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Stochastic Resetting
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Efficient search strategies…. Global minimum

Local minimum
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O

6



Stochastic Resetting?

No resetting

p(x, t |x0) ∝ exp[ − (x − x0)2/(4Dt)]

⟨tFP⟩ ≡ lim
N→∞

1
N

N

∑
i=1

ti = ∞

r

⟨tFP⟩

With resetting:

pss(x) ∝ exp[− r/D |x − x0 | ]

f(t) = r exp(−rt)

r∗ = D/xt − x0]22.54…
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w = ∑
xRP,start

V(xRP,start)
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Exploration phase

Return phase
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Thermodynamic cost of finite-time stochastic resetting
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w[{xτ}t
0] ≡ ∑

j=1

[U(x+
2j−2) − V(x−

2j−2)] + ∑
j=1

[V(x+
2j−1) − U(x−

2j−1)]

Thermodynamic cost :

x(t±
...)

Prob . Density Function p(w, t) = ?

Initial Condition : ρ(x0) ∝ e−βV(x)

V(x): Return potential
U(x): Exploration potential

Stochastic quantity (initial conditions, thermal fluctuations, stochastic switching times)
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U(x): Exploration potential

V(x): Return potential

C(k, t) ≡ ⟨ekw⟩
Assumption :

The particle relaxes to its steady state at the
end of each return phase .

{initial conditions+thermal fluctuations+stochastic switching times}

h(τ) = δ(τ − θtk)
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How to implement this in finite time?
Besga et al. Phys. Rev. Research 2, 032029(R) (2020)
Goerlich et al. Phys. Rev. E 112, 064116 (2025)



ψ (i)
1 ≡ ∫

t

0
d𝒯1 I(k, 𝒯1)∫

t−𝒯1

0
dτ1 h(τ1) ψ0(k, t − 𝒯1 − τ1) ψ (i)

1 ≡ ∫
t

0
d𝒯1 I(k, 𝒯1) H(k, t − 𝒯1)

I(k, t) = f(t)∫
+∞

−∞
dx peq(x)ek[U(x)−V(x)] ∫

+∞

−∞
dx′￼p(x′￼, t |x)ek[V(x′￼)−U(x′￼)]

ψ0(k, t) = g(t)∫
+∞

−∞
dx peq(x)ek[U(x)−V(x)]
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C̃(k, s) =
ψ̃0(k, s) + H̃(s) Ĩ(k, s)

1 − h̃(s) Ĩ(k, s)

⟨wn⟩ = ℒ−1[ ∂nC̃(k, s)
∂k

k=0
]

U(x): Exploration potential

V(x): Return potential

+ no switching until t

Main result:

p(w, t) =
1

2πi ∫
+i∞

−i∞
dk e−kW ℒ−1[C̃(k, s)]

14



1D systems

Example

U(x) = λUx2/2, V(x) = λVx2/2

h(τ) = δ(τ − θtk)Return phase, V:

f(τ) = re−rτExploration phase, U:
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Number of relaxation times of the return trap

U(x) = 0; θ = 2

Time

Results: Resetting rate

t → ∞

?

Wt→0 ≈ − ⟨V(x)⟩eq,v

f(τ) = re−rτ

h(τ) = δ(τ − θtk)
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zU(x) V(x)

α

Scaled mean Scaled mean Scaled mean

z = 0 z = 0.5 z = 1.5

Optimal λV
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Previous assumption :
The particle relaxes to its steady state at the end of
each return phase .

Large n :

V(x) ∝ x2

n = 1 n = 2
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U(x), V(x) ∝ x2
Assumption :

System in the steady state(long − time or large − n limit)

τon

f(𝒯)
f(𝒯) ∝ e−𝒯2/(2σ2), 𝒯 > 0
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λV

λU = 0 λV ≠ 0

finite n large n



Summary

t0 = 0

U(x)

V (x)

V t
ot

[x
τ,

Λ
(τ

)]

t
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