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1	-	Dinamica	stocastica	di	sistemi	biologici	fuori	dall’equilibrio		
					Modellizzazione	di	sistemi	biologici	(microbiologia	predittiva,	dinamica	di	
fitoplankton,	crescita	di	cellule	cancerogene	e	traslocazione	di	polimeri).	I	modelli	
teorici	sono	basati	su	equazioni	differenziali	stocastiche	(Langevin	e	diffusione).		
	
	
2	-	Dinamica	transiente	in	giunzioni	Josephson	(JJ)	normali	e	con	grafene.		
					Dinamica	transitoria	di	non	equilibrio	dallo	stato	superconduttivo	a	quello	resistivo	
di	giunzioni	Josephson,	osservata	anche	in	un	materiale	emergente,	come	il	grafene.	
	
	
3	-	Ruolo	positivo	del	rumore	in	sistemi	quantistici	aperti.	

•  Stabilizzazione	di	stati	metastabili	quantistici	 indotta	dalla	 interazione	sistema-
bagno	termico.	Modello	teorico:	Caldeira-Leggett.		

•  Fermioni	di	Majorana	e	stati	quantistici		indotti	dal	rumore	
•  Sistemi	 in	 stato	 stazionario	 fuori	 dall'equilibrio	 (nonequilibrium	 steady	 states	

NESS).	
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Chl Distribution 
(Picoeukar.) 

 

Bacterial Dynamics 
(Listeria) 

 

Polimer Translocation 
(RA) 

Regular Spike Trains and Harmony 
Perception 

Nezara Viridula (Stochastic Resonance) 



A stochastic interspecific competition model to predict the 
behaviour of Listeria monocytogenes in the fermentation 
process of a traditional Sicilian salami, A. Giuffrida, D. Valenti, 
G. Ziino, B. Spagnolo, A. Panebianco, Eur. Food Res. Tech. 
228, 767-775 (2009). 

Noise in ecosystems: a short 
review, B. Spagnolo, D. 
Valenti, A. Fiasconaro, Math. 
Biosc. Engin. 1, 185-211 
(2004). 

Highlights 

Regularity of spike trains and harmony perception in a model of the auditory 
system, PRL 107, 108103 (4) (2011).  

Recensioni su  
 

Focus PRL, ScienceNOW 
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The	perturbed	sine-Gordon	(SG)	model	is	

	

( ) ( )txitxi fbtxxtt ,,)sin( ++−=+− ϕϕϕϕβ

Phase	dynamics	in	a	noisy	LJJ	

Noise	source:	
Lévy	statistic	

The	 dimensionless	 x	
and	 t	 variables	 are	
normalized	 to	 λJ,	 the	
Josephson	 penetration	
depth,	 and	 the	 inverse	
of	ωJ,	the	characteristic	
f r e qu en c y	 o f	 t h e	
junction,	respectively.	

External	bias	current	

The SG equation can be rearranged highlighting the 
role of the washboard potential: 

( ) ( ) ( ) ),(),,(,,, txitxUtxtxtx ftxxtt +−=+− ϕϕϕϕβ ϕ
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( ) ϕϕϕ ),(cos1),,( txitxU b−−=
The	SG	solu,ons	
Ø  Plasma waves 
Ø  Soliton/anti-Soliton and Chain of Solitons 
Ø  Breathers 

      Soliton                  Breather 

The	noise	term:	the	Lévy	sta,s,c	

Lévy Flights 



Group	of	Interdisciplinary	Theoretical	Physics	

July 18, 2005 10:8 WSPC/167-FNL 00264

Fluctuation and Noise Letters
Vol. 5, No. 2 (2005) L267–L274
c⃝ World Scientific Publishing Company

Fluctuation and Noise Letters
Vol. 5, No. 2 (2005) 000–000
c⃝ World Scientific Publishing Company

GENERALIZED WIENER PROCESS AND KOLMOGOROV’S
EQUATION FOR DIFFUSION INDUCED BY NON-GAUSSIAN
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Università di Palermo, Viale delle Science pad. 18, I-90128 Palermo, Italy

spagnolo@unipa.it

Received 23 December 2004
Revised 6 March 2005

Accepted 16 March 2005
Communicated by Werner Ebeling and Bernardo Spagnolo

We show that the increments of generalized Wiener process, useful to describe non-
Gaussian white noise sources, have the properties of infinitely divisible random processes.
Using functional approach and the new correlation formula for non-Gaussian white noise
we derive directly from Langevin equation, with such a random source, the Kolmogorov’s
equation for Markovian non-Gaussian process. From this equation we obtain the Fokker–
Planck equation for nonlinear system driven by white Gaussian noise, the Kolmogorov–
Feller equation for discontinuous Markovian processes, and the fractional Fokker–Planck
equation for anomalous diffusion. The stationary probability distributions for some
simple cases of anomalous diffusion are derived.

Keywords: Non-Gaussian white noise; infinitely divisible distribution; Kolmogorov’s
equation; Wiener process.

1. Introduction

Stochastic dynamics is useful to model many biological, chemical, economical and
physical systems. The random driving forces have very different origins, in most
cases they are Gaussian white or colored noise sources, but often these forces must be
considered as non-Gaussian ones, for example, in sensory and biological systems [1].
Moreover, in many physical and biological systems a deviation of real statistics of
fluctuations from Gaussian law, leading to anomalous diffusion, is observed [2,3]. A
suitable mathematical model to describe the anomalous diffusion is the fractional

L267

October 16, 2008 16:11 02187

Tutorials and Reviews

International Journal of Bifurcation and Chaos, Vol. 18, No. 9 (2008) 2649–2672
c⃝ World Scientific Publishing Company

LÉVY FLIGHT SUPERDIFFUSION:
AN INTRODUCTION
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After a short excursion from the discovery of Brownian motion to the Richardson “law of four
thirds” in turbulent diffusion, the article introduces the Lévy flight superdiffusion as a self-similar
Lévy process. The condition of self-similarity converts the infinitely divisible characteristic func-
tion of the Lévy process into a stable characteristic function of the Lévy motion. The Lévy
motion generalizes the Brownian motion on the base of the α-stable distributions theory and
fractional order derivatives. Further development on this idea lies on the generalization of the
Langevin equation with a non-Gaussian white noise source and the use of functional approach.
This leads to the Kolmogorov’s equation for arbitrary Markovian processes. As a particular case
we obtain the fractional Fokker–Planck equation for Lévy flights. Some results concerning sta-
tionary probability distributions of Lévy motion in symmetric smooth monostable potentials,
and a general expression to calculate the nonlinear relaxation time in barrier crossing prob-
lems are derived. Finally, we discuss the results on the same characteristics and barrier crossing
problems with Lévy flights, recently obtained by different approaches.

Keywords : Lévy process; Lévy motion; Lévy flights; stable distributions; fractional differential
equation; barrier crossing.

1. Introduction

Two kinds of motions can easily be observed in
Nature: smooth, regular motion, like Newtonian
motion of planets, and random, highly irregular
motion, like Brownian motion of small specks of
dust in the air. The first kind of motion can be
predicted and consequently, described in the frame

of deterministic approach. The second one demands
the statistical approach.

The first man who noted the Brownian motion
was the Dutch physician, Jan Ingen-Housz in 1794,
who, while in the Austrian court of Empress Maria
Theresa, observed that finely powdered charcoal
floating on an alcohol surface executed a highly

∗http://gip.dft.unipa.it
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Noise Enhanced Stability 
effects 

( )titxU fttt +−=+ ),,(ϕαϕϕ ϕ

Short		ballis,c	graphene-based	JJ	

ωp(iMax)	
ω1

dRA  ≈ <ωp(0< t <Tp/2)>	
4
3 pTt =

Dynamical	and	Stochas,c		
Resonant	Ac,va,on	

	



Open Quantum Systems 

Esempio: il qubit di flusso, un loop superconduttivo in cui ai versi di circolazione 
della supercorrente (orario o antiorario → flusso del c. m. attaverso il loop positivo 
negativo),  sono associati gli stati logici 0 e 1: il qubit di flusso può trovarsi in  
una sovrapposizione della supercorrente circolante nei due versi opposti. 

Un qubit (quantum bit, o bit quantistico) è un sistema quantistico a due stati (gli stati logici 0 e 1) che può 
essere preparato e operare in una sovrapposizione di tali stati à computer quantistici 
La ricerca è mirata a realizzare dei sistemi affidabili e scalabili (a molti qubit):  

  E' importante lo studio del rumore nei dispositivi quantistici.  
 

Le sorgenti di rumore che influenzano il comportamento dei  
qubit  sono a loro volta dei sistemi quantistici: ad esempio il  
campo elettromagnetico (→ fotoni ) o  le vibrazioni reticolari  
(→ fononi). Infatti, anche a temperatura criogenica tali  
'ambienti’ in cui i dispositivi sono immersi, hanno fluttuazioni.  

Può la dissipazione aumentare la stabilità di uno 
stato quantistico metastabile?  

Caldeira-Leggett 
Hamiltonian	



Spectral density function	

Relaxation time:	
The time scale of the relaxation 
towards equilibrium.	
	
- Independent of the initial 	
  condition	
	
- increases monotonically as a 
function of the coupling 
strength 	

Escape time:	
	
- Depends on the initial 
condition	
	
- Nonmonotonic behaviour 
with  a maximum as a function 
of  the coupling strength:   	
	
Quantum noise enhance 
stability	

D. Valenti, L. Magazzù, P. Caldara, and B.  
Spagnolo,  Phys.Rev.B 91, 235412 (2015)	



Fermione	di	Majorana:	l’elusiva	particella	“ermafrodita”		
-antiparticella	di	se	stessa	
-teorizzata	nel	1937	da	Ettore	Majorana,	mai	osservata	con		
certezza!		
-prime	possibili	evidenze	in	superconduttori	topologici	(2012)	
	
Perché	è	importante?		
-  Fisica	fondamentale	
-  Esempio	di	“Anyone”:	né	bosone	né	fermione!	
-  Implicazioni	nello	studio	di	nuovi	stati	della	materia	condensata	
-  Sviluppo	di	computer	quantistici,	inerentemente	robusti	contro	il	

rumore	
	

Fermioni	di	Majorana	indotti	dal	rumore	
-  La	dissipazione	normalmente	aumenta	il	disordine	di	un	sistema	
-  Tuttavia,	e’	possibile	usare	il	rumore	per	“ingegnerizzare”	stati	quantistici	della	

materia!	
-  Al	confine	tra	fisica	della	materia	condensata	e	ottica	quantistica	
-  Ordine	topologico+dissipazione	->	robustezza	alle	perturbazioni	

	

Stati	esotici	della	materia:	ordine	topologico	
-Nuovo	concetto	per	descrive	ordine	in	sistemi	a	“tanti	corpi”	
-Esempio:	Quantum	Hall	effect	(1980)	
-Isolante	topologico	(2006):	materiale	isolante	al	suo	interno,	perfetto	conduttore	
sulla	superficie	
	



Collaborazioni	nazionali		
-	Dipartimento	di	Fisica,	Università	di	Catania	
-	NEST,	Istituto	Nanoscienze-CNR	and	Scuola	Normale	Superiore,	Pisa	
-	CNR	–	Istituto	per	l'ambiente	marino	costiero	(IAMC)	–	Capo	Granitola	
(Mazara	del	Vallo)	
-	Dipartimento	di	Fisica	e	di	Scienze	della	Terra,	Università	di	Messina	
-  Dipartimento	di	Scienze	Veterinarie,	Università	di	Messina		
	

	Collaborazioni	internazionali		
-Physics	Department	and	International	Laser	Center,	Lomonosov	State	
University	of	Moscow,	Russia	
-	Radiophysics	Department,	Lobachevsky	State	University	of	Nizhni	
Novgorod,	Russia	
-	Institut	für	Physik,	Universität	Augsburg,	Augsburg,	Gernany		
-	Physics	Department,	Humboldt	University,	Berlin,	Germany	
-	Institute	for	Theoretical	Physics,	University	of	Regensburg,	Regensburg,	
Germany		
-	Institute	of	Physics,	Karlsruhe	Institute	für	Technologie	(KIT),	Karlsruhe,	
Germany	
-	Marian	Smoluchowski	Institute	of	Physics,	Jagellonian	University,	Mark	
Kac	Complex	Systems	Research	Center,	Krakow,	Poland	
-	Institut	of	Environmetal	Systems	Research,	School	of	Mathematics,	
Universität	Osnabrück,	Germany	
-	Institute	for	Physics	of	Microstructures,	Russian	Academy	of	Science,	
Nizhny	Novgorod,	Russia	
	



Pubblicazioni	(2015)	
-  D.	Valenti,	G.	Denaro,	B.	Spagnolo,	F.	Conversano,	C.	Brunet,	“How	diffusivity,	thermocline	and	

incident	light	intensity	modulate	the	dynamics	of	Deep	Chlorophyll	Maximum	in	Tyrrhenian	Sea”,	
Plos	One	10(1),	e0115468	(2015).		

-  D.	Valenti,	O.	A.	Chichigina,	A.	A.	Dubkov,	B.	Spagnolo,	“Stochastic	acceleration	in	generalized	
squared	Bessel	processes”,	JSTAT	:	Theory	and	Experiment	P02012	(2015)	

-  L.	Magazzù,	D.	Valenti,	A.	Carollo	and	B.	Spagnolo,	“Multi-State	Quantum	Dissipative	Dynamics	
in	Sub-Ohmic	Environment:	The	Strong	Coupling	Regime”,	Entropy	17,	2341-2354	(2015).		

-			B.	Lisowski,	D.	Valenti	and	B.	Spagnolo,	M.	Bier,	E.	Gudowska-Nowak,	“A	stepping	molecular	motor	
amid	Lévy	white	noise”,		Physical	Review	E	91,	042713	(2015).	

-  C.	Guarcello,	D.	Valenti,	A.	Carollo	and	B.	Spagnolo,	“Stabilization	Effects	of	Dichotomous	Noise	
on	the	Lifetime	of	the	Superconducting	State	in	a	Long	Josephson	Junction”,	Entropy	17,	2862	(2015).	

-  D.	Valenti,	L.	Magazzù,	P.	Caldara,	and	B.	Spagnolo,	“Stabilization	of	quantum	metastable	states	
by	dissipation”,	Physical	Review	B	91,	235412	(7)	(2015).	

-			R.	Stassi,	S.	De	Liberato,	L.	Garziano,	B.	Spagnolo,	and	S.	Savasta,	“Quantum	control	and	long-
range	quantum	correlations	in	dynamical	Casimir	arrays”,	Physical	Review	A	92,	013830	(9)	(2015).	

-  L.	Magazzù,	D.	Valenti,	B.	Spagnolo,	M.	Grifoni,	“Dissipative	dynamics	in	a	quantum	bistable	
system:	Crossover	from	weak	to	strong	damping”,	Phys.	Rev.	E		92,	032123	(2015).	

-	 	 A.V.	 Kargovsky	 and	 O.A.	 Chichigina,	 E.I.	 Anashkina,	 D.	 Valenti	 and	 B.	 Spagnolo,	 “Relaxation	
dynamics	in	the	presence	of	pulse	multiplicative	noise	sources	with	different	correlation	properties”,	
Phys.	Rev.	E	92,	042140	(2015).	

-	 	C.	Guarcello,	D.	Valenti,	and	B.	Spagnolo,	“Phase	dynamics	in	graphene-based	Josephson	junctions	
in	the	presence	of	thermal	and	correlated	fluctuations”,	Phys.	Rev.	B	92,	174519	(2015).	

-  B.	Spagnolo,	D.	Valenti,	C.	Guarcello,	A.	Carollo,	D.	Persano	Adorno,	S.	Spezia,	N.	Pizzolato,	B.	Di	
Paola,	“Noise-induced	effects	in	nonlinear	relaxation	of	condensed	matter	systems”,	Chaos	Solitons	
and	Fractals	81,	412-424	(2015).	

-  -A.	A.	Kharcheva,	A.	A.	Dubkov,	 B.	Dybiec,	 B.	 Spagnolo,	D.	Valenti,	 “Spectral	 characteristics	 of	
steady-state	Lévy	in	confinement	potential	profiles”,	JSTAT:	Theory	and	Experiment	(2016).		


