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Stochastic resetting
Classical:

Brownian motion with resetting time
x(t + dr) = x, with prob. r dt
= x(1) + n(¢)dt
with prob. 1-r dt
Evans and Majumdar (2011)

Mean search time
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0 Xy space Resetting rate 7°

Quantum: |
| w(t+ dt)) = |yw(0)) with prob. rdz

= [1 —iH(¢) df] | w(¢)) with prob. 1 — rdt

Mukherjee, Sengupta and Majumdar (2018)

Reset is unconditional:
Reset is to a given state, irrespective of the current state




Stochastic resetting:
A very (very) active area of research across
domains with many contributors around the world
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Conditional stochastic resetting

Reset Is conditional:
Reset is to a set of states, whose choice depends on the current state

Perfetto, Carollo, Magoni, Lesanovsky (2021)

Quantum model: é (b) stationary state phase diagram
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Conditional stochastic resetting

Reset Is conditional:
Reset is to a set of states, whose choice depends on the current state

We ask:

 Effects of conditional resetting when the bare dynamics does not
have a steady state by itself ?

 Does Conditional Resetting always lead to a steady state (as does
usual resetting) ?

 What is the nature of the steady state that emerges ?

 (Can one characterise it analytically (Conditional Resetting results in
non-Markovian evolution, as we will see later in the talk) ?

We choose a paradigmatic quantum system:
The tight-binding model



Tight-binding model
=—= 2 (In)(n+1]+ |n+1><n|>

Nn=—~0
Initial location = n,

Mean displacement:

Mean-squared displacement:
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Conditional resetting protocol
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Unitary evolution interspersed with conditional resetting

T(tl) 1(t, — tl) T(t3 — 1) T(ta — ta—l)

e—iff(tz—tl)p(tl) €_ig(t3_t2),0(t2) e_ig(t_t“)p(ta)
N4 N N - .
[ = O tl tz t3 tOl [
e~ " : Implements unitary evolution

I(¢) : Implements 1nstantaneous conditional resetting



Generalised Lindblad dynamics with non-markovian evolution

p(1): Density operator averaged over dynamical realisations
iInvolving different reset times

d_ )
— () = = iLOP(0) + 2 Z H,(t) = 2p(0)

dt
t Hy(t) = T(1) e ‘”0‘” “p(0)
iff  dr L&
0
Usual Lindblad dp(1) . B B B
forslhlr?co:;itioanal R = —1Z()p(t) + ATp(t) — Ap(2)

ds

(Markovian): dt

We obtain exact analytical results demonstrating effects of non-Markovian

evolution in the context of open quantum systems



Exponential resetting:

Time Interval between reset satisfies

p(7) = Ae™*
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Resetting locations
symmetric with
respect to origin;
Initial location NOT

at origin

nl — — 4—, nl” — 4.
1. Stationary state, unlike the bare model 0.4

2. Localization around reset locations

3. Transient state: particle more likely to
be found to the right of the origin than to

the left

4. Stationary state independent of initial

location
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Resetting locations

NOT symmetric . & 4’0 ’;lo’”_ ;
with respect to | (a) - ]
origin;

Initial location MAY |

or MAY NOT be at %0'35 L 0.35
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| Ja |
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1. Stationary state

2. Localization around reset locations

3. Particle more likely to be found at the reset location to the right than to the left

4. No bias in bare TBM dynamics, yet an effective bias towards one of the reset sites due to
conditional resetting



Power-law resetting:

Time interval between reset satisfies

p(t) = , a>0; 7€ |r,oc0)

70(T/ 7)) I+a



Resetting locations
symmetric with
respect to initial
location; Inttial
location at origin
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Analytical calculation: A glimpse

1(#)) 1(t, — 1)) 1(t; — 1,) 1, —t, 1)

Averaged density operator: p(f) = U(¢)p(0)

0 [ ta t3 t2 _1 Il‘ dldg(ld) _1 fta dt,g(l")

U(t) — Z J dta J, dt@(—1° .o J dtzJ, dtlF(t — l‘a) e+ la T(l-a . ta_l) p(ta _ ta_1)€+ fo—1

a=0 0 0 0 0 s
—1 tt dld (ZL,) i dt/g t/

Laplace space and exponential p(7) = le ™7 : D(s) = Tf(s)p(O)

U(s) = Uys) ), A%T(s))"
a=0



Analytical calculation: A glimpse (contd.)

P,.(t) = (m|p(t) | m) P () = (m| Uy(s) Y, 24T p(0) | m) = ¥ P Os)
a=0 a=0

Qo(yr) = ) T2, () + EJﬁ,d(m); Qo) = ) JE, () + EJ@M(;%)
j=1 j=—1

[

P = ﬂﬁ_ﬂt[ de,(J |%n—n,,|(7’(t — 1))ty +J ﬁn_nﬂ(?’(f — 1), (v1))
0

t L ]
P)(1) = zze‘ﬂfj dr, L dr, _Jﬁn_m(;/(t — tz))(QZ:(y(fz — 1))Q,2(yt)) + L,/ (y(t, — tl))QZ?(m))

0
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Take-home message(s)

1. Studied conditional reset of tight-binding (I'BM) quantum particle
to two reset locations, conditioned on the location of the particle at
the time Instant of reset; reset rates symmetric with respect to origin

2. Choice of reset locations with respect to origin crucial in dictating
the stationary state

3. Considering reset locations asymmetrically disposed around the
origin leads to enhanced localization around one of the reset sites,
despite no explicit bias in the dynamics

4. Future scope: TBM with an inherent bias and its interplay with
reset-induced bias; More general (?) protocol for conditional
resetting, ....

Thank You for your attention !



