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We study the effect of spatially correlated classical noise on both Anderson and many-body local-
ization of a disordered fermionic chain. By analyzing the evolution of the particle density imbalance
following a quench from an initial charge density wave state, we find prominent signatures of local-
ization also in the presence of the time-dependent noise, even though the system eventually relaxes
to the infinite temperature state. In particular, for sufficiently strong static disorder we observe the
onset of metastability, which becomes more prominent the stronger the spatial correlations of the
noise. In this regime we find that the imbalance decays as a stretched-exponential — a behavior
characteristic of glassy systems. We identify a simple scaling behavior of the relevant relaxation
times in terms of the static disorder and of the noise correlation length. We discuss how our results
could be exploited to extract information about the localization length in experimental setups.

I. INTRODUCTION

Understanding the dynamical behavior of closed many-
body quantum systems is a subject of intense research.
In particular the problem of thermalization1–5, and the
lack of it6–24, has given rise to a whole host of experi-
mental and theoretical investigations over the past years.
Among the mechanisms that prevent thermalization, a
lot of attention has been devoted to many-body localiza-
tion (MBL), that is the generalization of Anderson local-
ization (AL)25 to disordered systems with interactions.
Both localization phenomena have also been studied in
the presence of periodically modulated noise26,27 and lo-
cal dissipation28–34.

Motivated by the potential for experimental realisa-
tions, in this work we investigate the effects of spatially
correlated classical noise on AL and MBL. For our study
we consider a fermionic chain with static disorder sub-
jected to dynamical noise [cf. Fig. 1]. The quantum state
of this system, averaged over different realizations of the
noise, evolves according to a Markovian master equation
of the Gorini-Kossakovski-Sudarshan-Lindblad form35,36.
We study the temporal evolution of the occupation im-
balance between odd and even sites, after initializing the
system in a charge density wave (or Néel) state. This
quantity has already been measured experimentally in
cold atoms settings14,15 and it is intuitively related to lo-
calization: at long times in a delocalized phase the imbal-
ance vanishes, while it remains finite in a localized phase.
In our dissipative setting, asymptotically in time, the sys-
tem relaxes to the infinite temperature state and, there-
fore, to zero imbalance. However, for both AL and MBL
we observe metastable localization which manifests in a
slow decay of the imbalance. Similarly to previous works
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FIG. 1. Model. Sketch of the model of fermions on a lattice
with a random onsite potential uniformly distributed between
−2h and 2h, hopping amplitude J , interaction between neigh-
boring sites V and spatially correlated noise with correlation
matrix C`m.

studying MBL with local dephasing or different kinds
of dissipative effects28–34, we find that this metastable
localization relaxes in a stretched exponential manner,
with a timescale that increases with increasing correla-
tion length in the noise. Moreover, we show evidence of a
scaling behavior in the relaxation time that could be used
to extract experimentally a relative localization length of
two systems with different degrees of disorder, at least in
the non-interacting case.

II. THE MODEL

We study here the time evolution of a one-dimensional
fermionic chain subject to dephasing stochastic noise, as
sketched in Fig. 1. The coherent part of the dynamics of
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the system is governed by the Hamiltonian

H0 =

L−1∑
k=1

J
(
c†kck+1 + h.c.

)
+ V

L−1∑
k=1

nknk+1+ 2

L∑
k=1

hknk,

(1)

where L is the length of chain, ck and c†k are fermionic an-
nihilation and creation operators, respectively, and nk =

c†kck is the number operator at site k. The term propor-
tional to the rate J describes nearest-neighbor particle
hopping. The remaining two terms, which are diagonal
in the number-operator basis, instead describe interac-
tions between fermions (the term proportional to V ) and
a random longitudinal field, with hk ∈ [−h, h], where the
hk are uncorrelated and uniformly distributed quenched
random variables. This system undergoes a MBL phase
transition for large enough values of the disorder strength
h37. A similar phenomenon takes place also in the ab-
sence of interactions, V = 0, where any amount of disor-
der h is sufficient to produce AL. Features of these mod-
els and of the related phase transition have been widely
investigated7,10,18,37, and some results can also be found
in the presence of local dissipation28–31,33,34.

Here, instead, we consider the experimentally relevant
case where the unitary evolution with the Hamiltonian
H0 is affected by classical dynamical noise in the local
longitudinal fields. This noise can describe experimen-
tal imperfections or it can even be implemented experi-
mentally on-demand using e.g. focused off-resonant light
fields in quantum gas microscopes or ion traps, or local
biases in superconducting circuits. To model such a dy-
namical noise, we make use of classical Wiener processes
dWk(t) describing Markovian zero-average Gaussian fluc-
tuations of the random potentials. While Markovianity
states that the noise is not correlated in time, we can still
account for equal-time spatial correlations by introduc-
ing a non-diagonal covariance matrix in the Ito rules38 de-
scribing the noise. Concretely, we consider the stochastic
Hamiltonian dynamics with infinitesimal unitary evolu-
tion operator defined as Ut+dt,t = e−idHt with

dHt = H0 dt+

L∑
k=1

nk dWk(t) . (2)

We can model dynamical spatial correlations of the
Wiener processes dWk(t) by the following Ito relations

dWk(t)dWj(t) = Ckj dt, (3)

where C ≥ 0 is the covariance matrix of the classical
noises. To enforce the positivity of this matrix and to
have a direct control of the spatial correlation length of
the noise we assume

Ckj = γ exp

(
−|k − j|

ξ

)
,

where ξ is what we call correlation length and γ is a
coupling constant. Limiting cases are ξ → 0 for which

the noise is spatially uncorrelated, Ckj = γδkj , and
ξ → ∞ for which the noise is infinitely correlated,
Ckj = γ for any pair (k, j).

The resulting dynamics is a unitary stochastic evolu-
tion for the random vector |ψt〉, described by the stochas-
tic differential equation39,40

d|ψt〉 =−
(
iH0 +

1

2

L∑
k,j=1

Ckjnknj

)
dt|ψt〉

− i
L∑
k=1

nkdWk(t)|ψt〉. (4)

A solution of the equation above represents a single dy-
namical realization (or trajectory) of the quantum time
evolution for a fixed random profile hk of the longitudinal
potential. However, typical order parameters for investi-
gating localization phenomena can also be obtained from
the pure state projector |ψt〉〈ψt| averaged over all real-
izations ρt = E[|ψt〉〈ψt|], where E[·] means expectation
over the Wiener processes.

One can obtain the evolution of ρt using the Ito
product rule d|ψt〉〈ψt| = (d|ψt〉)〈ψt| + |ψt〉(d〈ψt|) +
(d|ψt〉)(d〈ψt|). Exploiting the evolution equation above,
Eq. (4), and the Ito relations Eq. (3), one arrives at

ρ̇t = −i[H0, ρt] +D[ρt],

D[ρt] =

L∑
k,h=1

Ckj

(
nkρtnj −

1

2
{njnk, ρt}

)
. (5)

The resulting equation is in (non-diagonal) Lindblad
form and it implements the time evolution of the average
quantum state. The following analysis is based on the
numerical study of this master equation. Note that for
V = 0 the dynamics above maps the two-point functions

c†kcj onto two-point functions so that their evolution can
be simulated efficiently. Such information is enough to
investigate the density imbalance between odd and even
sites (see Sec. III).

III. CLASSICAL NOISE VERSUS
LOCALIZATION

We start by investigating the effects of correlated clas-
sical noise on the phenomenon of Anderson localization.
In particular, we consider the fermionic chain described
by H0, Eq. (1) in the case of vanishing interactions be-
tween fermions, V = 0. In this regime, the system is
expected to be localized for any strength of the disor-
der parameter h. Even though Anderson localization is a
single-particle effect, it shares many features with MBL.
Therefore, it is reasonable to expect that the impact of
classical dynamical noise may be similar in many respects
for AL and MBL.
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FIG. 2. Metastability of the imbalance. (a) Imbalance versus time (note log scale on time axis), for a fixed dephasing
rate (γ = 1), and different values of h and ξ. The metastable plateau is due to localization effects and it is higher (i.e., more
memory about the initial condition is retained) for larger disorder strength. The correlation length ξ controls the duration of
the plateau, with a longer plateau for larger ξ. The Hamiltonian case (stable plateau) is recovered for ξ →∞. (b) The quantity
− log(I)(t) is plotted for h = 10 in log-log scale to highlight the stretched exponential decay of the imbalance. For the different
values of ξ, the exponent α is approximately the same, α ≈ 0.42. (Results for L = 80, averaged over 80 disorder samples.)

A simple quantifier of localization is provided by the
evolution of the imbalance, I(t), defined from observables
as follows

I(t) =
〈Nodd −Neven〉
〈Nodd +Neven〉

, (6)

where Nodd (Neven) is the number operator on odd (even)
sites of the lattice. In order to avoid a priori asymmetries
between even and odd sites, we always consider L even in
the following. Starting from a staggered initial state ρ0 =

|ψ0〉〈ψ0| (Néel state), with |ψ0〉 =
∏L/2
k=1 c

†
2k−1|0〉 and |0〉

the Fermi vacuum, one has I(0) = 1. At later times, in
the presence of localization, we find that the imbalance
after a transient converges to a value different from zero.
This indicates that some memory of the initial state is
preserved by the existence of a characteristic localization
length. In de-localized regimes instead the imbalance
goes to zero, since particles initially trapped in odd sites
travel freely in the system and, after some time, there
is no possibility of recovering any information about the
initial state.

We compute the imbalance using numerical diagonal-
ization of the dynamics, for a range of model parame-
ters. In the non-interacting case, even if the Lindblad
equation (5) is not quadratic in terms of fermionic cre-
ation/annihilation operators, one can show that the evo-

lution of two-point operators c†kcj is closed on two-point
operators. This allows to perform the diagonalization
only in the subspace of two-point operators and to access
large system sizes L. All the following plots related to
the Anderson case (V = 0) are for L = 80. The hopping
parameter J is fixed to 1 in the rest of the manuscript,
or equivalently, all the other parameters in the generator
are expressed in units of J .

In Fig. 2, panel (a), we plot the imbalance as computed
in the average state ρt evolving through the Lindblad dy-
namics in Eq. (5), further averaged over 80 different re-
alizations of the random longitudinal fields {hk}L0 . Each
of the pictures represents the imbalance for different val-
ues of the correlation length ξ and a fixed strength of
the disorder h, while γ = 1 in all the figures. For large
enough disorder, a metastable plateau emerges (note the
log scale in time), reminiscent of the localization effect in
the corresponding Hamiltonian model. Higher values of
the disorder correspond to a higher plateau. The length
of the plateau is instead associated with the correlation
length of the noise ξ. In particular, this highlights how,
for increasing ξ, the non-ergodic behavior of AL is pre-
served for longer and longer times. This seems to be due
to the fact that, for correlation lengths that are larger or
comparable to the localization length, dephasing effects
require more time to become effective since the dynam-
ics within the correlation length of the noise is almost
equivalent to the deterministic localized dynamics.

In the non-interacting case we are considering, this ef-
fect can also be understood by looking at the action of
the dissipative part of the generator on two-point opera-
tors. Coherences between site j and site k are in this case

embodied by the operator c†kcj (and its Hermitian conju-
gate); the action of the dissipative part of the Lindblad
generator D on this is given by a damping term

D[c†kcj ] ∝ −γkjc
†
kcj , γkj = Ckk + Cjj − 2Ckj . (7)

Therefore, when ξ � |k− j| one has that γkj � 1, mean-
ing that the destructive interference effects leading to AL
are preserved for longer and longer times for spatially
correlated noise. In the ξ → ∞ limit, one recovers the
Hamiltonian behavior.
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I
(t

)
<latexit sha1_base64="4I7z/52A3/l/PkRyZwfDAmh4oag=">AAAB9nicbVC7SgNBFJ31mcRX1EawGQxCbMJuLEwZtNEugnlAsoTZyU0yZPbBzF0xLgG/wFYrO7EV/0bQf3F3k0ITT3U4517uuccJpNBomp/G0vLK6tp6Jpvb2Nza3snv7jW0HyoOde5LX7UcpkEKD+ooUEIrUMBcR0LTGV0kfvMWlBa+d4PjAGyXDTzRF5xhIl0V8aSbL5glMwVdJNaMFKoH91/Zh4/zWjf/3en5PHTBQy6Z1m3LDNCOmELBJUxynVBDwPiIDaAdU4+5oO0ozTqhx6Fm6NMAFBWSpiL83oiYq/XYdeJJl+FQz3uJ+J/XDrFfsSPhBSGCx5NDKCSkhzRXIi4BaE8oQGRJcqDCo5wphghKUMZ5LIZxK7m4D2v++0XSKJes01L5Oi6mQqbIkENyRIrEImekSi5JjdQJJ0PySJ7Is3FnvBivxtt0dMmY7eyTPzDefwBDOpVW</latexit>

0.2
<latexit sha1_base64="NfJJXVV0rA1ImiWuvUPNVr/DzwM=">AAAB9XicbVC7TsNAEDzzDOEVoERCJyIkKssOBemIREOZCPKQEis6XzbhlPNDd2tQZKWkpIWKDtHSpuI/KPgCfgLbSQEJU41mdrWz44ZSaLSsT2NpeWV1bT23kd/c2t7ZLeztN3QQKQ51HshAtVymQQof6ihQQitUwDxXQtMdXqZ+8w6UFoF/g6MQHI8NfNEXnGEiXVtmqVsoWqaVgS4Se0aKFx+T2vfD0aTaLXx1egGPPPCRS6Z127ZCdGKmUHAJ43wn0hAyPmQDaCfUZx5oJ86ijulJpBkGNARFhaSZCL83YuZpPfLcZNJjeKvnvVT8z2tH2C87sfDDCMHn6SEUErJDmiuRdAC0JxQgsjQ5UOFTzhRDBCUo4zwRo6SUfNKHPf/9ImmUTPvMLNWsYqVMpsiRQ3JMTolNzkmFXJEqqRNOBuSRPJFn4954MV6Nt+nokjHbOSB/YLz/AOs3le8=</latexit>

0.4
<latexit sha1_base64="D5jA6UghGEf6lGc9CsBQ3j4p0AM=">AAAB9XicbVC7TgJBFJ3FF+ILtTQxE4mJFdlFE+kksbGEKI8ENmR2uOCE2Udm7mrIhtLSVis7Y2tL5X9Y+AX+hLsLhYKnOjnn3txzjxNIodE0P43M0vLK6lp2PbexubW9k9/da2g/VBzq3Je+ajlMgxQe1FGghFaggLmOhKYzvEz85h0oLXzvBkcB2C4beKIvOMNYujaLZ918wSyaKegisWakcPExqX0/HE6q3fxXp+fz0AUPuWRaty0zQDtiCgWXMM51Qg0B40M2gHZMPeaCtqM06pgeh5qhTwNQVEiaivB7I2Ku1iPXiSddhrd63kvE/7x2iP2yHQkvCBE8nhxCISE9pLkScQdAe0IBIkuSAxUe5UwxRFCCMs5jMYxLycV9WPPfL5JGqWidFks1s1Apkymy5IAckRNikXNSIVekSuqEkwF5JE/k2bg3XoxX4206mjFmO/vkD4z3H+5VlfE=</latexit>

10�2
<latexit sha1_base64="NdzV9zbgJyIWcMCT5kIbZv5vI5A=">AAAB+XicbVC7TgJBFJ3FF+ILtTQxE4mJjWQXC+kksbGERB4JIJkdLjhhdnYzc9eEbCj9AFut7IytDZX/YeEX+BPuLhSKnurknHtzzz1uIIVB2/6wMkvLK6tr2fXcxubW9k5+d69h/FBzqHNf+rrlMgNSKKijQAmtQAPzXAlNd3SZ+M070Eb46hrHAXQ9NlRiIDjDWGo69k10Wpr08gW7aKegf4kzJ4WL92nt6/5wWu3lPzt9n4ceKOSSGdN27AC7EdMouIRJrhMaCBgfsSG0Y6qYB6YbpXEn9Dg0DH0agKZC0lSEnxsR84wZe2486TG8NYteIv7ntUMclLuRUEGIoHhyCIWE9JDhWsQ9AO0LDYgsSQ5UKMqZZoigBWWcx2IYF5OL+3AWv/9LGqWic1Ys1exCpUxmyJIDckROiEPOSYVckSqpE05G5IE8kicrsp6tF+t1Npqx5jv75Best2/kE5ed</latexit>

100
<latexit sha1_base64="gDcKDFssN/4yrfE3oDZFD5qqGUI=">AAAB+HicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQjpJbCwhkUcCK5kdLjgy+8jMXRPcUNrbamVnbK2o/A8Lv8CfcHehUPBUJ+fcm3vucQIpNJrmp5FZWl5ZXcuu5zY2t7Z38rt7De2HikOd+9JXLYdpkMKDOgqU0AoUMNeR0HSGF4nfvAOlhe9d4SgA22UDT/QFZxhLDcu8jsxxN18wi2YKukisGSmcf0xq3w+Hk2o3/9Xp+Tx0wUMumdZtywzQjphCwSWMc51QQ8D4kA2gHVOPuaDtKE07psehZujTABQVkqYi/N6ImKv1yHXiSZfhjZ73EvE/rx1iv2xHwgtCBI8nh1BISA9prkRcA9CeUIDIkuRAhUc5UwwRlKCM81gM415ycR/W/PeLpFEqWqfFUs0sVMpkiiw5IEfkhFjkjFTIJamSOuHkljySJ/Js3BsvxqvxNh3NGLOdffIHxvsPdEOXZA==</latexit>

102
<latexit sha1_base64="GDi5aZEMej79Ookjl4hH3EJ8r90=">AAAB+HicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQjpJbCwhkUcCK5kdLjgy+8jMXRPcUNrbamVnbK2o/A8Lv8CfcHehUPBUJ+fcm3vucQIpNJrmp5FZWl5ZXcuu5zY2t7Z38rt7De2HikOd+9JXLYdpkMKDOgqU0AoUMNeR0HSGF4nfvAOlhe9d4SgA22UDT/QFZxhLDcu8jkrjbr5gFs0UdJFYM1I4/5jUvh8OJ9Vu/qvT83nogodcMq3blhmgHTGFgksY5zqhhoDxIRtAO6Yec0HbUZp2TI9DzdCnASgqJE1F+L0RMVfrkevEky7DGz3vJeJ/XjvEftmOhBeECB5PDqGQkB7SXIm4BqA9oQCRJcmBCo9yphgiKEEZ57EYxr3k4j6s+e8XSaNUtE6LpZpZqJTJFFlyQI7ICbHIGamQS1IldcLJLXkkT+TZuDdejFfjbTqaMWY7++QPjPcfd2OXZg==</latexit>

100
<latexit sha1_base64="gDcKDFssN/4yrfE3oDZFD5qqGUI=">AAAB+HicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQjpJbCwhkUcCK5kdLjgy+8jMXRPcUNrbamVnbK2o/A8Lv8CfcHehUPBUJ+fcm3vucQIpNJrmp5FZWl5ZXcuu5zY2t7Z38rt7De2HikOd+9JXLYdpkMKDOgqU0AoUMNeR0HSGF4nfvAOlhe9d4SgA22UDT/QFZxhLDcu8jsxxN18wi2YKukisGSmcf0xq3w+Hk2o3/9Xp+Tx0wUMumdZtywzQjphCwSWMc51QQ8D4kA2gHVOPuaDtKE07psehZujTABQVkqYi/N6ImKv1yHXiSZfhjZ73EvE/rx1iv2xHwgtCBI8nh1BISA9prkRcA9CeUIDIkuRAhUc5UwwRlKCM81gM415ycR/W/PeLpFEqWqfFUs0sVMpkiiw5IEfkhFjkjFTIJamSOuHkljySJ/Js3BsvxqvxNh3NGLOdffIHxvsPdEOXZA==</latexit>

101
<latexit sha1_base64="0TmnGcTquuz6bMhrDePFWjq9fXE=">AAAB+HicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQjpJbCwhkUcCK5kdLjgy+8jMXRPcUNrbamVnbK2o/A8Lv8CfcHehUPBUJ+fcm3vucQIpNJrmp5FZWl5ZXcuu5zY2t7Z38rt7De2HikOd+9JXLYdpkMKDOgqU0AoUMNeR0HSGF4nfvAOlhe9d4SgA22UDT/QFZxhLDcu8jqxxN18wi2YKukisGSmcf0xq3w+Hk2o3/9Xp+Tx0wUMumdZtywzQjphCwSWMc51QQ8D4kA2gHVOPuaDtKE07psehZujTABQVkqYi/N6ImKv1yHXiSZfhjZ73EvE/rx1iv2xHwgtCBI8nh1BISA9prkRcA9CeUIDIkuRAhUc5UwwRlKCM81gM415ycR/W/PeLpFEqWqfFUs0sVMpkiiw5IEfkhFjkjFTIJamSOuHkljySJ/Js3BsvxqvxNh3NGLOdffIHxvsPddOXZQ==</latexit>

102
<latexit sha1_base64="GDi5aZEMej79Ookjl4hH3EJ8r90=">AAAB+HicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQjpJbCwhkUcCK5kdLjgy+8jMXRPcUNrbamVnbK2o/A8Lv8CfcHehUPBUJ+fcm3vucQIpNJrmp5FZWl5ZXcuu5zY2t7Z38rt7De2HikOd+9JXLYdpkMKDOgqU0AoUMNeR0HSGF4nfvAOlhe9d4SgA22UDT/QFZxhLDcu8jkrjbr5gFs0UdJFYM1I4/5jUvh8OJ9Vu/qvT83nogodcMq3blhmgHTGFgksY5zqhhoDxIRtAO6Yec0HbUZp2TI9DzdCnASgqJE1F+L0RMVfrkevEky7DGz3vJeJ/XjvEftmOhBeECB5PDqGQkB7SXIm4BqA9oQCRJcmBCo9yphgiKEEZ57EYxr3k4j6s+e8XSaNUtE6LpZpZqJTJFFlyQI7ICbHIGamQS1IldcLJLXkkT+TZuDdejFfjbTqaMWY7++QPjPcfd2OXZg==</latexit>

t⇤
⇥

h
�

2
<latexit sha1_base64="zUuioZq3TTDRPVnW3LX9Tj6DrxY=">AAACBXicbVC7SgNBFL0bXzG+Ei1tBkUQwbAbC1MKNoJNBKNCXsxObpIhsw9m7iqypPYrbLWyEbH1J9JY+Bn2TqKFJp7qcM69nHuPHytpyHXfnczM7Nz8QnYxt7S8srqWL6xfmCjRAqsiUpG+8rlBJUOskiSFV7FGHvgKL/3+8ci/vEZtZBSe022MjYB3Q9mRgpOVWvkCNfdYnWSAhvWa6X5p0Mpvu0V3DDZNvB+yfQSfz8Nh5rTSyn/U25FIAgxJKG5MzXNjaqRckxQKB7l6YjDmos+7WLM05DarkY5PH7CdxHCKWIyaScXGIv7eSHlgzG3g28mAU89MeiPxP6+WUKfcSGUYJ4ShGAWRVDgOMkJL2wmyttRIxEeXI5MhE1xzItSScSGsmNiScrYPb/L7aXJRKnoHxdKZLaYM38jCJmzBLnhwCEdwAhWogoAbuIcHeHTunCfnxXn9Hs04Pzsb8AfO2xc3N5uD</latexit>

⇠
<latexit sha1_base64="FhcDEcfLENMVOw+OgxVCpS+Zv/c=">AAAB9XicbVC7TgJBFJ3FF+ILpbSZSEisyC4WUpLYWGKURwIbMjtccMLs7Gbmrko2dLa2WtkZW//Cf9DE1i/wA9wFCkVPdXLOvbnnHi+UwqBtv1mZpeWV1bXsem5jc2t7J7+71zRBpDk0eCAD3faYASkUNFCghHaogfmehJY3Okn91hVoIwJ1geMQXJ8NlRgIzjCRzrs3opcv2mV7CvqXOHNSrBVKt1+vn+/1Xv6j2w945INCLpkxHccO0Y2ZRsElTHLdyEDI+IgNoZNQxXwwbjyNOqGlyDAMaAiaCkmnIvzciJlvzNj3kkmf4aVZ9FLxP68T4aDqxkKFEYLi6SEUEqaHDNci6QBoX2hAZGlyoEJRzjRDBC0o4zwRo6SUXNKHs/j9X9KslJ2jcuUsKaZKZsiSfXJADolDjkmNnJI6aRBOhuSO3JMH69p6tJ6s59loxprvFMgvWC/fLrGWxg==</latexit>

t
<latexit sha1_base64="RRzMtBiL23vqWBMec60U73eGMOU=">AAAB83icbVC7SgNBFJ31GeMrainIYBCswm4sTGfAxjIB84BkCbOTmzhk9sHMHSEsKa1stbITW/tU/oeFX+BPuLtJoYmnOpxzL/fc40VSaLTtT2tldW19YzO3ld/e2d3bLxwcNnVoFIcGD2Wo2h7TIEUADRQooR0pYL4noeWNrlO/dQ9KizC4xXEErs+GgRgIzjCR6tgrFO2SnYEuE2dOilcf0/r3w8m01it8dfshNz4EyCXTuuPYEboxUyi4hEm+azREjI/YEDoJDZgP2o2zoBN6ZjTDkEagqJA0E+H3Rsx8rce+l0z6DO/0opeK/3kdg4OKG4sgMggBTw+hkJAd0lyJpAGgfaEAkaXJgYqAcqYYIihBGeeJaJJK8kkfzuL3y6RZLjkXpXLdLlYrZIYcOSan5Jw45JJUyQ2pkQbhBMgjeSLPlrFerFfrbTa6Ys13jsgfWO8/dSWVvw==</latexit>
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0.5 ⇥ ⇠0.9
<latexit sha1_base64="3/hNh1347z0I8uIXhnPW8gMfmQo=">AAACCHicbVC7TsNAEDzzDOEVCB3NCYREZdkgBHSRaCiDRB5SbKLzZYET57N1t0aAlY6Kr6CFig7RUvAPINHyBXwAl4QCCFONZnY1uxOlUhj0vFdnZHRsfGKyMFWcnpmdmy8tLNZNkmkONZ7IRDcjZkAKBTUUKKGZamBxJKERne31/MY5aCMSdYiXKYQxO1HiWHCGVmqXljx3iwYoYjA0uBBHuefudtulVc/1+qDDxP8mq5Xy2vXny8dbtV16DzoJz2JQyCUzpuV7KYY50yi4hG4xyAykjJ+xE2hZqpiNC/P+9V26lhmGCU1BUyFpX4SfGzmLjbmMIzsZMzw1f72e+J/XyvB4J8yFSjMExXtBKCT0gwzXwtYCtCM0ILLe5UCFopxphghaUMa5FTPbU9H24f/9fpjUN1x/0904sMXskAEKZJmskHXik21SIfukSmqEkytyS+7IvXPjPDiPztNgdMT53imTX3CevwCCmJzf</latexit>

0.8
<latexit sha1_base64="S0LdVqEVF1kuwZ9G22ZkQs8fr0M=">AAAB9XicbVC7TsNAEDzzDOEVoERCJyIkKssOBemIREOZCPKQEis6XzbhlPNDd2tQZKWkpIWKDtHSpuI/KPgCfgLbSQEJU41mdrWz44ZSaLSsT2NpeWV1bT23kd/c2t7ZLeztN3QQKQ51HshAtVymQQof6ihQQitUwDxXQtMdXqZ+8w6UFoF/g6MQHI8NfNEXnGEiXVtmuVsoWqaVgS4Se0aKFx+T2vfD0aTaLXx1egGPPPCRS6Z127ZCdGKmUHAJ43wn0hAyPmQDaCfUZx5oJ86ijulJpBkGNARFhaSZCL83YuZpPfLcZNJjeKvnvVT8z2tH2C87sfDDCMHn6SEUErJDmiuRdAC0JxQgsjQ5UOFTzhRDBCUo4zwRo6SUfNKHPf/9ImmUTPvMLNWsYqVMpsiRQ3JMTolNzkmFXJEqqRNOBuSRPJFn4954MV6Nt+nokjHbOSB/YLz/APSRlfU=</latexit>

0.6
<latexit sha1_base64="sfeP6G/NJu9uWmS50+N39Qd6epg=">AAAB9XicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFROkksbGEKI8ENmR2uOCE2Udm7mrIhtLSVis7Y2tL5X9Y+AX+hLsLhYKnOjnn3txzjxNIodE0P43M0vLK6lp2PbexubW9k9/da2g/VBzq3Je+ajlMgxQe1FGghFaggLmOhKYzvEz85h0oLXzvBkcB2C4beKIvOMNYujaLZ918wSyaKegisWakcPExqX0/HE6q3fxXp+fz0AUPuWRaty0zQDtiCgWXMM51Qg0B40M2gHZMPeaCtqM06pgeh5qhTwNQVEiaivB7I2Ku1iPXiSddhrd63kvE/7x2iP2yHQkvCBE8nhxCISE9pLkScQdAe0IBIkuSAxUe5UwxRFCCMs5jMYxLycV9WPPfL5JGqWidFks1s1Apkymy5IAckRNikXNSIVekSuqEkwF5JE/k2bg3XoxX4206mjFmO/vkD4z3H/FzlfM=</latexit>

1
<latexit sha1_base64="61/7XE4bg9V4k9DGaRJHcFSKBN0=">AAAB83icbVC7SgNBFJ31GeMrainIYBCswm4sTGfAxjIB84BkCbOTmzhk9sHMHSEsKa1stbITW/tU/oeFX+BPuLtJoYmnOpxzL/fc40VSaLTtT2tldW19YzO3ld/e2d3bLxwcNnVoFIcGD2Wo2h7TIEUADRQooR0pYL4noeWNrlO/dQ9KizC4xXEErs+GgRgIzjCR6k6vULRLdga6TJw5KV59TOvfDyfTWq/w1e2H3PgQIJdM645jR+jGTKHgEib5rtEQMT5iQ+gkNGA+aDfOgk7omdEMQxqBokLSTITfGzHztR77XjLpM7zTi14q/ud1DA4qbiyCyCAEPD2EQkJ2SHMlkgaA9oUCRJYmByoCypliiKAEZZwnokkqySd9OIvfL5NmueRclMp1u1itkBly5JicknPikEtSJTekRhqEEyCP5Ik8W8Z6sV6tt9noijXfOSJ/YL3/AAy4lXw=</latexit>

0
<latexit sha1_base64="mRyqhlzd7gG+7lePAOQjWJyqzrg=">AAAB83icbVC7SgNBFJ31GeMrainIYBCswm4sTGfAxjIB84BkCbOTmzhk9sHMHSEsKa1stbITW/tU/oeFX+BPuLtJoYmnOpxzL/fc40VSaLTtT2tldW19YzO3ld/e2d3bLxwcNnVoFIcGD2Wo2h7TIEUADRQooR0pYL4noeWNrlO/dQ9KizC4xXEErs+GgRgIzjCR6navULRLdga6TJw5KV59TOvfDyfTWq/w1e2H3PgQIJdM645jR+jGTKHgEib5rtEQMT5iQ+gkNGA+aDfOgk7omdEMQxqBokLSTITfGzHztR77XjLpM7zTi14q/ud1DA4qbiyCyCAEPD2EQkJ2SHMlkgaA9oUCRJYmByoCypliiKAEZZwnokkqySd9OIvfL5NmueRclMp1u1itkBly5JicknPikEtSJTekRhqEEyCP5Ik8W8Z6sV6tt9noijXfOSJ/YL3/AAsplXs=</latexit>

10-2 100 102

100

101

102

10-2 100 102
0

0.2

0.4

0.6

0.8

1

10-2 100 102

100

101

102

(a) (b) (c)

h = 8
<latexit sha1_base64="hwtkO+fIzY2GLcpv5xH9hjIRUBg=">AAAB9XicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQhojiY0lRHkkuCGzwwUmzD4yc1dDNpSWtlrZGVtbKv/Dwi/wJ9xdKBQ81ck59+aee5xACo2m+WlklpZXVtey67mNza3tnfzuXkP7oeJQ5770VcthGqTwoI4CJbQCBcx1JDSd4WXiN+9AaeF7NzgKwHZZ3xM9wRnG0vXgvNzJF8yimYIuEmtGChcfk9r3w+Gk2sl/3XZ9HrrgIZdM67ZlBmhHTKHgEsa521BDwPiQ9aEdU4+5oO0ojTqmx6Fm6NMAFBWSpiL83oiYq/XIdeJJl+FAz3uJ+J/XDrFXtiPhBSGCx5NDKCSkhzRXIu4AaFcoQGRJcqDCo5wphghKUMZ5LIZxKbm4D2v++0XSKBWt02KpZhYqZTJFlhyQI3JCLHJGKuSKVEmdcNInj+SJPBv3xovxarxNRzPGbGef/IHx/gNjyJY8</latexit>

V = 1
<latexit sha1_base64="FPUnCE9fDBEums0fzcneRrwzltQ=">AAAB9XicbVC7TgJBFJ3FF+ILtTQxE4mJFdnFQhojiY0lRHkksCGzwwUnzD4yc1dDNpSWtlrZGVtbKv/Dwi/wJ9xdKBQ81ck59+aee5xACo2m+WlklpZXVtey67mNza3tnfzuXkP7oeJQ5770VcthGqTwoI4CJbQCBcx1JDSd4WXiN+9AaeF7NzgKwHbZwBN9wRnG0nXj3OrmC2bRTEEXiTUjhYuPSe374XBS7ea/Oj2fhy54yCXTum2ZAdoRUyi4hHGuE2oIGB+yAbRj6jEXtB2lUcf0ONQMfRqAokLSVITfGxFztR65TjzpMrzV814i/ue1Q+yX7Uh4QYjg8eQQCgnpIc2ViDsA2hMKEFmSHKjwKGeKIYISlHEei2FcSi7uw5r/fpE0SkXrtFiqmYVKmUyRJQfkiJwQi5yRCrkiVVInnAzII3kiz8a98WK8Gm/T0Ywx29knf2C8/wA8rZYj</latexit>

FIG. 3. (a) Scaling of the relaxation time (no interaction). Time t∗ to reach imbalance I = 0.05, plotted as a function
of ξ for different values of h. Rescaling t∗ by a factor h2 results in collapse onto a single curve. The behavior is flat for values
of ξ too small to see the lattice spacing, while it is power-law (∼ ξ0.9) for large ξ. The collapse of curves shows that one has
t∗ ∼ h2ξ0.9 at large ξ. (b) Metastability with interactions. Imbalance versus time, for fixed dephasing rate (γ = 1), fixed
disorder strength (h = 8), and interaction (V = 1), for different values of ξ. (c) Relaxation time with interactions. The
relaxation time t∗ (with threshold imbalance I = 0.25) is plotted against ξ for different values of h and V = 1. All curves, after
rescaling by h2, collapse onto a single one, thus showing that at large ξ one has t∗ ∼ h2ξ0.9.

After the metastable plateau, the imbalance asymptot-
ically decays to zero, as the dynamics (5) has a unique
asymptotic state in each particle number sector, namely
the infinite temperature state. However, the effect of AL
can be seen also at this later stage, because the decay
is slower than exponential for high enough disorder. In
particular, as in Ref.28, the imbalance follows a stretched
exponential behavior I(t) ∝ e−µt

α

, with 0 < α < 1,
µ > 0. Panel (b) in Fig. 2 shows the stretched exponen-
tial decay for the case h = 10. The parameter µ depends
on the correlation length, while the exponent α in this
case is approximately the same for all curves (α ≈ 0.42).
We note that the stretched exponential behavior of the
imbalance is also observed at the level of single realiza-
tions of the random longitudinal field. This means that
such non-exponential decay is not due to an average over
different instances of such disorder, rather it may be the
result of a self-averaging mechanism emerging in single
realizations of the field, for sufficiently large L.

We can further analyze the slow decay of the imbalance
by looking at the relaxation time t∗ needed to reach a
certain threshold value as a function of h and ξ. For
small enough ξ the noise is completely uncorrelated until
a value comparable to the lattice structure is reached.
Then, the relaxation time starts to increase and, for large
enough ξ, it goes as a power law.

The curves look very similar for different values of h.
Indeed, as shown in Fig. 3(a) all the curves can be super-
imposed by means of a suitable rescaling, i.e. by dividing
t∗ by h2. In the absence of dissipation, the Hamiltonian
of the non-interacting system presents exponentially lo-
calized eigenfunctions, each one with a characteristic lo-
calization length. For a generic wave function or den-
sity matrix, one may try to define an energy-averaged
localization length. However, even without specifying a
precise value, for the range of disorder we study, the lo-
calization lengths of the unitary system are known to

scale as ∝ h−2 (this can be shown with analytical per-
turbative calculations for small disorder41 but appears to
be valid numerically even for h ∼ 1042). Therefore, the
observed scaling can be used to extract the value of h2

by measuring the relaxation time for different values of
the correlation length ξ. This can also provide relative
information about the localization length.

A similar analysis can be done in the presence of inter-
actions V 6= 0. The system sizes we can reach in this case
are much smaller, because the space of two point correla-
tion functions is not closed under the dynamics, so that
one has to diagonalize the full Lindbladian. However, al-
ready for L = 6, averaging over 100 realizations of the
static disorder, we can see qualitatively that a similar
situation emerges as in the AL case. Fig. 3(b) shows
the behavior in time of the imbalance for V = 1, h = 8
for different values of the correlation length ξ. Just like
in the AL case, our results show evidence that also in
the MBL case metastable localization persists for longer
times the larger the spatial correlations in the noise.

One can study also in the MBL case the relaxation
time towards stationarity, see Fig. 3(c). As in the AL
case, the behavior for large ξ is power law with almost
the same power for different values of h. The scaling of
the curves with h2 works also in the MBL case.

IV. EXPERIMENTAL SETUP

In addition to help in understanding the effects of ex-
perimental noise, the observed scaling also implies that
adding correlated dynamical noise and measuring t∗ as a
function of ξ can be used to infer information about the
effective localization length of a disordered system. Ex-
perimentally, this requires one to add well-characterized
dynamical noise with varying correlation lengths. This
can be straightforwardly implemented in most modern
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platforms. In the case of quantum gas microscopes43–46,
for instance, one could use tightly focused off-resonant
laser beams and the correlation length of the noise could
be controlled by varying the focus size. One possible
implementation would be based on injecting acousto-
optical deflectors with multiple radio frequencies, similar
to techniques developed in the context of optical tweezer
arrays47–51.

V. SUMMARY

We have studied the fate of disorder-induced localiza-
tion in the presence of spatially correlated classical noise.
In the non-interacting case, where large system sizes can
be studied numerically, we found that the metastable lo-
calization regime becomes longer in time with both dis-
order strength and correlation length of the noise. In
the interacting case a similar phenomenology is visible,
even though only small sizes can be studied numerically.

In both cases we found a simple scaling form for the re-
laxation time to stationarity. The physics studied could
be readily investigated experimentally with the proposed
setup.
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