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Preface

This document is intended for the SPIN International Advisory Board and describes in synthesis the background and expertise, the present research activities and possible future trends in SPIN of the researcher Sergio De Nicola who will be affiliated to SPIN in the framework of the CNR re-organization process.

Background and expertise.

The experimental background regards the development and applications of optical diagnostic methodologies and interferometric techniques for non destructive materials evaluation. The following lists includes the interests and the theoretical expertise:

· Development of  quantum methodologies  for studying physical phenomena, such as dynamics of optical and electron beams in nonlinear media (non local effects in plasmas, optical fibers, non linear optical media)

· Quantum tomographic approaches to the description of non classical effects and quantum coherent phenomena in many body systems

· Analytical and numerical approaches for studying electromagnetic propagation in heterogeneous media

· Monte Carlo simulations for studying the propagation of coherent radiation in biological materials

· Theoretical modelling for studying instabilities and  non linear dynamical effects in mesoscopic systems

· Fem-based numerical methodologies for studying electronic transport properties  in Josephson devices
Present research activities and perspectives

Mechanisms of electronic coherent transport  in non conventional superconductors

This research activity concerns the study the physical mechanisms of the electronic coherent transport and related phase dynamics effects in the framework of superconductor devices based on iron pnictides and iron calcogenides.

These materials have  interesting new properties  because of their complex band structure, multiple energy gaps and  the unconventional symmetry of the superconducting order parameter.

The basic aim of the research is to investigate on the symmetry of the order parameter in such superconductors using appropriate geometrical configurations[1-4].

It has been recently developed a microscopic theory of tunnelling in heterogeneous, nanoscopic structures, with non-conventional order parameter symmetries (d-wave and iron-pnictited junctions) based on Andreev bound states and double gap superconductors with different signs [3]. High temperature Pi->0 crossover have been predicted in  a wide range of band gap ratio

This theoretical approach could benefit by developing a proper numerical procedure for treating  self consistently the spatial distribution of the order parameter across the interfaces with appropriate boundary conditions in presence of impurities. 

We intend to continue this investigation which is considered to  be of particular interest when considering complex geometries arising in the experimental situations and, more generally, as a useful tool in the design and fabrication of non-conventional materials-based devices.

Physics of nanostructured materials 

Our research activity in this field is active since a long time. Nanostructured material are well-known recognized to be one of the most important areas of new material research and one of the main concern is the tuning of their properties by controlling morphological/structural features for advanced functional applications. 

We have experimentally and theoretically investigated on the functional properties of polymer-based gold and silver clusters[5-10] In these nanocomposite materials the surface plasmon resonance frequency is strictly related both to interparticle distance and the host medium refractive index.. 

Recently we have addressed the problem related to the cytotoxic effects of  polystyrene-silver doped nanoparticles by examining the antimicrobial characteristics of the material[11]. 

Toxicity is an important aspect concerning nanostructures and their use in polymeric embedded form represents a promising approach. On the other hand , owing to the large surface area, there are polymer characteristics that are affected by filling with nano sized structures. This is of particular importance in the case of polymer filled by graphite nanoplatelets (GNP)[12,13] which have thickness of only few nanometers and the other two dimensions several hundred microns. 

We have investigated  the mechanical properties of GNP/ polyethylene and developed a theoretical model to establish the effect of the nanoscale reinforcement and to account for the observed increase in stiffness of the composite material. 

These investigations have shown that the mechanical response of the GNP filled material depends critically on the interactions (van der Vaals forces ) between the graphene layers where  classical approaches based on the assumption of abrupt interfaces between different material, are, in general,  unable to explain the experimental results.

We believe that a possible perspective and future development of this research activity inside SPIN Institute, along the lines of our background and expertise in electromagnetic simulations, lies in the development of computational methodologies to incorporate quantum mechanical effects associated to the exchange correlation potential between the layers and/or interfaces at the nanometre scale. This approach can be applied in a variety of situations in which non local fields effects play a key role.

Electromagnetic coupling between metallic nanoparticles may be described at semiclassical level to account for the quantum effects due to electron tunneling. Indeed, this is a subject of general interest in the theoretical description of the optical and electronic response of plasmonic systems with size less or on the order of skin depth and, currently, a topic of particular relevance in understanding the coherent control of nanoscale localization of electromagnetic fields in nanoplasmonic applications. 
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