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RAA of Charm quarks at RHIC and LHC
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The nuclear modification factor RAA of charm quarks produced from the initial fusion of nucleus nucleus

collisions at RHIC and LHC energies is estimated. We consider the effect of energy loss of the charm quarks while

passing through the QGP and also the gluon shadowing effect for the calculation of RAA at different rapidities.

1. Introduction

Charm quarks produced at the initial time of
relativistic heavy ion collisions are expected to be
an efficient probe for the Quark Gluon Plasma.
Charm quark is produced from the initial fusion
of gluons or light quarks at a time, 1/2MQ, which
is much less than 0.1 fm/c, i.e., much before the
formation of QGP and there will be negligible
production of charm quarks at later times.

After production, charm quarks will pass
through the QGP, where they will collide with
quarks and gluons and radiate gluons. Thus they
will loose energy before they fragment in to charm
mesons or baryons. These hadrons would carry
information on the energy loss suffered by the
charm quarks.

As the temperature expected to achieve at
LHC is much more than that at RHIC, the vari-
ous treatments for energy loss suffered by charm
quark, available in the literature, can be put to a
rigorous test by studying the energy loss of charm
quark at RHIC and LHC energies at different ra-
pidities. We study these effects in terms of the
nuclear modification factor RAA for charm quark.

First we study the charm quark production in
LO pQCD and compare our results with a NLO
pQCD calculation. Then we estimate the average
energy loss suffered by charm quarks of a given
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energy using various mechanisms discussed in the
literature considering the same initial conditions.
Finally we find the average change in the pT spec-
tra of charm quark using a Monte Carlo calcula-
tion and get RAA as a function of pT for different
rapidities.

2. Charm quark production in pp collisions

The cross-section for the charm quark produc-
tion from pp collisions at LO is [1,2]:
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where, i and j are the interacting partons, f
(1)
i

and f
(2)
j are the partonic structure functions. The

fractional momentum x1 or x2 can be expressed
in terms of pT and the rapidities:

x1,2 =
mT√

s
(e±y1 + e±y2), (2)

where mT is the transverse mass,
√

M2 + p2
T , of

the produced charm quark. Charm quark in pp
collisions is mainly produced by fusion of gluons
or light quarks, at LO pQCD [1]. With the inclu-
sion of the NLO processes, the flavour excitation
process, qQ → qQ and gQ → gQ, is known to
be suppressed [3]. So, we take the short range
subprocesses σ̂ = dσ/dt for the fusion of gluons
and light quarks [1] only. The factorization and
renormalization scales are taken as Q= mT .
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Figure 1. Our LO pQCD results compared
with the NLO-MNR calculation for charm quark
(Mc = 1.6 GeV) at y = 0.

We also calculate the differential cross section
for charm quark in pp collision at NLO in pQCD
using the treatment developed by Mangano, Na-
son, and Ridolfi (MNR-NLO) [4]. Throughout
the calculations we neglect the intrinsic trans-
verse momentum of the partons. We introduce
nuclear shadowing effect using EKS 98 parame-
terization [5] for nucleon structure functions. We
take CTEQ4M [6] structure function set for nu-
cleons. In Fig. 1 we present our results for pT

distribution obtained by using LO pQCD for pp
collision at midrapidity for charm quarks at RHIC
and LHC energies. We compare these results with
the results obtained by using NLO-MNR treat-
ment. These comparisons suggest a K factor of
≈ 1.5 - 2.5 for our LO calculations for agreement
with NLO results.

3. Energy Loss formalisms

For the collisional energy loss mechanisms we
consider Bjorken formalism, Braaten and Thoma
(BT) formalism and Peigne and Peshier (PP) for-
malism. Bjorken [7] estimated the collisional en-
ergy loss of light quarks analogous to the loss
of energy of a charged particle by ionising the
medium through which it passes. The expression
of Bjorken for light quarks was adapted and mod-
ified by BT to the case of heavy quarks [8]. We
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Figure 2. Collisional (dotted lines) and radiative
(solid lines) energy loss suffered by a charm quark
while passing through the QGP

shall label this mechanism as Bjorken. BT [8]
also modified the expression for the collisional
energy loss suffered by muons while traversing
QED plasma, to obtain that for a heavy quark
as it passes through the QGP. These results are
valid for collisions where the momentum trans-
fer q <<E, where E is the energy of the heavy
quark. PP [9] improved this treatment by includ-
ing the u-channel, which becomes important for
large energies.

For the calculation of radiative energy loss,
we consider the formalism of Djordjevic, Gyu-
lassy, Levai, and Vitev (DGLV) [10] using opac-
ity expansion, the formalism of Armesto, Salgado,
and Wiedemann (ASW) [11] using path integral
formalism for medium-induced gluon radiations
off massive quarks, and the formalism of Xiang,
Ding, Zhou, and Rohrich (XDZR) [12] using light
cone path integral approach.

4. The Initial conditions

As the charm quark is expected to be pro-
duced at the earliest times after the formation
of QGP, we can neglect the transverse expansion
of the plasma. Here, We assume a gaussian rapid-



3

ity density distribution for the particles produced
as [13]:

dNg

dy
=

(

dNg

dy

)

0

exp
(

− y2/2σ2
)

. (3)

We take (
dNg

dy
)
0
≈ 900 and σ = 3 for Au+Au

collisions at RHIC [14] and(
dNg

dy
)
0
≈ 3300 and

σ = 4 for Pb+Pb collisions at LHC [15].
The Bjorken cooling is then assumed to work

locally at different rapidities, and we consider the
passage of a heavy quark having rapidity y in
a fluid having an identical fluid rapidity. This
approximation has been used earlier in litera-
ture [13].

We consider a heavy quark produced in a cen-
tral collision, at the point (r, Φ), and moving at
an angle φ with respect to r̂ in the transverse
plane. The distance covered by the heavy quark
in the plasma, L, is given by [16]:

L(φ, r) =

√

R2 − r2 sin2 φ − r cosφ. (4)

where R is the radius of the colliding nuclei.
We find the average distance, 〈L〉 as 5.78 fm
for Au+Au collisions at RHIC and 6.14 fm for
Pb+Pb collisions at LHC.

The rapidity dependence of temperature [10],
assuming a chemically equilibrated plasma is
given by

T (τ) =

(

π2

1.202

ρ (τ)

(9 Nf + 16)

)
1

3

, (5)

where

ρ (τ) =
1

π R2 τ

dNg

dy
. (6)

We assume that the QGP is formed at
τ0 =0.2 fm/c. The velocity of the charm quark,
vT = pT /mT . So, the time taken by the charm
quark to cross the plasma, τL = 〈L〉/vT . Now,
If τc ≥ τL, the charm quark would remain in-
side the plasma from τ0 to τL. But, if τc < τL,
the charm quark would remain inside the plasma
only while covering the distance vT × τc. We
further approximate the expanding and cooling
plasma with one at a temperature of T at τ =
〈L〉eff/2, where 〈L〉eff = min [〈L〉, vT × τc]. Such
a procedure can be found in the literature [10].
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Figure 3. RAA of charm quark considering both
the nuclear shadowing effect and the energy loss
at more forward rapidities at RHIC energy.

5. Results and discussions

We compare the results for transverse energy
loss for a charm quark using different energy loss
treatments, discussed earlier, for several rapidi-
ties. We plot the transverse energy loss of charm
quark, ∆ET as a function of transverse energy
ET (

√

p2
T + M2) in Fig. 2 at RHIC and LHC en-

ergies.
We observe that the collisional energy loss for

charm quarks at RHIC and LHC energies is only
marginally dependent on the rapidity where as
the radiative energy loss shows a complex be-
haviour. It should be noted that in our procedure,
the change in rapidity means the change in tem-
perature. So, we can see that collisional energy
loss show a weaker dependence on the tempera-
ture and also on the average path length traversed
by the charm quark. Among the radiative energy
loss formalisms, we see that the ASW formalism
shows largest degradation in the energy at all ra-
pidities for higher ET range. The DGLV and the
XDZR formalisms show almost similar results at
RHIC energies whereas at LHC energy, the ASW
and DGLV formalisms give nearly identical re-
sults at y=0 and y=2 but the corresponding value
at y=4 differs, which, we expect, is due the com-
plex dependency of the ASW formalism on 〈L〉eff .
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Figure 4. RAA of charm quark considering both
the nuclear shadowing effect and the energy loss
at more forward rapidities at LHC energy.

The RAA for charm quark can be expressed as:

RAA(b) =
dNAA/d2pT dy

TAA(b) d σNN/d2pT dy
, (7)

We get TAA≈ 280 fm−2 for Au+Au collisions at
RHIC and ≈ 290 fm−2 for Pb+Pb collisions at
LHC, for b = 0 fm.

In Figs. 3 and 4 we discuss our results for RAA

with the additional inclusion of collisional and ra-
diative energy losses at RHIC and LHC energies.
Here we will consider collisional energy loss using
the PP formalism and the radiative energy loss
using ASW or DGLV formalism.

In Fig. 3, RAA first increses approximately
from 0.5 to 0.8 at pT ≈ 2 GeV and then again
drops to 0.3. RAA remains constant at 0.3 for
the pT range 5-15 GeV.

In Fig. 4, we can see that the pT distribution
of RAA at LHC energy behaves in the same man-
ner as that for RHIC. It first rises to a value of
0.6 and then drops to 0.2 at pT ≈ 5 GeV and
remains constant at that value for the pT range
5-20 GeV. From these pT distribution of RAA, we
can see that in contradiction to the decrease of
energy loss at more forward rapidities, the total
nuclear suppression increases with forward rapid-
ity. This is due to the complex behaviour of the
nuclear shadowing effect at more forward rapidi-
ties. Along with the pT distribution of RAA at

LHC, the result of RAA at RHIC at y = 0 is also
presented and it shows a substantial suppression
of charm quark RAA while going from RHIC to
LHC energy. For more details please see [17].

We can say that the description for energy loss
for one quark mass, one incident energy or one ra-
pidity may not be sufficient to pointout the most
reliable energy loss formalism. These studies can
be improved by using more realistic 3+1 dimen-
sional hydrodynamics. Also, one should carry out
calculations for non central collisions.
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