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Introduction

The relativistic heavy-ion collision exper-
iments at Relativistic Heavy Ion Collider
(RHIC) and the Large Hadron Collider (LHC)
proposed the existence of a hot and dense
phase of nuclear matter, quark-gluon plasma
(QGP). The heavy quarks (HQs) are consider
as a novel probes to study the evolution of the
QGP [2, 3]. They do not thermalize quickly in
hot QCD matter; thus, the HQs are expected
to carry information about the entire evolu-
tion of the fireball.
We study the momentum evolution of HQs
within the framework of the Langevin equa-
tion, where correlated thermal noise follows
the Wiener process, thus the delta correla-
tion. In this article, we have studied the time-
correlated thermal noise η, which describes
the processes with memory. We assumed that
the time correlation of thermal noise is expo-
nentially decaying over a particular time scale,
τ , called the memory time. The memory en-
ters through the η and dissipative force in the
Langevin equation. We have observed the sig-
nificant impact of memory on the HQs dy-
namics in the thermalized QGP medium. The
momentum broadening σp and the formation
of nuclear suppression factor, RAA are slowed
down in the presence of memory in the system.

Formalism

The Langevin equations for momentum evo-
lution of the HQs in the hot QCD matter can
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be written as follow,

dpi
dt

= −
∫ t

0

γ(t− s)p(s)ds+ η(t), (1)

where p is the momentum of the HQs, the in-
tegral term in Eq. (1) is a dissipative force,
and η(t) is a stochastic term that models the
noise, the time-correlation of thermal noise is
non-zero at different time, written as follows,

〈η(t)η(t′)〉 = 2Dg(|t− t′|). (2)

The fluctuation-dissipation theorem relates
the drag term with the thermal noise as fol-
lows,

γ(t, t′) =
1

ET
〈η(t)η(t′)〉. (3)

The exponential correlator in Eq. (2) and
Eq. (3), describe as follow,

g(|t− t′|) =
1

2τ
e−|t−t

′|/τ , (4)

the momentum evolution of HQs is explored
for t ≥ t′.
To generate the time-correlated thermal noise
for the Langevin equation, we introduce an
ancillary process,

dh

dt
= −αh+ αξ, (5)

where h denotes the ancillary process, ξ is the
uncorrelated noise, with the properties, 〈ξ〉 =
0, 〈ξ(t)ξ(t′)〉 = 1

αδ(t − t
′), where α is inverse

of memory time. The approximate solution of
Eq. (5), can be written as,

〈h(t)h(t′)〉 ≈ e−α|t−t
′|

2
. (6)
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FIG. 1: σp versus time for three different temper-
ature (T= 0.25 GeV, 0.5 GeV and 1 GeV) and for
three value of memory time (τ=1 fm, 0.2 fm and
0).
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FIG. 2: RAA versus transverse momentum at tem-
perature 1 GeV for pQCD, for evolution time (t
= 1 fm and 3 fm).

The rescale of η(t) in Eq. (1) ca be written as
follow,

η(t) =

√
2D
τ
h(t). (7)

Results
We have calculated the transverse momen-

tum broadening, σp, for the HQs in the pres-
ence of memory in the system; we write σp as
follows,

σp = 〈(pT − 〈pT 〉)2〉. (8)

In Fig. 1, the σp is plotted for three dif-
ferent temperatures and for three different τ
value at a constant diffusion coefficient, D=0.2

GeV 2/fm. It is clear that the memory slows
down the evolution of σp of HQs in the QGP
medium[1].
The effect of memory has been calculated
on the nuclear modification factor, RAA, for
HQs in the thermalized QGP medium within
perturbative QCD (pQCD) at temperature 1
GeV, as shown in Fig. 2. In the presence of
memory, the formation of RAA delays. The
memory slows down the energy loss of HQs in
the thermalized QGP [1].

Summary

We have studied the effect of memory on
the dynamics of heavy quarks (HQs) in the
QCD medium within the ambit of an integro-
differential Langevin equation. We have ex-
plored the effect of non-zero values of τ on the
transverse momentum broadening, σp and nu-
clear modification factor, RAA of the HQs. In
the presence of memory, the evolution of σp
and the formation of RAA are slowed down.
The energy loss of HQs delays and, thus, ther-
malization time, increases in the hot QCD
matter.
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