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We investigate the granular temperatures in force-free granular gases under exponential resetting.
When a resetting event occurs, the granular temperature attains its initial value, while between the
resetting events it cools down. We show that the granular system attains a non-equilibrium steady
state value and study the dependence of average granular temperature on the resetting rate. Our
theory may help to explain the behavior of non-periodically driven granular systems.

I. INTRODUCTION

A process with resetting breaks at a certain point and
starts anew. Resetting has been widely studied recently
and has numerous applications [1, 2]. It significantly
accelerates search processes [3–5] and improves the ef-
ficiency of computer algorithms [6, 7]. The resetting pro-
cess can be observed in various fields. In biology, re-
setting occurs in enzyme-catalyzed reactions, described
in terms of Michaelis-Menten kinetics [8–10], transcrip-
tion [11], and mobility of animals [12]. In economic so-
ciety models, resetting may represent loss of wealth due
to catastrophic events [13]. Geometric Brownian motion
with stochastic resetting may be used to describe income
dynamics [14, 15]. Resetting may represent eye move-
ments while viewing and recognizing patterns [16, 17].

In the first study, resetting was considered for par-
ticles that exhibited Brownian motion [18, 19]. Subse-
quently, many other processes with resetting have been
investigated, such as the Ornstein-Uhlenbeck process
[20, 21], continuous-time random walks [22–27], Lévy
flights [28, 29], Lévy walks [30], heterogeneous diffusion
processes [31, 32], fractional Brownian motion [32], ge-
ometric Brownian motion [33], scaled Brownian motion
[34, 35], and resetting on networks [36]. Initially, the
resetting process was considered as a jump to the start-
ing point. Later, other types of return processes were
considered, such as partial resetting [37], return at con-
stant velocity [5, 38–43], and under the action of external
potential [44–46]. The latter phenomenon has been ob-
served in experiments [47–49].

In the current study, we investigate resetting in granu-
lar systems. Examples of granular systems are numerous:
stones and sand in the building industry; grains, sugar,
salt, and cereals in the food industry; and powders in cos-
metic production, different kinds of powders in chemical
and cosmetic production [50–53]. Granular gases repre-
sent diluted granular systems [53–55], in which the typ-
ical distance between their components significantly ex-
ceeds their dimensions. Numerous examples include dust
devils, large interstellar dust clouds [56], protoplanetary
discs, planetary rings [57–59], and populations of aster-
oids [60]. In the homogeneous cooling state, the granular
gases remain force-free and lose their kinetic energy dur-
ing collisions [54]. To compensate for the dissipation,
energy should be inserted into the system. There are

FIG. 1. A typical evolution of granular temperature T (t)
in granular systems with exponential resetting. The resetting
rate r = 2, the characteristic time of the granular temperature
decay τ0 = 1.

different possibilities for providing the energy supply to
the granular system: vibrating [61, 62] or rotating [63]
walls, external electrostatic [64] or magnetic forces [65–
68]. Driving of granular gases is often described in theory
and computer simulations in terms of the uniform heat-
ing [69–72]. However, energy can be inserted into the
system also through the boundaries [73, 74] or as rare
extreme events [75]. Between these events, the system
can evolve force-free by itself. This phenomenon can be
described within the framework of the resetting process.
We consider Poissonian resetting, meaning that the re-
setting event may occur with an equal probability at any
given time. During the instantaneous resetting event, the
granular temperature attains its initial value, T0. Be-
tween resetting events, the system cools homogeneously
according to Haff’s law [76]. We proceed as follows. In
Section II, we briefly review the evolution of force-free
granular gases. In Section III, we discuss the Poissonian
resetting of granular temperatures. Finally, we present
our conclusions in Sec. IV.
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II. HAFF’S LAW

The granular temperature is one of the most important
parameters in the description of granular gases. This is
defined in terms of the mean kinetic energy [54]:

3

2
nT (t) =

m⟨v2⟩
2

=

∫
dvf (v, t)

mv2

2
(1)

Here, m is the mass of the granular particle, and f (v, t)
is the velocity distribution function, which is assumed
here for simplicity to be Maxwellian, despite the slight
deviations from the Maxwellian form obtained in both
theory [77–83] and experiments [84]. Owing to the dis-
sipative collisions, the granular temperature in the gran-
ular gas gradually decreases. The evolution of granular
temperature occurs according to the following differential
equation:

dT (t)

dt
= −T (t)ξ(t) (2)

Here the cooling rate is equal to

ξ(t) =
4

3

(
1− ε2

)
nσ2

√
πT

m
(3)

The restitution coefficient ε quantifies the dissipative
losses during the collision of granular particles as follows
[53, 54]:

ε =

∣∣∣∣ (v ′
ki · e)

(vki · e)

∣∣∣∣ . (4)

Here, vki = vk − vi and v ′
ki = v ′

k − v ′
i are the relative

velocities before and after a collision, respectively, and e
is a unit vector directed along the inter-center vector at
the collision instant. For simplicity the restitution coeffi-
cient is assumed to be constant [54], although it depends
on the relative velocity of the colliding particles [85, 86].
The post-collision velocities v ′

k and v ′
i are related to the

pre-collision velocities vk and vi as follows [54]:

v ′
k/i = vk/i ∓

1 + ε

2
(vki · e)e . (5)

The differential equation (Eq. 2) with the cooling rate
(Eq. 3) can be solved explicitly, and the temperature
obeys Haff’s law [76]:

T (t) = T0

(
1 +

t

τ0

)−2

, (6)

where T0 = T (0) is the initial granular temperature. The
inverse temperature relaxation time is equal to half of the
cooling rate at the initial time, τ−1

0 = ξ(0)/2.

III. RESULTS AND DISCUSSION

Now let us assume that the Poissonian resetting occurs
with the waiting time distribution

ψ(t) = re−rt (7)

FIG. 2. Time evolution of the granular temperature T (t)
averaged over N = 105 systems. The characteristic time of
the granular temperature decay τ0 = 1. Dashed line shows the
evolution of a granular temperature of a force-free granular
system without resetting according to the Haff’s law.

Here r is the constant rate of the resetting events, that
is, with probability rdt resetting event occurs during the
time interval (t, t+ dt). Thus, the average time between
resetting events is equal to 1/r. The survival probability
Ψ(t) is defined as the probability that no resetting event
occurs between zero and t,

Ψ(t) = 1−
t∫

0

ψ(t′)dt′ = e−rt . (8)

We now perform simulations of a granular system with
resetting. Initially, the evolution of granular temperature
occurs according to Haff’s law (Eq. 6). If the resetting
event occurs at a constant rate r, the granular temper-
ature takes the initial value T0 = 1. Subsequently, it
starts to decrease again. A typical evolution of such a
system is shown in Fig. 1. After calculating the average
over N ≫ 1 systems with such an evolution, we obtain
the average granular temperature ⟨T (t)⟩, as depicted in
Fig. 2. Now, let us derive it analytically:

⟨T (t)⟩ = T0

(
1 +

t

τ0

)−2

e−rt+r

t∫
0

T0

(
1 +

τ

τ0

)−2

e−rτdτ

(9)
Here, the first term accounts for the realizations where
no resetting occurs up to observation time t. The sec-
ond term accounts for the case where the resetting event
occurs at time t − τ , and after that no resetting occurs
between t− τ and t. The evolution of the granular tem-
perature according to Eq. (9) is in good agreement with
the simulation results shown in Fig. 2. At the begin-
ning of the evolution, it decreases according to Haff’s
law; at time t ∼ 1/r it reaches its equilibrium value Teq.
If τ0 = 1/r, the characteristic mean time between the
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FIG. 3. Dependence of the steady-state value of granular
temperature Tc on the resetting rate r, Eq. (10). The dashed
line shows linear dependence at short times (Eq. 11), Tc ∼ r.
At large r the steasy-state granular temperature tends to the
initial value T0 = 1, depicted with a dotted line

resetting events and the temperature relaxation time are
equal, and equilibrium is reached at t ≃ 1. At r → 0 the
mean time between the resetting events tends to infinity
and the granular temperature evolves freely according to
Haff’s law (Eq. 6). If the resetting events are very fre-
quent, r ≫ τ0, the temperature remains constant, close
to its initial value, T ≃ T0. At long times t ≫ 1/r the
probability that no resetting events have occurred tends
to zero, and the first term in Eq. (9) can be neglected.

Apparently the system reaches a non-equilibrium
steady state, and the average granular temperature
reaches a constant value Tc. It can be formally derived
by setting t→ ∞ in Eq. (9)

Tc = T0 r

∞∫
0

(
1 +

τ

τ0

)−2

e−rτdτ =

= rT0 (1− rΓ (0, r) er) (10)

Here, Γ (0, r) is the incomplete gamma function. At r →
0 the equilibrium average granular temperature scales as

Tc = T0
(
r + (γ + log r) r2 + o(r2)

)
(11)

with γ being the Euler’s constant. At r → ∞ Eq. (10)
becomes

Tc = T0

(
1− 2

r
+

6

r2
+ o

(
1

r2

))
(12)

The dependence of the equilibrium granular tempera-
ture Tc on the resetting rate r is shown in Fig. 3. At low
resetting rates, it increases linearly according to Eq. (11),
and at high resetting rates, it remains close to the initial
value T0 = 1. In the latter case the temperature does not
have sufficient time to cool between subsequent resetting
events.

IV. CONCLUSIONS

Granular systems with resets were investigated. We
assumed that during resetting, the temperature was in-
stantly reset to the initial value. This may occur when
the container with the granular material is shaken from
time to time, a magnetic force is applied, or if energy
is instantly inserted into a granular system in a differ-
ent way. The granular system tends to be in a non-
equilibrium steady state with an average constant value
of the granular temperature. This constant value de-
creases with increasing of the average interval between
resetting events. Our results may be helpful for under-
standing non-periodically driven granular systems.
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[71] A. Meǵıas, A. Santos, Granular Matter 21, 49 (2019).
[72] V.V. Prasad, R. Rajesh, J. Stat. Phys. 176, 1409 (2019).
[73] J. S. van Zon, and F. C. MacKintosh, Phys. Rev. Lett.

93, 038001 (2004).
[74] J. S. van Zon, and F. C. MacKintosh, Phys. Rev. E 72,

051301 (2005).
[75] W. Kang, J. Machta1 and E. Ben-Naim, Europhys. Lett.

91, 34002 (2010).
[76] P. K. Haff, J. Fluid Mech., 134, 401 (1983).
[77] A. Goldshtein and M. Shapiro, J. Fluid Mech. 282, 75

(1995).
[78] T. P. C. van Noije and M. H. Ernst, Gran. Mat. 1, 57

(1998).
[79] M. Huthmann, J. A. Orza, and R. Brito, Gran. Mat. 2,

189 (2000).
[80] N. V. Brilliantov and T. Pöschel, Europhys. Lett. 74, 424
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