidisperse system with chains by
comparing to the results of computer simulations for the dipolar system with multiple fractions.
From this two approaches we conclude: the bidisperse approximation based on matching the
magnetic properties is not always appropriate for the description of the scattering properties of
polydisperse dipolar systems, whereas this model can provide satisfactory results for birefringence.
#P124 - Conformational Dependence of the Circular Dichroism Spectra of Single Amino Acids from PlaneWaves-Based Density Functional Theory Calculations
Giovanni Onida - Dipartimento di Fisica dell'Universita' degli Studi di Milano
Other Authors: Elena Molteni (Dipartimento di Fisica dell'Universita' degli Studi di Milano), Guido Tiana (Dipartimento di Fisica dell'Universita'
degli Studi di Milano)

We study the conformational dependence of circular dichroism (CD) spectra of amino acid molecules by means of an efficient ab
initio DFT approach which is free from the typical gauge invariance issues arising with the use of localized basis sets and/or realspace grids. We analyze the dependence of the chiroptical spectra on the backbone dihedrals in the specific case of alanine and
consider the role of side chain degrees of freedom at the examples of leucine, phenylalanine, and serine, whose side chains have
different physicochemical properties. The results allow one to identify the most diagnostic regions of the CD spectra and to
critically compare the conformations which match the experimental CD data with conformations extracted from the rotamer
library. The inclusion of a solvation shell of explicit water molecules and its effect on the CD spectrum are analyzed at the example
of alanine.

#P125 - Carbon sp wires coupled to graphitic fragments: stability, electronic properties, and oxidation effects.
Giovanni Onida - Dipartimento di Fisica dell'Universita' degli Studi di Milano
Other Authors: E. Cinquanta (Laboratorio MDM, IMM-CNR, via C. Olivetti 2, I-20864 Agrate Brianza, Italy) , N. Manini (Dipartimento di Fisica
dell'Universita' degli Studi di Milano), L. Ravagnan (Wise s.r.l., c/o Fondazione Filarete,Viale Ortles, 22/4, 20139 Milano,Italy ), L. Caramella
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(Dipartimento di Fisica dell-Universita' degli Studi di Milano), P. Milani (Dipartimento di Fisica dell-Universita' degli Studi di Milano), P. Rudolf (
University of Groningen, Nijenborgh 4 , 9747 AG Groningen , Netherlands).

Nanostructured carbon containing monoatomic linear chains is a paradigmatic example of a system where the interplay between
electronic properties and structural degrees of freedom lead to many exciting potential applications, ranging from nanoelectronics
to spintronics [1]. We show how mechanical, electronic, vibrational and magnetic properties of systems containing sp monoatomic
2
wires coupled to sp graphitic fragments are influenced by structural details, such as the geometry of chain terminations or tensile
and torsional strain. DFT theoretical results suggest that sp-carbon chains are strongly stabilized by bonding to the edges of
graphitic nanofragments, a results which has subsequently be confirmed by many experimental findings. Quantum electron
conductances exhibit narrow resonant states resulting from the simultaneous presence of open conductance channels in the
contact region and on the chain atoms, so that the system behaves as a spin-polarized semiconductor. The calculation of
vibrational properties within Density Functional Perturbation Theory allow us to interpret the nontrivial features of experimental
Infrared and Raman spectra of cluster-beam deposited pure-carbon samples, including the spectral modifications and decay
induced by exposure to air [2-5], with infrared spectra probing the effects of oxidation on sp-and on sp2 -hybridized carbon
separately.
[1] A. La Torre, A. Botello-Mendez, W. Baaziz, J.-C. Charlier and F. Banhart, “Strain-induced metal-semiconductor transition
observed in atomic carbon chains”, Nature Communications, in press (2015).
[2] E. Cinquanta, N. Manini, L. Ravagnan L. Caramella, G. Onida, P. Milani, and P. Rudolf, J. Chem. Phys. 140 244798 (2014).
[3] I.E. Castelli, N. Ferri, G. Onida, and N. Manini, J. Phys.: Condens. Matter 24 104019 (2012).
[4] Zeila Zanolli, Giovanni Onida, and J.-C. Charlier, ACS Nano 4 5174 (2010).
[5] L. Ravagnan, N. Manini, E. Cinquanta, G. Onida, et al., Phys. Rev. Lett. 102 245502 (2009).

#P126 - Electronic structure and phase stability of oxide semiconductors: Performance of dielectric-dependent
hybrid functional DFT, benchmarked against GW band structure calculations and experiments
Giovanni Onida - Dipartimento di Fisica dell'Universita' degli Studi di Milano
Other Authors: Matteo Gerosa ( Politecnico di Milano - Campus Leonardo - Via Ponzio, 34 - 20133 - Milano - Italy ), Carlo Enrico Bottani (
Politecnico di Milano - Campus Leonardo - Via Ponzio, 34 - 20133 - Milano - Italy), Lucia Caramella (Dipartimento di Fisica dellUniversita' degli
Studi di Milano), Cristiana Di Valentin (Dipartimento di Scienza dei Materiali dell-Universita' Milano-Bicocca - Via Roberto Cozzi 55, Milano Italy), and Gianfranco Pacchioni (Dipartimento di Scienza dei Materiali dell-Universita' Milano-Bicocca- Via Roberto Cozzi 55, Milano - Italy)

We investigate band gaps, equilibrium structures, and phase stabilities of several bulk polymorphsof wide-gap oxide
semiconductors ZnO, TiO 2 ,ZrO 2 , and WO 3 . We are particularly concerned withassessing the performance of hybrid functionals
built with the fraction of Hartree-Fock exactexchange obtained from the computed electronic dielectric constant of the material.
We providecomparison with more standard density-functional theory and GW methods. We finally analyze thechemical reduction
of TiO 2 into Ti 2 O 3 , involving a change in oxide stoichiometry. We show that thedielectric-dependent hybrid functional is
generally good at reproducing both ground-state (latticeconstants, phase stability sequences, and reaction energies) and excitedstate (photoemission gaps) properties within a single, fully ab initio framework.

#P127 - Atomistic study of the structural and electronic properties of a-Si:H/c-Si interfaces
Giovanni Onida - Dipartimento di Fisica dell'Universita' degli Studi di Milano
Other Authors: Ivan Santos (Departamento de Electricidad y Electr ́onica, Universidad de Valladolid, E.T.S.I. de Telecomunicaci ́on, Paseo Belen 15,
47011 Valladolid, Spain), Marco Cazzaniga (Dipartimento di Fisica dell'Universita' degli Studi di Milano ), Luciano Colombo (Dipartimento di
Fisica, Universita' degli Studi di Cagliari, Cittadella Universitaria, I-09042 Monserrato CA, Italy )

We investigate the structural andelectronic properties of the interface between hydrogenated amorphous silicon (a-Si:H) and
crystallinesilicon (c-Si) by combining tight-binding molecular dynamics and DFT ab inito electrionic stucturecalculations. We focus
on the c-Si(100)(1×1)/a-Si:H, c-Si(100)(2×1)/a-Si:H and the c-Si(111)/a-Si:Hinterfaces due to their technological relevance. The
analysis of atomic rearrangements induced at theinterface by the interaction between H and Si allowed us to identify the relevant
steps that lead to thetransformation from cSi(100)(1×1)/a-Si:H to c-Si(100)(2×1)/a-Si:H. The interface electronic structure isfound to
be characterized by spatially localized mid-gap states. Through them we have identified the relevantatomic structures responsible
for the interface defect states, namely: dangling-bonds, H bridges, and strainedbonds. Our analysis contributes to a better
understanding of the role of such defects in c-Si/a-Si:H interfaces.

#P128 - Multiphoton k -resolved photoemission from gold surface states with 800-nm femtosecond laser pulses
Giovanni Onida - Dipartimento di Fisica dell'Universita' degli Studi di Milano and ETSF
Other Authors: Fausto Sirotti (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Nathan Beaulieu
(Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Azzedine Bendounan (Synchrotron SOLEIL, L'Orme des
Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Mathieu G. Silly (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-surYvette, France ), Christian Chauvet (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Gregory Malinowski
(Laboratoire de Physique des Solides, Université Paris-Sud, CNRS UMR 8502 ), Guido Fratesi (Dipartimento di Fisica dell'Universita' degli Studi di
Milano), Valérie Véniard ( Laboratoire des Solides Irradiés, École Polytechnique, CNRS-CEA/DSM, 91128 Palaiseau, France)
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We measure direct multiphoton photoemission of the Au(111) surface state with 800-nm laser pulses. We observe the parabolic
dispersion in the angular distribution of photoelectrons having absorbed between four and seven photons. The k dispersion we
measure can be explained in terms of Shockley-state replicas, with a nascent hot electrons distribution at k above the Fermi level.
Moderate laser power densities, of the order of 100GW/cm 2 , resulted in large electron yields, indicating the importance of
multiphoton excitations to define the electronic and magnetic properties of matter in the first hundred femtoseconds after laser
excitation.

#P129 - Multiphoton k -resolved photoemission from gold surface states with 800-nm femtosecond laser pulses
Giovanni Onida - Dipartimento di Fisica dell'Universita' degli Studi di Milano and ETSF
Other Authors: Fausto Sirotti (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Nathan Beaulieu
(Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Azzedine Bendounan (Synchrotron SOLEIL, L'Orme des
Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Mathieu G. Silly (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-surYvette, France ), Christian Chauvet (Synchrotron SOLEIL, L'Orme des Merisiers, Saint-Aubin, 91192 Gif-sur-Yvette, France ), Gregory Malinowski
(Laboratoire de Physique des Solides, Université Paris-Sud, CNRS UMR 8502 ), Guido Fratesi (Dipartimento di Fisica dell'Universita' degli Studi di
Milano), Valérie Véniard ( Laboratoire des Solides Irradiés, École Polytechnique, CNRS-CEA/DSM, 91128 Palaiseau, France)

We measure direct multiphoton photoemission of the Au(111) surface state with 800-nm laser pulses. We observe the parabolic
dispersion in the angular distribution of photoelectrons having absorbed between four and seven photons. The k dispersion we
measure can be explained in terms of Shockley-state replicas, with a nascent hot electrons distribution at k above the Fermi level.
Moderate laser power densities, of the order of 100GW/cm 2 , resulted in large electron yields, indicating the importance of
multiphoton excitations to define the electronic and magnetic properties of matter in the first hundred femtoseconds after laser
excitation.

#P130 - ESPI non-destructive testing of composite materials for aeronautical application
Vito Pagliarulo - CNR-ISASI
Other Authors: T. Russo (CNR-ISASI), V. Lopresto (UNINA DICMAPI), A. Langella (UNINA DICMAPI), V. Antonucci (CNR-IPCB), M. R.
Ricciardi(CNR-IPCB) and P. Ferraro (CNR-ISASI)

In this study, ESPI technique has been used to evaluate the effective delaminated area of damaged Epoxy-Carbon Fibers and Glass
Fibers composites. The analyzed specimens have been manufactured by a vacuum assisted infusion process. In order to obtain the
composite panels, a one-component commercial aeronautical resin (RTM6 from Hexcel) was used with eight dry unidirectional
carbon or glass plies having a quasi-isotropic stacking sequence [0°, 90°, +45°,-45°]. The obtained panels have been subjected to
low velocity impact tests at different impact energy levels (i.e. 6, 10, 13J) or flexural tests according with the ASTM D790 standard.
The panels were afterwards analyzed by means of ESPI. Through real-time surface illumination by visible laser (i.e. 532 nm), where
range and accuracy are related to the wavelength and the deformation value is measured by half-wavelength laser multiples, the
ESPI technique allowed the non-contact, non-destructive detection of micro-deformations, micro-cracks, residual stress and
delamination usually non detectable by visual inspection. A CCD camera records the whole field image of the surface differential
displacement caused by a non-destructive thermal or mechanical deformation. By this technique and with suitable image
processing, it is possible to reveal hidden defects. In composite laminates, the delamination occurs on the opposite side of the
impact face and it is not visible under the barely visible threshold so, thanks to ESPI it is possible to reveal the presence of the
damage and to evaluate the effective delaminated area. A good agreement between the experimental results and literature has
been found confirming the reliability of the proposed technique.

#P131 - Oxygen sensing of mixed-phase titanium dioxide nanostructures
Deborah Katia Pallotti - Università degli Studi di Napoli "Federico II"
Other Authors: Stefano Lettieri (CNR-ISASI), Pasqualino Maddalena (Università degli Studi di Napoli “Federico II”), Luca Passoni (IIT – Center
for Nanoscience and Technology), Fabio Di Fonzo ( IIT – Center for Nanoscience and Technology)

Oxygen-detecting properties of titanium dioxide (TiO2) are investigated by continuous wave photoluminescence (CWPL) and
photoluminescence excitation (PLE) spectroscopy. An interesting double modulation in the photoluminescence due to adsorption
of oxygen is evidenced in differently structured samples, from sintered nanopowders to highly porous hierarchical quasi-1D
nanostructures, when two TiO2 crystal phases are mixed. Surface interaction with O2 , in fact, produces opposite responses in rutile
and anatase photoluminescence efficiency. This feature can open a promising path in the optical gas sensing branch. Moreover, a
broad range investigation allowed us to clarify the mechanisms at the origin of PL emission in TiO2, that are found to involve
different electronic states as initiators in addition to the standard Schottky barrier mechanism commonly accepted in most metaloxide sensors. Our findings pointed out the potentialities for future double-parametric optical sensing by titania thanks to multiple
response obtained from a same analyte, and possibly paved the way for selective detection towards chemical species carried in air.
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#P132 - Investigation of applicability of alanine pellets and films for dosimetry of proton clinical beams
Salvatore Panzeca - Department of Physics and Chemisty and INFN Catania Section
Other Authors: Maria Brai (Department of Physics and Chemisty and INFN Catania Section), Giacomo Candiano (LNS and INFN Catania Section),
Giuseppe Antonio Pablo Cirrone (LNS and INFN Catania Section), Giorgio Collura (Department of Physics and Chemisty and INFN Catania
Section), Giacomo Cuttone (LNS and INFN Catania Section), Salvatore Gallo (Department of Physics and Chemisty, INFN Catania Section and
PH3DRA Laboratories), Giuseppina Larosa (LNS and INFN Catania Section), Renata Leanza (LNS and INFN Catania Section), Anna Longo
(Department of Physics and Chemisty and INFN Catania Section), Francesco Romano (LNS and INFN Catania Section), Valentina Scuderi (LNS and
INFN Catania Section), Maurizio Marrale (Department of Physics and Chemisty and INFN Catania Section)

Laser-driven proton has recently gained a great interest as an alternative to conventional and more expensive acceleration
techniques. These ion beams have desirable qualities such as small source size, high luminosity and small emittance to be used in
different physics fields. This is very promising specially for the future perspective of a new concept of hadrontherapy based on
laser-based devices could be developed, replacing traditional accelerating machines.
ELIMED (Medical Applications at Extreme Light Infrastructure) is a task-force originally born by an idea of ELI-Beams (Prague) and
INFN-LNS (Italian Institute for Nuclear Physics of Catania) researchers.
ELIMED main goal is to perform proof-of-principle experiments aimed to demonstrate that laser-accelerated high-energy proton
beams (up to 70 MeV in the first phase) can be potentially used for the specific case of ocular proton therapy.
In this work we report the investigation of the dosimetric features of alanine pellets exposed to protons produced by means of the
CATANA (Centro di AdroTerapia e Applicazioni Nucleari Avanzate) proton therapy facility. This analysis is preliminary for the
application of the alanine dosimeters in laser-driven proton beams.
ESR spectrometry with alanine is now widely recognized as the most accurate method of transfer dosimetry in the industrial (kGy)
dose range. It is well established for calibrating industrial radiation sources against national standards (NIST, IAEA, NPL) and for
comparisons between national laboratories. The accuracy of the method is generally very high, largely due to the low sensitivity of
the alanine response to irradiation variables (energy, dose rate, temperature, etc.), and the ability of ESR spectrometers to
measure dosimeter signals very precisely. As a matter of fact, the main requirements for a suitable system such as: linear response
to dose, sensitivity, tissue equivalence, absence of energy dependence, absence of fading, small dimensions, ruggedness, and nondestructive readout, to a large extent are met by the alanine/ESR dosimetry.
Here we analyzed the performances of two different alanine/ESR systems (3 mm pellets and 0.1 mm films) irradiated with therapy
proton beams (62 MeV). The LET dependence of the response was obtained from the analysis of pellet irradiated with a modulated
beam. The energy dependence of the response was derived from the analysis of film stacks irradiated with pristine beams. Use of
thin films allowed for a high resolution sampling of the proton slowing down mechanisms. Alanine measurements are compared
with Markus parallel plate ionization chamber and are aided by Monte Carlo calculations for medical physics using GEANT4 code.

#P133 - Comparison of EPR response of pure alanine and alanine with gadolinium dosimeters exposed to
TRIGA Mainz reactor
Salvatore Panzeca - Department of Physics and Chemistry, University of Palermo and INFN Catania Section
Other Authors: Maurizio Marrale (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Tobias Schmitz (Institut
für Kernchemie, Fritz Strassmann, Mainz, Germany), Salvatore Gallo (Department of Physics and Chemistry, University of Palermo and INFN
Catania Section and PH3DRA Laboratories, University of Catania), G. Hampel (Institut für Kernchemie, Fritz Strassmann, Mainz, Germany), Anna
Longo (Department of Physics and Chemistry, University of Palermo and INFN Catania Section), Luigi Tranchina (Laboratorio di Fisica e
Tecnologie Relative - UniNetLab, University of Palermo), Maria Brai (Department of Physics and Chemistry, University of Palermo and INFN
Catania Section)

The development of Neutron Capture Therapy (NCT) for cancer treatments has stimulated the research for beam characterization
in order to optimize the therapy procedures. The NCT has found to be promising for treatments of tumours which hardly can be
treated with other techniques, such as gliomas. Alongside with the improvements of this technique, the development of
procedures for the beam characterization arouses great interest in order to optimize the therapy protocol by reliably determining
the various (neutronic and photonic) components of the mixed beam usually employed for therapy.
Electron Paramagnetic Resonance (EPR) dosimetry for electron and photon beams with alanine has attracted the attention of many
research groups for dosimetric purposes. Furthermore, the applications of EPR dosimetry for high LET radiation beams, such as
carbon ions and neutrons, are continuously increasing. This is because of the very good dosimetric features of alanine EPR
detectors such as: tissue equivalence for photon beams, linearity of its dose-response over a wide range, high stability of radiation
induced free radicals, no destructive read-out procedure, no need of sample treatment before EPR signal measurement and low
cost of the dosimeters. Moreover, in order to improve the sensitivity to thermal neutrons of alanine dosimeters the addition of
nuclei such as gadolinium oxidewas previously studied.
The choice of Gd as additive nucleus is due to its very high capture cross section to thermal neutrons and to the possibility for
secondary particles produced after interaction with thermal neutrons of releasing their energy in the neighbourhood of the
reaction site. In particular, it was found that low concentration (i.e. 5% by weight) of gadolinium oxide brings about an neutron
sensitivity enhancement of more than 10 times without heavily reducing tissue equivalence.
We have studied the response of alanine pellets with and without gadolinium exposed to the thermal column of the TRIGA Mark II
research reactor at the University of Mainz.
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Pure alanine dosimeters used were produced by Synergy Health (Germany) whereas the Gd-added dosimeters were produced at
the University of Palermo. The irradiations were performed inside polyethylene holders to guarantee charged particles equilibrium
conditions.
The results of EPR experiments are compared to Monte Carlo (MC) simulations aimed at obtaining information about the
contribution of the various components to the total dose measured by means of EPR dosimeters. For alanine dosimeters a good
agreement between experimental data and MC simulation have been achieved.

#P134 - Self-healing of epoxy composites using resin/hardener containers
pooria pasbakhsh - Monash University Malaysia
Other Authors: Iee Lee Hia, Monash University Malaysia Vahdat Vahedi, Monash University Malaysia

Self-healing polymer composites have been an intense field of research for the past decade. These materials have the inherent
ability to heal damage event either autonomically or nonautonomically with external intervention (heat, light and etc.). For the past
years, different types of healing systems are being proposed which include capsule-based, vascular-based and intrinsic self-healing
systems. Under capsule-based self-healing system, dual capsule healing mechanism shows promising results due to its simple
healing mechanism and cost effectiveness. This healing system comprises of monomer and polymeriser/hardener which are being
encapsulated separately and embedded into polymer matrix homogeneously. As internal cracks emerged and rupture these
capsules, the liquid monomer and polymeriser will be released into the crack plane, polymerised and eventually heal the crack.
However, there are underlying limitations for this self-healing mechanism such as one time healing cycle, cruciality of monomer
and hardener stoichiometric ratio for addition polymerisation healing chemistry. Thus, the dispersion homogeneity is essential for
complete healing. Besides, the difficulties in encapsulating reactive nature hardeners is also one of the limitation. For two-part
epoxy system, mixing and breaking both carrier networks is a challenge. There are two objectives in this study. First, to design and
fabricate a dual capsule self-healing polymer composite with multiple healing cycles without compromising the mechanical
properties of the polymer composite itself. Subsequently, using electrospun nanofibrous mats of polyacrylonitrile (PAN) carrying
epoxy and amine dual healing solutions into an epoxy matrix to impart self-healing functionality. The self-healing performance of
the epoxy composites was measured using fracture toughness tests. The average healing efficiency was approximately 75% at 50C
and 38% at room temperature. The epoxy composites were capable of repeated self-healing for up to 6 times at room
temperature. These new methods of preparing self-healing epoxy is cheap and versatile and can be optimized for mass production
of high performance self-healing structural composites.

#P135 - Nanomechanical characterizations by atomic force microscopy
Daniele Passeri - SAPIENZA University of Rome
Other Authors: Melania Reggente (Department of Basic and Applied Sciences for Engineering, SAPIENZA University of Rome, Rome, Italy and
Institut de Physique et Chimie des Matériaux de Strasbourg, CNRS – University of Strasbourg, Strasbourg, France) Livia Angeloni (Department of
Basic and Applied Sciences for Engineering, SAPIENZA University of Rome, Italy and Lab. for Biomaterials and Bioengineering (CRC-I), Dept. MinMet-Materials Eng. & University Hospital Research Center, Laval University, Quebec City, Canada) Emanuela Tamburri (Department of Chemical
Sciences and Technologies, University of Rome Tor Vergata, Rome, Italy) Maria Letizia Terranova (Department of Chemical Sciences and
Technologies, University of Rome Tor Vergata, Rome, Italy) Adele Carradò (Institut de Physique et Chimie des Matériaux de Strasbourg, CNRS –
University of Strasbourg, Strasbourg, France) Diego Mantovani (Lab. for Biomaterials and Bioengineering (CRC-I), Dept. Min-Met-Materials Eng.
& University Hospital Research Center, Laval University, Quebec City, Canada) Marco Rossi (Department of Basic and Applied Sciences for
Engineering and Research Center for Nanotechnology applied to Engineering (CNIS), SAPIENZA University of Rome, Rome, Italy)

Advancement in nanoscience and nanotechnology is strongly related to that in nanometrology and to the development of
techniques for the investigation of physical and chemical properties of materials at the nanometer scale. In particular,
methodologies for a mechanical characterization of materials in a wide range of Young’s moduli are required, from stiff to
compliant materials including biological samples.
Atomic force microscopy (AFM) represents a powerful technique for the development of mechanical single-point measurements
and imaging techniques with lateral resolution in the nanometer scale, due to its unique capabilities of scanning the surface at a
nanometer resolution in combination with the possibility of exerting ultra-low loads on the sample surface.
Here, we review three AFM based techniques for the accurate measurements of mechanical properties of either stiff or compliant
materials at a nanometer scale. Contact resonance AFM (CR-AFM), AFM-based depth sensing indentation (AFM-DSI), and torsional
harmonics AFM (TH-AFM) are briefly described. The ranges of Young’s modulus values in which they can be used (overall, from a
few hundreds of gigapascals to a few tens of megapascals) and the different penetration depths (which permits the investigation of
both bulk and near surface mechanical properties) are discussed. The reported examples of application of these techniques include
gemstones and minerals, diamond-like carbon coatings, ultrathin films, polymeric materials (films, blends, fibers and nanofibers)
also reinforced with nanodiamond particles, biological samples as collagen fibers or cells internalizing stiff nanoparticles.

#P136 - Biosensing with silicon photonics
Lorenzo Pavesi - University of Trento
Other Authors: Paolo Bettottia, Tatevik Chalyana, Davide Gandolfia, Mher Ghulinyanb, Romain Guidera, Laura Pasquardinic, Cecilia Pederzollic,
Georg Puckerb, Fernando Ramiro Manzanoa, Alina Samusenkob, Marina Scarpaa, Lorenzo Pavesia a Nanoscience Laboratory, Department of
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Physics, University of Trento, b Center for Material and Microsystems, Bruno Kessler Foundation, Trento; LaBSSAH, Fondazione Bruno Kessler,
Via Sommarive 18, 38123 Povo, Italy

Silicon photonics allows integrating photonic components in silicon with high integration density and high functional
performances. In this talk, I will present few applications where biosensing is performed by using silicon photonic devices. The first
example will be an evanescent field based luminescent biosensors where waveguides are used to channel light into an integrated
bioreactor where a fluorescent probe is covalently immobilized and detected, as proof of principle for protein detection through
fluorescence(1). The second example is based on porous silicon membranes which act as flow through polarimetric sensors to
detect allergens in food (2). The last example is about label free whispering gallery mode biosensors where functionalized label-free
microresonators are able to sense the presence of aflatoxins in milk (3).
This work was supported by EC through the POSITIVE and SYMPHONY projects and by PAT through the NAOMI project.
(1)Journal of Physics D: Applied Physics 47, 405401 (2014).
(2)Optics Express 19, 26106 (2011).
(3)Sensors (2015) [arXiv:1408.3954]

#P137 - Electronic properties of molecolar Fe complexes deposited on Graphene/Ni(111)
Maddalena Pedio - CNR-IOM TASC
Other Authors: Andrea Goldoni (Sincrotrone Trieste, Area Science Park, Basovizza, Trieste, Italy), Mirco Panighel (Sincrotrone Trieste, Area
Science Park, Basovizza, Trieste, Italy), Alexei Nefedov (Institute of Functional Interfaces, Karlsruhe Institute of Technology (KIT), 76344
Eggenstein-Leopoldshafen, Germany), Cristina Africh (CNR-IOM, TASC Area Science Park, Basovizza, Trieste, Italy), Cinzia Cepek (CNR-IOM,
TASC Area Science Park, Basovizza, Trieste, Italy)

Transition metal complexes adsorption on surfaces is an important issue in fundamental physical science, and is also significant for
various applications in new industries. Interconnection between electronic and magnetic properties of these complexes is a crucial
issue in this field and a fine characterization of the interface electronic properties is mandatory. Recent results of phthalocyanines
deposited on ferromagnetic metallic surfaces and graphene buffer layers have revealed a substrate-molecular coupling mechanism.
In case of elemental transition metals adsorbed on graphene electronic- structural changes of the metal layers have shown a
delicate interplay between long-range interactions and local chemical bonding, influencing the adatom equilibrium distance and
magnetic moment. In this work a combination of NEXAFS and X-ray photoelectron spectroscopy have been employed to study the
adsorption of Fe-complexes molecules, (ferrocene, Fe(C5H5)2 and tetraphenyl Fe-Cl porphyrin (FeTPP-Cl) deposited on well
characterized graphene supported by Ni(111) and compared with adsorption on HOPG substrate. The two set of molecules have
been chosen for their different structural surrounding of the Fe ion and the different distance between Fe atom of adsorbed
molecules and the substrate. Physisorbed Ferrocene on HOPG presents the ferrocene five-fold symmetric molecular axis oriented
approximately perpendicular to the surface. The Fe L3 lineshape is similar to that of the multilayer Ferrocene Thin Film. Though the
molecular orientation on Graphene/Ni(111) results similar to the HOPG case, the Fe L3 features are broader and slightly shifted.
FeTPP after depositions up to 1 ML show altered Fe L3 lineshape in a Fe(II) configuration and the loss of Cl atom. For higher FeTPP
thicknesses the Cl is present in the detected spectra together with a Fe(III) ion. The detected alteration of the electronic interface
properties of iron porphyrin (FeTPP-Cl) on GR/Ni(111) is present also in case of HOPG substrate for coverages up to 1 ML. This
coupling is mediated via the π electronic system of substrate, while no covalent bonds between the molecule and the substrate are
established. Noticebly the ferromagnetic coupling for the molecules to the substrate occuring only when the Cl atom is detached,
implies a reduction of the Fe valence state. The differences in the organic electronic properties found in the deposited layers onto
the two different substrates will be discussed.

#P138 - Pressure anisotropy and velocity shear in a plasma
Francesco Pegoraro - Physics Department, University of Pisa
Other Authors: F. Califano Pisa University, S.S. Cerri Max-Planck-Institut f"ur Plasmaphysik Garching, Germany, S De Camillis Center for Plasma
Physics, Queen's University, Belfast, UK, D. Del Sarto Institut Jean Lamour CNRS - Universit ́e de Lorraine, France

Non-gyrotropic particle distribution functions are often found in observations and numerical simulations of laboratory and space
plasmas in nearly collisionless regimes. By considering the pressure tensor equation in a magnetized plasma we show how such
states can be generated and maintained in the presence of a shear flow.
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Novel plasma properties such as self-consistent non-gyrotropic equilibria and orientation asymmetries with respect to the
magnetic field are presented.
We investigate the linear and nonlinear dynamics of the plasma waves that propagate in a non-gyrotropic plasma.
Finally we analyze, within the small Larmor radius limit, the effect of the plasma anisotropy on the linear and nonlinear
development of the Kelvin-Helmholtz instability of a shear flow. This latter study is performed in the context of the interaction
between the solar wind and the Earth's magnetosphere.

#P139 - Scientific studies for the restoration of “Madonna con Bambino e San Giovanni”, a venetian school panel
painting of the end of sixteenth century of Museo Diocesano of Palermo.
claudia pellerito - Dipartimento di Fisica e Chimica, Scuola delle Scienze di Base e Applicate, Università degli Studi di
Palermo
Other Authors: B.G. Pignataro (Dipartimento di Fisica e Chimica, Scuola delle Scienze di Base e Applicate, Università degli Studi di Palermo), C.
Bertolino (restauratore dei beni culturali), C. Di Stefano (Centro Regionale per la Progettazione e il Restauro e per le Scienze Naturali ed Applicate
ai Beni Culturali, S22.8 – UO8 - Unità operativa di base, Laboratorio di chimica), M.Vitella(Dipartimento di Cultura e Società, Scuola delle Scienze
Umane e del Patrimonio Culturale , Università degli Studi di Palermo), Mauro Sebastianelli ( Museo Diocesano di Palermo – Università degli Studi
di Palermo, Laboratorio di restauro, via Matteo Bonello n. 2 - 90134 Palermo, maurosebastianelli@hotmail.com)

The scientific investigations aimed to the study, characterization and conservation of archaeological and artistic finds are in general
based on a strong interdisciplinary approach and they allow, beside historical and artistic evaluations, to answer to questions about
the dating, painting materials and technique, authors, artistic production area or movements or schools and also about authenticity
of antique paintings.
The aim of this research was to assess the techniques used to create and decorate the wooden painting and to verify the state of
preservation of the finishing materials of the artwork.
For that reason an integrated analytical approach based on the use of non-invasive and micro-invasive techniques was used, with
the aim to obtain a characterization of the wooden panel, to elucidate the painting technique, including the stratigraphic sequence
of the pigments and the organic binders employed, the state of preservation, the possible decay processes and the possible
additions made during previous restorations.
The painting on wood panel (33 x 49 cm) “Madonna con Bambino e San Giovanni” represent the “Madonna della Consolazione”,
referring to byzantine “Odeghetria”; it is attributed to unknown cretan-venetian artist and probably dated to the end of 16th
century and it is conserved in the Museo Diocesano of Palermo.
At first the painting was analyzed by non-invasive techniques: macrophotography and photography under IR, UV and visible
radiation (raking light) and Imaging techniques like IR reflectography (IRR) and false color infrared (IRFC), followed by spectroscopic
ones, like reflectance spectrometry in the visible range (vis-RS) and X-ray fluorescence (ED-XRF), were chosen as informative firststep analyses. Then, after sampling, micro-fragments of the painting material were analyzed by several analytical techniques:
optical microscopy, scanning electron microscopy with energy dispersive spectroscopy (SEM-EDS) and FTIR spectroscopy. Finally,
for the restoration of the painting it was also used the analysis named colorimetry.
Data suggest a traditional painting technique, characterized by a single wooden panel, a thin white preparatory layer of gypsum
and animal glue (< 1 mm), a dark priming (“imprimitura”), an engraved underdrowing and a paint layer composed by pigments
dissolved in both egg and oil containing binding medium. The highlights (“lumeggiature”) on the dress and the nimbus are gilded
with “a missione” technique (oil gilding or oil mordant or mordant gilding)while the globe in Baby Jesus hand is gilded with the
technique named “a guazzo” (water gilding); in fact it is also present a reddish-brown preparatory layer (Armenian bole) composed
of iron oxide with aluminosilicates.

#P140 - Microscopic approach to investigate constitutive materials and technique of San Vito wooden pulpit of
Museo Diocesano of Palermo
claudia pellerito - Dipartimento di Fisica e Chimica, Scuola delle Scienze di Base e Applicate, Università degli Studi di
Palermo
Other Authors: B. G. Pignataro ( Dipartimento di Fisica e Chimica, Scuola delle Scienze di Base e Applicate, Università degli Studi di Palermo) , M.
Orlando (Restauratore di Beni Culturali), M.Vitella (Dipartimento di Cultura e Società, Scuola delle Scienze Umane e del Patrimonio Culturale ,
Università degli Studi di Palermo, maurizio.vitella@unipa.it ) M. Sebastianelli(Museo Diocesano di Palermo – Università degli Studi di Palermo,
Laboratorio di restauro, via Matteo Bonello n. 2 - 90134 Palermo, maurosebastianelli@hotmail.com)

Magnificent artworks (panel paintings, architectural elements, statues, altars, sarcophagi, etc.) have been created in any culture
using wood as the main constitutive material, especially for the supports. Many decorative techniques have been used on wood,
with or without a preparation layer, by carving the ornamental elements, applying pigments and gold or silver leaves and inlaying
ivory or mother-of-pearl, etc. Several organic binding and gluing media have been used: proteinaceous materials, drying oils,
waxes, resins and vegetable gums.
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The aim of this research was to assess the techniques used to create and decorate the wooden pulpit of San Vito and to verify the
state of preservation of the finishing materials of the artwork.
The San Vito wooden pulpit (210 x 120 x 100 cm), attributed to unknown artist, coming from the oratory of San Vito and conserved
in the Museo Diocesano di Palermo, has a linear structure typically nineteenth century, made by assembling many components; it is
decorated by three polychrome and gilded panels representing events of the martyr life, probably dated to the end of 17th century.
Micro-fragments of the support and of the painting material were analyzed by several analytical techniques: optical microscopy,
scanning electron microscopy with energy dispersive spectroscopy (SEM-EDS) and FTIR spectroscopy.
Observations through the various microscopes revealed that a proteinaceous pittoric layer (probably a tempera), light green
coloured, was directly applied onto the wood of the linear structure, without a preparation.
Decorative panels are well conserved and the original polychrome decorations and gilding are still preserved. In particular, the
recto of panels is entirely covered by gold leaf, applied with the technique named “a guazzo” (water gilding) on a preparation
composed by a first white layer with gypsum and animal glue and a second one with bole.The pigments are applied on gold leaf by
thin and transparent brushstrokes. The palette is composed by pigments and lacquers using oil as bindingmedium.
Therefore the scientific analyses confirmed the preliminary observations about the pulpit, formed by a structure of the 19th
century and by decorative panels of the end of 17th century, probably coming from another ancient artwork.

#P141 - A model for 1/f Noise in Polymer Nanofibers
Cecilia Pennetta - Università del Salento
Other Authors: Giorgio Ferrari (Dipartimento di Elettronica Informazione e Bioingegneria, Politecnico di Milano, Milano), Dario Pisignano
(Dipartimento di Matematica e Fisica ``Ennio De Giorgi'', Università del Salento e Istituto Nanoscienze-CNR, Euromediterranean Center for
Nanomaterial Modelling and Technology ECMT, Lecce)

In recent years great advancements have been achieved in the field of organic electronics, driven by the strong interest in
producing low-cost and flexible electronic devices [1,2]. Practical applications of these devices require understanding and
controlling current fluctuations, especially in the low-frequency regime which can seriously limit the device performances. Actually,
for frequency f < 100 KHz, 1/f flicker noise is usually observed in all electronic devices, including nanowires, nanocrystals and
organic thin films devices [1-4]. However, the changes in 1/f noise upon moving from bulk organic materials to nanostructures is
still poorly investigated. This motivates the interest in studying flicker noise in nanostructures such as polymer nanofibers. Polymer
nanofibers, similarly with other nanostructures with lateral confinement, generally exhibit a charge-carrier mobility significantly
enhanced with respect to thin films made of the same conjugated material, as a consequence of a more ordered molecular
arrangement [5,6]. Very recently we have investigated [7] the effect of lateral confinement on flicker noise in OFETs based on
conductive conjugated polymers, poly(3-hexilthiophene) (P3HT) [5,6]. The noise in these devices, working in accumulation regime
in air conditions, is well described by the Hooge model, suggesting a behavior dominated by mobility fluctuations. Importantly, the
average Hooge parameter, controlling the relative power spectral density of current fluctuations is suppressed by about two orders
of magnitude with respect to the values measured for thin-film devices based on the same active material [7]. To explain these
results we have developed a resistor network model, in which the organic semiconducting nanostructures or films are depicted
through a two-dimensional network of resistors. The numerical results of the model [7] agree with the experimental findings [7],
supporting the role of size-confinement in organic nanostructures as effective route to improve the noise performance in polymer
based
electronic
devices.
[1] P. V.
Necliudov, S. L. Rumyantsev, M. S. Shur, J. Appl. Phys., 88, 5395 (2000). [2] A. Balandin, Nature Technol., 8, 549 (2013). [3] Yu-M.
Lin, J. Appenzeller, J. Knoch, Z. Chen, P. Avouris, Nano Letters, 6, 930 (2006). [4] Y. Lai, H. Li, D. K. Kim, B. T. Diroll, C. B. Murray, C. R.
Kagan, ACS Nano, 8, 9664 (2014). [5] M. Aryal, K. Trivedi, W. W.Hu, ACS Nano, 3, 3085 (2009). [6] T. Shimomura et al., Phys. Rev. B,
83, 115314 (2011). [7] F. Lezzi, G. Ferrari, C. Pennetta, D. Pisignano, submitted for publication.

#P142 - Non-linear transport of hot-electrons in a InP bulk operating under fluctuating fields
Dominique Persano Adorno - Dipartimento di Fisica e Chimica, Università di Palermo
Other Authors: Piero Alaimo, Nicola Pizzolato, Bernardo Spagnolo Dipartimento di Fisica e Chimica, Università di Palermo

The complexity of electron dynamics in low-doped n-type InP crystals operating under ﬂuctuating electric ﬁelds is deeply explored
and discussed. In this work, we employ a multi-particle Monte Carlo approach to simulate the non-linear transport of electrons
inside the semiconductor bulk. All possible scattering events of hot electrons in the medium, the main details of the band structure,
as well as the heating eﬀects, are taken into account. The results presented in this study derive from numerical simulations of the
electron dynamical response to the application of a sub-Thz electric ﬁeld, ﬂuctuating for the superimposition of an external source
of Gaussian correlated noise. The electronic noise features are statistically investigated by computing the correlation function of
the velocity ﬂuctuations, its spectral density and the variance, i.e. the total noise power, for diﬀerent values of amplitude and
frequency of the driving ﬁeld. Our results show the presence of a cooperative non-linear behaviour of electrons, whose dynamics is
strongly aﬀected by the ﬁeld ﬂuctuations. Moreover, the electrons self-organize among diﬀerent valleys, giving rise to the
reduction of the intrinsic noise. This counterintuitive eﬀect critically depends on the relationship among the characteristic times of
the external ﬂuctuations and the temporal scales of complex phenomena involved in the electron dynamical response. In
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particular, the correlation time of the electric ﬁeld ﬂuctuations appears to be crucial both for the noise reduction eﬀect and the
appareance of an anomalous diﬀusion eﬀect.

#P143 - MHD modelling of solar coronal plasma
Antonino Petralia - Universita` di Palermo
Other Authors: Fabio Reale (Universita` di Palermo), Salvatore Orlando (INAF Osservatorio Astronomico di Palermo)

In the X-ray and EUV-emitting solar corona, plasma at million degrees is confined by the solar magnetic field inside closed flux
tubes, which are anchored in the photosphere. We use state-of-art multidimensional magnetohydrodynamic models to describe
the interaction of erupted fragments falling back to the solar surface with the magnetic field, and other preliminary work
concerning the emergence of magnetic flux tubes. We show the evolution of the plasma and predictions to be compared with Xray and EUV observations obtained from 3D MHD numerical simulations on high-performance computing systems.

#P144 - Protonation Constants of Halloysite Clay Nanotubes
Alberto Pettignano - Università di Palermo
Other Authors: Salvatore Cataldo (Università di Palermo), Antonio Gianguzza (Università di Palermo), Gabriele Lando (Università di Messina),
Silvio Sammartano (Università di Messina)
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S. Cataldo , A. Gianguzza , G. Lando , A. Pettignano , S. Sammartano
a
Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, edificio 17 , Cap 90128, Palermo, Italia
b
Dipartimento di Scienze Chimiche, Università degli Studi di Messina, Viale Ferdinando Stagno d’Alcontres, 31, Cap-98166 Messina
(Vill. S. Agata), Italy

Halloysite is one of the most interesting nano-structured clay materials. It is similar to kaolin but has a hollow tubular structure that
can be attributable to particular crystallization conditions. Typically, halloysite nanotubes (HNTs) are formed by 15 – 20
aluminosilicate layers, has a length of 1 ± 0.5 μm and inner and outer diameters of 1 - 30 and 30 - 50 nm, respectively [1,2]. In each
layer the SiOH and the AlOH groups are disposed on the external and the internal surfaces, respectively.
The particular structure of HNTs makes this kind of material very useful for different purposes in several fields. Among the various
applications, worth of mention are: i) their use as additive for devices in the capture tumor cells in blood; ii) nanoparticles for the
entrapment and controlled release of active molecules; ii) additive agents in wound and personal care; iv) sorbents for water
contaminants etc [1,2]. In all these applications, the knowledge of the acid-base properties of HNTs is of fundamental importance.
+
The acid-base properties of HNTs have been studied by ISE-H potentiometric titrations in NaCl medium, in the range 0.025 ≤ I /
-1
mol L ≤ 0.750 and at T = 25°C. Two functional groups indicated with HNT1 (SiOH) and HNT2 (AlOH) were considered in the analysis
of the experimental data. Potentiometric data were processed with four different models previously used for the study of the acidbase properties of natural and synthetic polyelectrolytes: Högfeldt, Linear, modified Henderson-Hasselbalch and diprotic like
models [3]. The results obtained with the four models for the protonation constants of HNT1 groups of HNTs were in good
accordance, whilst the acid-base properties of HNT2 groups were well defined by one protonation constant calculated by
processing the potentiometric titration data with the computer programs STACO and BSTAC.
[1] R. Kamble, M. Ghag, S. Gaikawad and B. K. Panda, JASR, 2012, 3(2), 25-29.
[2] M. Du,B. Guoand D. Jia, Polym. Int., 2010, 59(5), 574-582.
[3] F. Crea, C. De Stefano, A. Gianguzza, A. Pettignano, D. Piazzese, and S. Sammartano J. Chem. Eng. Data, 2009,54, 589–605.

#P145 - Current injection from metal to MoS2 probed at nanoscale
Aurora Piazza - 1 CNR-IMM, Catania, Italy; 2 Department of Physics and Astronomy, University of Catania, Italy
Other Authors: G. Fisichella1 , S. Di Franco1, I. P. Oliveri1, S. Agnello2, F. Roccaforte1, F. Giannazzo1 1CNR-IMM, Catania, Italy 3Department of
Physics and Chemistry, University of Palermo, Italy

The isolation of graphene (Gr) opened the way to the investigation of an entire class of layered materials, which are composed by
the vertical stacking of 2D sheets bond by van der Waals interaction. In particular, transition metal dichalchogenides (TMD), such
asMoS2, MoSe2, WS2 and WSe2, have been recently the object of significant interest due to their semiconducting properties, which
make them very attractive in electronics and optoelectronics even with respect to semimetallic Gr. As an example, MoS2 has
currently being considered as a candidate for next generation post-Si CMOS technology. Due to the intrinsic stability of the
material, MoS2 thin film transistors guarantee the scalability of the channel thickness down to the ultimate single layer limit. Very
7
promising performances, such as on/off current ratios >10 and nearly ideal subthreshold swing (»70 mV/decade) have been
already demonstrated for top gated monolayer MoS2 transistors with high-k gate dielectrics.
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In spite of these great promises, processing for MoS2 devices is still in its infancy and several issues, including the scalable growth of
MoS2 films with controlled thickness, the formation of low resistance Ohmic contacts, optimal gate dielectrics, surface passivation
and doping are currently object of investigation to fully exploit the potentialities of this material.
In particular, contact resistances have been currently identified as limiting factors for MoS2 transistors performances, leading to the
underestimation of the field effect mobility and to a degradation of device characteristics. Experiments have shown that the
Schottky barrier height between most of metals and MoS2 are in the range from ~25 to ~300 meV. For high workfunction metals
(Ni, Au or Pt) these values are much smaller that the ideal values expected according to the Schottky-Mott theory. Such a behavior
has commonly been ascribed to a pinning of the Fermi level of metals in the upper part of MoS2 bandgap. However, its origin is still
matter of debate.
In this paper, we employed conductive atomic force microscopy (CAFM) to investigate the current injection mechanism from a
nanoscale metal contact, i.e. a Pt coated AFM tip, to the surface of MoS2 thin films exfoliated on a SiO2 substrate. The analysis of
local current-voltage (I-V) characteristics on a large array of tip positions on MoS2 provided high spatial resolution information on
the lateral homogeneity of the tip/MoS2 Schottky barrier FBand of the ideality factor n. From the histograms of the measured FBand
n values, an average Schottky barrier height of 297 meV with standard deviation of 22 meV and an average ideality factor of 1.65
with a standard deviation is 0.15 have been estimated. The implications of these lateral variations of FB and n in MoS2
nano-Schottky diodes on the electrical properties of macroscopic contacts to MoS2 have been discussed also in relation with recent
literature results.

#P146 - A bioinformatics analysis of Mass Spectrometry approach reveals a new target of A β42 peptide
Pasquale Picone - Istituto di Biomedicina e Immunologia Molecolare (IBIM), CNR
Other Authors: Luigi Inguglia2, Jessica Walters1, Domenico Nuzzo1, Pasquale Picone1, Marta Di Carlo1 1 Istituto di Biomedicina e Immunologia
Molecolare (IBIM), CNR - Via U. La Malfa 153, 90146 Palermo, Italy. 2 CNR - Istituto di Biofisica (IBF) UOS Palermo, Via U. La Malfa 153, 90146
Palermo, Italy.

Proteomic changes have been described in different neurodegenerative disease including Alzheimer’s disease (AD). This pathology
is the most common form of dementia, and its prevalence increases exponentially with age. The patients affected gradually lose
cognitive function, control over their sense of orientation, their emotions, and other aspects of behavior. Thirty-five million people
are now considered to be affected by AD and this number is expected to double in the next few decades. AD cell model system in
which LAN5 neuroblastoma cell were incubated for short time with a recombinant form of Aβ42 (rAβ42), a peptide involved in AD,
was utilized for a study of the proteome by mass spectrometry. Furthermore, we used bioinformatics tools to mine databases and
present relatedness in the form of networks, associated processes, pathways, etc. The potential modulation of pathways suggested
by the similarity of GO terms and presence of protein-protein interaction networks among significantly modulated proteins was
explored using the bioinformatic tool KEGG. Pathway enrichment analysis was conducted for up and down regulated protein
groups, and four pathways were identified. The Spliceosome pathway identified in the under-expressed protein group was
reported by KEGG to be the most significantly enriched. To confirm the effect of Aβ42 on the spliceosomal pathway, the level of
expression of SmB/B’/N (a component of the spliceosomal machinery) was measured. Proteins were extracted from LAN5 cells
treated with rAβ42 at differing concentrations and times, and a Western blot was performed. SmB/B’/N levels were found to
decrease in a time and dose dependent manner relative to the control suggesting that impaired splicing can occur. However,
further studies are necessary to fully elucidate the the down-regulation effect of the spliceosome proteins in AD, and how this may
contribute to the early event in this disorder.

#P147 - Dissociation mechanism of CO2 under non-equilibrium discharge and post-discharge conditions
Lucia Daniela Pietanza - Consiglio Nazionale delle Ricerche
Other Authors: Giuliano D'Ammando (CNR, via Amendola 122/D, 70126 Bari, Italy) Gianpiero Colonna (CNR, via Amendola 122/D, 70126 Bari,
Italy) Annarita Laricchiuta (CNR, via Amendola 122/D, 70126 Bari, Italy) Mario Capitelli (CNR, via Amendola 122/D, 70126 Bari, Italy)

Plasma processing of CO2 in the gas phase under non-equilibrium conditions is nowadays considered as promising substitute to
conventional routes to specifically tackle the rate-limiting dissociation into CO. To become an economically viable alternative to
conventional fuel processing routes, the energy efficiency of the CO2 processing step has to be maximised. This in turn requires a
better understanding of CO2 activation channels and reaction mechanisms in plasma-assisted processes. The idea to use cold i.e.
1-3
4-5
non equilibrium plasmas for the CO2 dissociation has a long history started with the works of Russian and Italian groups in the
seventy, at the beginning of plasma-chemistry activities. The basic idea was the impossibility to rationalize experimental
dissociation rates of CO2 by using the direct electron impact dissociation process. On the contrary especially at low electron
temperature (Te of the order of 1eV) the input of electrical energy goes through the excitation of vibrational modes of CO2 (in
particular the asymmetric one) followed by V-V (vibration-vibration) energy exchange processes able to spread the low lying
vibrational quanta over the whole vibrational ladder of CO2 ending in the dissociation process. The upper limit to the dissociation
rate of this mechanism, called pure vibrational mechanism can be several orders of magnitude higher than the corresponding
dissociation process induced by electron impact. These simple considerations are at the basis of the numerous experimental
attempts to use vibrational energy in the dissociation process rather than the direct electronic process with the conviction that the
activation energy of the vibrational excitation process is much less than the corresponding electron impact process. In the present
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contribution, we would like to investigate such phenomena and built up a dissociation model for CO2 which takes into account CO2
vibrational excited states and the strong coupling of the vibrational kinetics with the electron energy distribution function (eedf).
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#P148 - Enhanced Efficiency of Organic Solar Cells by thiol-capped Au-Nanoparticles
Bruno Pignataro - Università di Palermo
Other Authors: Camillo Sartorio1, Sebastiano Cataldo1, Stefano Scaramuzza2, Valeria Vetri1, Michelangelo Scopelliti1, Vincenzo Amendola2,
Maurizio Leone1, Bruno Pignataro1 1 Dipartimento di Fisica e Chimica, Università di Palermo 2 Dipartimento di Scienze Chimiche, Università di
Padova

Organic solar cells (OSCs) are attracting significant interest because of their relevant features such as low cost, ease of
manufacture, mechanical flexibility and lightness along with portability. Devices based on poly(3-hexylthiophene) (P3HT) as donor
and soluble fullerene derivatives (PCBM)as acceptor are among the most studied, providingpromising power conversion efficiency
(PCE). However, low carrier mobility in heterojunction networks remain the major obstacle for improving device efficiency. Because
of poor charge transport in the active layer there is competition between the separation and recombination of the photogenerated
carriers. Thus, there is a need to develop strategies for increasing light harvesting by the same film thickness. Also, metallic
nanoparticles (NPs) are very interesting systems due to their optical and electrical properties. In particular, metal NPs such as Au,
Ag, Cu and Pt are known to show plasmon-enhanced absorption which could ensure a greater absorption and an enhanced
photogeneration of mobile carriers in the heterojunction films. [1]
In this work, we present a study on the effect of thiol-capped AuNPs of various sizesin an organic solar cell.AuNPs have been
obtained by laser ablation in liquid solution[2], have been functionalized both with 2-naphthalenethiol and alkanethiol having
different length. In addition to bulk heterojunction structures with optimized interpenetrating network of donors and acceptor
domains, we have chosen to study planar heterojunctions (PHJs), consisting of three component thin films realized by sequential
deposition of P3HT, AuNPs and PCBM from orthogonal solvents.
These structures have been studied by different microscopy and spectroscopy surface tools. Results show that2-naphthalenethiolcapped AuNPs incorporated at the P3HT/PCBM interface in planar heterojunctions ensures a more efficient charge transfer with
respect to heterojunction without AuNPs. Additionally, I/V curves showed that the incorporation of AuNPs with an approximate
size of 30 nm can significantly enhance the PCE from 0.7 % to 2.7. Results are discussed in terms of the dependence of fill factor,
electron transfer and short circuit current on the morphological order, plasmonic and scattering properties of AuNPs in the thin
films.
[1] C.E. Cheng, Z. Pei, C.C. Hsu, C.S. Chang and F. Shih-Sen Chien, Sol. Energy Mater. Sol. Cells, 2014, 121, 80-84.
[2] V. Amendola and M. Meneghetti Phys. Chem. Chem. Phys., 2009,11, 3805-3821

#P149 - COMPARISON OF ACTIVITY IN THE 2-PROPANOL DEHYDRATION OF SUPPORTED
HETEROPOLY ACID (PHOTO) CATALYSTS AT THE GAS-SOLID INTERFACE
Francesca Rita Pomilla - Università degli studi di Palemro
Other Authors: Other authors: Elisa I. García-López, Giuseppe Marcì and Leonardo Palmisano Affiliation: “Schiavello-Grillone” Photocatalysis
Group, Dipartimento di Energia, Ingegneria dell’informazione, e modelli Matematici (DEIM), Università degli Studi di Palermo, Viale delle Scienze
Ed. 6, 90128, Palermo. Italia

2-Propanol dehydration at the gas-solid interface over supported Brønsted acid catalysts based on H3PW12O40 (PW12) Keggin-type
heteropoly acid was studied. A continuous flow fixed-bed reactor working at atmospheric pressure and 80 °C and isopropanol initial
concentration 0.5 mM was used. Preliminary experiments were performed to find out the flow rate of the feeding gas necessary to
avoid mass transport limitation phenomena and hence carry out the experiments in kinetic regime; consequently, a flow rate of
-1
100 ml min was used in all the experiments. For the photo-assisted runs the reactor was also illuminated from the top with UV
LEDs at different irradiances.The (photo)catalysts included bare and supported PW12. Binary materials have been prepared by
impregnation and/or solvothermal treatment by using commercial supports: SiO2 (Mallinckrodt), TiO2 (Evonik P25) and carbon
nanotubes (Sunnano) or solvothermalhome prepared SiO2, TiO2 or ZrO2. All the materials have been characterized by X-ray
diffraction (XRD), scanning electron microscopy observations (SEM) with EDX microanalysis, specific surface area measurements
and diffuse reflectance spectroscopy (DRS). The retention of Keggin anion structure throughout the synthesis of catalysts was
confirmed both by FTIR and Raman spectroscopies. When the materials were also illuminated the conversion of 2-propanol and
consequently the propene formation increased. Propene was the main reaction product, but also the formation of small amounts
of di-isopropyletherwas observed; however, the various supported materials showed significant differences. The comparison of the
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photocatalysts activity was performed by calculating the rate of propene formation normalized for gram of PW12 present in the
catalyst. Indeed, the Kegginheteropolyacid species played a key role both for the catalytic and the photo-assisted catalytic
reactions.

#P150 - Quantification of the volume and total grain size distribution of the 23 February 2013 Etna lava fountain
Matthieu Poret - INGV sezione di Bologna
Other Authors: Antonio Costa (INGV Sezione di Bologna), Daniele Andronico (INGV Sezione di Catania - OE), Simona Scollo (INGV Sezione di
Catania - OE)

The majority of the plumes produced by explosive eruptions from Mt. Etna, in Italy, are affected by winds oriented from West to
East that drive the volcanic ash over the sea, allowing erupted tephra to be sampled at relatively proximal area around the volcano
only, i.e. within 20-25 km from the crater. This makes the quantification of fine ash content and the Total Grain Size Distribution
(TGSD) very difficult and highly uncertain. Five lava fountain episodes occurred on the New South-East Crater of Mt Etna from 17 to
23 February 2013. On the 23 February, there was a paroxysmal phase that lasted less than 1 hour, producing magma jets higher
than 500 m and an eruption plume that reached at least 4-5 km above the crater. The plume was mainly advected by winds
oriented from South-West to North-East. This plume produced an extended tephra fallout deposit, allowing lapilli and ash to be
sampled at several locations between the slope of Etna and the Puglia region, at about 400 km from the volcano. Here we first
quantify the TGSD and the fine ash content for this paroxysmal episode. Then, we use meteorological fields, column height
estimation, and TGSD to initialize a computational model of tephra dispersion. Finally, the model simulations are compared with
ground measurements and airborne observations allowing us to estimate Mass Eruption Rate and Total Mass through a best fit
procedure.

#P151 - Amorphous ferromagnetism and re-entrant magnetic glassiness in Sm2Mo2O7
Giacomo Prando - Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden
Other Authors: Pietro Carretta (Dipartimento di Fisica e Unità CNISM di Pavia, Università di Pavia, I-27100 Pavia, Italia), Anja Wolter-Giraud
(Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany), Romuald Saint-Martin (Laboratoire de
Physico-Chimie de l'Etat Solide, ICMMO, UMR8182, Université Paris-Sud, F-91405 Orsay, France), Alexandre Revcolevschi (Laboratoire de
Physico-Chimie de l'Etat Solide, ICMMO, UMR8182, Université Paris-Sud, F-91405 Orsay, France), Bernd Büchner (Leibniz-Institut für Festkörperund Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany; Institut für Festkörperphysik, Technische Universität Dresden, D-01062
Dresden, Germany)

We report on the investigation of a high-quality single crystal of Sm2Mo2O7 by means of dc magnetometry, muon spin spectroscopy
+
4+
(µ SR) and high-harmonics magnetic ac susceptibility [1]. The magnetic phase of the Mo sublattice develops below TC = 78 K, in
agreement with several previous reports in the literature. The TC value would be significantly reduced by a substantial amount of
2−
O vacancies, showing that this critical issue can be safely neglected for the currently investigated sample. Such magnetic phase for
4+
Mo is typically discussed in the literature as a conventional itinerant ferromagnetic state. However, our results clearly detect a
complicated superposition of conventional and highly disordered magnetic behaviors below 78 K sharing several common features
with amorphous ferromagnetic alloys (AmFA) and with other insulating spin-glass (SGI) pyrochlore molybdates. This scenario for
Sm2Mo2O7 is supported by the anomalously high values deduced for the critical exponents of the magnetic transition, approaching
+
values typically reported for AmFA. These were calculated by a scaling analysis of the dc magnetization data and confirmed by µ SR
+
and first-harmonic ac susceptibility. At the same time, µ SR detects a sizable static magnetic disorder at the microscopic scale
+
resulting in strongly damped coherent oscillations in the time depolarization of the µ spin. Moreover, the critical divergence of the
third-harmonic component of the magnetic ac susceptibility around 80 K leads to additional evidence towards the disordered
nature of this magnetic phase. Some degree of magnetic glassiness has been reported in the literature also in the metallic
ferromagnetic (FMM) phase near to the metal-to-insulator boundary. However, Sm2Mo2O7 is located far enough from such
boundary and glassy features are typically neglected in this case. Finally, as typical for several amorphous ferromagnets, a re+
entrant spin-glass (RSG) phase is evidenced at low temperatures by means of both the longitudinal magnetic relaxation of µ and by
magnetic ac susceptibility. Accordingly, our results shed new light on the magnetic properties of Sm2Mo2O7 and on the overall
electronic phase diagram commonly accepted for pyrochlore molybdates.
[1] G. Prando et al., Phys. Rev. B 90 085111 (2014)

#P152 - Equivalence of chemical and external pressures in RCoPnO
Giacomo Prando - Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden
Other Authors: Gianni Profeta (Department of Physical and Chemical Sciences and SPIN-CNR, Università dell'Aquila, I-67100 L'Aquila, Italy),
Alessandra Continenza (Department of Physical and Chemical Sciences and SPIN-CNR, Università dell'Aquila, I-67100 L'Aquila, Italy), Alexey
Alfonsov (Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden, Germany), Samuele Sanna (Dipartimento di
Fisica and Unità CNISM di Pavia, Università di Pavia, I-27100 Pavia, Italy), Rustem Khasanov (Laboratory for Muon Spin Spectroscopy, Paul
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Scherrer Institut, CH-5232 Villigen PSI, Switzerland), Anand Pal (National Physical Laboratory - CSIR, New Delhi 110012, India), Veer Awana
(National Physical Laboratory - CSIR, New Delhi 110012, India), Vladislav Kataev (Leibniz-Institut für Festkörper- und Werkstoffforschung IFW
Dresden, D-01069 Dresden, Germany), Bernd Büchner (Leibniz-Institut für Festkörper- und Werkstoffforschung IFW Dresden, D-01069 Dresden,
Germany; Institut für Festkörperphysik, Technische Universität Dresden, D-01062 Dresden, Germany)

We report on the local magnetic properties of the series of ferromagnetic materials RCoPnO (R = La, Pr, Nd, Sm; Pn = As, P) as
investigated by means of muon spin spectroscopy under pressure P and ferromagnetic resonance (FMR). The effect of P is shown to
be quantitatively equivalent to the chemical lattice shrinkage triggered by the different ionic radii of R ions. This is verified for both
experimental dependent quantities (i. e., magnetic field at the muon site [1]) and for intrinsically material-dependent properties (i.
e., ferromagnetic critical temperature TC [2]). FMR results in a wide range of temperature, frequency and magnetic field clearly
display that the chemical pressure is extremely effective in developing an easy-plane magnetic anisotropy.
[1] G. Prando et al., Phys. Rev. B 87, 064401 (2013)
[2] G. Prando et al., in preparation
[3] G. Prando et al., in preparation

#P153 - Microturbulence in helical and axisymmetric reversed field pinch plasmas
Italo Predebon - Consorzio RFX
Other Authors: P. Xanthopoulos (Max Planck IPP, Greifswald, Germany)

In the reversed field pinch device RFX-mod (Padova, Italy), good confinement properties are achieved when the magnetic surfaces
become helical. This condition causes on overall reduction of the magnetic chaos, but, at the same time, creates the physical
conditions mostly favoring the onset of electrostatic/electromagnetic turbulence, e.g., the occurrence of large pressure gradients.
In this contribution we review some recent findings in this field, focusing on the 3D features of the helical magnetic field, with the
aim to describe its distinct properties compared to an axisymmetric plasma. We will discuss, in particular, the results on ion
temperature gradient turbulence, and the effect of a finite plasma beta on electromagnetic instabilities and turbulence.

#P154 - Astrophysical mono-protonated molecular ions: ab-initio simulation of x-ray photoabsorption spectra
Alessandra Puglisi - Laboratoire de Chimie-Physique, Matière et Rayonnement, Université Pierre et Marie Curie
Other Authors: Sisourat N. (Laboratoire de Chimie-Physique, Matière et Rayonnement, UMR 7614, Université Pierre et Marie Curie, 11 rue Pierre
et Marie Curie, 75231 Paris Cedex 05, France), Carniato S. (Laboratoire de Chimie-Physique, Matière et Rayonnement, UMR 7614, Université
Pierre et Marie Curie, 11 rue Pierre et Marie Curie, 75231 Paris Cedex 05, France), Bizau, J.-M. ( Institut des Sciences Moléculaires d’Orsay,
CNRS UMR No. 8214, Université Paris–Sud, Bâtiment 350, F-91405 Orsay, France; Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, BP
48, F-91192 Gif-sur-Yvette, France), Cubaynes, D. (Institut des Sciences Moléculaires d’Orsay, CNRS UMR No. 8214, Université Paris–Sud,
Bâtiment 350, F-91405 Orsay, France; Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin, BP 48, F-91192 Gif-sur-Yvette, France), Giulbaud,
S. (Institut des Sciences Moléculaires d’Orsay, CNRS UMR No. 8214, Université Paris–Sud, Bâtiment 350, F-91405 Orsay, France), Van Kampen, P.
(National Centre for Plasma Science and Technology, School of Physical Sciences, Dublin City University, Glasnevin, Dublin 9, Ireland), Mosnier,
J.-P. (National Centre for Plasma Science and Technology, School of Physical Sciences, Dublin City University, Glasnevin, Dublin 9, Ireland),
Kennedy, E. T. (National Centre for Plasma Science and Technology, School of Physical Sciences, Dublin City University, Glasnevin, Dublin 9,
Ireland)

The detection through spectroscopic signatures of molecular ions in interstellar media is of prime importance due to their potential
1, 2
role as precursors of larger molecules . We focused here on the K-shell photoabsorption spectroscopy of the hydride
+
+
+
monoprotonated molecular ions CH and OH and the L-shell of, SiH (100- 550 eV, soft X-ray range)
+
+
+
Experimental data for the monoprotonated molecular ions SiH , CH and OH were recorded on the PLEIADES beamline at the
SOLEIL synchrotron facility using a merged beam technique with an electron cyclotron resonance ion source (ECRIS).
In our study, we have simulated the photoabsorption spectra of the species presented above using a combination of post HartreeFock and nuclear wavepacket methods. More precisely, the calculations of the potential energy and dipole transition curves were
performed using the Configuration Interaction method and Spin-orbit coupling taken into account through the Breit-Pauli operator.
The relaxation energy which is expected to be large for core-excited states is accounted by the use of molecular orbitals optimized
for the first core-excited state. Core hole lifetime and nuclear dynamics are explicitly included in the calculations of the
photoabsorption spectra.
In order to take into account of the plasma temperature on the photoabsorption profile (distribution of electronic states), we have
evaluated the energies of the low-lying different spin states (singlet and triplet) at the DFT (Density Functional Theory) level of
theory using the B3LYP exchange-correlation functional.
Our results compare quantitatively with the experiments. They allow the attribution of the experimental spectroscopic lines and
the population of the lowest singlet and triplet states. The satisfactory results obtained encourage us to extend further the study to
+
+
+
the multiprotonated molecular ions SiHn , CHn , OHn (n=2,3).
1. Smith, D Phil. Trans. R. Soc. Lond. 1988, A324, 257-273
2. Wyrowski, F.; Menten, K. M.; Güsten R.; Belloche, A. Astron. Astrophys. 2010, A26, 1-5
3. Bagus, S. P.; Illas, F.; Pacchioni, G.; Parmigiani, F. J. Electr. Spectrosc. Relat. Phenom. 1999, 100, 215-236
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#P155 - Silicon nanowires integrated in solar cells.
Rosaria Anna Puglisi - Istituto per la Microelettornica e Microsistemi - Consiglio Nazionale delle Ricerche
Other Authors: S. Caccamo, C. Bongiorno, S. Di Franco, M. Italia, G. Mannino, S. Scalese, and A. La Magna. Consiglio Nazionale delle Ricerche,
Istituto per la Microelettronica e Microsistemi, Strada Ottava 5 Zona Industriale 95121, Catania, Italy.

Nanostructured materials attract enormous interest for application in PV for their numerous intriguing properties. Quasi-zero
dimensional (0D) nanostructures such as Si nanocrystals (Si-NCs), thanks to the band-gap widening effect, effectively convert in
electric energy photons in the blue part of the solar spectrum, thus decreasing the efficiency losses related to carriers
thermalization and for this reason can be exploited in multi-junction solar cells, although the Si/SiO2 interface present at the Si-NCs
surface provides an effective energy barrier for the carrier transport [J. Appl. Phys. 108 (2010) 023701]. Also quasi-one dimensional
(1D) Si nanostructures such as nanowires have demonstrated their potential in PV because their architectures allow, with respect
to the planar Si, increased light absorption due to their exceptional light harvesting properties. For the NWs to become applicable
to PV, cost-effective synthesis methods, providing at the same time control on their morphological characteristics, must be
pursued. Currently most of the synthesis methods require high temperature deposition systems or provide poor control on their
surface roughness. In the fabrication processing of nanostructure-based devices the doping step is crucial as well. The requirements
are: absence of crystal damage, control of doping profile at nm level, possibility to obtain high dopant concentrations and
conformality. In this work a method to grow NWs by using a low temperature CVD system is used. Moreover, an innovative method
to dope the nanostructures is proposed, based on the formation of a self-assembled monolayer (SAM) of dopant precursor
10
molecules via silylation from liquid solutions [Nat. Mat., 7(2008) 62, Phys. Stat. Sol. A (2015), in press]. Arrays of SiNWs with 1×10
-2
cm density, 1 μm length, up to 60 nm diameter have been obtained, ex-situ doped by silylation and finally integrated as top active
layers inside the cells [Sol. En. Mat. Sol. Cells 132 (2015) 118]. The results show that the NWs present highly controlled atomically
flat surface after the deposition and after the doping step, and the NWs devices show higher short circuit current than the
reference cells.

#P156 - The self-assembling anisotropic particles: nematic phase
Elena Pyanzina - Ural Federal University
Other Authors: Sofia Kantorovich (Ural Federal University, Lenin av. 51, Ekaterinburg, 620000, Russia,University of Vienna, Sensengasse 8,
Vienna, 1090, Austria), and Cristiano De Michele (Dipartimento di Fisica, “Sapienza” Universita di Roma, P.le Aldo Moro 5, 00185, Rome, Italy)

Self-assembly-driven nematisation occurs when basic building blocks, due to anisotropic particle-particle interactions, form linear
semi-flexible aggregates, which may mutually align to form nematic liquid crystals (LCs). Since scattering experiments easily provide
the information on system structure in the form of structure factors, it is necessary to develop a formalism to theoretical
calculations of density-density correlations based on the results of the predicted self-assembly and phase behaviour. Weinvestigate
the nematic LC formed by sphere-cylinders that self-assemble in linear chain structures and trying to answer the question: How are
the spatial correlations in the system influenced by the nematic order parameter? To do so, we distinguish between the spatial
correlations in the plane perpendicular to the crystalline axis, and in the direction parallel to the latter.
Following this separation, we put forward a theoretical approach to calculate radial distribution functions (RDFs) and structure
factors (SFs) separately. We show that the RDFs in the parallel case can be described using a superposition of a chain model [1] and
Onsager distribution [2], whereas the RDFs in the perpendicular case turn out to be that of the soft disks [3]. After that SFs are
calculated using different methods of the statistical physics. We test our theoretical methods against the results of canonical NVT
Monte Carlo simulations of hard cylinders with attractive sites on their bases [4] and perform detailed analysis.
We conclude that even if the nematic ordering in the system is high, the imperfection of the liquid crystalline phase is strongly
reflected and even magnified in the pair distributions. Our theoretical approach is rather general and as an input parameter uses
only the particles' shape, volume fraction and the bonding free energy, which is why it is applicable to any system where the
equilibrium self-assembly in chains causes the isotropic-nematic transition.
The research has been partially supported by Austrian Science Fund (FWF): START-Projekt Y 627-N27. E.S.P. was supported by the
Grant of the President of the Russian Federation No MK-7131.2015.2 S.S.K. was partially supported by mol-a-ved 15-32-20549.
C.D.M. acknowledges support from MIUR-PRIN.
REFERENCES
[1] S. Kantorovich, E. Pyanzina, C. De Michele, and F. Sciortino, “How to calculate structure factors of self-assembling anisotropic
particles”, Soft Matter, 9, 4412-4427 (2013)
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[3] S. Bravo Yuste and A. Santos, “A heuristic radial distribution function for hard disks”, The Journal of Chemical Physics, 99 (3),
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#P157 - Self-assembling in the system of nanocylinders and nanodisks
Elena Pyanzina - Ural Federal University
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The process of self-assembly is a key to design and control various systems, and as such it has recently become a subject of interest
in physics, chemistry and biology.
In the present theoretical study we focus on the two type of building blocks: cylinders and discs (magnetic and nonmagnetic), that
can form different types of clusters. First of all we investigate possible structural change in the system with changing particles'
parameters, such as:size, shape and value of the magnetic moment (for magnetic particles). After that we present the theoretical
models for calculation different macroproperties (for example initial susceptibility for magnetic particles) and analyse them as
functions of aforementioned particles' parameters and concentration. Our theoretical results are supported by an extensive
comparison of the theoretical predictions to the results of computer simulations.
We conclude that self-assembly can change macroscopic behaviour nanocylinders and nanodisks systems. This may be very
important for the syntheses of new materials with controllable microstructure and macroproperties.
This research has been carried out within the financial support by RFBR Grant No. 14-02-31746.

#P158 - Alpha-Lactalbumin amyloid fibril formation and interaction with Giant liposomes
Estella Rao - Dipartimento di Fisica e Chimica, Università di Palermo, Palermo, Italy
Other Authors: Valeria Vetri (Dip. di Fisica e Chimica, Università di Palermo, Palermo, Italy), Vito Foderà (Department of Pharmacy, University of
Copenhagen, Copenhagen, Denmark; Dept. of Physics, Cavendish Laboratory, University of Cambridge, Cambridge, United Kingdom), Valeria
Militello (Dip. di Fisica e Chimica, Università di Palermo, Palermo, Italy), Maurizio Leone (Dip. di Fisica e Chimica, Università di Palermo,
Palermo, Italy)

Several neurodegenerative diseases like Parkinson's and Alzheimer's disease or type-II diabetes are associated with the formation
and deposition, in human organs and tissues, of large amounts of insoluble and highly ordered protein aggregates, known as
amyloid fibrils. Hence, specific interest in recent biomedical research has been focused on protein aggregation. In the last years,
several works have assessed that the interaction of amyloidogenic proteins or aggregates with cell membranes is critical in the
onset
and
progression
of
disease.
2+
We here present an experimental study on a model protein, alpha-lactalbumin (α-La). α-La is a small acidic Ca -binding whey
protein, widely studied for its potential pharmaceutical and medical applications and used as a model for molten-globule analysis.
Using spectroscopy and microscopy techniques, we analyze the fibrillation mechanisms and the interaction of this protein, in
different aggregation states, with model membranes. Thermally induced α-La amyloid formation was analyzed by means of light
scattering and in situ Thioflavin T (ThT) fluorescence measurements, in different conditions. To probe the secondary structure and
morphology of the supramolecular structures, the aggregates were characterized by FTIR absorption spectroscopy and by confocal
fluorescence microscopy. This multi-technique approach is used to analyze the protein amyloid formation and to characterize the
different aggregation states during supramolecular assembly kinetics. The interaction of α-La aggregate species and giant liposomes
as model membranes was investigated by means of Laurdan dye and two-photon microscopy. This approach allows quantifying the
changes in membrane fluidity upon protein aggregates addition simultaneously with the visualization of morphological changes in
model vesicles.

#P159 - Toward metrological-grade sub-Doppler THz spectroscopy
Marco Ravaro - CNR-INO
Other Authors: M. Ravaro(a), L. Consolino(a), A. Campa(ab), P. Cancio(a), D. Mazzotti(a), M. Ravaro(a), M.S. Vitiello(c), S. Bartalini(ab), and P.
De Natale(a) (a) Istituto Nazionale di Ottica, INO-CNR, Largo E. Fermi 6, Firenze, Italy. (b) European Laboratory for Nonlinear Spectroscopy,
LENS, Via N. Carrara 1, Sesto F. (FI), Italy (c) Istituto Nanoscienze, NEST-CNR, and Scuola Normale Superiore, Piazza S. Silvestro 12, Pisa, Italy

High precision THz molecular spectroscopy promises amazing scientific and technological applications, provided that sources with
suitable high power, wide tunability and narrow linewidth, such THz Quantum Cascade Lasers [1] are available. In this context, the
first application of a QCL phase-locked to a free-standing THz Frequency Comb Synthesizer (FCS) [2] was recently demonstrated,
achieving a state of-the-art accuracy of 4×10−9 in the determination of the absolute frequency of a THz transition [3]. In this
experimental report the overall accuracy was limited by the resolution of the Doppler-broadened direct-absorption spectroscopy
adopted therein. As a consequence, the the development of high-resolution THz spectroscopic techniques, such as saturatedabsorption spectroscopy (SAS), is a mandatory condition for further accuracy improvements.
We therefore report on the evidence of saturation effects in a rotational transition of CH3OH around 2.55 THz, induced by a freerunning continuous-wave QCL [4], confirming the feasibility of QCL-based subDoppler spectroscopy, once provided that the QCL
emission linewidth is comparable with, or narrower than the Lamb-dip width. The QCL emission is used for direct-absorption
spectroscopy experiments, allowing to study the dependence of the absorption coefficient on gas pressure and laser intensity. A
saturation intensity of 25 μW/mm2, for a gas pressure of 17 μbar, is measured.
[1] M. S. Vitiello et all, "Quantum-limited frequency fluctuations in a terahertz laser," Nat. Photon., 6, 525–528 (2012).
[2] L. Consolino et all, "Phase-locking to a free-space terahertz comb for metrological-grade terahertz lasers," Nat. Commun., 3,
1040 (2012).
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[3] S. Bartalini et all, “Frequency-comb-assisted Terahertz quantum cascade laser spectroscopy” Phys. Rev. X, 4, 021006 (2014).
[4] L. Consolino et all, “Saturated absorption in a rotational molecular transition at 2.5 THz using a quantum cascade laser”, Appl.
Phys. Lett., 106, 021108 (2015).

#P160 - Low environmental impact materials for cleaning of artistic surfaces
Vincenzo Renda - STEBICEF Department, University of Palermo
Other Authors: Maria Luisa Saladino (STEBICEF Department, University of Palermo; CGA-UniNetLab, University of Palermo), Leonardo Borgioli
(CTS Srl), Delia Francesca Chillura Martino (STEBICEF Department, University of Palermo)

The operation of cleaning has always been a difficult task to perform on artworks. The need to use both controlled and selective
cleaning methods, in order to minimize the impact of the treatment over the artistic surface, has guided many of the researches in
conservation field. A great part of the works that tackled this problem concentrated on finding new application methods that use
traditional solvents trapped in retentive systems that reduce their diffusion rate into the inner pictorial layer (also called "solvent
[1]
gels" ). Despite being effective in performing with efficiency the cleaning task, these systems carry with themselves all the health
safety issues related to the use of those potentially hazardous traditional organic solvents.
Taking this into account, an attempt to use solvents having lower environmental impact and increased health safety for the end
user, should be carried out in order to preserve both the restorer and the artwork. Three of these "green" solvents are 1,3[2]
dioxolane, methylal and propylene carbonate. In spite of their use in cosmetics and personal care formulations , at the moment
they aren't commonly employed by restorers during cleaning campaigns.
In this work, the performance of 1,3-dioxolane/metylal and propylene carbonate, is evaluated over a wooden painted tablet that
had been covered with a thin layer of a protective varnish during a previous conservation intervention performed in the Sixties.
Removal of this varnish has been considered on behalf of its yellowing degradation process, that caused chromatic changes over all
the pictorial layer. The cleaning process has been followed by FT-IR external reflectance spectroscopy, directly in situ, using a
portable spectrometer. In this study, it is also considered the use of a new supportive material that can permit to obtain a higher
control of the cleaning process, respect to the use of the "free" solvents. Furthermore, attention has been given to the
development of the application method for these systems; comparison with traditional solvents and application methods has also
been done, both in terms of cleaning efficiency and lingering of residues of the cleaning material.
References
[1] P.Cremonesi, E.Signorini; "Un approccio alla pulitura dei dipinti mobili”, Il Prato, 2012
[2] "Cosmetics Regulation" (EC) No 1223/2009 http://ec.europa.eu/consumers/cosmetics/cosing/

#P161 - Distinguishing stochastic noise from other kinds of dynamics in a time series
Leonardo Ricci - Dipartimento di Fisica - Università di Trento
Other Authors: Matteo Franchi (Dipartimento di Fisica, Università di Trento - I-38123 Trento, Italy), Davide Tabarelli (CIMeC, Università di Trento
- I-38122 Trento, Italy)

The divergent rate method [1] can be used to determine the maximum Lyapunov exponent of a system out of a time series
generated by that system, provided a suitable embedding is applied: the Lyapunov exponent corresponds to the slope of the
growing section of the diagram L(k), namely the average of the logarithm of the ratio between the distance of two points after k
steps and their initial distance. This last quantity is constrained to be within a given "shell".
We show how the value corresponding to the asymptotic behaviour of a diagram, namely L(k) at large k, allows to distinguish
stochastic noise from other kinds of dynamics in a time series. We analytically compute the asymptotic value in case of a random
series as a function of the embedding dimension m.
Our result can provide a new tool in the quest for a reliable method to distinguish noise from chaos in a time series.
[1] J. B. Gao and Z. M. Zheng, "Local exponential divergence plot and optimal embedding of a chaotic-time-series", Physics Letters
A, 181(2): 153-158, 1993

#P162 - Resveratrol loaded in liposomes induces chain packing modification
Bruno Rizzuti - CNR-NANOTEC UOS Cosenza, LiCryL and CEMIF.Cal, University of Calabria, Rende, Italy
Other Authors: Elena Longo (Department of Physics, University of Calabria, Rende, Italy), Luigi Sportelli (Department of Physics, University of
Calabria, Rende, Italy), Rosa Bartucci (Department of Physics, University of Calabria, Rende, Italy)

Resveratrol is a phytoalexin naturally present in some plants such as grapes, peanuts, mulberries and red fruits. It is also found in
beverages, particularly red wine. The molecule has beneficial health effects, including antioxidant, antiatherosclerotic,
cardioprotective, and chemiopreventive properties. Cellular targets for these health benefits are nucleic acids, membrane proteins
and lipid bilayers. In spite of the positive effects, resveratrol shows low solubility in aqueous media, and consequently in biological
fluids. In addition, the conversion of the trans form into the biologically inactive cis isomer reduces resveratrol activity. Both
limitations are overcome by loading the polyphenol into water-soluble, biocompatible carriers such as proteins and lipid bilayers.
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We present the results of a spin-label ESR and DSC study on the interaction of resveratrol with membrane models composed by
DPPC lipid, one of the most abundant in cell membranes.
At temperature through the gel phase of DPPC bilayers, the addition of resveratrol markedly restricts the motion of chain-end
labelled lipids, abolishes the profile of increasing mobility and reduces the order along the acyl chains, whereas it does not affect
the rotational mobility and the fluidity gradient in the fluid phase.
DSC endotherms indicate that resveratrol al low concentration influences the pre-transition, which is abolished from 5 mol%
onwards, whereas it has negligible effects on the main transition. At high concentration (up to 50 mol%), resveratrol reduces the
main transition temperatures and the cooperativity of the transition.
The results indicate that the molecule can be loaded up to high concentration in the lamellar assemblies of DPPC liposomes and
induces a gel phase with interdigitated acyl chains.

#P163 - Singular field energy densities at boundaries or near point-like field sources
Lucia Rizzuto - Dipartimento di Fisica e Chimica Università di Palermo and CNISM
Other Authors: Nicola Bartolo {Laboratoire MPQ - Université Paris Diderot - Paris 7, Paris, France} Salvatore Butera {SUPA, Institute of
Photonics and Quantum Sciences, Heriot-Watt University, Edinburgh, UK} Margherita Lattuca {Dipartimento di Fisica e Chimica, Università degli
Studi di Palermo, Palermo, Italy} Roberto Passante {Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Palermo,
Italy} Salvatore Spagnolo {Dipartimento di Fisica e Chimica, Università degli Studi di Palermo and CNISM, Palermo, Italy}

We discuss the problem of the divergences of field fluctuations near a point-like field source or at boundaries in the vacuum. We
first consider the case of a metallic boundary, and discuss the singular behaviour of the electric and magnetic energy densities at
the interface between the metallic boundary and the vacuum space. Then, we investigate the field fluctuations near a point-like
field source, such as an atom, and show that also in this case the field energy densities exhibit divergences at the source position.
We show, in both cases, that these singularities are at the origin of the known discrepancy between the value of the total
electromagnetic field energy, calculated as the ground-state expectation value of the field Hamiltonian or as the space integral of
the electromagnetic energy density.
We show that this singular behaviour disappears when extended field sources or fluctuating boundaries are considered.
Specifically, we discuss the case of a reflecting boundary oscillating around its equilibrium position and show that the motion of the
wall modifies the energy density of the field and smears out its singular behaviour.

#P164 - Novel approach for a user-friendly aptamer-based detection kit for Staphylococcus aureus in biological
fluids
Luca Ronda - Department of Neurosciences, University of Parma, Italy
Other Authors: Alessandro Tonelli (Department of Food Science, University of Parma, Italy), Elisa Margherita Maffioli (Department of Veterinary
Science and Public Health, University of Milan, Italy), Elisa Sogne ((CIMaINa and Department of Physics, University of Milan, Italy), Riccardo
Piano (Department of Neurosciences, University of Parma, Italy), Sara Pellegrino (DiSFarm, University of Milan, Italy), Pietro Cozzini (Department
of Food Science, University of Parma, Italy), Andrea Mozzarelli (Department of Pharmacy, University of Parma, Italy), Gabriella Tedeschi
(Department of Veterinary Science and Public Health, University of Milan, Italy), Francesca Clerici (DiSFarm, University of Milan, Italy), Lorenzo
Drago (Department of Biomedical Science for Health, University of Milan, Italy and Laboratory of Clinical Chemistry and Microbiology, IRCCS
Galeazzi Orthopaedic Institute, Milan, Italy), Cristina Lenardi (CIMaINa and Department of Molecular Science Applied to Biosystems, University of
Milan, Italy), Paolo Milani (CIMaINa and Department of Physics, University of Milan, Italy), Maria Luisa Gelmi (DiSFarm, University of Milan,
Italy)

Staphylococcus aureus is a common Gram-positive pathogen, present in inadequately treated food, causing a wide spectrum of
diseases and one of the leading causes of mortality and morbidity in health care associated infections. Nowadays, antibioticresistant strains of S. aureus are seriously challenging global monitoring platforms. Currently, the most important detection
methods are classical cultures and biochemical tests. However, they are time-consuming and not highly sensitive. For this reason,
there is currently a huge demand for rapid methods for S. aureus detection to be incorporated into point-of-care diagnostic
systems.
A novel and highly performing approach is offered by aptamers, tailored DNA or RNA sequences acting as artificial recognition
elements for conserved epitopes on the bacterial surface. The technological challenges for the use of aptamers-based biosensors in
the clinical practice is the lack of materials for their high-density immobilization.
Since aptamers interacting with S. aureus are already known, we took advantage of this knowledge tackling two principal
drawbacks of the aptamer-based biosensor available to date: the lack of materials for high-density surface immobilization with
aptamers and the restriction in the user-friendly read-out of the detected molecules.
We developed a device where the detection of S. aureus is based on the displacement by bacteria of a fluorescein-labeled peptide
that selectively recognizes the aptamer. Nanostructured zirconium dioxide supports have been used for immobilizing the
aptamers, allowing high-density immobilization while retaining their functionality. The displacement of the peptide is associated
with a detectable change in the fluorescence of the labeled peptide. For the design of peptides specific for S. aureus aptamers we
exploited the energy-based amino acid-base recognition code, previously obtained for several protein-DNA complexes.
This approach can be expanded towards any biological agent for which selective aptamers have been identified, allowing
immediate applications in clinical and environmental monitoring, particularly in those conditions where a rapid and specific
detection of one or multiple bacterial agents is needed.
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#P165 - Spin transfer torque with excitons
Massimo Rontani - CNR-NANO Research Center S3
Other Authors: K. L. Vendelbjerg (CNR-NANO S3), L. J. Sham (Dept of Physics, University of California San Diego)

The phenomenon of spin transfer torque (STT) between a small ferromagnetic (FM) domain and a spin-polarized current plays a
crucial role in spintronics. In this work we investigate theoretically the effect of STT induced by a ﬂow of spin-polarized
quasiparticles though a thin ferromagnetic layer when the ground state is a Bose-Einstein condensate of excitons produced by a
coherent optical ﬁeld.
We consider a one dimensional scattering model with mirror symmetry which consists of a thin ferromagnetic layer sandwiched
between two semiconductors(SC).The semiconductors are treated within a two-band model in the effective mass approximation.
The thin ferromagnetic layer acts as a spin-dependent scattering center for the quasiparticles, which are the elementary excitations
of the excitonic ground state. Excitons are indeed continuously created through irradiation by an external laser in a steady state
regime. By considering elastic scattering at equilibrium and matching the wave functions across the SC-FM junction, we work out
the scattering matrix and compute the STT for both one and three dimensional structurse. We ﬁnd a sharp dependence of the STT
on the quasiparticle energy close to the edge of the transport gap. Here we observe a quenching of STT which is a peculiar
coherence effect of the exciton condensate. This behavior could be useful for spintronics applications.

#P166 - Tunneling spectroscopy of few interacting Fermi atoms
Massimo Rontani - CNR-NANO Research Center S3
Other Authors: Pino D'Amico (CNR-NANO S3)

We develop a theory for the tunneling of a single atom or a correlated pair out of a trap containing few interacting cold atoms. In
the repulsive regime the quasiparticle wave function, dressed by the interaction with the companion atoms in the trap, replaces
the non-interacting orbital at resonance in the tunneling matrix element [1]. The computed tunneling time for two 6Li atoms agree
with recent experimental results [2], unveiling the `fermionization' of the wave function and a novel two-body effect [1]. For
attractive interactions we add the possibility that two atoms tunnel as a bound pair [3], leading to qualitative agreement with the
measured two-atom decay time [4]. Using exact diagonalization [5] to treat up to six fermions with balanced spin population, we
find evidence of BCS-like pairing [6]. For moderate interaction strength, we reproduce the even-odd oscillation of the separation
energy observed in [4]. For strong interatomic attraction the arrangement of dimers in the trap differs from the homogeneous case
as a consequence of Pauli blockade in real space.
This work is supported by Marie Curie ITN INDEX and MIUR-PRIN MEMO.
[1] M. Rontani, Phys. Rev. Lett. 108, 115302 (2012).
[2] G. Zuern et al., Phys. Rev. Lett. 108, 075303 (2012).
[3] M. Rontani, Phys. Rev. A 88, 043633 (2013).
[4] G. Zuern et al., Phys. Rev. Lett. 111, 175302 (2013).
[5] P. D'Amico and M. Rontani, J. Phys. B 47, 065303 (2014).
[6] P. D'Amico and M. Rontani, Phys. Rev. A 91, 043610 (2015).

#P167 - Modeling monoclonal antibodies with patchy particles
Michela Ronti - University of Vienna
Other Authors: Emanuela Zaccarelli ('Sapienza' University of Rome, CNR-ISC Rome), Nicholas Skar-Gislinge (Lund University, Novo Nordisk
Denmark), Peter Schurtenberger (Lund University), Anna Stradner (Lund University)

Modeling monoclonal antibodies with patchy particles
Combining direct analytical theoretical calculations and canonical Monte Carlo simulations we have studied the solution behavior
of a monoclonal antibody over a large concentration range, in order to investigate the consequence and nature of the proteinprotein interactions.
We have used a simple colloidal patchy model, in order to obtain analitically the thermodynamic properties (through the Wertheim
theory [1]) and to obtain the connectivity properties (using the Hyperbranched Polymers Theory [2]). We have also used
Montecarlo simulations to verify the results predicted theoretically.
We are currently working to better understand the protein-protein interactions and to study analytically the structure factor. Our
final aim is a mapping of the numerical and theoretical results with the experimental results of the group of Lund University.
[1] M.S. Wertheim, J. Stat. Phys. 35, 19 and 35 (1984)
[2] M. Rubinstein and R.H. Colby in Polymer Physics (Oxford University Press, Oxford, 2003)

#P168 - Molecular Dynamics simulations of hydrogen and oxygen atom on silica surface
Maria Rutigliano - CNR-NANOTEC
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Other Authors: M. Cacciatore (CNR-NANOTEC, Bari), P. Gamallo (Departament de Química Física and Institut de Química Teórica i
Computacional, Universitat de Barcelona, Barcelona), S. Orlandini (CINECA, Rome), N. Sanna(CINECA, Rome), R. Sayos(Departament de Química
Física and Institut de Química Teórica i Computacional, Universitat de Barcelona), C. Zazza(CINECA, Rome)

The interaction of plasmas with surfaces can lead to different surface processes active in different collisional energy regimes
according to the behaviour of the gas-phase species and substrate involved. In particular, atom recombination at surfaces can be an
effective source of roto-vibrationally excited molecules and, at the same time, an effective process for surface atom abstraction
and atom removal from the plasma region [1]. Such processes have a strong impact on the physical-chemistry of the bulk region
and at the plasma-surface interface. In fact, it is well established that the reactivity of molecular plasmas under low-pressure, lowtemperature conditions depends on, and is often controlled by, the formation of energetically vibrationally activated molecules [2].
Therefore, it is important to understand the processes by which one can store vibrational quanta in the vibrational manifold of the
active molecules in the plasma or gaseous media.
This contribution is focused on the molecular surface processes due to the interaction of a flux of H and O atoms colliding with a
silica surface at low-collisional energies (0.1-3 eV). Hydrogen and oxygen plasmas are currently of great interest in different
research areas of fundamental and technological interest such as microelectronics, nano-medicine, modern solar cells, fusion
reactors, astrophysics and aerothermodynamics.
We will present the results obtained during the last years by our group in the study of the interaction of atoms of H and O on a
silica surface based on analytical DFT Potential Energy Surfaces [3, 4]. Molecular Dynamics calculations have been performed using
a semiclassical collisional method that provides a detailed knowledge of the multiphonon inelastic processes that assist the
dynamics of the chemical and physical phenomena due to the chemi-/physic-sorption of atoms and molecules on substrate [5].
In particular, results concerning the recombination of H [4] and O [6] atoms on the silica surface will be discussed, in a comparative
manner, respect to the recombination probabilities and coefficients, energy distribution in the final states and vibrational
distributions of the formed molecules.
[1] M. Cacciatore and M. Rutigliano, 2009 Plasma Sources Sci.Technol. 18 023002
[2] J. Amorim , J. Loureiro and D. Schram , 2001 Chem. Phys. Lett., 346 443–8
[3] M. Rutigliano ,C. Zazza , N. Sanna , A. Pieretti , G.Mancini , V. Barone and M. Cacciatore, 2009 J. Phys. Chem. A 113 15366–75
[4] M. Rutigliano, P. Gamallo, R. Sayós, S. Orlandini and M. Cacciatore, Plasma Sources Sci. Technol. 2014 23 045016
[5] G. D. Billing, Dynamics of Molecule Surface Interactions; Wiley: New York, 2000
[6] M. Rutigliano and M. Cacciatore, J. Therm. Heat Transfer 2015 in press doi: http://arc.aiaa.org/doi/abs/10.2514/1.T4596

#P169 - Localized Surface Polaritons in J-Aggregate Nanostructures
Rosalba Saija - Università degli Studi di Messina
Other Authors: C. Triolo1, A. Cacciola1, A. Genco2,3, M. Mazzeo3,4, R. Saija1, S. Patanè1, S. Savasta1, O. Di Stefano1 1Università di Messina,
Messina - Italy 2CBN, Istituto Italiano di Tecnologia, Lecce -Italy 3Università del Salento, Lecce - Italy 4 CNR NANOTEC - Istituto di
Nanotecnologia, lecce - Italy

We show, by accurate scattering calculations, that nanostructures obtained from thin films of J-aggregate dyes, despite their
insulating behavior, are able to concentrate the electromagnetic field at optical frequencies like metallic nanoparticles. Specically
we investigate ultrathin nanodisks and nanodisk dimers which can be obtained by standard nanolitography and nanopatterning.
J-aggregate nanoantennas could be exploited for the realization of switchable localized surface resonances for nanophotonic
devices and could represent a low-cost solution for improving photovoltaic devices and for the realization of efficient artificial
photosynthetic light-harvesting antennas. These results, in view also of the huge variety of organic dyes that can aggregate and
their chemical exibility, hold the promise to greatly enlarge the availability of new plasmonic materials with dierent properties with
respect to noble metals. For example J-aggregates display attractive nonlinear optical properties which could be exploited for the
realization
of
switchable
localized
surface
plasmons
[1].
[1] Cacciola et al. ACS Photon., to appear

#P170 - Estimation of the optical parameters of atmospheric aerosol from Lidar signals by iterative inversion
methods
Alessia Sannino - Università degli studi di Napoli Federico II
Other Authors: Antonella Boselli (CNR-IMAA, Potenza, Italy), Sara Garbarino(Dipartimento di Matematica, Università di Genova;CNR-SPIN,
Genova, Italy), Annamaria Massone (CNR-SPIN, Genova, Italy), Michele Piana (Dipartimento di Matematica, Università di Genova;CNR-SPIN,
Genova, Italy), ChangBo Song (Dipartimento di Fisica, Università di Napoli “Federico II”, Napoli, Italy), Alberto Sorrentino (Dipartimento di
Matematica, Università di Genova;CNR-SPIN, Genova, Italy), Nicola Spinelli (Dipartimento di Fisica, Università di Napoli “Federico II”, Napoli,
Italy), Cristian Toraci (Dipartimento di Matematica, Università di Genova; IRCCS San Martino IST, Genova), Xuan Wang (CNR-SPIN, Napoli,
Italy)

Atmospheric aerosol are particles systems of different type (anthropogenic and natural), whose presence causes changes in the
physical properties of the atmosphere, with important implications on climate and the human health. Therefore the request of a
greater care in the their knowledge and characterization therefore is increasing.
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At present the Lidar technology is the best way to study the atmosphere and its composition. Lidar systems are used in the
monitoring of of air quality and to control the emissions of industrial plants, airport and city areas.
The Lidar technology examines the backscattering profiles obtained by the interaction between laser light and the atmospheric
components., as a function of the altitude and time. In order to obtain information about the aerosols from these profiles, the
optical parameters α (extinction coefficient) and β ( backscattering coefficient) must be extracted from lidar data..
However the inversion of the equation describing the lidar signal is a ill-posed mathematical problem and its solutions have a non
linear dependence on the measurements uncertainties.
A new iterative method for the inversion of Lidar equation has been implemented. Its applications to synthetic as well to real cases
is presented together with an analysis of the accuracy of the proposed method.
This research is funded by ALA- Advanced Lidar Applications srl.

#P171 - Hybrid nanoassemblies of core-shell silica nanoparticles and hyaluronic acid: a study of energy transfer
processes and cellular uptake
Gaetano Strano - Dipartimento di Scienze Chimiche - Università degli Studi di Catania
Other Authors: Gaetano Strano (Fondazione Ri.MED, Palermo, Italy), Valentina Greco (CNR-IBB, Catania, Italy), Enrico Rampazzo (Department of
Chemistry, “G. Ciamician”, University of Bologna, Bologna, Italy), Massimo Sgarzi (Department of Chemistry, “G. Ciamician”, University of
Bologna, Bologna, Italy), Luca Prodi (Department of Chemistry, “G. Ciamician”, University of Bologna, Bologna, Italy), Sebastiano Sciuto
(Department of Chemical Sciences, University of Catania, Catania, Italy), Cristina Satriano (Department of Chemical Sciences, University of
Catania, Catania, Italy) and Enrico Rizzarelli (CNR-IBB, Catania, Italy).

Nowadays the use of surface engineered nanoparticles for the controlled delivery of biomolecules to cells draws more and more
interest, due to the challenging need of enhanced drug bioavailability, efficiency of release and triggered cytotoxicity.
In the present study we addressed the cellular uptake of hyaluronic acid (HyA) and its fluorescent derivatives (HyAF) by means of
core-shell silica nanocarriers (NP). HyA is a disaccharide glucuronic acid/N-acetylglucosamine polymer, which offers high
potentiality of conjugation with drugs, prodrugs, proteins or lipids via the carboxylate group on the glucuronic acid residue, the
primary hydroxyl on the N-acetylglucosamine moiety, or via reductive amination chemistry through the reducing end of HyA. The
tailoring of HyA hydrogel physico-chemical properties (chemistry, surface charge, hydrophilicity, viscoelastic character) as well as
those of the silica nanocarriers (including the nanoparticle surface decoration with PEG, carboxy and amino-groups, and the
functionalization in the core with dye molecules) was scrutinized to drive the controlled uptake of HyA and HyAF compounds in
HeLa and neuroblastoma cells.
The physicochemical characterization of the hybrid bio-organic/inorganic multifunctional nanoassemblies of HyA/NPs and
HyAF/NPs was carried out by dynamic light scattering and zeta potential measurements, for the hydrodynamic size and surface
charge determination, atomic force microscopy, for topography and nanomechanical analyses, UV-visible and fluorescence
spectroscopy, for the investigation of electron- and energy-transfer processes. The cellular response to the treatment by the
differently functionalized hyaluronic acid/silica nanoparticle systems was scrutinized by viability assays and live cell imaging
confocal microscopy. Results demonstrated the high potentiality of the used strategy to finely control the biomolecule-cell
interaction.

#P172 - Lipid-wrapped polymeric cyclodextrin nanoparticles for encapsulation of curcumin and smart delivery
to cells
Lidia Zuccarello - Dipartimento di Scienze Chimiche - Università degli Studi di Catania
Other Authors: Lidia Zuccarello (Department of Chemical Sciences, University of Catania, Catania, Italy), Patrizia Di Pietro (Department of
Chemical Sciences, University of Catania, Catania, Italy), Francesco Bellia (Institute of Biostructures and Bioimaging - National Council of
Research (CNR-IBB), Catania, Italy), Graziella Vecchio (Department of Chemical Sciences, University of Catania, Catania, Italy), Elena Solfato
(SIFI S.p.A.), Anna Rita Blanco (SIFI S.p.A.), Cristina Satriano (Department of Chemical Sciences, University of Catania, Catania, Italy).

Cyclodextrins are a family of cyclic oligosaccharides with a hydrophobic central cavity and a hydrophilic outer surface. In the
pharmaceutical industry cyclodextrins have mainly been used as complexing agents to increase aqueous solubility of poorly soluble
drugs, thus to increase their bioavailability and stability. Curcumin is a polylphenol molecule, with a variety of pharmacologic
properties, including antioxidant and anti-inflammatory activities.
In the present work polymeric nanoparticles of β-cyclodextrins (CDp) were used as nanocarriers for curcumin for hosting in
supramolecular complexes the drug, which is poorly insoluble in aqueous solution. Moreover, since cyclodextrin molecules are
relatively large with a number of hydrogen donors and acceptors and, thus, in general they do not permeate lipophilic membranes,
the curcumin-CDp complexes were incapsulated in lipid vesicles, to improve the cell permeability. The loading and release of
curcumin in both CDp-curcumin complexes ([βCDp:curc]) and the complexes incapsulated into the lipid membranes
(SUV@[βCDp:curc]) were characterized by a multi-technique approach based on spectroscopic methods (UV-visible, fluorescence,
NMR), dynamic light scattering and zeta potential respectively for hydrodynamic size and surface charge, and atomic force
microscopy in liquid.
Cellular experiments with the human RPE cell line (ARPE-19)were performed by confocal microscopy and cell viability assays.
Results point to the promising potentialities of the developed nanoplatform for the controlled delivery of curcumin in application of
inflammatory ocular diseases.
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Vittorio Ferrara - Dipartimento di Scienze Chimiche - Università degli Studi di Catania
Other Authors: Vittorio Ferrara (Department of Chemical Sciences, University of Catania, viale Andrea Doria 6, 95125 Catania, Italy), Patrizia Di
Pietro (Department of Chemical Sciences, University of Catania, viale Andrea Doria 6, 95125 Catania, Italy), Cèdric Vandenabeele (Chimie des
Interactions Plasma Surface (ChIPS) Research Institute for Materials Science and Engineering Université de Mons (UMONS) & Materia Nova
Research Center 1, Avenue Copernic, 7000 Mons, Belgium), Rony Snyders (Chimie des Interactions Plasma Surface (ChIPS) Research Institute for
Materials Science and Engineering Université de Mons (UMONS) & Materia Nova Research Center 1, Avenue Copernic, 7000 Mons, Belgium),
Cristina Satriano (Department of Chemical Sciences, University of Catania, viale Andrea Doria 6, 95125 Catania, Italy).

The present investigation deals with the functionalization of gold nanoparticles (Au NPs) with primary amine-based plasma polymer
films (NH2-PPF), to improve their properties for bioanalytical applications.
Cyclopropylamine (CPA) plasma polymerization, in pulsed and continuous wave radio frequency discharges, was employed to
growth CPA amino-based PPFs coatings (18 nm) onto Au NPs of 12 nm of diameter deposited on glass and silicon substrates. A
multi-technique investigation, based on FT-IR and XPS spectroscopies, AFM and SEM microscopies and Tof-SIMS spectrometry,
revealed peculiar features of the CPA PPFs.
In particular, by FT-IR it was possible to obtain an overview about the rich chemistry of such PPFs, and by XPS, combined with
chemical derivatization by using the reagent TFBA, it was possible to quantify unambiguously the surface –NH2 amount. For testing
the response in a biological environment, the behavior of the PPFs in phosphate buffer saline solution was studied upon 24 hours
of immersion. The decrease of thickness occurred, related to a restructuring of the PPF structure induced by the diffusion of the
solvent in the polymeric network. Such an effect of diffusion strongly depends on the cross-linking density of the PPF, characterized
in the present study by ToF-SIMS. Despite such structural rearrangements, SEM does not show any evidence of delamination or
damage caused after 24 hours of ageing in PBS. Results are therefore very promising for biosensor applications, as demonstrated
by proof-of-work experiments with proteins and peptides.

#P174 - Palladium clusters on BNNT as catalysts for biomass conversion
Roberto Schimmenti - Dipartimento di Fisica e Chimica - Università degli Studi di Palermo
Other Authors: Remedios Cortese - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo Antonio Prestianni - Dipartimento di Fisica
e Chimica, Università degli Studi di Palermo Francesco Ferrante - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo Dario Duca
- Dipartimento di Fisica e Chimica, Università degli Studi di Palermo

The construction of a heterogeneous catalytic systems by a bottom-up approach is a fascinating strategy well assisted by molecular
level characterizations. In this sense, DFT investigations can be used with predictive and descriptive purposes both for the
treatment of the catalyst/support and for the substrate/catalyst characterization. This should be particularly useful for highly
perspective but scarcely treated systems such as boron nitride based supports. Among these, boron nitride nanotubes (BNNT) have
been demonstrated to have high chemical and thermal stability as well as great mechanical strength and high thermal
conductivity.[1] Moreover, a high affinity toward hydrogen [2] as well as a moderate one to carbon dioxide, suggest their possible
use as support for biomass conversion catalysts.
In this work we studied through computational methods, how small Pd2 up to Pd9 clusters can nucleate and grow on a BNNT
support; the study of the interaction occurring between palladium clusters and the support can be highly revealing for the possible
production of shape and size-controlled nanoparticles. We demonstrated that the migration process of a single palladium atom on
the BNNT is not highly energy demanding and can be represented as a hopping mechanism between boron and nitrogen. A model
was found for the interpretation of the growth energetics, showing that the process is generally favoured increasing the cluster
size. Results from the adsorption of oxygenates compounds, as model for biomass feedstocks,[3] are discussed.
[1] M. Terrones, J. M. Romo-Herrera, E. Cruz-Silva, F. López-Urías, E. Muñoz-Sandoval, J. J. Velázquez-Salazar, H. Terrones, Y. Bando,
D. Golberg, Mater. Today, 2007, 10, 30.
[2] M. Renzhi , B. Yoshio , Z. Hongwei, S. Tadao, Xu Cailu, Wu Dehai, J. Am. Chem. Soc., 2002, 124 , 7672
[3] R. R. Davda, J. W. Shabaker, G. W. Huber, R.D. Cortright, J. A. Dumesic, Appl. Catal. B: Env., 2005, 56, 171

#P175 - Theoretical Investigation of Aqueous Phase Reforming of 1,2 Propanediol over a Pt catalyst
Roberto Schimmenti - Università degli Studi di Palermo
Other Authors: Remedios Cortese (Università degli Studi di Palermo), Francesco Ferrante (Università degli Studi di Palermo), Antonio Prestianni
(Università degli Studi di Palermo), Dario Duca (Università degli Studi di Palermo)

Aqueous Phase Reforming (APR) process is one of the most efficient solution for producing hydrogen from biomass renewable
feedstocks, such as polyalcohols. [1] Generally the reaction is catalyzed by supported platinoid metals and among these platinum
has been recognized as the most active and selective toward the production of hydrogen. However, due to its really high
complexity, the reaction mechanism is today poorly understood.
DFT methods can be useful for understanding the APR catalytic mechanism at atomistic level. A detailed mechanistic study was
carried out using a Pt30 cluster for the modelization of the catalyst and 1,2 propanediol (1,2PDO) as a model feedstock for the APR.
Even for this simple molecule five chemically different hydrogen atoms can be recognized which lead to five different reaction
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paths. The activation energy required for the methylic C-H bond cleavage is approximately 40 kJ mol higher than the HOCH-H and
HOC-H bond breakings. This effect arises directly from the presence of the OH group that reasonably enhances the possibility of the
C-H bond to break. The key step of the reaction seems to be the formation of the unsaturated 1,2 propenediole species that, if
coordinated to the catalyst surface, can be reformed through a C-C bond cleavage or can be easily converted to ketonic species,
-1
which are experimentally found as byproducts. [2] The C-C bond cleavage is the rate determing step requiring 95.7 kJ mol .
[1] R.D. Cortright, R.R. Davda, J.A. Dumesic Nature, 2002, 418, 964-967
[2] I.L. Godina, A.V. Kirilin, A.V. Tokarev, D. Yu Murzin, ACS Catal., 2015, 5, 2989-3005

#P176 - Gravitational Instabilities associated with volcanic clouds: new insights from experimental investigations
Simona Scollo - Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo
Other Authors: Costanza Bonadonna (Section des sciences de la Terre et de l'environnement, Université de Genève, Switzerland), Irene Manzella
(Section des sciences de la Terre et de l'environnement, Université de Genève, Switzerland)

Gravitational instabilities are often observed at the bottom of volcanic plumes and clouds generating fingers that propagate
downward enhancing sedimentation of fine ash. Regardless of their potential influence on tephra dispersal and deposition, their
dynamics is not completely understood, undermining the accuracy of volcanic ash transport and dispersal models. Here we present
new laboratory experiments that investigate the effects of particle size, composition and concentration on finger dynamics and
generation. The experimental set-up made at the laboratory of the University of Geneva consists of a Plexigas tank of 50 cm x 30.3
cm x 7.5 cm equipped with a removable banner for the partition of two separate layers. The lower partition consists of a solution of
water and sugar and is therefore characterized by a lower density than the upper partition which is filled with water and particles.
The upper layer is quiescent (unmixed experiments), or continually mixed using a rotary stirrer (mixed experiments). After
removing the horizontal barrier that separates the two fluids, particles are illuminated with a 2W Nd-YAG laser named RayPower
2000 and filmed with a HD camera (1920x1080 pixels). Images are analysed by the Dynamic Studio Software that is a tool for the
acquisition and analysis of velocity and related properties of particles inside the fluids. Each particle that follows the flow and
scatters light captured by the camera is analysed based on velocity vectors. Experiments were carried out in order to evaluate the
main features of fingers (number, width and speed) as a function of particle type, size and concentration. Particles include glass
beads with diameters < 32 µm, 45-63 µm, and 63-90 µm and andesitic, rhyolitic, and basaltic volcanic ash with diameters < 32 µm,
45-63 µm, 63-90 µm, 90-125 µm, 125-180 µm and > 180 µm. Three concentrations in the upper layer were considered to generate
fingers: 3 g/l, 4 g/l and 5 g/l.

#P177 - Lidar measurements during the 16 December 2013 explosive activity at Mt. Etna, in Italy
Simona Scollo - Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo, Catania, Italy
Other Authors: Antonella Boselli (CNR-IMAA, Potenza, Italy), Mauro Coltelli (Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo,
Catania, Italy), Giuseppe Leto (INAF-Osservatorio Astrofisico di Catania, Catania, Italy), Alessia Sannino (Dipartimento di Fisica, Università di
Napoli “Federico II”, Napoli, Italy), Nicola Spinelli (Dipartimento di Fisica, Università di Napoli “Federico II”, Napoli, Italy), Ricardo Zanmar
Sanchez (INAF-Osservatorio Astrofisico di Catania, Catania, Italy), Xuan Wang (CNR-SPIN, Napoli, Italy)

A new lidar named AMPLE has been installed at Mt. Etna, in Italy. The lidar is a portable multiwavelength scanning system able to
carry out high quality 3D map of particle optical and microphysical properties and detect their time evolution. The laser source is a
doubled and tripled diode pumped Nd:YAG laser, with a repetition rate of 1KHz. The lidar system detects the elastic returns at 355
nm and the N2 Raman lidar echoes at 386 nm. Each signal is acquired with a raw spatial resolution varying from 30 cm to 30 m. The
lidar system is operated at Serra La Nave, 7 km away far from the Etna summits, and, during the winter seasons, at the INAFAstrophysical Observatory in Catania. Lidar measurements caught explosive activities from the New South East Crater of 16
December 2013 between 11:50 and 17:30 UTC. The analysis of lidar profiles measured in the late part of the afternoon allowed to
detect an aerosol layer located at high altitude that was related to the emission of fresh volcanic ash from a new eruptive vent
located at the north east side of the New South East Crater. Elastic/Raman lidar measurements allowed to measure simultaneously
the aerosol backscattering and the extinction coefficients at 355 nm and profiles of lidar ratio. Calibrated particle linear
depolarization values in the plume were obtained from lidar profiles measured in the parallel and perpendicular polarized channels
at 355 nm and allowed to distinguish fresh volcanic ash in the detected plume.

#P178 - Specific and aspecific effects in bioprotection of Myoglobin: a comparison between glassy trehalose and
gelatin crowding.
Enrico F. Semeraro - ESRF - The European Synchrotron, ID02 Beamline and Dipartimento di Fisica e Chimica,
Università di Palermo
Other Authors: Sergio Giuffrida (Dipartimento di Fisica e Chimica, Università di Palermo), Grazia Cottone (Dipartimento di Fisica e Chimica,
Università di Palermo and School of Physics, University College of Dublin, Dublin, Ireland), Antonio Cupane (Dipartimento di Fisica e Chimica,
Università di Palermo)

Preservation of biological molecules is a relevant topic both for its technological applications and for the challenges in
understanding the mechanisms at its basis, either in vitro or in vivo. Saccharides, and in particular trehalose, have been widely

379

POSTERS
studied for their effectiveness in biopreservation, and various hypotheses have been prompted to explain the underlying molecular
mechanisms, based either on specific, water-mediated, interaction with the embedded biomolecules or on the aspecific alteration
of the physical properties of the matrix. High molecular-weight polymers are also utilised as biomaterial stabilisers in
pharmaceutical or food technology, mainly because of their concurrent positive effects in system rheology. However, their
preservation efficiency is not likely to depend on specific interactions with the embedded biomolecules, but only on crowding
effects, as studies on polysaccharides and disaccharides/polysaccharides mixtures.
Here we present a study on myoglobin (Mb) preservation in gelatin (hydrolysed collagen), in crowded Mb-only system, and
gelatin/trehalose matrices. Gelatin was chosen for its simple structure, which is analogous to a simple polymer, and its great
resistance to denaturation. Myoglobin was chosen as a well characterised probe molecule, both in the oxidized met-Mb form and
in the reduced carboxy form (MbCO). Data from Differential scanning calorimetry (DSC) and UV-Visible Spectroscopy are reported
and compared with results already reported for Mb/trehalose systems [1].
DSC measurements were performed at various water content and allowed to obtain the denaturation temperature of Mb, pointing
out a difference between trehalose matrices, who always stabilise Mb, and gelatin-containing systems, in which a destabilisation at
high-to-middle hydration is in contrast with a stabilisation at very low water content. Spectroscopy measurements were performed
on systems dried up to 66 days at 80°C under vacuum to test the effects of sustained stress. Through the spectroscopic study of CO
loss from MbCO it was also possible to differentiate massive denaturation from functional denaturation. Overall, results show that
trehalose biopreservation is more effective in the long-range and against functional denaturation, while crowding-induced
preservation provides a better performance against abrupt massive denaturation and/or aggregation.
[1] G. Bellavia, G. Cottone, S. Giuffrida, A. Cupane, L. Cordone, Thermal denaturation of myoglobin in water–disaccharide matrixes:
relation with the glass transition of the system, J. Phys. Chem. B 113 (2009) 11543-11549.

#P179 - Coupling GC/MS and gas sensors for monitoring chronic health conditions in Ambient Assisted Living
solutions
Pietro Siciliano - IMM-CNR,
Other Authors: S. Capone, A. Forleo, F. Casino Istituto per la Microelettronica ed i Microsistemi (C.N.R.-I.M.M.), via Monteroni, 73100 Lecce, Italy
M. Tufariello, Istituto di Scienze delle Produzioni Alimentari (C.N.R.-I.S.P.A.), via Monteroni, 73100 Lecce, Italy

The constant increase of the life expectancy and the consequent aging phenomenon will inevitably produce in the next 20 years
deep social changes that lead to the need of innovative products and services for elderly people, focused to maintain
independence, autonomy and, in general, improve the health conditions and wellbeing. The goal is to allow individuals to have an
active role in self-managing their own health, limiting the doctor intervention, and in maintaining good health conditions.
Ambient Assisted Living (AAL) promotes the development and use of innovative technologies to allow older people to keep living in
their own houses, rather than hospices or nursing homes. To this aim, AAL specifically designs intervention on homes to adapt
them to different situations (health or disease), enhancing older people’s autonomy, easing daily activities and guaranteeing safety
conditions. So, new reliable devices and sensors systems capable to detect and monitor risk factor, medical condition, etc. are
becoming very important.
One the most important medical needs is the inflammatory monitoring of Chronic Obstructive Pulmonary Disease (COPD) that is
considered one of the leading causes of morbidity and mortality worldwide for elderly. Nowadays it’s well appreciated the
powerful potential of breath analysis for disease diagnostics and metabolic status monitoring. On one side, scientific research is
devoting a lot of efforts in identifying markers of pathologies in exhaled breath by advanced analytical technologies, as gas
chromatography combined with mass spectrometry (GC-MS), ion mobility spectrometry (IMS), proton transfer reaction mass
spectrometry (PTR-MS), selected ion flow tube mass spectrometry (SIFTMS).
On the other side, instruments as Electronic Nose (EN) mainly based on semiconducting gas sensors (SGS), were in developing,
offering an alternative to the above mentioned complex spectrometry techniques for a quick and easier breath analysis useful for
qualitative analysis purposes and disease screening in population.
In this work, we try to combine an advanced analytical technique as GC-MS with semiconducting gas sensors (SGS) in order to study
the ability of SGS to detect breath VOCs eluting from the gas chromatographic column. This approach looks to a future developing
of miniaturized gas chromatographs based on gas sensors detector, acting as Point of Care system to be used by the elderly people
at home for monitoring their health status.

#P180 - Production and characterization LKB, LMB and LCB borate glasses
Susana Souza - Departamento de Física, Universidade Federal de Sergipe
Other Authors: J. V. B. Valença (Departamento de Física, Universidade Federal de Sergipe, São Cristóvão, SE, Brazil), I.S. Silveira (Departamento
de Física, Universidade Federal de Sergipe, São Cristóvão, SE, Brazil), A. C. A. Silva (Instituto de Física, Universidade Federal de Uberlândia,
Uberlândia, Brazil), N.O. Dantas (Instituto de Física, Universidade Federal de Uberlândia, Uberlândia, Brazil), A. Marini (Dipartimento di
Ingegneria Civile e Industriale, Università di Pisa, Pisa, Italy), R.A.P.O. D’Amorim (Departamento de Engenharia Elétrica, Universidade Federal do
Vale do São Francisco, Juazeiro, Brazil), F. d’Errico (Yale University School of Medicine, New Haven CT, USA)

Glasses have been studied as potential luminescent dosimeters at high doses, especially in the last two decades. Borate glasses
show high luminescence intensity compared to other glass matrices. However, they also have high hygroscopicity that is a major
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disadvantage for practical dosimeters. Considering the intense research for materials that have favorable characteristics as optically
stimulated luminescence dosimeters (OSL), different glass matrices give the opportunity of a systematic study. This work consisted
of the evaluation of three distinct glass matrices (LKB, LMB and LCB) produced by rapid cooling. For each matrix, five subsets were
produced with different compositions: Li2CO3 - X - B2O3 [X = K2CO3 (LKB), MgO (LMB) or CaO (LCB)],in order to determine the best
composition in terms of OSL emission and moisture resistance. The hygroscopicity of the glasses was evaluated by two tests:
against moisture and against water. After 40 days of exposition to moisture LKB glasses became opaque. The test of immersion in
distilled water reinforced the finding that LKB matrix has a higher hygroscopicity compared to the LCB and LMB matrices. After one
day the mass reduction was equal to 22.5% for LKB, 1.2% for LCB and 1.6% for LMB. We found a composition of LKB that emits 48%
more intense OSL light than the basic matrix normally used for doping studies reported in the literature. The most sensitive
subgroups of LMB and LCB presented a sensitivity that is much lower than the LKB. Therefore, LKB matrix, despite being more
hygroscopic, it is also the most sensitive to radiation among the matrices that we studied.

#P181 - Intrinsic molecular-like luminescence from the surface of silica nanoparticles
Luisa Spallino - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo (Italy)
Other Authors: Lavinia Vaccaro (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo), Marco Cannas (Dipartimento di Fisica e
Chimica, Università degli Studi di Palermo), Franco Mario Gelardi (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo)

Amorphous silica plays a key role in the modern nano-science because of its appealing characteristics from both application and
fundamental point of view. In addition to the wide transparency range, low conductivity and hardness, intimately related to the
strong Si-O covalent bond, the reduction to nanoscale brings out new properties. One of the most relevant is the high photon
emissivity in the UV-Visible range due to the formation of a large variety of luminescent defects favored by the high specific surface
2
2
(≈100 m /g). A feature common to the photoluminescence bands usually observed in silica nanoparticles is the broad and
structureless line-shape, this is accounted for by the homogeneous and inhomogeneous broadening. The first, related to the single
defect, is mainly caused by the electron-phonon coupling and is therefore dependent on temperature; the second is related to the
site-to-site non equivalence caused by the structural disorder in the short-range in comparison with the SiO4 tetrahedron size. An
exception to these broad bands has been evidenced in a vacuum: a structured emission/excitation pattern is observed around 3.03.5 eV even at room temperature. This luminescence resembles that of a molecular-like system andis due to the coupling of an
-1
-1
electronic transition with two localized modes of frequency 1370 cm and 360 cm . The understanding of this uncommon behavior
in the field of the optical properties of defects in amorphous solidsis the purpose of the present work. By using a tunable laser
source and a time resolved detection, we carried out the investigation of the emission, excitation and decay properties of the
vibronic progression as a function of temperature, thus deriving parameters useful to characterize the coupling strength. The
results point out that on increasing temperature the intensity and the lifetime decrease due to the activation of a non-radiative
channel from the excited state. Concurrently, the temperature dependence of the line-shape evidences the low coupling with nonlocalized modes of the matrix (Huang-Rhys factor S≈0.2) and the poor influence of the inhomogeneous broadening. These findings
outline that the silica surface can allocate luminescent defects almost disentangled from the basal network.

#P182 - Luminescence of isolated defects in nanostructured silica surface for small molecules detection
Luisa Spallino - Dipartimento di Fisica e Chimica, Università degli Studi di Palermo (Italy)
Other Authors: Lavinia Vaccaro (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo), Marco Cannas (Dipartimento di Fisica e
Chimica, Università degli Studi di Palermo), Franco Mario Gelardi (Dipartimento di Fisica e Chimica, Università degli Studi di Palermo)

The large variety of surface defects arising from the reduction to nanoscale is at the origin of the huge emissivity observed in SiO2
nanoparticles. Generally, broad and structureless emission bands characterize the UV-Visible spectral range, reflecting the
amorphous matrix in which the defects are embedded. An exception is observed in a vacuum and consists of a structured
photoluminescence, between 3.0 eV and 3.5 eV, whose sharp spectral features resemble those of a single molecule. This emission
-1
-1
is due to the coupling of an electronic transition with two localized modes of frequency 1370 cm and 360 cm . Its quenching in air
points out that the defects are allocated on the surface of the nanoparticles and strongly interact with the molecular species of the
environment. The pronounced sensitivity to the atmosphere, in combination with the advantageous spectral features, is promising
for the use of SiO2 nanoparticles as luminescent sensors. To this aim, the understanding of the fundamental mechanisms of the
quenching is mandatory.
By using time resolved photoluminescence technique, we have carried out a detailed investigation of the effects on the spectral
and decay properties of the structured emission induced by the interaction with O2 and N2. Such interactions cause a
photoluminescence quenching and a decrease of the lifetime (τ), the extent of which depends on the specific molecular species.
Under N2, the intensity quenching equals the τ reduction in agreement with a collisional origin of the process. Under O2, the
quenching is larger than the τ decrease, thus pointing out a combined collisional- and reaction-limited process. In both cases the
phenomenon is reversible after restoring the vacuum, this indicates the weak (Van der Waals) interaction of the luminescent
defects with O2 and N2. All these findings highlight the possibility to discern the molecules by analyzing the spectroscopic variations
of the structured emission, thus leading to the potential application of this system as probe of small molecules.
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#P183 - Development of a PECVD set up for nanomaterials production
Luisa Spallino - Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Palermo "G. S. Vaiana" (Italy)
Other Authors: Giuseppe Lo Cicero (Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Palermo "G. S. Vaiana"), Salvatore Ferruggia
Bonura (Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Palermo "G. S. Vaiana"), Ugo Lo Cicero (Istituto Nazionale di Astrofisica,
Osservatorio Astronomico di Palermo "G. S. Vaiana"), Alfonso Collura (Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Palermo "G.
S. Vaiana"), Marco Barbera (Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Palermo "G. S. Vaiana")

The fabrication of nanomaterials, with controlled shapes and properties, requires a fine tailoring of the production methods.
Among all, Plasma Enhanced Chemical Vapor Deposition (PECVD) has been recognized as the most promising approach for
synthesizing nanostructures of various forms, since it is currently the only technique that allows size, alignment and orientation
control of nanospecies. With this technique the growth of nanostructured material on a catalytic surface is enhanced by a plasmasurface interaction in a gas environment. The energy supplied by the plasma promotes the decomposition and activation of the
reactant gases at the catalytic surface, thus allowing low-temperature processes (T<<1000°C) and more fine tuning of the
synthesized material properties. In the last decades, PECVD has emerged as a key technique for the growth of carbon nanotubes
(CNTs). The combination of extraordinary electric and mechanical properties offered by CNTs stimulates the research about their
applications in fields ranging from electronics to sensing, from gas storage to optics. However, the production method is a crucial
discriminating factor for displaying such properties. On this basis, due to its appealing features, the PECVD is the preferred
approach for most CNTs fabrication needs.
Our work is aimed to the production of vertically aligned CNTs, which will serve as electron emitters of cold cathodes in X-ray
sources. Here we show the first stage of the project, consisting of the development of an Electron Cyclotron Resonance - PECVD set
up (ECR-PECVD). It is composed by a plasma chamber, where a CH4 and H2 mixture plasma is sustained by microwave cyclotronic
resonance, and a process chamber, where the gas ions are accelerated by an electric field towards the catalytic substrate on which
CNTs growth takes place. The characterization of the plasma generation and the preliminary results of the growth processes on
catalytic supports are reported.

#P184 - Multi-parametric study of the February-April 2013 paroxysmal phase of Mt. Etna New South-East
crater
Letizia Spampinato - Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania - Osservatorio Etneo
Other Authors: Mariangela Sciotto (Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania - Osservatorio Etneo), Andrea Cannata
(Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania - Osservatorio Etneo), Flavio Cannavò (Istituto Nazionale di Geofisica e
Vulcanologia, Sezione di Catania - Osservatorio Etneo), Alessandro La Spina (Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania Osservatorio Etneo), Mimmo Palano (Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania - Osservatorio Etneo), Giuseppe G. Salerno
(Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania - Osservatorio Etneo), Eugenio Privitera (Istituto Nazionale di Geofisica e
Vulcanologia, Sezione di Catania - Osservatorio Etneo), Tommaso Caltabiano (Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania Osservatorio Etneo)

Between January 2011 and April 2013, Mt. Etna’s eruptive activity consisted of episodic intra-crater strombolian explosions and
paroxysms from Bocca Nuova, Voragine, and the New South-East (NSEC) summit craters, respectively. Eruptions from NSEC
consisted of initial increasing strombolian activity and lava flow output, passing to short-lasting lava fountaining. In this study we
present seismic, infrasound, radiometric, plume SO2 and HCl fluxes and geodetic data collected by the INGV monitoring system
between May 2012 and April 2013. The multi-parametric approach enabled characterization of NSEC eruptive activity at both daily
and monthly time scales and tracking of magma movement within Mt. Etna’s plumbing system. While seismic, infrasound and
radiometric signals give insight on the energy and features of the 13 paroxysms fed by NSEC, SO2 and halogen fluxes shed light on
the likely mechanisms triggering the eruptive phenomena. GPS data provided clear evidence of pressurization of Mt. Etna’s
plumbing system from May 2012 to middle February 2013 and depressurization during the February-April 2013 eruptive activity.
Taking into account geochemical data, we propose that the paroxysms’ sequence represented the climax of a waxing-waning phase
of degassing that had started as early as December 2012, and eventually ended in April 2013. Integration of the multidisciplinary
observations suggests that the February-April 2013 eruptive activity reflects a phase of release of a volatile-rich batch of magma
that had been stored in the shallow volcano plumbing system at least four months before, and with the majority of gas released
between February and March 2013.

#P185 - Thermal investigation and analysis on (dis)assembly and structural stability of chaperonins group I
DARIO SPIGOLON - Institute of Biophysics, National Research Council/ Department of Physics and Chemistry, UniPa
Other Authors: Silvia Vilasi (Institute of Biophysics, National Research Council, Palermo, Italy), Adrian Velazquez-Campoy (Institute of
Biocomputation and Physics of Complex Systems (BIFI), Joint Unit IQFR-CSIC-BIFI and Department of Biochemistry and Molecular and Cell
Biology, Universidad de Zaragoza, 50018 Zaragoza, Spain ), Maria Rosalia Mangione, Rosa Passantino, ((Institute of Biophysics, National Research
Council, Palermo, Italy), Maurizio Leone (Department of Physics and Chemistry, Università di Palermo, Italy) , Pier Luigi San Biagio, Donatella
Bulone (Institute of Biophysics, National Research Council, Palermo, Italy)

Heat shock protein 60kDa is a molecular chaperone (GroEL human homolog) that assists protein folding in mitochondria (mtHsp60).
It is synthesized in the cell cytoplasm as a higher molecular weight precursor form (p-mtHsp60) containing an N-terminal targeting
sequence, that is cleaved after import into the mitochondrial matrix [1, 2]. In various pathological conditions (i.e., cancer and

382

POSTERS
chronic inflammatory diseases) Hsp60 can accumulate in the cytosol, with or without mitochondrial release concomitantly, so that
in the cytosol the two types of 60 kDa chaperonin proteins, (mtHsp60 and its precursor naïve form, p-mtHsp60) could coexist [3].
Despite the plethora of studies on the mechanism of Hsp60’s function, especially in prokaryotes, fundamental issues still remain
unexplored. Key questions still unanswered pertain to the differences in structure-function features that might exist between the
well-studied prokaryotic GroEL and the largely unexplored eukaryotic Hsp60 proteins. Moreover, studies on human Hsp60 structure
and oligomeric state in vitro could help to validate its role in physiological or pathological cases. In order to pursue this goal, Highsensitivity Nano Differential Scanning Calorimetry (Nano-DSC), Nano Isothermal Titration Calorimetry (Nano-ITC) and High
Performance Liquid Chromatography (HPLC) were applied for the first time to study the (dis)assembly, structural and thermal
stability of chaperonins group I. Complementary Circular Dichroism (CD) measurements were done to follow the change in the
secondary structure due to unfolding. We found a more versatility and flexibility of eukaryotic (particularly mtHsp60) proteins than
prokaryotic, suggesting that subunit flexibility should be closely related to the evolutionary history of a complex.
[1] Ellis RJ, 2007, Adv Exp Med Biol., 594: 1–13.
[2] Jonathan D, 2000, JHC., 48(1): 45–56.
[3] D. Chandra, 2007, J. Biol. Chem., 282:31289-31301.

#P186 - Novel microfluidic centrifugal mixing device for small-angle X-ray scattering
Alessandro Spilotros - EMBL
Other Authors: Clement Blanchet (EMBL , Notkestrasse 85, Hamburg, 22603, Germany), Frank Schwemmer (Laboratory for MEMS Applications,
IMTEK - Department of Microsystems Engineering, University of Freiburg, Georges-Koegler-Allee 103, Freiburg, 79110, Germany), Manfred
Roessle (Fachhochschule Lübeck Fachbereich Angewandte Naturwissenschaften Mönkhofer Weg 23923562 Lübeck), Dmitri I. Svergun (EMBL ,
Notkestrasse 85, Hamburg, 22603, Germany)

The high-brilliance beamline P12 is located at the PETRAIII storage ring (DESY, Hamburg) and it is dedicated to biological small-angle
X-ray scattering (SAXS). P12 possesses a versatile and flexible sample environment that caters for diverse experimental needs to
study macromolecular solutions. In addition to a robotic sample changer for standard SAXS experiments, we developed a novel
microfluidic centrifugal mixing device (SAXS disc) to explore multiple equilibrium conditions while optimizing the sample
consumption.
The SAXS disc is dedicated to high-throughput screening experiments and offers the handling and mixing of microliter quantities of
sample. The disc is divided into identical and independent sextants that each constitutes an individual sample screen. Each sextant
has three small reservoirs for depositing solutions: 2 µl of sample, 3 µl of mixing buffer and 3 µl of screening buffer. Once the
samples and buffers have been loaded onto their respective reservoirs using standard pipetting, the disc is loaded into a centrifuge
device that spins the disc with a pre-programmed rotation speed pattern mixing the sample the buffer and the screen in precise
ratios.
Although other microfluidic systems for SAXS are effectively miniaturized, the accessory components often required to control and
operate the devices (pumps, valves, electronics, pneumatics, etc.) can be very bulky. SAXS disc is a centrifugal force driven
microfluidic screening disc for solution SAXS measurements and forgoes the need for any external pump or valve attachments
during SAXS data collection (Ducrée et al., 2007). Automatic alignment with the X-ray beam is under development to offer a userfriendly setup. Here we present a typical application of the SAXS disc to the study of a multiple equilibria phenomenon such as the
unfolding of ribonuclease A as a function of urea content and a screening experiment testing the effect of salt concentration on
inter-particle interactions in protein solutions.
These examples show that for high-throughput screening of solution additives, this microfluidic device offers an attractive
alternative to standard SAXS data collection strategies.

#P187 - Langevin theory of many-body systems coupled to non-equilibrium environments
Stefano Steffenoni - Max Planck Institute for the Mathematics in the Science
Other Authors: Gianmaria Falasco (Institut fu ̈r Theoretische Physik, Universita ẗ Leipzig, Postfach 100 920, D-04009 Leipzig, Germany), Klaus
Kroy (Institut fu ̈r Theoretische Physik, Universita ̈t Leipzig, Postfach 100 920, D-04009 Leipzig, Germany)

The generalized Langevin equations for many probe particles weakly interacting with a driven environment is derived by applying
non-equilibrium linear response theory. When the driving is off, the theory correctly reproduces the equilibrium properties of the
system, i.e. it fulfills the FDT and conforms to Onsager’s regression principle relating the fluctuations of statistical forces to the
memory kernel. Instead, in the presence of driving, we quantify in terms of both excess dynamical activity and probability currents
the breaking of the fluctuation-dissipation theorem and reciprocal relations. The latter results in the lack of the action-reaction
principle for the environment-mediated interactions. We test our findings with numerical simulations of active and driven particles.

#P188 - Rotational and translational diffusion in an interacting active dumbbell system
Antonio Suma - SISSA - Scuola Internazionale Superiore di Studi Avanzati
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Other Authors: Leticia F. Cugliandolo (Sorbonne Universités, Université Pierre et Marie Curie - Paris VI, Laboratoire de Physique Théorique et
Hautes Energies, 4 Place Jussieu, 75252 Paris Cedex 05, France), Giuseppe Gonnella (Dipartimento di Fisica, Universita` di Bari and INFN,
Sezione di Bari, via Amendola 173, Bari, I-70126, Italy)

Active matter is characterized by the continuous partial conversion of internal energy into work. Some examples, at different
scales, are the bacterial colonies, algae suspensions, bird flocks and schools of fish, but also colloidal particles being self-propelled
artificially, for example, by surface treatment. All these systems live, or function, in conditions far from thermodynamic equilibrium
and pose challenging questions to non-equilibrium statistical mechanics. The dynamical properties of an active system are
significantly affected by self-propulsion. In particular, the diffusive properties are widely studied experimentally, either for the
active particles themselves, or for passive tracers immersed in the active bath. I will consider here a two-dimensional system of
active dumbbells, diatomic molecules formed by two spherical colloids and linked by a spring, with excluded volume interactions
and immersed in an implicit solvent modeled by the Langevin equation. The activity is added as a constant force acting along the
main axis of the dumbbell. The model can be intended as a very simplified version of natural swimmers, such as bacteria. I will
focus in this talk on the translational and rotational properties of this system in a regime without phase separation, so in an
homogeneus phase, showing that there are many different emerging properties due to the active force. In particular, four different
regimes for the translational and angular mean square displacement can be retrieved, with a dependence of the diffusion
coefficient from the temperature, activity and density. We find, for example, that for sufficiently high activity, the rotational
diffusion is enhanced from increasing density, due to large-scale fluctuations, which is different from what usually happens in
passive colloidal systems[1]. I will also show how the distribution functions of the displacement, especially at strong activity,
deviates from the gaussian behavior at different typical timescales[2].
[1] G. Gonnella, L. F. Cugliandolo and A. Suma, Rotational and translational diffusion in an interacting active dumbbell system,
arXiv:1501.04054 submitted to Phys. Rev. E.
[2] G. Gonnella, L. F. Cugliandolo and A. Suma, Fluctuations of rotational and translational degrees of freedom in an interacting
active dumbbell system, Chaos, Solitons Fractals (2015), in press, doi:10.1016/j.chaos.2015.04.015

#P189 - Negative ion source for nuclear fusion reactor
Francesco Taccogna - CNR
Other Authors: Pierpaolo Minelli

The thermonuclear fusion reactor ITER will be heated by injection of a fast neutral beam (up to 1 MeV) generated by acceleration
and neutralization of negative ions.
The negative ion source used for this purpose consists of driver volumes where radio-frequency power is inductively coupled to the
plasma electrons and an expansion chamber containing a magnetic filter. At the end of the expansion region,, the extraction
consists of three different grids. The first Plasma Grid (PG) is a caesiated molybdenum surface which allows a la rge production of
surface negative ions by neutral and positive ion conversion.

In this work, the self-consistent transport of electron, positive ions and H - ions through the magnetic filter and in the
extraction region of this source has been modelled by means of a two-dimensional Particle-in-Cell simulation. Results
show the importance of the asymmetry created by the magnetic filter and of the potential bias of the PG in the
maximization of the negative ion to electron extracted current ratio.

#P190 - Model and Experiment of Microwave-Plasma Interaction in MWPECVD
Francesco Taccogna - CNR
Other Authors: Alessandro Massaro, Luciano Velardi, and Grazia Cicala CNR-NANOTEC

Cutoff of radio communications during spacecraft atmosphericreentry and electromagnetic absorption of plasma plume thruster
during satellite communication are two examples of wave-plasma interaction.

In this work, we simulate the plasma/electromagnetic 2.45 GHz wave interaction performed in ad hoc experiment using
a microwave plasma enhanced chemical vapour deposition (MWPECVD) apparatus. Preliminary experimental studies
have proved the presence of electromagnetic interaction observing fluctuations of reflected wave signals. In order to
explain the experimental results we have implemented a model able to provide information about this fluctuation. The
model concerns the discretization of the plasma volume in different slides. Each slide is characterized by a discrete
value of the complex relative permittivity. At each slide interface the model estimates the transmitted and the reflected
wave considering the 2.45 GHz wave impinging on the top of plasma volume. The simulations allow calculating the
total reflection coefficient for different electromagnetic interactions due to H 2, H2/CH4, and H2/CH4/N2 plasmas. This
coefficient assesses the reflected signal fluctuations and plasma impedance variations representing the mismatch due to
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the microwave interaction. Future improvements of the proposed model will include a self-consistent model of the
plasma-gas phase able to correlate the reflected power with the electron temperature/kinetics of the plasma.

#P191 - Quantum Dot Intermediate Band Solar Cells: Role of Al-based extended 2D states in photocarrier
extraction and trapping
Vittorianna Tasco - CNR NANOTEC - Istituto di Nanotecnologia
Other Authors: A. Passaseo ( CNR NANOTEC - Istituto di Nanotecnologia, Polo di Nanotecnologia c/o Campus Ecotekne, via Monteroni - 73100
Lecce ) A. Cretì, G. Montagna, A. Cola, M. Lomascolo ( Institute for Microelectronics and Microsystems IMM-CNR, Via per Monteroni, 73100
Lecce, Italy) I. Tarantini ( Dipartimento di Matematica e Fisica Ennio De Giorgi, Università del Salento, via Arnesano, 73100 Lecce, Italy) A. Salhi,
A. Al-Muhanna (King Abdulaziz City for Science and Technology, National Nanotechnology Research Centre, King Abdullah Road 11442, Riyadh,
Kingdom of Saudi Arabia)

Intermediate Band Solar Cells (IBSC) are an innovative concept of photovoltaic system with a theoretically predicted increased
efficiency with respect to the Schockley-Queisser limit of single junction solar cell. Despite of the high potentialities of this theory,
its practical applications are limited by the materials which can be effectively employed to get the required band profile. The most
studied system so far consists of InAs Quantum Dots (QDs) self organized in a GaAs matrix [1-2], a system limited by the dominance
of carrier thermal escape at room temperature induced by the related energy band profiling [3-4]. Further achievements within the
IBSC concept are expected by the addition of Al both, in the GaAs barrier and in the InAs QD coverage [5-7]. However, QD self
assembly via Stranski-Krastanov growth mode is widely known to be highly sensitive towards strain and surface conditions which
are further complicated when ternary or quaternary compounds are used, because of the different atomic size and surface mobility
of the group III adatoms.
In this work we present the study of an IBSC structure consisting of an AlGaAs barrier for QDs which were grown following a
multistep procedure with a submonolayer Al-rich template, providing suitable conditions for strain field limitation and uniform QD
organization. The optical role of this template with respect to device operation has been deeply investigated by means of different
cw and modulation spectroscopy techniques, along with temperature studies of the photocurrent spectral generation by the
application of an additional low energy pumping beam and of an external bias, showing the occurrence of carrier thermal
transferring and interlevel filling processes between this state and the QD related energy positions. Further engineering on such a
state and on its relationship with 3D confined QD states represents a promising way to extend IBSC design flexibility and to improve
their efficiency.
[1] I. Ramiro et al., IEEE J. of Photovoltaics, 4, 736, (2014)
[2] A. Luqueet al., AIP Advances 1, 022125 (2011)
[3] E. Antolínet al., Journal of App. Phys. 108, 064513 (2010)
[4] P. G. Linares et al., J. Appl. Phys. 109, 014313 (2011)
[5] C. Schneider et al., Semicond. Sci. Technol., vol. 27, 032002, 2012.
[6] I. Ramiro et al., Photovoltaic Specialists Conference (PVSC), 2012 38th IEEE, pp 652-656.
[7] S. Asahi et al., J. Appl. Phys. 116, 063510 (2014).

#P192 - Ion irradiation of AZO thin films for flexible electronics
Antonio Terrasi - CNR-IMM and Dipartimento di FIsica e Astronomia, Univesrità di Catania
Other Authors: Stefano Boscarino 1, Giacomo Torrisi2, Isodiana Crupi1, Alessandra Alberti3, Salvatore Mirabella1, Francesco Ruffino1, Francesca
Simone1 1 MATIS IMM-CNR and Dipartimento di Fisica e Astronomia, Università di Catania, via S. Sofia 64, 95123 Catania, Italy 2 Distretto
Tecnologico Sicilia Micro e Nanosistemi, via Strada VIII 5, 95121 Catania, Italy 3 CNR-IMM, via Strada VIII 5, 95121 Catania, Italy

Aluminum doped Zinc oxide (AZO) is a promising transparent conductor for solar cell, display and touch-screen technologies. AZO
resistivity is typically improved by thermal annealing, not applicable to plastic substrates. Here we present a non-thermal route to
+
+
improve the electrical and structural properties without deteriorating the optical ones, by using O or Ar ion beams (30 - 350 keV,
15
16
2
3x10 - 3x10 ions/cm ) on AZO deposited on glass and polyethylene naphthalate (PEN). X-Ray Diffraction, optical absorption,
electrical measurements, Rutherford Backscattering Spectrometry and Atomic Force Microscopy evidenced an increase of the
crystalline grain size and a complete relief of the lattice strain upon ion beam irradiation. Indeed, the resistivity of thin AZO films
irradiated at room temperature decreased of two orders of magnitude, similarly to a thermal annealing at 400 °C. We showed that
the improvement of the electrical properties does not simply depend on the strain or polycrystalline domain size, as often stated in
the literature. The same process was successfully applied to AZO deposited on plastic substrate, so obtaining a flexible, transparent
and conducting thin layer on plastic with not thermal budget.

#P193 - Isotropic emulsion in a liquid crystal under shear
Adriano Tiribocchi - Dipartimento di Fisica e Astronomia, Universita' di Padova, Via Marzolo 8, 35131 Padova, Italy
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Enzo Orlandini (Dipartimento di Fisica e Astronomia, Università di Padova, Via Marzolo 8, 35131 Padova, Italy)

EVALUATION OF GAMMA-RAY AND NEUTRON FLUXES IN A NEUTRON IRRADIATOR USED FOR RAD-HARD ELECTRONIC
COMPONENTS TESTING
a,b
a,b
a,b
a
D. Cottone , N. Marchese , A. Parlato , E. Tomarchio
a
Dipartimento di Energia, Ingegneria dell’Informazione e Modelli Matematici (DEIM)
Università degli Studi di Palermo – Viale delle Scienze, Edificio 6
90128 Palermo (Italy)
b
Centro di Ricerca Scientifica per lo Sviluppo Economico e l’Innovazione Industriale – S.E.I.I.
Piazza Castelnuovo – 26/A – 90141, Palermo (Italy)
ABSTRACT
An irradiator with four Am-Be neutron sources (activity 111 GBq each) was used for testing electronic RAD-HARD components
developed for space application [1]. For this goal, an essential requirement to be met is the knowledge with sufficient precision of
neutron and gamma-ray fluxes in the irradiation channel where the components are put for the test. For this goal, an experimental
measurement activity was started to validate also Monte Carlo simulation results, obtained with application of MCNP5 code.
As regards gamma-ray flux, we considered separately two gamma-ray contributions: the first one, at 60 keV energy, associated
241
with the decay of the Am, and the second one, at 2.2 MeV, due to the radiative capture of neutrons in the biological shield
(water) surrounding the neutron sources. Experimental measurements were realized with TLD700 dosimeters in two different
configurations: TLD “naked” to measure the dose of the total gamma irradiation field, and TLD put inside a lead shield to determine
(for difference) 60 keV gamma-ray contribution. The dimensions of used dosimeters, very small, allowed an accurate dose
60
behaviour determination. For the TLD calibration, we exposed them to well-know doses values at the Co irradiator named IGS3,
situated in the Department of the University of Palermo.
As regards the evaluation of the neutron radiation field, experimental measurements were realized both by neutron activation
with gold foils (nude and cadmium covered) and with thermoluminescent dosimeters (TLD600 and TLD700). Results have been
compared with the ones obtained by a Monte Carlo (MCNP) simulation performed adopting a model of the irradiator previously
validated [2].
The comparison between the experimental data and those obtained performing a Monte Carlo simulation allowed the
determination of both neutron (thermal) and gamma field in several points inside the irradiation channel and, in particular, in those
positions more used to the realization of irradiation tests.
[1] S.G. Cappello, C. Pace, A. Parlato, S. Rizzo, E.TOMARCHIO: “ Gamma-ray irradiation tests of CMOS sensors used in imaging
techniques”, Nuclear Technology & Radiation Protection 29 (2014), pp. S14-S19.
241
[2] P. Buffa, S. Rizzo, E. TOMARCHIO: “A Monte Carlo-aided design of a modular Am-Be neutron irradiator”, Nuclear Technology
& Radiation Protection XXVIII, No.3 (2013), pp. 265-272.

#P195 - Plasma techniques for the treatment of volatile organic compounds
Paolo Tosi - Dipartimento di Fisica, Università di Trento
Other Authors: Marco Scapinello (CNR-IMCB UOS Trento), Marco Schiavon (Dipartimento di Ingegneria Civile, Ambientale e Meccanica,
Università di Trento), Luca Matteo Martini (Dipartimento di Fisica, Università di Trento), Giorgio Dilecce (CNR-IMIP UOS Bari), Marco Ragazzi
(Dipartimento di Ingegneria Civile, Ambientale e Meccanica, Università di Trento)

Among all the air pollutants emitted into the atmosphere, volatile organic compounds (VOCs) should be carefully considered, since
chronic exposure by inhalation can negatively affect human health. In spite of increasingly stringent emission limits, the waste
sector still contributes up to 4% of VOC emissions. The biofilters used in the mechanical-biological treatment of waste are
particularly sensitive to changes in the composition of the gaseous effluent and to unsteady airflow rates, since microorganisms
require time to acclimatize. During transient conditions, the removal efficiency of biological technologies is limited. Consequently,
an upstream device, which integrates the gas treatment to improve the performances of the biofilter, would be useful. In this
framework, non-thermal plasmas (NTPs) offer interesting opportunities in the field of air-cleaning systems [1, 2]. Atmospheric NTPs
are an environmentally-friendly and promising technique for removing several air pollutants. The energy of the electric field is
mainly transferred to the electrons, which therefore have a much higher temperature than the gas molecules. As a consequence,
electron dissociation processes promote a “high energy” chemistry at room temperature, which fosters the dissociation of very
stable molecules.
The aim of this research is to investigate the effect of NTPs on mixtures of VOCs representing real emissions from specific industrial
and waste treatment processes that use biofiltration or biotrickling filtration for air pollution control
The support of this research by UNITN, progetto di ateneo 2014, is gratefully acknowledged.
References
[1] M. Ragazzi, P. Tosi, E.C. Rada, V. Torretta, M. Schiavon, Waste Management 34 (2014) 2400–2406.
[2] M. Schiavon, M. Scapinello, P. Tosi, M. Ragazzi, V. Torretta, E.C. Rada, Journal of Cleaner Production (2015)
DOI:10.1016/j.jclepro.2015.05.034.
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#P196 - Reforming of CO2 and CH4 by a nanosecond pulsed discharge at atmospheric pressure
Paolo Tosi - Dipartimento di Fisica, Università di Trento
Other Authors: Marco Scapinello (CNR-IMCB UOS Trento), Luca Matteo Martini (Dipartimento di Fisica Università di Trento), Giorgio Dilecce
(CNR-IMIP UOS Bari)

The conversion of the main greenhouse gases, CO2 and CH4, into value added chemicals and liquid fuels is considered as one of the
main challenges at the present time. If the process is sustained by green energy, solar energy is then stored in chemical energy,
producing the so called ‘solar fuels’ [1]. Conventional thermal methods suffer many drawbacks. Techniques based on cold plasmas
are a promising option, since they operate at low temperature, thus reducing thermal losses. In addition, plasma based systems are
characterized by low inertia, and therefore are inherently quick-start devices, suitable for the consumption of excess renewable
energy.
Dielectric Barrier Discharges, DBD, have long been investigated, due to their simplicity and reliability. When CO2 and CH4 are the
feed gases, DBD produce syngas and light hydrocarbons, but also liquid oxygenates [2] and liquid hydrocarbons [3]. Unfortunately,
both the conversion rate and the global energy efficiency are low. To overcome these limitations, the synergy between plasma and
catalysis is actively explored at the present. A complementary route is to attempt different discharge configurations. Nanosecond
pulsed discharge (NPD) are characterized by higher mean electron energies. Therefore one presumes higher dissociation rates and
eventually higher conversion values.
Here we report on results obtained by using a nanosecond pulsed discharge to activate a mixture of CH4 and CO2. With respect to
DBD, we observe a significant increase of the reactant conversion and a different branching ratio. In particular, NPD increases the
selectivity towards solid carbon and light gaseous chemicals (H2, CO, C2H2), at the expense of liquid hydrocarbons and oxygenated
compounds.
The support of this research by PAT and CNR-IMCB project ENAM is gratefully acknowledged.
References
[1] S. Perathoner, G. Centi, ChemSusChem 7 (2014) 1274.
[2] M. Scapinello, L.M. Martini, P. Tosi, Plasma Processes and Polymers 11 (2014) 624.
[3] G. Scarduelli, G. Guella, D. Ascenzi, P. Tosi, Plasma Processes and Polymers 8 (2011) 25.

#P197 - RF plasma-jets at atmospheric pressure: a source of ROS to investigate oxidation processes
Paolo Tosi - Dipartimento di Fisica, Università di Trento
Other Authors: Luca Matteo Martini (Dipartimento di Fisica Università di Trento), Marco Scapinello (CNR-IMCB UOS Trento), Giulia Bortolotti
(Dipartimento di Fisica Università di Trento), Giorgio Dilecce (CNR-IMIP UOS Bari), Mario Scotoni (Dipartimento di Fisica Università di Trento)
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Atmospheric pressure plasma jets allow the generation of reactive oxygen species (ROS), such as OH( P3/2), O( P) and O2( Sg )
radicals, and can be utilized to investigate radical-initiated oxidation processes. By using a RF plasma jet of He/O2, we studied the
reactivity of naphthalene with oxygen species and the role of oxidative reactions in the growth of polycyclic aromatic hydrocarbons
[1].
In the present work, we have used a plasma jet of He/H2O to investigate the oxidation of fatty acid methyl esters (FAME). We have
exploited laser induced fluorescence [2] to measure the OH concentration in the plasma plume impinging on the FAME target. OH
radicals produced in the discharge trigger the oxidation of unsaturated FAME. A systematic analysis of the oxidation products as a
function of the flux of OH radicals will be presented.
[1] M. Scapinello, L.M. Martini, P. Tosi, A. Maranzana and G. Tonachini, RSC Advances 5 (2015) 38581
[2] G. Dilecce, L. M. Martini, P. Tosi, M. Scotoni and S. De Benedictis, Plasma Sources Science and Technology 24 (2015) 034007

#P198 - Metal-free, Iron and Manganese Phthalocyanine: a comparison between Valence Band Photoelectron
Spectra
Roberta Totani - Department of Physical and Chemical Sciences, University of L'Aquila
Other Authors: Ieva Bidermane (Department of Physics and Astronomy, Uppsala University, Box 516, SE-75120 Uppsala, Sweden), Iulia Brumboiu
(Department of Physics and Astronomy, Uppsala University, Box 516, SE-75120 Uppsala, Sweden), Masumeh Nina Shariati (Department of
Information Technology, Uppsala University, Box 337, SE-751 05 Uppsala, Sweden), Barbara Brena (Department of Physics and Astronomy,
Uppsala University, Box 516, SE-75120 Uppsala, Sweden) Heike Cristina Herper (Department of Physics and Astronomy, Uppsala University, Box
516, SE-75120 Uppsala, Sweden), Olle Eriksson (Department of Physics and Astronomy, Uppsala University, Box 516, SE-75120 Uppsala, Sweden),
Biplab Sanyal (Department of Physics and Astronomy, Uppsala University, Box 516, SE-75120 Uppsala, Sweden), Monica de Simone (CNR-IOM,
Laboratorio TASC, Sincrotrone Trieste, S.S. 14 Km 163.5, Basovizza, I-34149 Trieste, Italy), Cesare Grazioli (CNR-IOM, Laboratorio TASC,
Sincrotrone Trieste, S.S. 14 Km 163.5, Basovizza, I-34149 Trieste, Italy, Department of Chemical and Pharmaceutical Sciences, University of Trieste,
34127 Trieste, Italy), Luca Lozzi (Department of Physical and Chemical Sciences, University of L'Aquila, via Vetoio, 67100 L'Aquila, Italy), Carla
Puglia (Department of Physics and Astronomy, Uppsala University, Box 516, SE-75120 Uppsala, Sweden).

Phthalocyanines (Pcs) are a class of widely studied molecules due to the possibility to deposit them in molecular film and obtain
molecular materials with tunable properties and a variety of technological applications. Among all different kind of Pcs, transition
metal Pcs (TMPcs) are particularly interesting because they can be used as organic semiconductor in molecular electronic but also
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as spin filter in spintronics [1, 2]. The 3d states are responsible for TMPcs molecular magnetic and conduction properties and their
occupancy is reflected on the behavior of TMPcs valence band (VB) region.
In this work we present a photoemission spectroscopy (PES) investigation on the VB region of two different TMPcs, iron and
manganese phthalocyanines (FePc and MnPc, respectively), compared with the VB of metal-free phthalocyanine (H2Pc), in order to
elucidate these important states and to clarify the influence of the central metal atoms on the Pcs VB structures.
PES measurements were performed on the molecules in gas phase and as molecular films, with different photon energies that,
together with density functional theory (DFT) calculations, allow us to identify and isolate the different atomic contributions to the
valence spectral peaks [3]. We show that the molecular structure of a TMPc originates from the hybridization (orbital combination)
of the N and C with the central metal atom. By comparing the low energy region of the FePc VB film with that measured in gas
phase, we show that the two peaks, HOMO and HOMO-1(Highest Occupied Molecular Orbital) distinguishable in gas phase, are
merged in one broader peak in the film, due to intermolecular interactions in the adsorbate case. Moreover, from the comparison
between, FePc, MnPc and H2Pc gas phase VB spectra, we conclude that FePc and H2Pc HOMO related peaks coincide with MnPc
HOMO-1 peak, because all these features are due to C2p contributions.
[1] S. Sanvito, Nature Materials 2007, 6;
[2] S. Stepanow et al., J. Am. Chem. Soc. 2014, 136 (14);
[3] I. Brumboiu et al., J. Phys. Chem A 2014, 118 (5).
[1] S. Sanvito Nature Materials 6 (2007) 803-804
[2] S. Stepanow, A. Lodi Rizzini, C. Krull, J. Kavich, J. C. Cezar, F. Yakhou-Harris, P. M. Sheverdyaeva, P. Moras, C. Carbone, G.
Ceballos, A. Mugarza, P. Gambardella, J. Am. Chem. Soc. 136 (2014), 5451
1] S. Sanvito Nature Materials 6 (2007) 803-804
[2] S. Stepanow, A. Lodi Rizzini, C. Krull, J. Kavich, J. C. Cezar, F. Yakhou-Harris, P. M. Sheverdyaeva, P. Moras, C. Carbone, G.
Ceballos, A. Mugarza, P. Gambardella, J. Am. Chem. Soc. 136 (2014

#P199 - Dynamics of coherence and quantum correlations for continuous variable systems interacting with
classical environment
Jacopo Trapani - Università degli Studi di Milano
Other Authors: M.G.A. Paris, Università degli studi di Milano

We address the dynamics of the decoherence process of a continuous variable system interacting with a classical fluctuating
environment. As a paradigmatic example, we analyze the case of a quantum harmonic oscillator prepared in a nonclassical state,
focusing on the relevant role played by the correlations of the environment that rule the decoherence dynamics. Also, we
investigate the influence of the stochastic environment on the time evolution of quantum correlations of a bipartite system.

#P200 - Spectral and decay properties of defects related luminescence in sintered silica nanoparticles
Lavinia Vaccaro - Dipartimento di Fisica e Chimica, Università di Palermo
Other Authors: Marco Cannas (Dipartimento di Fisica e Chimica, Università di Palermo, Italy), Chiara Cangialosi (Laboratoire H. Curien,
Université St-Etienne, France; Dipartimento di Fisica e Chimica, Università di Palermo, Italy), Luisa Spallino (Dipartimento di Fisica e Chimica,
Università di Palermo, Italy), Franco Mario Gelardi(Dipartimento di Fisica e Chimica, Università di Palermo, Italy)

Bulk silica is a material of choice in optics and electronics because of its exceptional properties (transmission and insulating power).
Its reduction to nanoscale introduces peculiarities due to a network rearrangement, in particular thehigh specific surface
2 2
(~10 m /g) favors the formation of a wide variety of surface defects which confer functional properties such as the high
emissivity. Several studies have addressed the inverse process, from nanoparticles to bulk transparent glass, induced by solidphase sintering activated by thermal treatments at temperatures (~1000 °C) far below the melting point. IR and microscopy
techniques have clarified the structural properties of the sintered material in the medium and long range order pointing out the
similarities with the bulk silica. As concerns the optical properties related to the short range order it is known that this material
exhibits a bright visible emission under UV excitation, this feature being associated with point defects peculiar to sintered material.
The study of the spectral and decay properties of the luminescence bands is therefore crucial both to identify the defect structure
and to probe the surrounding silica network.
In this work we have investigated a transparent sample produced by the sintering (thermal treatment at 1000 °C for 272 hours) of
silica nanoparticles with an average diameter of 14 nm. The use of time resolved luminescence spectroscopy and a tunable laser
source has allowed us to single out three emissions centered around 1.9 eV, 2.4 eV and 3.4 eV. The excitation spectra evidence bell
shaped bands consistent with transitions between localized defects states. We have studied the luminescence intensity and the
lifetime in the temperature range from 300 K down to 10 K, thus evidencing the competition between radiative and non-radiative
processes in the optical cycle. On the basis of the observed features, these emissions cannot be associated with well-known silica
defects, neither in bulk samples nor in nanoparticles.

#P201 - Interference and Thermoelectric effects in tunnel-coupled quantum Hall liquids
Luca Vannucci - Dipartimento di Fisica, Università di Genova and CNR-SPIN
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Genova, Via Dodecaneso 33, 16146, Genova, Italy), Matteo Carrega (CNR-SPIN, Via Dodecaneso 33, 16146, Genova, Italy), Maura Sassetti
(Dipartimento di Fisica, Università di Genova and CNR-SPIN, Via Dodecaneso 33, 16146, Genova, Italy)

We study thermal transport between two tunnel-coupled quantum Hall systems (QHS) with different filling factors belonging to the
Laughlin sequence. We consider both charge and heat currents due to a temperature gradient between the two QHS for a generic
tunneling region. Specifying to the case of multiple quantum point contacts (QPCs) geometry, we demonstrate that both charge
and heat currents present oscillating behaviors due to interference paths for electrons and holes. In particular, the sign of the
charge current can be changed acting on the distance between the QPCs. We analyze these features in the non interacting case
(integer fillings) and in presence of interactions, considering tunneling of electrons between different fractional and integer QHS. In
this case we also show that large heat rectification effects can be achieved. We find that a multiple QPC geometry leads to larger
rectification effects in comparison to the case of single QPC. This is linked to the presence of interference pattern in the heat
current signal.

#P202 - Hall-MHD and hybrid Vlasov-Maxwell simulations of kinetic Alfvén waves within phase-mixing process
Christian Vasconez - University of Calabria
Other Authors: Francesco Valentini (University of Calabria), Francesco Malara (University of Calabria), Sergio Servidio (University of Calabria)

In the range of proton kinetic scales and even down to typical electron kinetic scales, many solar-wind observational analyses,
theoretical works and numerical simulations suggest that the so-called kinetic Alfvén waves (KAWs) canplay an important role in
the mechanisms of turbulent energy dissipation and heating. Mathematically, KAWs are a wave solution of the two-fluid dispersion
relation, in propagation quasi-perpendicular to a background magnetic
field. They can be considered as the continuation of the magnetohydrodynamic (MHD) Alfvén mode at scales comparable to the ion
skin depth, and/or the ion Larmour radius.
Considering their high characteristic angles of propagation, KAWs have been invoked to explain the excess of perpendicular energy
in observational data of the solar-wind magnetic field. So far, the physical mechanisms responsible for the production of the KAWs
are still on debate. Since phase-mixing can generate quasi-perpendicular Alfvén fluctuations, in this work we investigate whether it
can triggers KAWs excitation. To this purpose, we need to study this physical process in a range of scale that goes at least from the
smallest scales of MHD to a fraction of the ion skin depth, in linear and nonlinear regimes of wave propagation. To resolve the
kinetic scales, we use the low noise hybrid Vlasov-Maxwell (HVM) code (Valentini et al., 2007) and an Hall-MHD code to control the
smallest MHD scales. For the linear regime, we present some physical properties of the perturbations produced after the Alfvén
speed shear, which are in good agreement with those discussed by, e.g., Vásconez et al., in 2014 (and references therein).

#P203 - Energetic neutral particle beam interaction with thermonuclear plasmas: from present day experiments
to reactor parameters
Pietro Vincenzi - Consorzio RFX
Other Authors: T. Bolzonella (Consorzio RFX, Corso Stati Uniti 4 - 35127 Padova, Italy)

The magnetic confinement of thermonuclear plasmas is a possible way to exploit fusion reactions from light nuclei in order to
produce electricity. In a future fusion reactor the plasma must reach temperatures of tens of keV to produce enough fusion
reactions. Due to the decrease of plasma resistivity with temperature, in Tokamak magnetic configuration the ohmic heating
generated by the induction of a current in the plasma cannot sustain by itself a thermonuclear plasma discharge. To reach fusion
relevant temperatures, auxiliary heating systems are used in present day experiments. The injection of energetic (of the order of
100 keV) H/D neutral particles in the plasma (by Neutral Beam Injectors NBIs) is one of the most used techniques to heat the
plasma, since early 1970s [1]. NBI lead to significant breakthroughs like the discover of plasma high-confinement mode – H-mode –
in 1982 at ASDEX Tokamak [2], a high performing plasma scenario which represents the basis for present day experiments and
future fusion reactors. During 1990s experiments equipped with several MW of NBI power were the first to produce a significant
amount of energy from fusion reactions. Basic physics phenomena are involved in the interaction between the neutral energetic
particles from the beam and the plasma. These include beam ionization by collisions with plasma electrons and ions and by charge
exchange processes, and the thermalization of the newly born fast ions in the background plasma by Coulomb collisions (“slowing
down” process).
In this contribution we investigate the interaction between energetic beam particles and the plasma and in particular how the
choice of beam parameters influences the above-mentioned scenarios. NBI is in fact not only a source of heating: it is a particle
source and depending on the injection direction it can induce plasma momentum and drive a current in the plasma helping to
sustain a desired current density profile. Injection geometry and energy are then the crucial parameters which set the penetration
of the beam in the plasma and the capability of driving beneficial non-inductive currents.
With the planned increase of plasma volume and density in future fusion reactors with respect to present day experiments, the
energy of neutral beams must be increased up to 1 MeV in order to ensure an efficient plasma core heating. The present work
describes the effect of the increase of the NBI energy on beam-plasma interactions such as driven flow, current and plasma heating
and discusses related issues such as the “shine-through” problem, which consists in the not-full absorption of the high energy beam
from the plasma and the consequent harm to the device first wall.
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#P204 - Energy concentration factor for collective excitations in bi-component magnonic crystals
Roberto Zivieri - Department of Physics and Earth Sciences, University of Ferrara
A quantitative estimation of the degree of localization of collective modes in binary magnonic crystals is given. This is accomplished
by recalling the definition of the energy concentration factor in a photonic crystal written in terms of the spatially varying electric
field and of the periodic non-uniform permittivity [1]. The binary magnonic crystals have periodicities in the nanometric range and
are composed by a periodic arrangement of cylindrical cobalt (Co) nanodots completely embedded into a permalloy (Py, Ni80Fe20)
continuous thin magnetic film. The lattice constant of the two-dimensional binary magnonic crystal is 600 nm and the external
magnetic field is applied along the y direction in the plane of the system. The energy concentration factor for periodic binary
magnonic crystals is defined as the ratio between the internal energy stored by the collective mode in the region having the higher
internal field and its total energy [2]. The collective mode dynamical properties in a two-dimensional periodic and binary magnonic
crystal are expressed in terms of the oscillating periodic dynamic magnetization which is a function of the Bloch wave vector. It has
been found that the magnitude of the energy concentration factor strictly depends on the contrast between the saturation
magnetizations of Co and Py. Analytical forms of the energy concentration factor are derived both at the centre of the Brillouin
zone and as a function of the Bloch wave vector. As an example, a numerical estimation at the centre of the Brillouin zone at an
external field of intensity H = 500 Oe gives a value of only 9% due to the weak variation of the internal field. The computation of the
energy localization factor for different geometries and for different values of the Bloch wave vectors is also given and a quantitative
comparison among the several cases is presented.
This work was partially supported by MIUR-PRIN 2010-11 Project2010ECA8P3 "DyNanoMag" and by National Group of
Mathematical Physics (GNFM-INdAM).
[1] J.D. Joannopoulos, S.G. Johnson, J.N. Winn, R.D. Meade, Photonic Crystals: Molding the Flow of Light (Princeton University
Press, Princeton, 2008).
[2] R. Zivieri et al., Photon. Nanostruct: Fundam. Appl. 12, 398 (2014).
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Giorgetti Alejandro

#004

Computational Biophysics I

28 Sept

Giovannetti Gianluca

#223

2D emerging materials II

29 Sept

Girard Sylvain #359

Advanced Optical Materials I

Gisselbrecht Mathieu

#326

#289

#371

Goldoni Guido Goldoni #020
Goletti Claudio #116

1 Oct

2 Oct

2 Oct
2 Oct

2 Oct

1 Oct

1 Oct
28 Sept

2 Oct

29 Sept

30 Sept

1 Oct

New physics with ultrashort light and x-ray pulses I
Simulations of Materials for ICT 28 Sept

Oxide Films and Interfaces

1 Oct

29 Sept

400

1 Oct

1 Oct

Gomez Rivas Jaime

#044

Optical feedback and metamaterials in mid-IR and THz 28 Sept

Gonnella Giuseppe

#246

Statistical Mechanics of Active Matter

González Rivera José

#054

Sustainable Nanotechnologies I 28 Sept

Goold John

Quantum thermodynamics and quantum technologies 1

#425

30 Sept

Gottfried J. Michael

#433

Organic on Substrates II 1 Oct

Gradenigo Giacomo

#401

Transport and anomalous dynamics

Gradzielski Michael

#048

Sustainable Nanotechnologies I 28 Sept

Grasso Daniela #024

Plasma Physics I

Grazianetti Carlo

#141

Greco Giorgia #628

Synchrotron radiation and material science II

2 Oct

Gregoratti Luca #559

Advanced materials for energy applications III

2 Oct

Grifoni Milena #482

Out of Equilibrium Statistical Mechanics I

2 Oct

Guarcello Claudio

#279

Guarino Anita #039

Cuprates and Mechanisms for Superconductivity 28 Sept

Gubbiotti Gianluca

#267

Gueli Anna M. #602

Biomedical Applications

Guerin Stephane

#333

Quantum Optics and Coherent Manipulation

Guidoni Leonardo

#071

Computational Biophysics II

Guizal Brahim #128

Quantum Fluctuations and Casimir Forces

Gupta Anupam #466

Soft Matter II

Guzzi Rita

Molecular Biophysics I 30 Sept

#242

#367

1 Oct

28 Sept

2D emerging materials I 29 Sept

Thin films, Devices, Weak Superconductivity and Applications

Magnetism and Spin related Phenomena III

Hedayat Zadeh Roodsari Hamoon
Heun Stefan

1 Oct

30 Sept

2 Oct
1 Oct

29 Sept
29 Sept

1 Oct

#192

Magnetism and Spin related phenomena IV

Electronic and optical properties of low dimensional systems I

1 Oct

Hofmann Stephan

#439

Nanomaterials and Nanotechnology: carbon nanotubes

1 Oct

iacobucci stefano

#554

Synchrotron radiation and material science I

Iannotta Salvatore

#525

Diamond-based substrates and Memristors for Brain sensing

ienco andrea

Electronical and optical properties of low dimensional systems III 2 Oct

#542

Imparato Alberto

#572

Iori Giulia

Econophysics

#492

30 Sept

Out of Equlibrium Statistical Mechanics II

29 Sept

2 Oct
2 Oct

2 Oct

2 Oct

Irvine John T. S.

#118

Sustainable Nanotechnologies II 29 Sept

Joyce Michael #077

Interdisciplinary statistical physics.

Kamran Muhammad

#280

Thin films, Devices, Weak Superconductivity and Applications

Kantorovich Sofia

#383

Soft Matter I

Karner Carina #250

Statistical Mechanics of Active Matter

Keilmann Fritz #055

Nanophotonics I 28 Sept

29 Sept

1 Oct

401

30 Sept

30 Sept

Kertesz Janos

#581

Complex Networks in Economy, Biology, ...

2 Oct

Kimberg Victor #419

New physics with ultrashort light and x-ray pulses II

Kob Walter

Soft Matter I

#376

1 Oct

1 Oct

Kolmakov Andrei

#385

Advanced materials for energy applications I

La Magna Antonino

#229

2D emerging materials II

Laio Alessandro #070

Computational Biophysics II

Lamia Debora #508

Dosimetry

Lamporesi Giacomo

#314

Correlated electrons and cold atoms

Lanzani Guglielmo

#438

Nanomaterials and Nanotechnology: carbon nanotubes

Larciprete Rosanna

#611

Nanomaterials and Nanotechnology: Graphene

Lattanzi Gianluca

#156

Computational Biophysics III

Lazzeri Luigi

#510

Dosimetry

2 Oct

Leanza Renata #507

Dosimetry

2 Oct

Leggio Bruno

#335

Quantum Optics and Coherent Manipulation

Leo Antonio

#281

Thin films, Devices, Weak Superconductivity and Applications

29 Sept

29 Sept

2 Oct

Leporatti Stefano

#571

Lepore Maria

#570

Molecular Biophysics II 2 Oct

Lepri Stefano

#399

Transport and anomalous dynamics

1 Oct

2 Oct

1 Oct
30 Sept

Molecular Biophysics II 2 Oct

1 Oct

Gas Sensors and Biosensors for Health and Wealth

Leuzzi Luca

Interdisciplinary statistical physics.

Libertino Sebania

#198

Liotta Leonarda #122

Sustainable Nanotechnologies II 29 Sept

Lippiello Eugenio

#415

Geophysics

Liseykina Tatyana

#266

Plasma Physics IV

Lisi Simone

Organic on Substrates II 1 Oct

#434

1 Oct

29 Sept

Lettieri Stefano #355
#081

1 Oct

Optical bio-sensing

1 Oct

29 Sept

29 Sept

1 Oct
30 Sept

Listorti Andrea #210

Sustainable Nanotechnologies III 29 Sept

Livi Roberto

#608

Complexity in the brain 2 Oct

Lizzit Silvano

#551

Synchrotron radiation and material science I

2 Oct

Lo Cicero Matteo

#346

Organic on Substrates I 1 Oct

Lo Faro Maria Josè

#447

Advanced Optical Materials II

Lo Faro Massimiliano

#121

Sustainable Nanotechnologies II 29 Sept

Locatelli Emanuele

#167

Diffusion and reaction in complex systems

Lodari Mario

Electronical and optical properties of low dimensional systems III 2 Oct

#549

1 Oct

29 Sept

Lombardi Floriana

#275

Thin films, Devices, Weak Superconductivity and Applications

30 Sept

Lombardo Salvatore

#460

Electronic and optical properties of low dimensional systems II

1 Oct

402

Lorenzi Roberto

#448

Advanced Optical Materials II

Lorenzo Salvatore

#428

Quantum thermodynamics and quantum technologies 1

Lubritto Carmine

#014

Cultural Heritage

Lubritto Carmine

#472

Advanced materials for energy applications II

Luca Labate

Plasma Physics III

#180

1 Oct

28 Sept
1 Oct

29 Sept

Luetkens Hubertus

#104

Lullo Giuseppe #527

Diamond-based substrates and Memristors for Brain sensing

Lupi Stefano

Topological Insulators

#284

Iron Based Superconductors

29 Sept

Out of Equilibrium Statistical Mechanics I

2 Oct

Magazzù Luca #578

Out of Equlibrium Statistical Mechanics II

2 Oct

Maiolo Luca

Nanomaterials and Nanotechnology: carbon nanotubes

Maiorano Vincenzo

#437

Malagò Perla

Magnetism and Spin related Phenomena III

#268

1 Oct

Organic on Substrates II 1 Oct

Malara Angela #361

Advanced Optical Materials I

Malara Pietro

Fiber and Miniaturized Optical Sensors 2 Oct

#540

30 Sept

1 Oct

Malloci Giuliano

#006

Computational Biophysics I

Malvestuto Marco

#422

New physics with ultrashort light and x-ray pulses II

Mana Giovanni #528

Metrology

Manera Maria Grazia

#620

Manno Mauro #076

Computational Biophysics II

Manno Mauro #309

Biophysical Models I

Manno Mauro #169

Diffusion and reaction in complex systems

Marangoni Marco

#349

Gas Sensors and Biosensors for Health and Wealth

Marcuzzi Matteo

#579

Out of Equlibrium Statistical Mechanics II

Mariani Carlo #624

Synchrotron radiation and material science II

Marino Emanuele

#449

Marino Jamir

Out of Equlibrium Statistical Mechanics II

#576

Marotta Luca Marotta #582

28 Sept

Advanced optical characterization techniques

2 Oct

29 Sept

1 Oct

Advanced Optical Materials II

29 Sept

2 Oct

2 Oct

2 Oct

Complex Networks in Economy, Biology, ...

Marri Ivan

Photonic and plasmonic materials and devices
Light Manipulation

1 Oct

1 Oct

Oxide Films and Interfaces

2 Oct

29 Sept

Marrucci Lorenzo

#252

Marsi Marino

Synchrotron radiation and material science I

#552

1 Oct

2 Oct

Marré Daniele #111
#298

2 Oct

30 Sept

Macrì Vincenzo #486

#444

1 Oct

30 Sept

30 Sept
2 Oct

Martelli Fausto #406

Molecular liquids in equilibrium and non-equilibrium regimes

Martini Marco #008

Cultural Heritage

Maruccio Giuseppe

#353

1 Oct

28 Sept

Gas Sensors and Biosensors for Health and Wealth

403

1 Oct

Massobrio Paolo

#605

Complexity in the brain 2 Oct

Mastria Rosanna

#214

Sustainable Nanotechnologies III 29 Sept

Mataloni Paolo #514

Quantum thermodynamics and quantum technologies 2

Mattei Giovanni #085

From nanoparticles to nanostructured surfaces

Mattoni Alessandro

#204

3d and 5d TM systems

Mauri Francesco

#610

Nanomaterials and Nanotechnology: Graphene

Mazzamuto Giacomo

#145

Nanophotonics II

Mazzarella Giovanni

#339

Quantum Optics and Coherent Manipulation

Mazzeo Marco #621

Advanced optical characterization techniques

Meinardi Francesco

#360

Advanced Optical Materials I

Memmolo Pasquale

#456

Electronic and optical properties of low dimensional systems II

Merlone Andrea

#533

Metrology

Messina Fabrizio

#363

Advanced Optical Materials I

Messina Riccardo

#131

Quantum Fluctuations and Casimir Forces

Mezzapesa Francesco

#152

THz and Quantum Cascade Lasers

Miccio Lisa

Optofluidics

#231

1 Oct

2 Oct

1 Oct

1 Oct
29 Sept

29 Sept

29 Sept

Magnetism and Spin related Phenomena III

Biophysical Models II

1 Oct
30 Sept

Electronical and optical properties of low dimensional systems III 2

Mirabella Salvo #358

Gas Sensors and Biosensors for Health and Wealth

Miseikis Vaidotas

#134

Modica Aurora #012

Cultural Heritage

Molle Alessandro

#135

2D emerging materials I 29 Sept

Montalenti Francesco

#018

Simulations of Materials for ICT 28 Sept

Monteleone Giuseppe

#115

Oxide Films and Interfaces

29 Sept

Monticelli Marco

#598

Biomedical Applications

2 Oct

Moras Paolo

Magnetism and Spin related Phenomena III

1 Oct

2D emerging materials I 29 Sept
28 Sept

30 Sept

Moretti Marco #200

3d and 5d TM systems

Moroni Matteo #108

Iron Based Superconductors

Mosca Sara

#010

Cultural Heritage

28 Sept

mosca simona

#295

Non Linear Optics

30 Sept

Motta Mario

#318

Correlated electrons and cold atoms

Muzzi Luigi

#277

Thin films, Devices, Weak Superconductivity and Applications

Negro Matteo

#327

New physics with ultrashort light and x-ray pulses I

Nerattini Francesca

#073

1 Oct

2 Oct

Minola Matteo #271

#270

2 Oct

29 Sept

#390

#547

29 Sept

29 Sept

Micheletti Cristian

Mio Antonio Massimiliano
Oct

2 Oct

29 Sept
29 Sept

Computational Biophysics II

404

1 Oct

29 Sept

1 Oct

30 Sept

Nevin Austin

#321

Imaging and non-destructive analysis
Plasma Physics II

1 Oct

Nocente Massimo

#095

29 Sept

Nocentini Sara #256

Light Manipulation

Nuzzi Davide

#102

Magnetism and Spin related phenomena II

Olivero Paolo

#454

Electronic and optical properties of low dimensional systems II

30 Sept
29 Sept

Onida Giovanni #019

Simulations of Materials for ICT 28 Sept

Orlandini Enzo #462

Soft Matter II

Orlando Gianfranco

#068

Ortenzi Luciano #205

3d and 5d TM systems

Pacilè Daniela #224

2D emerging materials II

29 Sept

Pagano Roberto #597

Biomedical Applications

2 Oct

Pagnani Andrea #155

Computational Biophysics III

29 Sept

Paladino Elisabetta

#516

Quantum thermodynamics and quantum technologies 2

Palmer Richard E

#083

From nanoparticles to nanostructured surfaces

29 Sept

Panaccione Giancarlo

#099

Magnetism and Spin related phenomena II

29 Sept

Panzeca Salvatore

#512

Dosimetry

Paparo Domenico

#471

Advanced materials for energy applications II

Parente Vincenzo

#137

2D emerging materials I 29 Sept

Paris Eugenio

#041

Cuprates and Mechanisms for Superconductivity 28 Sept

Parisi Luca

#023

Simulations of Materials for ICT 28 Sept

1 Oct

1 Oct

Laser-Matter Interaction: from Atoms to Nano-Particles 28 Sept
29 Sept

2 Oct

2 Oct
1 Oct

Pasquarelli Alberto

#521

Diamond-based substrates and Memristors for Brain sensing

2 Oct

Pasquini Luca #467

Advanced materials for energy applications II

Passoni Matteo #091

Plasma Physics II

Pastore Mariachiara

#386

Advanced materials for energy applications I

1 Oct

Paternò Giuseppe

#564

Advanced materials for energy applications III

2 Oct

Patriarca Marco

#089

From nanoparticles to nanostructured surfaces

29 Sept

Pattelli Lorenzo #146

Nanophotonics II

Paturzo Melania

#196

Pavesi Lorenzo #299

Photonic and plasmonic materials and devices

Pedio Maddalena

#034

Magnetism and spin related phenomena I

Pedrinazzi Paolo

#375

Electronic and optical properties of low dimensional systems I

1 Oct

Pellicane Giuseppe

#404

Molecular liquids in equilibrium and non-equilibrium regimes

1 Oct

Pendolino Flavio

#613

Nanomaterials and Nanotechnology: Graphene

Peng Yingying #038

Cuprates and Mechanisms for Superconductivity 28 Sept

Pennetta Cecilia #500

Environmental Physics and Pollution

1 Oct

29 Sept

29 Sept

Optical bio-sensing

29 Sept

405

2 Oct

30 Sept
28 Sept

2 Oct

Peres Giovanni #179

Plasma Physics III

Pevere Federico #301

Photonic and plasmonic materials and devices

Pfeifer Thomas #325

New physics with ultrashort light and x-ray pulses I

Piazza Aurora #228

2D emerging materials II

Piazza Francesco

#164

Piccinin Simone #563

Advanced materials for energy applications III

Piccinini Massimo

#362

Picollo Federico #522

Diamond-based substrates and Memristors for Brain sensing

Picone Andrea #114

Oxide Films and Interfaces

Picozzi Silvia

3d and 5d TM systems

#201

Pierantozzi Gian Marco #556
Pieri Pierbiagio #320

#612

30 Sept
1 Oct

29 Sept

Diffusion and reaction in complex systems

Advanced Optical Materials I

29 Sept

2 Oct

1 Oct

29 Sept

Synchrotron radiation and material science I

2 Oct

1 Oct

Nanomaterials and Nanotechnology: Graphene

Nanomaterials and Nanotechnology: Graphene

2 Oct

2 Oct

Pisignano Dario #142

Nanophotonics II

Pizzella Vittorio #595

Biomedical Applications

Pizzocaro Marco

#530

Metrology

Plastina Francesco

#515

Quantum thermodynamics and quantum technologies 2

Plastino Wolfango

#498

Environmental Physics and Pollution

Ponzoni Luca

Biophysical Models II

1 Oct

Porzio Alberto #254

Light Manipulation

30 Sept

Potestio Raffaello

#158

Computational Biophysics III

29 Sept

Prando Giacomo

#109

Iron Based Superconductors

29 Sept

Prestipino Santi #407

Molecular liquids in equilibrium and non-equilibrium regimes

Principi Alessandro

#616

Nanomaterials and Nanotechnology: Graphene

Privitera Vittorio

#049

Sustainable Nanotechnologies I 28 Sept

Puccio Elena

Complex Networks in Economy, Biology, ...

#396

#583

2 Oct

29 Sept

Correlated electrons and cold atoms

Pietralunga Silvia Maria #614
Pini Roberto

29 Sept

29 Sept
2 Oct
2 Oct
2 Oct

2 Oct

1 Oct

2 Oct

2 Oct

Pucella Gianluca

#261

Plasma Physics IV

30 Sept

Puglisi Giuseppe

#413

Geophysics

Puglisi Rosaria Anna

#220

Photovoltaic materials and devices

Pulci Olivia

#455

Electronic and optical properties of low dimensional systems II

Putti Marina

#105

Iron Based Superconductors

1 Oct
29 Sept
1 Oct

29 Sept

Raciti Rosario #543

Electronical and optical properties of low dimensional systems III 2 Oct

Rajendran Sai Kiran

#338

Quantum Optics and Coherent Manipulation

Rapisarda Andrea

#496

Econophysics

2 Oct

406

1 Oct

Ratto Gian Michele

#618

Advanced optical characterization techniques

Ratynskaia Svetlana

#182

Plasma Physics III

Ravaro Marco #151

THz and Quantum Cascade Lasers

Ricciardi Carlo #524

Diamond-based substrates and Memristors for Brain sensing

Ricciardi Iolanda

#294

Non Linear Optics

Rinaldi Christian

#100

Magnetism and Spin related phenomena II

Ripepe Maurizio

#412

Geophysics

RIPPA MASSIMO

#541

Fiber and Miniaturized Optical Sensors 2 Oct

Ritort Felix

#391

Biophysical Models II

Ritter Petra

#520

Diamond-based substrates and Memristors for Brain sensing

Rizi Vincenzo

#501

Environmental Physics and Pollution

Rizza Carlo

#046

Optical feedback and metamaterials in mid-IR and THz 28 Sept

Rizzo Aurora

#219

Photovoltaic materials and devices

Rizzuti Bruno

#074

Computational Biophysics II

29 Sept
29 Sept

30 Sept
29 Sept

1 Oct

#186

Rogero Celia

Organic on Substrates I 1 Oct

29 Sept

29 Sept

Magnetism and Spin related phenomena IV

29 Sept

Electronic and optical properties of low dimensional systems I

Romé Massimiliano

#027

Plasma Physics I

28 Sept

Romeo Francesco

#287

Topological Insulators

30 Sept

Ronda Luca

Molecular Biophysics I 30 Sept

Rontani Massimo

#103

Rosi Gabriele

Metrology

#529

Magnetism and Spin related phenomena II

1 Oct

29 Sept

2 Oct

Rossetti Giulia #003

Computational Biophysics I

28 Sept

Rossi Giulia

Computational Biophysics II

29 Sept

#072

2 Oct

2 Oct

Roldan Rafael #370

#241

2 Oct

1 Oct

Roddaro Stefano
#343

2 Oct

Rossini Davide #316

Correlated electrons and cold atoms

1 Oct

Rovigatti Lorenzo

#380

Soft Matter I

Ruffino Francesco

#562

Advanced materials for energy applications III

Ruffo Stefano

#079

Interdisciplinary statistical physics.

Ruggeri Rosa

#545

Electronical and optical properties of low dimensional systems III 2 Oct

1 Oct

29 Sept

Ruggerone Paolo

#002

Ruggieri Sonia #609

Complexity in the brain 2 Oct

Ruoso Giuseppe #129

Quantum Fluctuations and Casimir Forces

29 Sept

Sabbioni Cristina

#499

2 Oct

Sada Cinzia

Optofluidics

#232

Saitta A. Marco #405

Computational Biophysics I

2 Oct

28 Sept

Environmental Physics and Pollution
29 Sept

Molecular liquids in equilibrium and non-equilibrium regimes

407

1 Oct

Sala Vittorio

#476

Advanced Microscopy Techniques

2 Oct

Salasnich Luca #317

Correlated electrons and cold atoms

1 Oct

Salluzzi Marco #098

Magnetism and Spin related phenomena II

Sanchez Pedro A.

#272

Sangaletti Luigi #441

Nanomaterials and Nanotechnology: carbon nanotubes

Sant Marco

Noncovalent interactions: advances in Computer Simulations

#178

29 Sept

Magnetism and Spin related Phenomena III

Santoro Mario #630

Synchrotron radiation and material science II

Saracco Fabio #497

Econophysics

Sartori Paolo

#249

Statistical Mechanics of Active Matter

Sassi Alberto

#568

Molecular Biophysics II 2 Oct

30 Sept
1 Oct

2 Oct

2 Oct
30 Sept

Satriano Cristina

#351

Gas Sensors and Biosensors for Health and Wealth

Savasta Salvatore

#057

Nanophotonics I 28 Sept

Savio Letizia

From nanoparticles to nanostructured surfaces

#088

29 Sept

1 Oct

29 Sept

Sberveglieri Veronica

#350

Gas Sensors and Biosensors for Health and Wealth

Scaini Denis

#440

Nanomaterials and Nanotechnology: carbon nanotubes

Scala Antonio

#168

Diffusion and reaction in complex systems

29 Sept

Scala Matteo

#337

Quantum Optics and Coherent Manipulation

1 Oct

Scalas Enrico

#491

Econophysics

1 Oct

1 Oct

2 Oct

Scamarcio Gaetano

#043

Optical feedback and metamaterials in mid-IR and THz 28 Sept

Scarangella Adriana

#365

Advanced Optical Materials I

Schillaci Francesco

#265

Plasma Physics IV

SCHIRO GIORGIO

#240

Molecular Biophysics I 30 Sept

Sciarrino Fabio #427

Quantum thermodynamics and quantum technologies 1

1 Oct

Sciortino Alice #442

Nanomaterials and Nanotechnology: carbon nanotubes

1 Oct

Sciortino Francesco

#461

Sciortino Luisa #557

Synchrotron radiation and material science I

2 Oct

Sciortino Luisa #619

Advanced optical characterization techniques

2 Oct

Scopece Daniele #087

From nanoparticles to nanostructured surfaces

29 Sept

Scordino Agata #478

Advanced Microscopy Techniques

Scuderi Viviana #117

Oxide Films and Interfaces

Scuto Andrea

#211

Sustainable Nanotechnologies III 29 Sept

Scuto Andrea

#389

Advanced materials for energy applications I

Selva Anna

#509

Dosimetry

Serafini Luca

#553

Synchrotron radiation and material science I

2 Oct

Magnetism and spin related phenomena I

28 Sept

Sessoli Roberta #031

Soft Matter II

1 Oct

30 Sept

1 Oct

2 Oct

29 Sept

1 Oct

2 Oct

408

Sharma Parikshit
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Gas Sensors and Biosensors for Health and Wealth

Sheverdyaeva Polina
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Magnetism and Spin related phenomena IV

Shwartz Sharon #418

New physics with ultrashort light and x-ray pulses II

1 Oct

Siciliano Pietro #356

Gas Sensors and Biosensors for Health and Wealth

1 Oct

Silva Fernández Blanca #328

29 Sept

New physics with ultrashort light and x-ray pulses I

Sirleto Luigi

#479

Advanced Microscopy Techniques

Solinas Paolo

#430

Quantum thermodynamics and quantum technologies 1

Sorba Lucia

#459

Electronic and optical properties of low dimensional systems II

1 Oct

#481

Out of Equilibrium Statistical Mechanics I

2 Oct

Spagnolo Salvatore

#130

Quantum Fluctuations and Casimir Forces

29 Sept

Spagnolo Vincenzo

#154

THz and Quantum Cascade Lasers

Spelta Alessandro

#495

Econophysics

Spilla Samuele #517

Quantum thermodynamics and quantum technologies 2

Spirito Davide #225

2D emerging materials II

Strano Vincenzina

#213

Strelkov Vasily #063

Laser-Matter Interaction: from Atoms to Nano-Particles 28 Sept

Suma Antonio #395

Biophysical Models II

Suzuki Satoru #227

2D emerging materials II

Svergun Dmitri #236

Molecular Biophysics I 30 Sept

Taccogna Francesco
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Plasma Physics III

29 Sept

Tajfirouze Edris

#094
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29 Sept

Tamburello Giancarlo

#591

Physical Processes in Volcanic Eruptions 2 Oct

Tanjia Fatema #263

Plasma Physics IV

Tardocchi Marco

#025

Terrasi Antonio #217

Photovoltaic materials and devices

Tiana Guido

Biophysical Models I
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29 Sept

2 Oct
2 Oct

29 Sept
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29 Sept

30 Sept

Plasma Physics I
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29 Sept
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Tiribocchi Adriano
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Statistical Mechanics of Active Matter

30 Sept

Tocchio Luca Fausto

#315

Correlated electrons and cold atoms
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Toci Guido
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#623
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2 Oct

Spagnolo Bernardo

#305
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2D emerging materials II
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Tomadin Andrea

#222
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Imaging and non-destructive analysis

Torrisi Felice
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Diamond-based substrates and Memristors for Brain sensing

Trillo Stefano
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Fiber and Miniaturized Optical Sensors 2 Oct
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Nanophotonics II
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Biophysical Models II
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Urru Andrea

Nanomaterials and Nanotechnology: Graphene
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#040
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Organic on Substrates II 1 Oct
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New physics with ultrashort light and x-ray pulses I
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Virgili Tersilla #423

New physics with ultrashort light and x-ray pulses II
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Viviani Massimo
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