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o[ évy statistics: implies new properties departing strongly
(quantitatively and qualitatively) from standard statistical
behaviors

*Have been addressed in various fields: dynamics in plasma,

self- diffusion in micelle systems, exciton and charge transport
in random polymers under conformational motion, laser

cooling and coherent radiation trapping, analysis of complex
systems...

*Nonequilibrium noises - non-Gaussian character, in general,
space and time correlated

* Thermodynamics in the presence of non-Gaussian
fluctuations ?




Wiener process and Brownian motion

@ Wiener process W/(t): stationary with independent and
Gaussian-distributed increments, (W(t)W(s)) = min(t, s)

@ representation of a Brownian motion: a limit in distribution of

i.i.d (Gaussian) jumps taken at infinitesimally short time NEEEE
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strength of fluctuations related to the magnitude of dissipation
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Scaling laws:

complex systems - time/space
series analysis
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Kello et al, Trends in Cognitive
Sciences, 14, p.223-232 (2010)
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power spectrum

power laws and non-Gaussian
fluctuations are ubiquitous in
Nature!



Non-Gaussian stable white noise

o Generalized Wiener process W,, g(t) — non-Gaussian, with
stationary and independent increments distributed according
to the a-stable law
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W, 5(t) = /0 ((s)ds = /O dLo s(s) ~ 3 ()4,
=0

(;: i.i.d variables with the stable Lévy probability density function
I 5(C), NAs = t — tg, asymptotics I, 5(¢) = [¢]7172.
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Survival function and probability density of escape times
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Free diffusion — escape on a semi-line:
Sparre-Andersen scaling

Following the Markovian character of the stochastic dynamics—at sufficiently
high barriers—the time dependence of the survival probabilities within the

potential well assume an exponential law

B.Dybiec, E.G-N, P. Héinggi, PRE, 73, 046 104 (2006)
B.Dybiec, E.G-N, P. Héinggi, PRE, 75, 021 109 (2007)



@ Langevin equation

x(t) = =V'(x, t) + ((1)
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Fine-tuning to Lévy-white noises:
resonant activation and stochastic
resonance

@ Fokker-Planck equation

P — [2V/(x, 1) + D] P(x, 1)

e fractional Fokker-Planck equation
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Stochastic resonance and dynamical hysteresis
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Action of Lévy type noises

*Systems embedded in noisy environments may enhance sensitivity
*Counterintuively, despite their pathological character (diverging moments) Lévy
fluctuations may induce better signal transmission

* [ évy white noises acting in nonlinear dynamic systems exhibit positive, ordering

effects: stochastic resonance, resonant activation, synchronization and
directionality of transport ( ratcheting effect )




Equilibrium conditions and linear response...
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Nonequilibrium and linear response...

Lars Onsager (1903-1976)
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Onsager (~1932) theory for weak X forces forsees...
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D. Reguera, |. M. Rubi, |.M.G.Vilar
) J.Phys. Chem B 109 21502 (2005)

with the lInd law




Nonequilibrium conditions and linear response ?

fluctuation-dissipation theorem ?
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Linear response, fluctuation-dissipation theorem?

—
On the other hand...

d F. Ritort et al, Phys.Today, 7 43 (2005)




FDT relates susceptibility to correlations measured in the reference
unperturbed state

reference stationary state
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J. Prost, JF Joanny, |.M.R. Parrondo, PRL 103 090601 (2009)
U. Seifert, T. Speck, Europhys. Lett. 89 1007 (2010)
B. Dybiec, |.M.R. Parrondo, E.G-N Europhys. Lett 98 50006 (2012)
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FDT: measurable macroscopic physical quantities related to
correlations functions of spontaneous fluctuations
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Conjugate variable...
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Response of conjugate variable
to external drivings:

solid lines — exact result

dotted lines - result constructed by
use of the linear response theory

Exact <X> for a constant force:
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Conjugate variables reflect
change in the PDF under the
berturbation

Despite the system is plagued by
divergent moments, the
generalized FDT properly captures
dynamical response

Drawbacks: interpretation of <X>
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Iwo independent noises: Cauchy and Gauss
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Iwo independent noises: Gaussian and Cauchy
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Monte Carlo Langevin equation solution
Linear response result for Gaussian+Cauchy
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Response and correlation decay
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*Nonequilibrium steady states are fascinating
systems to study...

*The generalized FDT can be applied to (linear)
systems driven by Lévy noises

*The conjugate variables represent change in

PDF under perturbation (in equilibrium related to
energy absorbed from perturbations)
*Interpretation of conjugate variables is not
straightforward...
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Breakdown of common

*Axiomatic formulation: ,,traditional” thermodynamics

ther modynamics ? is an elegant mathematical theory
*Key words: a state, a state-function, equation of state

(characteristic of state quantities)
*Infinitesimal, adiabatic changes of state are time-
reversible

T — T —

—— Fraction of
molecules

-7 ‘ Some textbooks define temperature

as the average random velocity of mol-
ecules. In fact, temperature is the mea-
sure of an entire pattern of velocities.

In far -fl’ om equilibr lum situations a common o carues sl
definition of temperature does not make e e e
sense

Traditional thermodynamics does not
describe transitions between metastable
states

Theory is not suitable for description of

ordering pbhenomena in nonequilibrium

states J.M. Rubi, Scientific American, 2008

DISSIPATION RELATED TO ORDER!
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Importance of anomalous transport...
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R. Klages, G. Radons, .M. Sokolov Anomalous Transport (Wiley

VCH,Weinheim, 2008)

R. Metzler, |. Klafter, Phys. Rep. 339 (2000)
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