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The dynamics of extended many-body systems are generically chaotic. Classically, a hallmark of chaos is the
exponential sensitivity to initial conditions captured by positive Lyapunov exponents. Supplementing chaotic
dynamics with stochastic resetting drives a sharp dynamical phase transition: we show that the Lyapunov
spectrum, i.e., the complete set of Lyapunov exponents, abruptly collapses to zero above a critical resetting
rate. At criticality, we find a sudden loss of analyticity of the velocity-dependent Lyapunov exponent, which
we relate to the transition from ballistic scrambling of information to an arrested regime where information
becomes exponentially localized over a characteristic length diverging at criticality with an exponent ν = 1/2
and a dynamical exponent z = 2. We illustrate our analytical results on generic chaotic dynamics by numerical
simulations of coupled map lattices.

DOI: 10.1103/pkgb-mp8s

Introduction. Chaotic dynamics in extended many-body
systems are marked by the rapid scrambling of information,
rendering the details of the initial state effectively irretrievable
[1,2]. Mechanisms such as integrability [3], strong disor-
der [4], frequent projective measurements [5,6], or kinetic
constraints [7,8] can strongly suppress this scrambling, lead-
ing instead to vanishing Lyapunov exponents, exponentially
localized correlations, or slow entanglement growth [9]. Iden-
tifying and characterizing such departures from chaos is
central to both classical and quantum dynamics, with implica-
tions for controlling chaos, protecting quantum information,
and engineering novel nonequilibrium states.

Stochastic resetting offers another natural way to mitigate
chaos. In its simplest form, resetting consists of returning a
dynamical system to its initial configuration at random times
[10–15]. Beyond its applications in first-passage and search
problems [16,17], in many-body systems resetting acts as a
nonequilibrium drive that impedes transport, prevents ther-
malization, and can reshape phase diagrams [18–26]. This
has been particularly discussed in the context of the Ising
universality class, where resetting was shown to deform the
standard Landau-Ginzburg ϕ4 theory by introducing nonana-
lyticities in the potential at ϕ = 0, thereby destabilizing the
symmetry-broken infrared fixed point, restoring Z2 invari-
ance, yet producing order-parameter dynamics distinct from
those of the conventional thermal paramagnet [27]. From the
perspective of information dynamics, we recently demon-
strated that scrambling, can persist at finite resetting rates, but
that beyond a critical rate the dynamics undergo a generic
transition to a nonchaotic regime, with both the butterfly
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velocity vB and the largest Lyapunov exponent λ0 vanishing
[28].

In this Letter, we take on the pressing question: what is the
precise dynamical nature of this nonequilibrium nonchaotic
regime driven by stochastic resetting? We answer by rigor-
ously deriving how a chaotic Lyapunov spectrum, encoding
the asymptotic growth and decay rates of infinitesimal per-
turbations along different tangent directions in phase space,
is renormalized by resetting. We begin by formulating the
generic chaotic many-body dynamics that we have in mind
and introduce the coupled logistic map (CLM), which pro-
vides a convenient numerical test bed for our analytics. In the
absence of resetting, we relate the Lyapunov spectrum �(k) in
the thermodynamic limit to the velocity-dependent Lyapunov
exponent (VDLE) λ(v), which characterizes the spatiotempo-
ral spread of information. Later, we analyze how stochastic
resetting modifies this scrambling of information. Building on
this, we derive how �(k) is renormalized, showing that it col-
lapses abruptly to a flat, vanishing profile at a critical resetting
rate. We then argue that this dynamical transition gives rise to
a regime where information spreading is arrested in time and
exponentially localized in space. Finally, we discuss possible
connections with measurement-induced phase transitions.

Chaotic dynamics subject to stochastic resetting. We con-
sider a field φ(x, t ) evolving from an initial configuration
φ(x, 0) under classical chaotic dynamics which are assumed
to be local and causal. This implies a finite Lieb-Robinson
velocity vLR beyond which no information can propagate.
To simplify, we consider deterministic evolutions where the
generator of time evolution [e.g., Hamiltonian flow, a par-
tial differential equation (PDE), or a discrete nonlinear map]
is homogeneous in space and time, and symmetric under
spatial reflection. For concreteness, we restrict the discus-
sion to scalar fields in one spatial dimension, though the
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generalization to higher dimensions is straightforward. In
addition, the evolution is interspersed with global resetting
events at a rate r: with probability r dt , the field is instanta-
neously returned to its initial state, i.e., φ(x, t ) = φ(x, 0) for
all x. In this simplest setting, resetting is the only source of
fluctuations, but the discussion can be adapted to additional
statistical ensembles, such as random initial conditions or
noisy dynamics.

Coupled logistic map (CLM). Our analytics are derived in
the continuum, but the lessons are also valid in discrete cases.
We justify our assumptions, validate our approximations, and
illustrate our results by performing numerical simulations of
the CLM which is an archetypal discrete nonlinear map. The
choice of the CLM is guided by its relative simplicity to
simulate and because its chaotic properties in the absence of
resetting have already been studied extensively [29–36]. It is
a one-dimensional chain of L sites, each hosting a logistic
map that is diffusively coupled to its two nearest neighbors.
The initial state at t = 0 is specified by φx,0 drawn randomly
in [0,1] for x = 1, 2, . . . , L. Note that all the results reported
below are obtained from a single such realization. When sub-
ject to resetting, the dynamics are generated by the stochastic
nonlinear map φx, t → φx, t+1 with

φx,t+1 =

⎧⎪⎨
⎪⎩

(1 − c) f (φx,t ) + c
2 [ f (φx−1,t ) + f (φx+1,t )]

with probability 1 − r,

φx,0 with probability r,

(1)

together with periodic boundary conditions. Here, f (y) =
a y(1 − y) is the logistic function with the parameter a ∈ [0, 4]
and 0 � c � 1 is a diffusion parameter. 0 � φx,t � 1 for all
x and t � 0. In practice, we work with a = 4 and c = 0.1
for which we have carefully checked that the deterministic
dynamics (at r = 0) are chaotic and reach a stationary state
that is uniform in space and time. We avoid boundary effects
by working with vLR t < L/2 and here vLR = 1. Note that,
due to the discreteness of time in the CLM, continuous-time
expressions such as exp(−r dt ) should be replaced with 1 − r.
For methodological details on simulating coupled maps under
resetting, see Ref. [28].

Oseledets’ theorem. We begin by characterizing the chaotic
dynamics in the absence of resetting, i.e., at r = 0. The Lya-
punov spectrum �(k) is related, via Oseledets’ multiplicative
ergodic theorem [37,38], to a classical out-of-time-ordered
correlator (OTOC),

�(k) = lim
t→∞

1

t
ln |D(k; t )|, (2)

where k labels the instantaneous eigenvalues D(k; t ) of the
OTOC defined as (at r = 0)

D(x, x′; t ) :=
∣∣∣∣ δφ(x, t )

δφ(x′, 0)

∣∣∣∣. (3)

D(x, x′; t ) quantifies how an infinitesimal local perturbation
of the initial configuration propagates across space and time
[39,40]. The terminology “out-of-time-ordered correlator”
originates from the quantum setting, where such quantities
typically appear as squared commutators of spatially sep-
arated operators, evaluated at nonmonotonic sequences of
times [41–44]. More generally, the definition of OTOCs may

be supplemented by ensemble averages over initial conditions
or stochastic forces. In Eq. (3), we use the absolute-value
norm, though one may instead consider the Euclidean norm
or other norms appropriate to the problem at hand.

Velocity-dependent Lyapunov exponent (VDLE). At late
times, and in the thermodynamic limit, we assume that the
spatiotemporal growth of the OTOC is translation and reflec-
tion symmetric [45], and described by the ansatz (at r = 0)

D(x, x′; t ) ∼ exp

[
λ

(
x − x′

t

)
t

]
, (4)

for |x − x′| < vLRt , while D(x, x′; t ) = 0 outside the causal
light cone. Here, λ(v) is the VDLE, first introduced as the co-
moving [46,47] or convective Lyapunov exponent [36]. This
ansatz is known to capture the phenomenology of a wide class
of classical and semiclassical chaotic systems [46,48–51]. Re-
flection symmetry implies that λ(v) is an even function of v.
We assume it is maximal at v = 0 with λ0 := λ(0) > 0 coin-
ciding with the largest Lyapunov exponent, and monotonically
decreasing for v > 0. In systems with local dynamics, λ(v) is
generally expected to be analytic around v = 0. Therefore, we
parametrize its small-velocity expansion as

λ(v � 0) = λ0[1 − (v/v0)2] + O(v4), (5)

with v0 > 0. The function λ(v) vanishes at a finite butterfly
velocity vB := λ−1(0), which sets the maximum propagation
speed of infinitesimal perturbations. The late-time dynamics
feature a ballistic wave front propagating at vB, with the expo-
nential growth rate at the front given by λB = −vB λ′(vB) > 0.
Except for the mild assumptions above, our results do not
require further specifying the functional form of λ(v). In the
Supplemental Material (SM) [52], we detail the special case
of a parabolic VDLE of the form λ(v) = λ0[1 − (v/vB)2]
that can be treated analytically without any approximation.
In Fig. 1, we numerically validate the ansatz in Eq. (4) and
extract λ(v) in the specific case of the CLM where the data
are consistent with Eq. (5). See also Ref. [47].

Lyapunov spectrum. Using the late-time translational
invariance, the eigenvalues of D(x − x′; t ) in the thermody-
namic limit are simply obtained as its Fourier coefficients, and
the Lyapunov spectrum can be expressed as

�(k) = lim
t→∞

1

t
ln

∣∣∣∣
∫

dv exp {[λ(v) − ikv]t}
∣∣∣∣, (6)

where k ∈ R is now identified with the momentum in recip-
rocal space. The existence of a well-defined thermodynamic
limit of the Lyapunov spectrum was first conjectured by Ru-
elle [53] and later confirmed in a variety of settings, including
Hamiltonian flows such as the Fermi-Pasta-Ulam-Tsingou
chain [54], PDEs such as the Kuramoto-Sivashinsky or the
complex Ginzburg-Landau equations [55,56], and coupled
map lattices such as the CLM [36]. Here, the VDLE ansatz
in Eq. (4), by construction, ensures the existence of this ther-
modynamic limit.

The leading Lyapunov exponents are obtained by per-
forming a small-k expansion of Eq. (6). This relies on the
small-velocity expansion in Eq. (5) together with a saddle-
point evaluation, controlled by the large-t limit. See the details
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FIG. 1. Velocity-dependent Lyapunov exponent (VDLE), λ̃(v),
in the CLM model [Eq. (1)] with a = 4, c = 0.1, for increasing re-
setting rates r indicated in the key. The VDLE ansatzes in Eq. (4) and
below Eq. (9) are validated by comparing data for L = 401, t = 200
(lines) with L = 801, t = 400 (crosses). When r � rc ≈ 0.37(2),
λ̃(v) = λ(v) + ln(1 − r) as predicted in Eq. (10). When r > rc, λ̃(v)
develops a nonanalytic cusp at v = 0, with linear branches predicted
in Eq. (11). Inset: log-log plot of the r = 0 data, consistent with the
small-velocity expansion in Eq. (5).

of the computation in SM [52]. We obtain

�(k � 0) = λ0 − λ0

(
v0k

2λ0

)2

+ · · · , (7)

where the ellipsis denotes higher-order terms in k arising from
subleading contributions in Eq. (5).

The result in Eq. (7) is remarkable in that the density of
Lyapunov exponents near the upper edge of the spectrum
exhibits a square-root singularity, going as 1/(λ0 − �)1/2,
entirely determined by the behavior of the VDLE λ(v) in
the vicinity of v = 0. Importantly, this relation holds for
essentially any extended chaotic many-body system in the
thermodynamic limit where the VDLE ansatz of Eqs. (4) and
(5) applies, providing a powerful analytical handle given the
numerical difficulty of accessing full Lyapunov spectra in
large systems. In the special case of a parabolic VDLE, one
obtains a parabolic spectrum, �(k) = λ0 − k2/|2λ′′(0)| for
all k.

Noteworthy enough, for a discrete one-dimensional chain,
where the Brillouin zone is restricted to k ∈ [−π, π ), one
recovers the same expression as in Eq. (7) (see SM [52] for
details).

Scrambling under resetting. Let us now turn on the stochas-
tic resetting, i.e., r > 0. The OTOC is defined as

D̃(x, x′; t ) :=
〈∣∣∣∣ δφ(x, t )

δφ(x′, 0)

∣∣∣∣
〉

r

, (8)

where 〈· · · 〉r is the average over the ensemble of all possible
realizations of the resetting times. The tilde is used here and

below to denote quantities that are renormalized by resetting.
Owing to the simplicity of the stochastic resetting protocol,
the OTOC in the presence of resetting is related to the OTOC
without resetting via a “renewal equation” that reads

D̃(x, x′; t ) = r
∫ t

0
dτ e−rτ D(x, x′; τ ) + e−rt D(x, x′; t ). (9)

At late times, we find that D̃(x, x′; t ) ∼ exp [λ̃( x−x′
t )t] where

the functional form of the renormalized VDLE λ̃(v) crucially
depends on the relative distance to a critical resetting rate
set by the largest Lyapunov exponent in the absence of re-
setting, rc = λ0. The details are provided in SM [52]. Let us
emphasize that λ̃(v) does not directly relate to the standard
definition of Lyapunov exponents since the average over tra-
jectories is performed at the level of the OTOC rather than
to its logarithm. While averaging over resetting histories (or
any other statistical ensemble) erases the information about
individual trajectories, the notion of exponential sensitivity to
initial conditions remains meaningful and can still be probed
with OTOCs. This is notably the point of view taken in semi-
classical approaches to quantum chaos. For r � rc, the VDLE
is shifted down by the resetting rate,

λ̃(v) = λ(v) − r if r � rc. (10)

The simplicity of this shift is rooted in the competing ex-
ponentials: Lyapunov growth and the Poisson process. In
particular, the largest Lyapunov exponent under resetting λ0 −
r is positive: while the exponential sensitivity to initial condi-
tions is reduced by a finite resetting rate, the dynamics are
still chaotic. As the critical point is approached from below,
r → r−

c , the renormalized butterfly velocity vanishes as ṽB ∼
(rc − r)1/2. See Ref. [28] for a dynamical characterization
of this chaotic regime. For r > rc, we find a more involved
reduction of the VDLE, with

λ̃(v) =
{
λ′(v∗)|v| for |v| < v∗,
λ(v) − r for |v| � v∗,

if r > rc, (11)

where v∗ > 0 is the unique solution of

λ′(v∗) = λ(v∗) − r

v∗ < 0. (12)

The effective VDLE is now everywhere nonpositive: λ̃(v) �
0. This indicates that the dynamics are no longer chaotic and
ṽB = 0. Strikingly, the maximum of λ̃(v) located at v = 0 is
pinned to λ̃0 = 0 for all r > rc, while λ̃(v) develops linear
branches extending from v = 0 to ±v∗, where it remains
continuous but is nonanalytic. The findings in Eq. (11) are
supported in Fig. 1 in the context of the CLM. It compellingly
shows that strong resetting induces a sudden loss of analyticity
in λ̃(v) at v = 0 for r > rc, changing from a smooth parabolic
behavior to a cusp that sharpens as r increases further.

Lyapunov spectrum under resetting. We define the Lya-
punov spectrum in the presence of resetting, �̃(k), through
Eq. (2) where D is now replaced by D̃ defined in (8). We refer
the reader to SM [52] for the details of the computations. We
find a spectral phase transition,

�̃(k) =
{
�(k) − r if r < rc = λ0,

0 if r � rc,
(13)
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FIG. 2. Variation of the Lyapunov spectrum across the dynamical
phase transition driven by stochastic resetting. The analytical results
in Eq. (13) are tested in the CLM model [Eq. (1)]. For resetting rates
r < rc ≈ 0.37(2), 
�(k) := �(k) − �̃(k) is independent of k for all
k and falls on − ln(1 − r) shown in dashed red. In contrast, for r >

rc, the collapse of �̃(k) manifests itself by the dependence of 
�(k)
on k and its independence on r. The blue dashed line is a horizontal
guide for the eye. The spectra are computed for L = 401 at time t =
200, with a temporal average over 
t = 10. The transition between
the two regimes sharpens when simultaneously increasing L and t .
The other parameters are as in Fig. 1.

for all k. Below criticality, the Lyapunov spectrum is shifted
down by the resetting rate. In particular, the density of Lya-
punov exponents at the upper edge of the spectrum is still
governed by a Van Hove singularity in 1/(λ0 − r − �̃)1/2.
At criticality and above, the spectrum is found to collapse to
a flat, zero spectrum. This is the central result of our work,
describing an abrupt transition from an extended distribution
of Lyapunov exponents, peaked at λ0 − r, to a distribution
where all Lyapunov exponents are maximally degenerate and
vanishing.

We illustrate this spectral transition in Fig. 2 with the
example of the CLM. Even for discrete spacetimes, computing
the Lyapunov spectrum is a numerically challenging task.
Indeed, the standard QR decomposition methods [36] cannot
be readily used in the resetting context where the notion of
individual trajectories is lost after averaging over the resetting
times. We therefore resort to brute-force computations based
on Oseledets’ approach: �̃(k) is extracted from the eigen-
values of D̃(x, x′; t ), obtained via the renewal equation from
D(x, t ′; t ), itself computed from the tangent dynamics of a
single deterministic trajectory at r = 0. This procedure is
known to be quite sensitive to the growth of numerical er-
rors. In practice, we mitigate those errors by computing the
different spectra at a finite time t = 200 rather than trying to
numerically converge the late-time spectra. The predictions in
Eq. (13) are tested by plotting the relative distance between
the spectra in the absence and in the presence of resetting,

�(k) := �(k) − �̃(k), as a function of the resetting rate. In
the regime r < rc, the numerically extracted 
�(k) clearly
does not depend on k and falls on − ln(1 − r) for all k. In the
regime r > rc, the dependence of �(k) on k and its indepen-
dence on r clearly manifest themselves as a thick bundle of
horizontal lines. Altogether, we find a very good agreement
between 
�(k) computed numerically and the analytical pre-
diction made in Eq. (13).

Localization regime. We now discuss how the flat vanish-
ing Lyapunov spectrum for r > rc materializes in terms of
the spatiotemporal spreading of information and correlations.
Equation (11) implies that the late-time limit of the OTOC
D̃(x, x′; t ) saturates to a spatial profile that is exponentially
localized around the perturbation x′,

lim
t→∞ D̃(x, x′; t ) ∼ exp[−|x − x′|/ξr], (14)

with the length scale

ξr := − 1

λ′(v∗)

r→r+
c−→ 1

2

v0

λ0

(
λ0

r − rc

)1/2

. (15)

The approach to the steady state is controlled by the timescale
τr := 1/(r − rc). Equations (14) and (15) demonstrate that the
spatiotemporal spread of information is brought to a complete
halt in time, with a residual spatial smearing occurring on a
length scale ξr which diverges in approaching criticality from
above with an exponent ν = 1/2 and a dynamical exponent
z = 2. Note that Eq. (15) can be generalized to cases in
which the small-velocity expansion in Eq. (5) starts at order
α > 2, i.e., λ(v � 0) � λ0(1 − |v/v0|α ), yielding the critical
ν = (α − 1)/α.

We now turn to standard correlations, whose behavior un-
der resetting is simpler, if not trivial. In extended many-body
systems without conserved quantities and away from phase
transitions, one expects equal-time connected two-point func-
tions C(x, x′; t ) := 〈φ(x, t )φ(x′, t )〉c to decay exponentially
in space at large distances. Under stochastic resetting, this
exponential relaxation is preserved by the renewal structure,
leading to a steady-state correlation

lim
t→∞ C̃(x, x′; t ) = r

∫ ∞

0
dτ e−rτ C(x, x′; τ ) (16)

∼ exp[−|x − x′|/ξR]. (17)

where ξR is a nonuniversal relaxation length scale. Overall,
both standard correlations and the OTOC exhibit exponential
localization in space and fail to relax in time, two hallmarks
of localization phenomena.

Conclusions and outlook. Using Oseledets’ connection
between OTOCs and Lyapunov spectra, we demonstrated
that stochastic resetting drives a dynamical phase transition
from an information-scrambling to an information-localized
regime, marked by the onset of nonanalyticity in the renor-
malized VDLE λ̃(v). Strikingly, both the singular upper edge
of the density of Lyapunov exponents in the scrambling phase
and the critical exponent of the localization length ξr in the
localized phase are governed by the small-velocity asymp-
totics of the original VDLE λ(v). This contrasts with the
ballistic butterfly front, which is instead governed by λ̃(v)
near ṽB.

At first sight, the information-localized regime for r �
rc resembles integrable dynamics: vanishing Lyapunov ex-
ponents lead to a collapsed spectrum, much as in systems
constrained by an extensive number of conservation laws. Yet,
the more compelling connection is with measurement-induced
phase transitions (MIPTs) in quantum chaotic systems
[5,57–59]. Classical constructions—via large-N limits, inter-
replica dynamics, or learnability transitions in monitored
stochastic processes [50,60–62]—have so far failed to
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reproduce the robust dynamical exponent z = 1 signaling
emergent space-time symmetry in MIPTs. Resetting dynam-
ics, with its abrupt projection onto a restricted subset of
configurations, naturally echoes features of the Born rule and
can even generate long-range correlations [63–66] reminis-
cent of quantum measurement protocols such as teleportation.
This perspective suggests an interesting direction: probing
the stability of the information-localized phase under partial
resetting [67,68], where only a fraction of the degrees of
freedom are reset.
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