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Time evolution in several classes of
quantum devices is generated through the
application of quantum gates. Resetting is
a critical technological feature in these sys-
tems allowing for mid-circuit measurement
and complete or partial qubit reset. The
possibility of realizing discrete-time reset
dynamics on quantum computers makes it
important to investigate the steady-state
properties of such dynamics. Here, we ex-
plore the behavior of generic discrete-time
unitary dynamics interspersed by random
reset events. For Poissonian resets, we
compute the stationary state of the process
and demonstrate, by taking a weak-reset
limit, the existence of “resonances” in the
quantum gates, allowing for the emergence
of steady state density matrices which are
not diagonal in the eigenbasis of the gener-
ator of the unitary gate. Such resonances
are a genuine discrete-time feature and im-
pact on quantum and classical correlations
even beyond the weak-reset limit. Fur-
thermore, we consider non-Poissonian re-
set processes and explore conditions for
the existence of a steady state. We show
that, when the reset probability vanishes
sufficiently rapidly with time, the system
does not approach a steady state. Our
results highlight key differences between
continuous-time and discrete-time stochas-
tic resetting and may be useful to engineer
states with controllable correlations on ex-
isting devices.

Sascha Wald: sascha.wald@coventry.ac.uk

1 Introduction

A physical system subject to stochastic resetting
is interrupted, at random times, by a reinitializa-
tion to a dedicated reset state [1]. These kinds
of processes have been extensively investigated in
classical systems [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13] (see also, e.g., Refs. [14, 15, 16] for com-
prehensive reviews) and show a variety of intrigu-
ing applications in stochastic algorithms, search
as well as optimization problems [17, 18, 19, 20,
21, 22, 23]. It has been shown that stochastic
resetting may give rise to universal probability
laws, such that the probability of certain observa-
tions in single realizations of the process are com-
pletely independent of the underlying dynamics,
of the reset state and/or of the observed quan-
tities themselves [24, 25]. Such universality is of
fundamental importance since it allows for gen-
eral predictions on a broad class of stochastic pro-
cesses. Recently, there has also been increased in-
terest in how stochastic resetting affects quantum
dynamics [26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36].
A wealth of different features have been observed,
such as distinct node sampling statistics on com-
plex networks [28], entanglement transitions in
many-body systems [35], generation of entangled
steady states [32, 33] or of correlations in nonin-
teracting dynamics [30], and potential application
to quantum error correction [36].

Stochastic resetting in quantum systems has
been mostly investigated in the presence of an
underlying continuous-time dynamics [27, 29, 28,
37, 30, 38, 32, 31, 33, 39, 34]. However, discrete-
time quantum dynamics is nowadays of particu-
lar interest because of its relevance to sequences
of clocked gate operations on a qubit register, as
used for the processing of quantum information in
many modern quantum circuits [40]. This inter-
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Figure 1: Ensemble of dynamical realizations of
a discrete-time evolution subject to stochastic
resetting. A quantum system initialized in state |0⟩
evolves according to a discrete-time unitary dynamics
interspersed by reset events. The unitary dynamics ex-
plores the states |nθ⟩, obtained by applying the unitary
U(θ) n times on the initial state. Due to the presence
of a reset process, at each discrete time, the system can
either evolve unitarily or be reset to its initial state. The
probability, rn, with which a reset event occurs solely
depends on the time elapsed since the previous reset.
The unitary update instead takes place with probability
r̄n = 1 − rn. The presence of two possible dynamics
at each time step allows one to visualize the ensemble
of dynamical realizations via the binary tree sketched in
the figure.

est is also rooted in the fact that any quantum op-
eration (on a finite system) can be approximated
via a sequence of quantum gates (see Solovay-
Kitaev theorem [41, 42]). Many available quan-
tum computers even allow for mid-circuit mea-
surements and resetting, which permits reusing
of computational resources and can play an im-
portant role for scalable quantum error correction
[43]. Despite such relevance, with the exception
of some recent work on first-passage problems [44]
and quantum hitting times [45] the interplay be-
tween reset processes and discrete-time quantum
dynamics as well as the emergence of correlations
due to collective resetting in these setups remains
largely unexplored.

In this work, we investigate the emergence of
steady states, and the behavior of their quantum
and classical correlations, in discrete-time reset
processes. In particular, we consider a unitary
discrete-time dynamics, which is interspersed by
random reset events (cf. Fig. 1) whose probability
solely depends on the time elapsed since the last
reset. This setup covers a broad class of discrete-
time reset processes including Poissonian (con-
stant reset probability) and non-Poissonian ones.
For the former cases, we derive the steady state of
the system, which always exists, and analytically

compute its structure in the limit of vanishing re-
set probability. Contrary to continuous-time dy-
namics, in which the steady state in such a weak-
reset limit is represented by an ensemble which
is diagonal in the Hamiltonian eigenbasis [32], we
demonstrate that in our discrete-time setting off-
diagonal contributions can survive the limit. This
occurs as a consequence of degeneracies, or as
we call them here resonances, in the spectrum
of the unitary quantum gate (analogous degen-
eracies were also recently discussed in the context
of stroboscopically measured continuous-time dy-
namics [46, 47]). By means of two examples we
show that these resonances strongly affect quan-
tum and classical steady-state correlations, even
beyond the weak-reset limit. Finally, we con-
sider a non-Poissonian stochastic resetting and
explore conditions for the existence of a steady
state. As we discuss, if the reset probability de-
creases sufficiently rapidly with the time elapsed
from the previous reset event, the system has a
finite chance of not experiencing any reset and a
steady state may not exist.

The rest of the paper is organized as follows.
In Sec. 2 we introduce the discrete-time process
we consider in this work and provide analyti-
cal considerations on the evolution of the quan-
tum state of the system. We then focus on
the Poissonian reset and discuss key differences
between discrete-time and continuous-time reset
processes. In Sec. 3, we consider a two-qubit sys-
tem evolving under a Poissonian protocol. We
consider two cases: (i) a noninteracting quantum
gate and (ii) an interacting dynamics inspired by
a paradigmatic entangling circuit. In both cases
we numerically explore steady-state correlations
and observe the emergence of resonances. Sec. 4 is
concerned with the existence of the steady state
in the case of non-Poissonian resets. In Sec. 5,
we provide a discussion and conclusions. Details
on certain calculations are outlined in the appen-
dices.

2 Discrete-Time Resetting Dynamics
2.1 The model
We consider a generic quantum system that
evolves in discrete time via the application of a
quantum gate U(θ) = exp(iθH ). Here, H is a
Hamiltonian-like generator for the unitary gate
and θ is a tunable real parameter. We consider
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both H and θ to be dimensionless. Given an
initial quantum state |0⟩, the unitary dynamics
explores the states |nθ⟩ = Un(θ) |0⟩, which are in
general not mutually orthogonal, i.e., ⟨nθ|mθ⟩ ̸=
δnm. In addition to this deterministic evolution,
the quantum system is also subject to a reset pro-
cess which, stochastically in time, reinitializes the
system state to |0⟩ (cf. Fig. 1). More precisely,
the probability of a reset event occurring, at any
given discrete time, is denoted as rn ∈ [0, 1] and is
assumed to depend solely on the number n of uni-
tary update events since the last reset took place.
An illustrative representation of all possible real-
izations associated with this stochastic resetting
dynamics is shown in Fig. 1. Each branch of the
binary tree sketched in the figure corresponds to
a single realization, or quantum trajectory, of the
dynamics in, e.g., a numerical simulation or an
experimental run. The above setup encompasses
“Poissonian" resetting, characterized by rn = r,
as well as deterministic resetting protocols, in
which rn = δn,ℓ for a given ℓ [45].

The quantum state describing the evolution of
the system on average can be obtained by taking
into account all possible dynamical realizations,
weighted with their corresponding probabilities.
At any discrete time t, its density matrix assumes
the form

ϱ(t) =
t∑

n=0
Pn(t) |nθ⟩⟨nθ| , (1)

with Pn(t) being the probability to find the sys-
tem in state |nθ⟩ at time t. For n ≥ 1, the prob-
ability Pn(t) satisfies the recursion relation

Pn(t) = (1 − rn−1)Pn−1(t− 1) , (2)

which follows from the fact that the system can
reach the state |nθ⟩ at time t, only if it is in state
|(n− 1)θ⟩ at time t−1. On the other hand, since
the state |0⟩ can be reached, at time t, from any
state |nθ⟩ with 0 ≤ n < t, due to a reset event,
we can write

P0(t) =
t−1∑
n=0

rnPn(t− 1). (3)

The relations in (2) and (3) can be cast into a
simple matrix-vector equation for the probabil-
ity. We indeed have P (t + 1) = R(t)P (t), with
P (t) = [P0(t), P1(t), . . . , Pt(t)]T and R(t) being

the sparse rectangular matrix of size (t+2)×(t+
1),

R(t) =


r0 r1 . . . rt

1 − r0 0 . . . 0
0 1 − r1 . . . 0
...

. . . . . .
...

0 . . . 0 1 − rt

 . (4)

The relation (2) further allows us to express all
Pn(t) (with t ≥ n) through the distribution P0(τ)
as

Pn(t) = P0(t− n)
n−1∏
j=0

(1 − rj). (5)

Hence, full knowledge of the time-dependent
probability P0(t), which equals the probability of
a reset event occurring at time t, completely de-
termines the problem.

Note that (1), together with the relations (3)
and (5), is equivalent to a last renewal equation
(see, e.g., Refs. [14, 30, 44]), typically exploited
in the framework of reset processes. Indeed, since
the system can only be in state |nθ⟩ at time t if a
reset to state |0⟩ occurred at time t − n without
any subsequent resetting occurring, one can write

ϱ(t) = Pt(t) |tθ⟩⟨tθ|

+
t∑

m=1
Pt−m(t) |(t−m)θ⟩⟨(t−m)θ| .

(6)

In the above equation, Pt(t) is the probability
that the system evolves up to time t without be-
ing subject to any reset event. As apparent from
(5), Pt−m(t) denotes instead the probability that
a reset event occurred at time t−m and the sys-
tem evolved thereafter without experiencing any
further reset.

As we shall discuss in detail below, the setup
introduced in this section does not guarantee the
existence of a steady state, ϱss = limt→∞ ϱ(t).
Cases that do not yield a steady state include
fully unitary dynamics (rn = 0) and determinis-
tic resetting (rn = δn,ℓ). There are, however, also
more subtle instances in which the reset probabil-
ity rn, while never zero, vanishes too rapidly with
n for a steady state to be reached. In these cases,
the dynamics remains periodic at arbitrarily long
times.
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2.2 The Poissonian case

The relations obtained in the previous section
provide a way to investigate the discrete-time re-
setting dynamics, at least numerically. To make
analytical progress and to shed light on certain
features which are specific to discrete-time reset
processes, we focus, for the moment, on the case
of Poissonian resets. In this setting, the reset
probability rn is constant, rn = r > 0, which
guarantees that the process does not depend on
the history of the reset events. The evolution of
the quantum state can thus be written in terms of
a Markovian discrete-time quantum master equa-
tion as

ϱ(t+ 1) = r |0⟩⟨0| + (1 − r)U(θ)ϱ(t)U(θ)† . (7)

No such master equation is attainable for the
generic process discussed in the previous sec-
tion. For Poissonian resetting, the underlying
stochastic process is a Bernoulli chain, such that
P0(τ > 0) = r, which further allows us to evalu-
ate

Pn(t) = (1 − r)n(r + (1 − r)δn,t). (8)

In this regime, (6) simplifies to

ϱ(t) = (1 − r)t |tθ⟩⟨tθ| + r
t−1∑
n=0

(1 − r)n |nθ⟩⟨nθ| .

(9)

In the above equation, the first term describes
the purely unitary evolution, weighted with its
probability, and each term in the sum accounts
for a reset event at any previous time followed by
a suitable number of applications of the unitary
gate without further resets. In the case of Pois-
sonian resetting, the system always approaches a
steady state, for long times, given by

ϱss = r
∞∑

n=0
(1 − r)n |nθ⟩⟨nθ| . (10)

2.3 The limit of weak Poissonian resetting

With the expression of the steady state (cf. (10))
at hand, we can now explore the behavior of the
system in the weak-resetting limit. That is, we
consider the steady state ϱss in (10) and take
the limit r → 0. This limit allows us to ana-
lytically show a peculiar feature, which can be

only observed in discrete-time resetting dynam-
ics, and shed light on how resetting mixes differ-
ent branches of the tree in Fig. 1 into the average
quantum state of the system.

The weak-resetting limit can be conveniently
analyzed by considering the eigenstates |ei⟩ of
the generator, H |ei⟩ = λi |ei⟩. Note that: (i)
although the eigenstates |ei⟩ do not depend on
the parameter θ, they are eigenvectors of the
quantum gate U(θ) too, since [U(θ),H ] = 0;
(ii) the eigenvalues ui(θ) of the quantum gate do
depend on θ; (iii) the eigenvalues ui(θ) satisfy
ui(θ)∗ = 1/ui(θ), since U(θ) is a unitary opera-
tor. Exploiting these eigenstates and performing
the summation over n in (10), we find

ϱss =
∑
ij

r ⟨ei|0⟩⟨0|ej⟩
1 − (1 − r)uj(θ)/ui(θ)

|ei⟩⟨ej | . (11)

In the limit r → 0, we therefore observe that
if uj(θ) ̸= ui(θ) the corresponding component of
the quantum state vanishes, thus giving rise to
a diagonal state in the generator eigenbasis |ei⟩.
This convergence to a diagonal ensemble in the
weak-reset limit is exactly what one would ex-
pect from known results on stochastic resetting
in continuous time [32].

In our discrete-time setup, however, different
behavior can emerge. If uj(θ) = ui(θ), off-
diagonal components in the generator eigenbasis
|ei⟩ can survive the weak-reset limit. Consider-
ing that we have uj(θ) = eiθλj , with λj being
the eigenvalues of H , the relation uj(θ) = ui(θ)
can be met whenever the resonance condition
θ(λi − λj) = 2πk, with k an integer, is satisfied.
As a consequence of this resonance, the quantum
state in the weak-reset limit can display nonva-
nishing coherence in the eigenbasis of H . For
continuous-time dynamics, such off-diagonal con-
tributions can only occur when the system Hamil-
tonian features degenerate eigenspaces. Even in
such cases, the degeneracy in H allows to find a
suitable eigenbasis of the generator in which off-
diagonal terms vanish. On the other hand, for
discrete-time dynamics the off-diagonal contribu-
tions are more general and cannot be removed by
a change of basis, since the degeneracies of H and
U(θ) are decoupled when the resonance condition
is met. As discussed below, these resonances are
not only relevant in the r → 0 limit but leave
important signatures also at finite values of r.

Summarizing the above considerations, we find
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that the steady state is characterized by

lim
r→0

⟨ei| ϱss |ej⟩ =


|⟨ei|0⟩|2 , if i = j

⟨ei|0⟩⟨0|ej⟩ , if θ λi−λj

2π = k

0, else
(12)

with k being a non-zero integer. Note that, hav-
ing θ(λi − λj) = 0 for all θ, indicates degen-
erate eigenvalues for H . The matrix elements
in (12) solely depend on the decomposition of
the initial state into the eigenbasis |ei⟩. The
weak-reset limit serves as a tool to suppress non-
resonant contributions to the steady state. The
resonant contributions survive this limit since
they are “phase protected" from the dynamics,
as U(θ) |ei⟩ ⟨ej |U(θ)† = |ei⟩ ⟨ej | if the resonance
condition between λi and λj is met.

3 Two-Qubit Systems with Poissonian
resetting

We now consider two concrete example systems
each consisting of two qubits. This allows us to
explore in detail the impact of the resonances dis-
cussed above on properties of the quantum state.
In particular, we are interested in investigating
quantum and classical correlations in the steady
state generated by the reset process.

To this end, we focus on different measures of
correlations. The first is the correlation between
the z-components of the spins, defined as

C ≡ ⟨σ(1)
z σ(2)

z ⟩ − ⟨σ(1)
z ⟩⟨σ(2)

z ⟩ . (13)

Here, the superscript indicates the qubit to which
the observable belongs, i.e., σ(1)

z = σz ⊗ 1 and
σ

(2)
z = 1⊗σz, σz is the z Pauli matrix and ⟨O⟩ =

tr(Oϱss) is the expectation value of the operator
O in the steady state.

Another quantity we consider is the steady-
state entanglement. For a two-qubit system, the
latter is fully characterized by the concurrence
C, which is an entanglement monotone for mixed
states [48]. It is computed as

C(ϱ) ≡ max(0, µ0 − µ1 − µ2 − µ3) , (14)

where µi, for i = 0, 1, 2, 3, are the eigenvalues
in descending order of the matrix (ϱ1/2ϱ̃ϱ1/2)1/2,

with ϱ̃ = (σy ⊗ σy)ϱ∗(σy ⊗ σy) [48], and σy is the
y Pauli matrix.

Finally, we quantify quantum correlations be-
yond entanglement [49], exploiting the so-called
local quantum uncertainty (LQU), closely related
to quantum discord [50]. We consider such a
quantity since it can be straightforwardly com-
puted; in particular, unlike in the case of quan-
tum discord, no optimization procedure is re-
quired. The LQU is defined as

U = 1 − νmax, (15)

with νmax being the largest eigenvalue of the
3 × 3 symmetric matrix W , whose elements are
Wij = tr(√ϱσ(1)

i
√
ϱσ

(1)
j ), with σi for i, j = x, y, z

referring to the Pauli matrices.
In the following, we study the impact of a Pois-

sonian stochastic resetting on two different types
of unitary dynamics, a noninteracting and an in-
teracting one.

3.1 Noninteracting two-qubit system
We first consider a system of two qubits undergo-
ing a noninteracting unitary dynamics. The lat-
ter is generated by a Hamiltonian-like operator of
the form

HNI = σ(1)
x + σ(2)

x =


0 1 1 0
1 0 0 1
1 0 0 1
0 1 1 0

 , (16)

which can be seen as a coherent driving applied
to the qubits. Here, we have used the z basis
{|↓⟩ , |↑⟩} to represent the operator. As discussed
above and shown by (12), steady-state properties
strongly depend on the spectrum of the operator
HNI and on the value of θ. The eigenvalues are
λ0 = −2, λ1 = 0 (with degeneracy 2) and λ2 = 2,
with the corresponding eigenvectors

|e0⟩ = |−⟩ ⊗ |−⟩ (17)

|e1
1⟩ = |−⟩ ⊗ |+⟩ (18)

|e2
1⟩ = |+⟩ ⊗ |−⟩ (19)

|e2⟩ = |+⟩ ⊗ |+⟩ . (20)

Here, |±⟩ = (|↑⟩±|↓⟩)/
√

2 are the eigenvectors of
σx. If the parameter θ ̸= π/2, π, then there are no
resonances in the sense introduced in the previous
section (see discussion after (11)). By choosing as
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Figure 2: Steady-state correlations for noninteracting qubits. (a) Steady-state LQU as a function of θ and
of the reset probability r. Nonzero values of the LQU show that the stochastic resetting generally induces quantum
correlations. (b) Behavior of the LQU for specific values of the reset probability, r = 0.3, 0.5, 0.8, highlighted also in
panel (a). Panels (c-d) show analogous results as in panel (a-b) but concerning the correlation C.

initial state |0⟩ = |↑↑⟩ and using (12), we find, in
the weak-reset limit,

lim
r→0

ϱss = 1
8


3 0 0 −1
0 1 1 0
0 1 1 0

−1 0 0 3

 . (21)

This state features correlations in the z direction,
as witnessed by a finite value C = 0.5. It also
features quantum correlations as captured by the
LQU (U ≈ 0.29) even though the state is not en-
tangled, i.e., C = 0. These quantum correlations
are here strictly related to the existence of a de-
generate eigenvalue of HNI. In the absence of de-
generacy (and of resonances), the state would be
a statistical mixture of the eigenstates of a non-
interacting Hamiltonian-like generator HNI, and
would thus be equivalent to a classical state.

We now explore the impact of the previously
mentioned resonances on the considered steady-
state properties. First, for θ = π all eigenstates
of U are simultaneously resonant, i.e., eiπλj = 1.
This case is trivial since the parameterized gate
U(π) = 1 reduces to the identity. For θ = π/2, on
the other hand, only the eigenvalues λ0 = 2 and
λ2 = −2 are in resonance as eiπλ0/2 = eiπλ2/2. In
this case, it is straightforward to calculate

lim
r→0

ϱss =


1
2 0 0 0
0 0 0 0
0 0 0 0
0 0 0 1

2

 , (22)

which can also be understood from the fact that
the for θ = π/2 the dynamics simply consists of
a classical spin flip dynamics.

In Fig. 2, we show the LQU and the spin-spin
correlation in the steady state, as a function of
θ and of the reset probability r (see Appendix A
for details on the calculation of these quantities).
The spin-spin correlation also admits an analyti-
cal expression,

C(r, ω) = 1 + f(r, 4ω)
2 − [f(r, 2ω)]2 , (23)

where the function f is specified in Appendix B.
We see from Fig. 2 that the steady state shows
quantum and classical correlations in large por-
tions of the parameter space. Correlations are
largest along the classical resonance where the
LQU vanishes. From this example, we see that
while the condition for the existence of the res-
onances is derived in the weak-reset probabil-
ity limit, this resonance still significantly affects
properties of the steady state also for finite reset
probability.

3.2 Entangling unitary dynamics

=

Figure 3: Entangling circuit. Quantum circuit that
generates a maximally entangled Bell state from the two
qubit product state |↑↑⟩. We derive the generator H of
this circuit and use it to define a parameterized quantum
gate.
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Figure 4: Steady-state correlations for the entangling dynamics. (a) Entanglement between the two
qubits, as measured by the concurrence, as a function of θ and of the reset probability r. (b) Plot of the concurrence,
as a function of the reset probability, for the values θ = π/4, π/4 ± ϵ, with ϵ = 0.01 (see shaded region in panel (a)).
(c) Classical correlations in the z magnetization for the two qubits, as a function of θ and the reset probability. (d)
LQU for the two-qubit system, as a function of θ and the reset probability. The existence of resonances is clearly
highlighted by the presence of sharp horizontal features in panels (a),(c),(d).

In this section, we consider a unitary gate U(θ)
which can generate entanglement between the
two qubits. In this way, we can explore how
stochastic resetting competes with a discrete-time
entangling evolution. The unitary dynamics we
consider takes inspiration from the well-known
quantum circuit featuring a Hadamard gate (H)
and a CNOT gate (see Fig. 3). This circuit is
used to generate a maximally entangled Bell state
starting from the product state |↑↑⟩,

|↑↑⟩ H−→ |↑↑⟩ + |↓↑⟩√
2

CNOT−→ |↑↑⟩ + |↓↓⟩√
2

.

(24)

To define a unitary dynamics that gradually
builds up entanglement, we introduce a parame-
terized quantum gate U(θ) that is built from the
generator H of the quantum circuit defined via
the relation CNOT(H ⊗ 1) = exp(iπH /8). The
Hamiltonian-like generator thus reads

H =


2 −

√
2 2 −

√
2 −i−

√
2 i−

√
2

2 −
√

2 2 −
√

2 i−
√

2 −i−
√

2
i−

√
2 −i−

√
2

√
2 + 2

√
2 + 2

−i−
√

2 i−
√

2
√

2 + 2
√

2 + 2


(25)

and we use it to construct the unitary gate
U(θ) = exp(iθH ).

Before exploring steady-state properties, we
discuss the spectral decomposition of the oper-
ator H . Its eigenvalues are nondegenerate and
are given by λ0 = −2, λ1 = 0, λ2 = 2 and λ3 = 8.
The corresponding eigenvectors read

|e0⟩ = i |↑⟩ + |↓⟩√
2

⊗ |−⟩ (26)

|e1⟩ = (
√

2 + 1) |↑⟩ + |↓⟩
√

2
√

2 +
√

2
⊗ |+⟩ (27)

|e2⟩ = −i |↑⟩ + |↓⟩√
2

⊗ |−⟩ (28)

|e3⟩ = (1 −
√

2) |↑⟩ + |↓⟩
√

2
√

2 −
√

2
⊗ |+⟩ . (29)

Considering values of θ which avoid resonances
and taking the limit r → 0, we find the steady
state

lim
r→0

ϱss = 1
16


5 1 1 1
1 5 1 1
1 1 3 −1
1 1 −1 3

 . (30)

This state features neither quantum nor classical
σz correlations. Within the interval θ ∈ [0, π)
there are nine values of θ which can give rise to
resonances (omitting the trivial resonance θ =
π). For θ⋆ ∈ {π/5, 2π/5, 3π/5, 4π/5} we have
eiθ⋆λ3 = eiθ⋆λ0 . The steady state in the weak-
reset limit is then
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lim
r→0

ϱss = 1
16


7 −

√
2 1 1+i√

2+2
1−i√
2+2

1
√

2 + 3 1−i√
2 + 1 + i 1 − i+ 1+i√

2
1−i√
2+2 1 − i+ 1+i√

2 3 −1 + i
√

2
1+i√
2+2

1−i√
2 + 1 + i −1 − i

√
2 3

 . (31)

Such a state does not show entanglement, as ev-
idenced by C = 0 (cf. Fig. 4(a)). However,
it features classical correlations, C ≈ 0.055 (cf.
Fig. 4(c)), as well as genuine quantum correla-
tions as witnessed by a finite value of the LQU,
U ≈ 0.11 (cf. Fig. 4(d)).

For θ⋆ ∈ {π/4, π/2, 3π/4}, the levels λ3 and λ1
are resonant, which gives rise to the steady state

lim
r→0

ϱss = 1
8


3 1 0 0
1 3 0 0
0 0 1 −1
0 0 −1 1

 . (32)

This state is neither entangled nor discorded and
shows no classical correlations. However, from
Fig. 4 we see that, in particular for the concur-

rence, the values θ⋆ = π/4, 3π/4 show a quali-
tatively different behaviour. Rather than a sud-
den death as a function of r, the entanglement of
the mixed state continuously vanishes in the limit
r → 0, see also Fig. 4(b). The value θ⋆ = π/2 is
special since it also puts on resonance the levels
λ2 and λ0 which results in U(π/2) = 1 ⊗ σx. In
this case, the dynamics consists of classical spin
flips of the second qubit, which explains the ab-
sence of correlations. However, from Fig. 4(d) we
still see that an island of non-vanishing LQU is
connected to this special point.

Finally, for θ⋆ ∈ {π/3, 2π/3} the levels λ3 and
λ2 are resonant. The corresponding steady state
reads

lim
r→0

ϱss = 1
16


7 −

√
2 1 1−i√

2+2
1+i√
2+2

1
√

2 + 3 1 − i+ 1+i√
2

1−i√
2 + 1 + i

1+i√
2+2

1−i√
2 + 1 + i 3 −1 − i

√
2

1−i√
2+2 1 − i+ 1+i√

2 −1 + i
√

2 3

 . (33)

As in the first case, we observe absence of entan-
glement, i.e., C = 0, a non-vanishing LQU of U ≈
0.11 and finite classical correlations C ≈ 0.055.

The structure of correlations beyond the weak-
reset limit is shown in Fig. 4. Apart from the
fingerprints of the resonances in all investigated
quantities, we see that portions of non-vanishing
entanglement, LQU and correlations are con-
nected, e.g., to the resonance at 4π/5. The area
of non-vanishing concurrence eventually broad-
ens upon increasing r, giving rise to an entan-
gled steady-state regime in an otherwise sepa-
rable part of parameter space. Remarkably, it
appears to be quite intricate to generate steady-

state entanglement, as evidenced by large por-
tions in parameter space of vanishing concur-
rence. Nonetheless, correlations of quantum na-
ture, as detected by the LQU, are much more
extended.

4 Non-Poissonian Resetting

We now consider the case of non-Poissonian
stochastic resetting (i.e., of a reset probability
rn which is not constant) and address the ques-
tion whether or not a steady state exists for
the discrete-time process. There are obvious in-
stances in which the system will never relax to a
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steady state, e.g., rn = δn,ℓ, which was studied
in [45]. On the other hand, we observe that for
cases in which the values rn remain non-zero, for
all n, a steady state is typically approached. In
the following, by considering a specific example,
we want to shed light on properties of rn which
may hinder relaxation to a steady state. Physi-
cally, it is intuitive that general conditions on the
approach to a steady state should be found in the

properties of the reset probabilities since the un-
derlying dynamics is unitary and does not lead to
a steady state, at least for finite systems.

To provide a quantitative measure of the ap-
proach of the system to a steady state, we define
the finite difference ∆ϱ(t) = ϱ(t+ 1) − ϱ(t). De-
composing the system states into the eigenbasis
of the unitary gate, we can write

∆ϱ(t) =
∑
ij

[
Pt+1(t+ 1)

(
uj

ui

)t+1
+

t∑
n=0

∆Pn(t)
(
uj

ui

)n
]

⟨ei|0⟩⟨0|ej⟩ |ei⟩⟨ej | (34)

with ∆Pn(t) = Pn(t + 1) − Pn(t). Clearly,
tr ∆ϱ(t) = 0 which yields the probability con-
servation condition

0 = Pt+1(t+ 1) +
t∑

n=0
∆Pn(t). (35)

This condition, combined with the necessity that
limt→∞ ∆ϱ(t) = 0, if a steady state exists, al-
lows us to formulate the necessary and sufficient
condition for ϱ to reach a stationary state. If
⟨ui|0⟩⟨0|uj⟩ ≠ 0, then we must have

lim
t→∞

t∑
n=0

∆Pn(t)
[(

uj

ui

)n

−
(
uj

ui

)t+1
]

= 0 (36)

for all i, j. This relation is rather involved and
can, in principle, be satisfied in a variety of ways.
To gain some understanding, let us assume for the
moment that the dynamics reaches a steady state.
This means the probability to observe a reset
event becomes time-independent at long times,
i.e., limt→∞ P0(t) = P ∗

0 and limt→∞ ∆P0(t) =
0. In this case, (2) immediately implies that
all limt→∞ Pn(t) = P ∗

n and (35) then yields
limt→∞ Pt(t) = 0. These relations seem to sug-
gest that, in order not to approach a steady state,
the stochastic resetting should become irrelevant
in the long-time limit. This can happen, for in-
stance, when rn decays sufficiently fast with n
(time from the previous reset). In this case, one
could observe a large portion of trajectories that,
if not resetting in the first few steps will never
reset and would thus simply evolve unitarily.

To explore this intuition further, we now con-
sider a specific example and take a reset proba-

bility decaying as

rn = γ

(n+ 1)α
, (37)

where α > 0 is the power-law exponent and γ ∈
[0, 1]. From the reset probability, we can evaluate
the probability for no reset event to occur, Pt(t),
as

Pt(t) =
t−1∏
j=0

(1 − rj). (38)

This quantity behaves, for large t, as

Pt(t) ≃



exp (−γζ(α)) , if α > 1

t−γ , if α = 1

exp
(

−γt1−α

1 − α

)
, if α < 1

. (39)

A detailed derivation of this result can be found
in Appendix C. Importantly, we see that for
α > 1 no steady state should be expected, since
Pt(t) → const. > 0. This implies that there is a
finite probability to see a trajectory which never
resets and thus undergoes unitary dynamics. For
0 < α < 1, we instead observe that Pt(t) → 0 ex-
ponentially. This indicates that the probability of
not observing reset events decays very rapidly. In
these cases, one would expect the system to con-
verge to a steady state. Interestingly, for α = 1
we still see that Pt(t) tends to zero, however the
decay is polynomial with t. Also in this situation,
one may expect that a steady state is approached
in the long-time limit.
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Figure 5: Relaxation to the steady state. (a)
Magnetization M(t) = tr[ϱ(t)(σ(1)

z + σ
(2)
z )] of a two-

qubit system, subject to a stochastic resetting with prob-
ability as in (37), with α = 0.2, 1, 2 and γ = 0.2.
The unitary evolution is generated by the noninteracting
discrete-time dynamics in (16) with θ = π/4. (b) Be-
havior of the norm of ∆ϱ(t−1) as a function of t for the
same process as in (a). The plot shows that, for α ≤ 1,
∥∆ϱ(t− 1)∥ → 0 as t → ∞, indicating the existence of
a steady state in this regime.

To test these conclusions, we investigate the
behavior of the finite difference ∆ϱ(t) for a two-
qubit system undergoing the dynamics in (16)
and subject to stochastic resetting with the re-
set probability in (37). The results are shown in
Fig. 5, which shows indeed that a steady state is
approached for α ≤ 1.

5 Conclusion

We have considered a generic discrete-time quan-
tum dynamics subject to a stochastic resetting
process. For Poissonian reset events, we have de-
rived the steady state of the system and analyzed
its structure in the weak-reset limit. In general,
the steady-state density matrix is (in the absence
of degenerate eigenvalues of the generator of the
unitary discrete-time dynamics) diagonal in the
generator’s eigenbasis. However, we have shown
that, for particular values of the gate parameter
θ, certain eigenvalues of the unitary operator can
become “resonant". Contrary to what happens
for continuous-time reset processes, this results
in off-diagonal contributions to the steady-state
density matrix even in the absence of degenerate
eigenvalues in the generator of the dynamics.

By considering two specific examples, we have
explored correlations in the steady state of the
discrete-time reset process. We have demon-

strated the existence of quantum and classical
correlations, which can be generated by the pres-
ence of the reset even in an otherwise noninter-
acting dynamics. Moreover, we have shown that
the derived resonances can dramatically affect the
structure of the steady state. Finally, we have
focused on a non-Poissonian stochastic resetting
and discussed conditions on the existence of the
steady state for the process. We have shown that
if the reset probability decays sufficiently fast as
a function of the time elapsed from the last re-
set event, then the process can feature trajecto-
ries which never reset and thus no steady state is
reached.

Our work paves the way to further explorations
of discrete-time resetting processes. It would be
particularly interesting to better understand the
effects of non-Poissonian resets of quantum dy-
namics. Another natural extension is to study
our protocol in many-body systems and/or con-
sidering underlying dissipative dynamics. Even a
better understanding of the correlations in the
steady state of a three-qubit system seems al-
ready an interesting area for exploration.

Our findings shed light on dynamical and
steady-state properties of discrete-time evolu-
tions subject to random resets. In particular,
they highlight the emergence of resonances, not
possible in continuous-time reset processes, which
are responsible for rather abrupt changes in the
properties of the quantum state describing the
process. Given that discrete-time reset dynamics
can nowadays be realized on quantum comput-
ers, our results may be useful to engineer steady
states with controllable properties.
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A Numerical details
In this appendix we briefly sketch how we have
obtained the numerical results in the paper. The
results in the Poissonian and non-Poissonian sce-
nario are generated from different codes and thus,
we shall discuss them in separate subsections.

A.1 The Poissonian case
For the numerical study, it is convenient to re-
formulate the discrete time resetting dynamics
in vectorized form by introducing the doubled
Hilbert space H2 = H ⊗ H. Linear forms ϱ on
H are then mapped to vectors |ϱ⟩⟩ in H2. The
mapping is given by

|ϱ(t)⟩⟩ =
∑
ij

⟨i| ϱ(t) |j⟩ |i⟩ |j⟩ . (40)

For a Kraus map ϱ(t + 1) =
∑

µKµϱ(t)K†
µ we

can then derive a time evolution of the vectorized
form, viz.,

|ρ(t+ 1)⟩⟩ =
∑

µ

Kµ ⊗K∗
µ |ρ(t)⟩⟩ ≡ K |ρ(t)⟩⟩ .

(41)

In the Poissonian cases we consider, the Kraus
map is given by

K = (1 − r)U ⊗ U∗ + r |ϱ(0)⟩⟩ ⟨⟨1| . (42)

The discrete time Poissonian resetting dynamics
is then given by

|ϱ(t)⟩⟩ = Kt |ϱ(0)⟩⟩ . (43)

It is easy to derive the closed form for Kt by math-
ematical induction. It is given by

Kt =(1 − r)t(U ⊗ U∗)t

+ r
1 − (1 − r)t(U ⊗ U∗)t

1 − (1 − r)(U ⊗ U∗) |ϱ(0)⟩⟩ ⟨⟨1| .

(44)

This readily allows the evaluation of the station-
ary state in the limit t → ∞, viz.,

Kt → r
|ϱ(0)⟩⟩ ⟨⟨1|

1 − (1 − r)(U ⊗ U∗) , for t → ∞. (45)

This allows us to write the steady state |ϱss⟩⟩ as

|ϱss⟩⟩ = r

1 − (1 − r)(U ⊗ U∗) |ϱ(0)⟩⟩ . (46)

Hence, to determine the exact steady state it suf-
fices to invert the operator 1 − (1 − r)(U ⊗ U∗).

A.2 The non-Poissonian case

In the non-Poissonian case, it is no longer possi-
ble to formulate the dynamics of the mixed state
through a simple recursion relation as (41). This
is because different components of the mixture
are subject to different reset probabilities as can
be seen in Fig. 1. Furthermore, as we discussed
in Sec. 4, there may not even be a well-defined
steady state. Therefore, we explicitly evolve the
mixed state for each time step by establishing an
array in which all states |nθ⟩ are saved that con-
tribute to the mixture up to the current simula-
tion time. In a second array, we track the cor-
responding probabilities Pn(t) which are propa-
gated in time following (2). At each time step t
we then construct the corresponding mixed state
|ϱ(t)⟩⟩ and compare it with the state |ϱ(t− 1)⟩⟩
at the previous time step using the 1-norm, i.e.,
ϵ = || |ϱ(t)⟩⟩ − |ϱ(t− 1)⟩⟩||1. We then define a
convergence threshold of ϵ = 10−10 which we try
to achieve within 10, 000 time steps.

B Correlation function in the noninter-
acting case
In this section we illustrate how to obtain the ana-
lytical expression for the spin correlation function
of a non-interacting two qubit system. Similar
calculations can be carried out in the interact-
ing case and are thus not further shown in this
appendix.

The connected spin correlator reads

C = ⟨σ(1)
z σ(2)

z ⟩ − ⟨σ(1)
z ⟩⟨σ(2)

z ⟩. (47)

For this section and the following ones it becomes
convenient to define the function

f(r, x) = r
∞∑

j=0
(1 − r)j cos (jx)

= r
1 − (1 − r) cos(x)

1 + (1 − r)2 − 2(1 − r) cos(x) .
(48)

We will be using ⟨σ(1)
z ⟩ = ⟨σ(2)

z ⟩ = ⟨σz⟩ since both
spins are in the same initial state and subject to
the same dynamics, and are thus indistinguish-
able. We calculate ⟨σz⟩ via

⟨σz⟩ = r
∞∑

j=0
(1 − r)j cos (2jω) = f(r, 2ω). (49)
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Similarly, we may evaluate the two point spin cor-
relator, viz.,

⟨σ(1)
z σ(2)

z ⟩ = 1 + f(r, 4ω)
2 . (50)

Hence, the spin correlation function reads

C(r, ω) = 1 + f(r, 4ω)
2 − [f(r, 2ω)]2 . (51)

C Asymptotic analysis of no-reset
probability
Here, we illustrate the calculation that yields the
asymptotic behavior of Pt(t), indicated in (39) for
the reset rates from (37). We recall (38) where
Pt(t) is indicated as a product, i.e.,

Pt(t) =
t−1∏
j=0

(1 − rj). (52)

First, we consider the logarithm of (52) since this
transforms the sum into a product. We obtain

logPt(t) =
t−1∑
j=0

log(1 − rj). (53)

Next, we approximate log(1 − rj) ≃ −rj . This is
true as long as the rj decay with increasing index,
i.e., rj → 0 for j → ∞ and if we are only inter-
ested in the asymptotic behavior of Pt(t). This
approximation then yields

logPt(t) ≃ −
t−1∑
j=0

γ

(j + 1)α
. (54)

The further analysis is distinct for α = 1 and
therefore we treat it separately.

The case α ̸= 1. In this case, we can directly
evaluate the sum and the result is readily ex-
pressed in terms of the Hurwitz Zeta function
ζ(s, a) and the Zeta function ζ(s). We find

logPt(t) ≃ −γ (ζ(α) − ζ(α, 1 + t)) . (55)

For large t we may replace the Hurwitz Zeta func-
tion by its asymptotic form and reveal

logPt(t) ≃ −γ
(
ζ(α) + t1−α

1 − α

)
. (56)

Thus we see that the behaviors for α > 1 and
α < 1 strongly differ. We find the results stated
in the main text:

Pt(t) ≃


exp(−γζ(α)) if α > 1;

exp
(

−γt1−α

1 − α

)
if α < 1.

(57)

The case α = 1. (55) clearly highlights that
there is a need for a different resummation for
α = 1. We find

logPt(t) ≃ −γ (γE + ψ(t+ 1)) , (58)

where γE is Euler’s constant γE ≈ 0.577216 and
ψ(z) is the Polygamma function. The leading
asymptotic behavior of the Polygamma function
is

ψ(t) ≃ log(t). (59)

This implies that the asymptotic behavior of Pt(t)
is algebraic, i.e.,

Pt(t) ≃ e−γγE t−γ . (60)
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