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Here we have tried to present results on charm quark energy and momentum evolution using
two different approaches. The first approach is the use of phenomenological models of charm
collisional energy loss due to elastic scattering with thermalized partons and medium induced
radiation of gluons by charm due to inelastic scattering. We have compared our results with
latest data from LHC-ALICE experiments at /s=2.76 TeV/nucleon. In the second approach, we
have used transport calculations of parton cascade model-VNI/BMS and have shown path length
dependence of charm quark energy loss.
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1. Introduction

In relativistic heavy ion collisions, charm quark becausét®large mass ( 1.5 GeV), are
mostly produced in early phase when parton momenta are midthe thermalized medium or
QGP s not formed yet. Large momentum transfer requiremsres that small number of charms
are produced and pQCD can be applied in its production mésrhan This also ensures that its
production rate is almost negligible in the thermalizedgghfil]. Hence it serves as excellent
probe and the information on the properties of quark glu@smla can be obtained via charm
quark transport coefficients which in turn depend upon its o interaction with the thermalized
medium partons. The following sections would deal with atioh of charm quark energy and
momentum via its collision and radiation in QGP medium.

2. Charm production and energy loss

The charm production in heavy ion collision can be writtei2js
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where i and j are the interacting partons ahand f; are the partonic structure functions, and
andx, are the momentum fractions of the parent nucleons carrigtéinteracting partons.

2.1 Collisional energy loss

Charm quarks traveling through qgp medium, undergo cofigi energy loss via elastic scat-
tering with medium partons. Since medium partons are censitlto be in local thermal equilib-
rium, the collisional energy loss per unit length traveledhe medium is found to be a function of
charm energy and the medium temperature and can be apptekirashown to be [3, 4],

Ix =nasT 1+6 .In 2 +5In M2 +c(ny) (2.3)

2.2 Radiative energy loss

The charm quark upon scattering with the medium may obtaimesartuality and thus lose
this virtuality via medium induced radiation. This in turls@ makes charm quark lose a part of
its energy and momentum. In the region of coherent emisdigiuon or LPM effect, the charm
radiative energy loss per unit length can be approximatetyvs to be [5, 6, 4]:
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' is the energy of the radiated gluon afd(n)" is the dead cone factor. The limits of the
integration for the scattering processes above are cédclita show;
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Then the total energy loss of charm quark is considered tthdesum of the energy loss due to
collision and radiation. Cosequently char®Raa and ’'v,’ are calculated for different centrality
classes [4, 7, 8, 9, 10].

3. Charm evolution

In another approach charm energy evolution can be studied trsnsport equation due to
parton cascade model or VNI/BMS. The momentum and energyarit propagating through a
block/brick of finite sized qgp like medium can be traced farous path lengths and fixed medium
temperatures. We insert a charm quark with the four momergtiss {0,0, p,,E = /pZ+ M2},
into the box and let it evolve according to the Relativistat®mann Equation given by,

3 IFOLD)

o GilF) (3.

processes
whereF(x, p) is the single particle phase space distribution and thésamil term on r.h.s. is a
non-linear functional of phase space distribution ternsgdim an integral [11].

We have included the matrix elements for a-22 binary elastic scattering processes for
charm interaction with gluons or light quarkisd, s) and 2— 3 process for radiative (brehmsstrahlung)
corrections after each scattering and finally we have catledlcharm energy as the function of dis-
tance traveled in the medium for a given temperature anddoous initial charm energies. This
particular mode gives us an opportunity to study charm gqeagkgy and momentum evolution in
infinite QGP like medium. A more realistic approach would dbéiclude expanding medium with
temperature variations.

4. Results and discussions

The Fig. 1 shows plots fdRaa andv; for two different centralities. The model results agree
with the data [12] to certain extent and are well within etrars. We have shown our results for two
different centrality classes namely 0-10% and 30-50% akims. However thev, results show
considerable differences from data [12]. We feel that it ip@yglue to the absence of any transverse
expansion in our model. The expanding medium will be takea c&using hydrodynamical sim-
ulatons for the quark gluon plasma in our future publcatidnghe Fig. 2 we showed path length
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Figure1: Nuclear modification factorRaa’ and 'vo’,for 0-10% centr. and 30-50% centr.

dependence of energy of a charm by tracking it over a finitie leaigth within the QGP brick using
transport calculations of parton cascade model of VNI/BNIS, [L1]. The calculation is done at
constant temperature of T=350 MeV which is realizable at Rhlte systems and two different
charm energies of 16 GeV and 50 GeV have been used. As thetapxinsre realistic expanding
medium scenario will be incorporated. The Fig. 2 contairigolor collisional and radiative energy
loss of charm separately and are compared with the andlgiéaulations due to [7]
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Figure 2: charm energy evolution with path length traveled in QGP
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5. Conclusions

The present work gives a comparative study of charm enegg/bdetween a few phenomeno-
logical models and transport calculation of parton caseaddel/\VNI-BMS. As the result charm
energy loss per unit length shown and D medggsandv, are calculated are shown fofs= 2.76
TeV/nucleon.
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