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In this work we have studied the collisional energy loss otavy quark propagating through a
high temperature QCD plasma consisting of both heavy afd ¢jgarks to leading logarithmic
order in the Quantum Chromodynamics (QCD) coupling cortstme formalism adopted in this
work shows a significant enhancement for the charm quarlgghess when the bath particles are
also considered to be heavy in addition to light quarks. Wankthe running coupling constant
is dependent on the momentum of the particles and the temopeat the system. Therefore, we
have presented a comparison of the energy loss of the chark due to scattering with another
heavy quark with constant and running coupling constantlfiberent temperatures. The results
show a substantial increase of the energy loss when comfiatied fixed coupling case.
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1. Introduction

The Quark Gluon plasma (QGP) formed in high energy expetisnauch as RHIC and LHC
provide us a scope for rich investigative physics. One ofakeellent probes of QGP are the
formation of jets in sucimagnumcollisions. The energetic partons during the initial stkagkthe
collision will rapidly propagate through the fireball foriene period of a fewf m/c thus forming
the jets. In the process, these energetic partons will leasegy. The suppression pattern of high
transverse momentum hadrons, coined as "jet quenchingideran adequate tool to explain the
creation of fireball inside the colliders. To understandropinéng, one of the basic quantities is the
rate of energy loss per unit distance of a heavy quark pratiiceuch a hot medium. The heavy
quark, which in our consideration is the charm quark , lossesgy via scattering with the partonic
bath medium.

In this context, we recall that the energy loss of heavy quibeke been carried out by Bjorken,
Braaten, Peshier et. al.[1, 2, 3, 4, 5] where they presentedaetical framework to compute the
losses. These heavy quarks are the important analyzingptdbk primordial state of matter as
they are produced early in the timescale from the initialdnof partons. However, all these cal-
culations did not consider the presence of charm quarkdarthie medium which is quite relevant
for the present temperatures of interest in the collidetsisT to establish the recent experimental
data on the flow ofl /¢ at LHC with satisfactory theoretical framework, one mushsider the
process of heavy quark energy loss where the bath parti@esso heavy and are at a equilibrium
temperature.

In the calculation of the elastic scattering proc€3 — QQ in thet — channe| the contri-
bution from the hard momentum transfgr- g* (whereQ = (w, d) is momentum transfer of the
processP + K — P+ K’ andg* is the intermediate momentum scale separating the soft artl h
domains) is computed using a tree level propagator for tiehanged gluon. On the other hand,
the contribution from the soft regian< g* is carried out using an effective gluon propagator pro-
viding the necessary screening that cuts off the IR divarget the Debye mass scaj&. The
scattering in thes— channeldo not contribute at leading log order and can therefore beréegl
[6, 7, 8]. Thus in this paper, we have presented a completeia@i@n of the energy loss of an
energetic heavy quark to the leading logarithmic order @@CD coupling constant. In addition,
we have also presented results for running coupling and acedpthem with the fixed coupling
case.

2. Collisional energy loss (QQ — QQ)

The collision integral for a 2+ 2 process can be expressed in the form,

1 [ dk d3p d3K
1t = 2_Ep/ (2m)32E, (2m1)32E), (271)32E((5f"’[PSH
X (271)454(P—|—K—P’—K’)% > .42, (2.1)

spin

where, [PSF] denotes the phase space factor[8]. We have thkescattering proce$3+ K —
P’ + K’ with appropriate energy and momentum labels. In our fosnaliwe have considered that
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the heavy quark losses energy by interacting with partotiseafnedium which include thermalized
heavy quarks in addition to light quarks and gluons. In osecéhe heavy quark (of momentum
p) interacts with the thermal heavy quarks of momentunrrom the expression of the collision
integral, the heavy quark energy loss can be written as,
dE 1 1
- = 2434 P+K—P —KNZ § |.Z2w[PSH, 2.2
(~ 5 ovsca™ vy o L[ @8 )3 3 lHFalPSR, 22

where,w = (E,— Ep) is the exchanged energy in an elastic scatterlngfg,ni;lanoteszl3 p'/(2Ey (2m)3)
where we have considered both the quark and the anti-quatiesngs QQ — QQ). For such
scattering process, the PSF can be re-calculate®d,as [

[PSH = (fg —fe,) [1+ foo - pr/}
dfg, [T 1
TaE {_ * E} ’

where, f_qo is the boson distribution function and is given lﬁ}g = (exp(go/T) — 1)~ . Firstly,

we will focus on the calculation of the soft contribution dftcharm quark energy loss. Hence

we take into consideration the appropriate matrix ampdituwdth the HTL(Hard Thermal Loop)
propagators [8],

(-5)

(2.3)

soft g*Ce
QQ+QQ 3T

< {Ia@ \25—:+1AT<Q> PR 1 %] [vg—%}}. 2.4)

The total contribution of heavy quark energy loss scatteoff thermalized charms in the
medium is obtained by adding both the soft and hard contabsit

/d /kdk— vapqw( )Nl (E)de

soft hard

dE dE

X
QQ—QQ

(2.5)

X
QQ—QQ QQ—QQ

It will be worthwhile to mention here that we can easily derthe corresponding hard part con-
tribution to the energy loss by appropriate convertion ef phopagators which will be bare ones
instead of HTL propagators as in the domain of soft scatjerirhese calculations cannot be per-
formed analytically and must be done numerically for cortgptvaluation of the energy loss of the
charm quark with a thermalized charm in the medium. Furtihés,easy to calculate the contri-
bution of the energy loss for the process@s| Gnd Qg scatterings) by suitable modification of the
scattering species.

3. Results

We have made a comparison of the energy loss in Fig. (1) betthedwo processefg— Qg
andQg— Qq) andQQ — QQ where the partonic bath consists of charm quark which is Weev.
have presented plots ¢f-dE/dx) with the momentum at temperatures ofi@GeV and 06GeV
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Figure1: Energy losslE/dxof a charm quark as a function of its momentumTox 0.4 GeV (left panel)
andT = 0.6 GeV (right panel).
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Figure 2: Comparison of running couplingrt ) on energy loss foRQ — QQ scatterings at.@ GeV (left
panel) and at ® GeV (right panel) with the fixed value of the coupling consiars).

respectively which are typical temperatures of QGP plasrmdyzed at LHC. In Fig. (1), we have
presented comparison of the energy losses of the charm ¢gaattering with thermalized charm
guarks) with the loss of the charm with the partonic bathigleg. In all our plots, we have found
that the total energy loss of the heavy quark is substantigdlher compared to the energy loss as
calculated previously [4, 5] for the t-channel charm qua&ttering process.

Secondly, we have plotted the loss of energy of charm quahienhe coupling is taken to be
running and compared them with the fixed coupling case. We ko found that the energy loss
is quite higher when the coupling constant is taken be a fiomeif momentum [9].

4. Summary

In this work, we have considered the collisional energy thssto elastiQQ— QQ scattering.
In addition, similar scatterings of the heavy quark with thedium partons@q — QgandQg —
Qg) scatterings have also been taken into account to calctilatéotal energy loss of the charm
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quark. In our results, we have observed that with the inere@atemperature, the charm quark loses
energy significantly as compared to the case where the partedium is devoid of heavy quarks.
It is also found that the energy loss is significantly high@ewthe coupling is taken to be running
rather than a fixed one. These observations can be attribmtbd increase of number densities of
the bath particles with temperature which in turn incredesnteraction rate leading to enhanced
charm quark energy loss as well which may provide theoteiisights into the study of, and
Raa spectra ofl /(.
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