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Anomalous Transport: from Billiards to Nanosystems Sperlonga, Sept.
20-24, 2010;

Concetti e Tecniche della Probabilita in Fisica, Biologia e Scienze Sociali
Urbino, 3-5 Settembre 2012;
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MAXXI, 10 Dicembre 2012;
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Main scientific achievements

Stochastic resonance

The concept of stochastic resonance has been introduced about 40 years
ago, see ref [1], in the context of the evolution of the earth’s climate.
Stochastic resonance is a counterintuitive nonlinear mechanism present in
systems periodically forced and embedded in a noisy environment: when
the noise intensity is in a proper range (neither too large nor too small)
the system acquires an enhanced sensitivity towards small external time-
dependent forcings. Such a phenomenon highlights the possibility that
noise may actually play a constructive role in large classes of both natural
and artificially designed systems. In the last 30 years the ideas underlying
stochastic resonance were taken up, elaborated and applied in a wide
range of problems in physical and biological sciences.

Multifractal inturbulence and chaos In the usual approach to critical phenomena, as well as in

turbulence (Kolmogorov theory), the scaling properties are described in
terms of few scaling exponents. The multifractal approach, see ref.s [2,4],
introduces a generalization of the usual fractal objects (characterized by
a unique scaling exponent) in terms of a superposition of fractals with
singularity exponent h and dimension D(h). Via the function D(h) it
is possible to give an accurate description of many statistical aspects of
turbulence [2,4,6]. The multifractal approach is closely linked to the large
deviations formalism and it has been successfully used in many different
topics as disordered systems, chaotic dynamics and time series analy-
sis[4,20,22].

Chaos in Hamiltonian systems Starting from the celebrated paper by Fermi, Pasta and Ulam the

actual relevance of the dynamics (in particular the role of chaos) for the
statistical mechanics is still an open problem. | worked on the problem
of the presence of an equipartition threshold in nonlinear large Hamilto-
nian systems, the thermodynamics limit of the Lyapunov exponents and
the role of chaotic behavior for the validity of the equilibrium statistical
mechanics [3,23,24].

Diffusion, transport and reaction diffusion Traditionally an efficient diffusion in fluids is associated

to the presence of turbulence. On the other hand it is possible to have an
efficient transport, due to the lagrangian chaos, even in absence of eule-
rian turbulence. | worked on different aspects of transport, in particular
ag Lagrangian chaos in presence and absence of eulerian turbulence[24]

b) Computation of the diffusion coefficients

c) Anomalous diffusion[10, 24]

d) Preasymptotic properties of diffusive processes [8,24]

e) Reactive front properties in laminar and turbulent field, and on inho-
mogenous media (e.g. graphs) [13,18]

Complexity in chaotic and disordered systems In many physical contexts it is necessary to general-

ize the Lyapunov exponents as well as the Kolmogorv-Sinai entropy[7,14].
The finite size Lyapunov exponents and the e entropy are able to charac-
terize the finite-resolution effects on predictability and complexity. Such
quantities are powerful tools for the analysis of high dimensional systems
(e.g. turbulence) and the transport in fluids and geophysics [8,12,14].

Non equilibrium systems and the fluctuation-dissipation relations The statistical mechanics has

been developed for Hamiltonian systems in equilibrium conditions; there
are (relatively) few general results for the non equilibrium case in particular
for non Hamiltonian systems. Using an approach based on a suitable
generalization of the Boltzmann equation | studied granular gases which
are important examples of non Hamiltonian systems in non equilibrium
(since the dissipative collisions it is necessary to introduce an external
feeding mechanism)[9,20]. In particular the possibility to have an H
theorem has been investigated|[19].

The fluctuation-dissipation relation (FDR) in its original form has been
proved for equilibrium systems, therefore in the literature there has been
a certain confusion on the range of validity of the FDR[16]. It has been
proved, under very general conditions, the existence of a suitable FDR
even for non equilibrium systems. In particular | studied several aspects of
the entropy production (Cohen-Gallavotti relation) in Markovian processes



and granular gases[17].
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