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chotomous noise. Numerical results indicate an increase of the electron spin lifetime by rising
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1. Introduction

The nonlinear relaxation process in many condensed mat-
ter systems proceeds through metastable states, giving rise to
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driving frequency. Moreover, the noise can enhance the elec-
tron spin lifetime in semiconductor crystals for an initial
metastable state with all spin aligned. Metastability, in fact,
is a generic feature of many nonlinear systems, and the prob-
lem of the lifetime of metastable states involves fundamental
aspects of nonequilibrium statistical mechanics. Nonequilib-
rium systems are usually open systems which strongly inter-
act with the environment and this interaction can be mod-
elled as a noise source. The investigation of noise induced
phenomena in far from equilibrium systems is one of the
approaches used to understand the behaviour of condensed
matter complex systems.

In this paper we shortly review three noise induced ef-
fects in condensed matter systems, namely the noise en-
hanced stability and the stochastic resonant activation in JJs
and the noise-induced coherence of electron spin in a spin-
tronic system. Specifically we will consider the nonlinear re-
laxation process of long and short JJs and spin transport in
GaAs. Moreover, new results concerning the out of equilib-
rium dynamics of graphene-based JJ and the spin depolarisa-
tion process are presented.

1.1. Long]]

A Josephson junction (J]J) is a device realised by sand-
wiching two superconducting plates on a interlayer of non-
superconducting material. In this mesoscopic device, macro-
scopic quantities as voltage and current are directly related
to a microscopic order parameter ¢, representing the phase
difference between the wavefunctions of charge carriers in
the two superconducting electrodes. In fact, great attention
has been paid to JJs as superconducting quantum bits [1-4],
nanoscale superconducting quantum interference devices for
detecting weak flux changes [5,6], and threshold noise de-
tectors [7-10]. Moreover JJs are typical out of equilibrium
systems characterised by tilted or switching periodic po-
tentials [11,12], and the effects both of thermal and non-
thermal noise sources on the transient dynamics of JJs have
recently attracted considerable interest [13-23]. In the last
decade, theoretical progress has allowed to calculate the en-
tire probability distribution of the noise signal and its cu-
mulants, performing a full counting statistics of the current
fluctuations [14]. Moreover, the presence of non-Gaussian
noise signals has been observed experimentally in several
systems [13,17,24-27]. As an example in a wireless ad hoc
network with a Poisson field of co-channel users, the noise
has been well modelled by an «-stable distribution [27].
Non-equilibrated heat reservoir can be looked as a non-
Gaussian noise sources [24-26]. In particular, the effects of
non-Gaussian noise on the average escape time from the su-
perconducting metastable state of a biased junction coupled
with nonequilibrium current fluctuations, has been experi-
mentally examined [13,17].

Recently, the characterisation of JJs as detectors, based
on the statistics of the escape times, has been proposed [7-
10,19-23]. Specifically, the statistical analysis of the switch-
ing from the metastable superconducting state to the resis-
tive running state of the JJ has been proposed to detect weak
periodic signals embedded in a noisy environment [9,10].
Moreover, the rate of escape from one of the metastable wells
of the tilted washboard potential of a J] encodes informa-

tion about the non-Gaussian noise present in the input signal
[7,8,19-23].

Here, the theoretical results for nonmonotonic behaviours
of the mean switching time (MST) in a long JJ as a function of
the noise intensity, frequency of the external driving current,
and junction length are shown and analysed. Specifically, we
try to understand how non-Gaussian noise sources affect the
switching times in long JJs. The model and the results are pre-
sented in Section 2.

1.2. Graphene ]|

The Josephson effect came to light also in a particular kind
of JJs, in which the interlayer is a graphene sheet. The re-
sistance of the graphene to the surface oxidation makes this
material a good candidate for the realisation of high quality
junctions. These devices seem indeed good candidates for the
realisation of gate-tunable phase qubits [28,29]. The current-
phase relation (C®R) for superconductor — graphene — su-
perconductor (SGS) devices, composed by two electrodes
“suspended” over a graphene substrate (see Fig. 6a), was
deeply studied in Refs. [30,31]. Moreover, noise signatures in
the behaviour of graphene junctions characterise many ex-
perimental and theoretical works [28,32-36]. Here we anal-
yse the transient dynamics and the escape process from
metastable states in a SGS device. The model and the results
are discussed in Section 3.

1.3. Spin polarised transport

In recent years, diffusion in heterostructures [37] and
transport in semiconductors [38] have been increasingly in-
vestigated. In particular, the interest in developing spin-
based devices gave rise to a huge number of investigations on
spin phenomena in semiconductors, with the aim to control
the electron spin polarisation by means of electric currents
or gate voltages [39-44|. Nevertheless, a drawback of the use
of the electron spin is the fact that the magnetic polarisation
relaxes over time during the transport because of spin—orbit
interactions or scattering events.

Since the spin lifetime could be too short to enable the
entire execution of the necessary spin manipulations, the
investigation of the spin relaxation processes in the spin-
tronic device design is a crucial point [40,41]. In the last
decades, great interest has been oriented towards the noise-
induced phenomena in nonlinear complex systems, such as
conduction electrons inside semiconductor structures [45].
Noise enhanced stability [46-48] in the electron transport
inside GaAs bulks, caused by the addition of external fluc-
tuations to the driving oscillating electric field, has been
reported in Refs. [49-51]. Recently, in semiconductor quan-
tum wells and quantum wires the possibility of exploiting
random Rashba spin—orbit interaction to generate spin cur-
rents has been found [52]. Specifically, Monte Carlo simula-
tions have evidenced that the spatial variation of the Rashba
electric field along the quantum wire length yields the spa-
tial spin depolarisation process random, non-monotonic and
chaotic [53]. Previous studies of the electron spin decoher-
ence process in GaAs crystals have revealed that a Gaus-
sian random contribution added to the static driving field
can change both the spin depolarisation time and length
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