Proceedings of the DAE Symp. on Nucl. Phys. 59 (2014)

Quarkonia suppression in PbPb collisions at /sy = 2.76
TeV

Vineet Kumar,* Abdulla Abdulsalam, and P. Shukla

Nuclear Physics Division, Bhabha Atomic Research Centre, Mumbai

Introduction

Heavy ion collisions at relativistic ener-
gies are performed to create and character-
ize Quark Gluon plasma (QGP), a phase of
strongly interacting matter at high energy
density where quarks and gluons are no longer
bound within hadrons. Quarkonia state (J/1
and T) have been one of the most popular
tools since their suppression was proposed as
a signal of QGP [1]. In this paper, we cal-
culate the quarkonia production and suppres-
sion in a kinetic model which includes disso-
ciation due to thermal gluons, modification
of yield due to change in parton distribution
functions inside nucleus and due to collisions
with comover hadrons. Regeneration by ther-
mal heavy quark pairs is also taken into ac-
count. Our goal is to obtain the nuclear mod-
ification factor of quarkonia as a function of
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FIG. 1: Calculated nuclear modification factor
(Raa) as a function of J/¢ transverse momentum
compared with ALICE measurements.
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transverse momentum and centrality of colli-
sion to be compared with experimental data
from LHC.

Modification of Quarkonia in pres-
ence of QGP

In the kinetic approach [2], the proper
time (7) evolution of the quarkonia popula-
tion Ngo is given by the rate equation

Nog
= AppeNoo + Ar 22 (1
AppgNgo + FV(T) (1)

dNgo
dr

where V(1) is the volume of the deconfined
spatial region and Ngq is the number of ini-
tial heavy quark pairs produced per event de-
pending on the centrality (Npar). The Ap is
the dissociation rate obtained by the dissoci-
ation cross-section averaged over the momen-
tum distribution of gluons and Ag is the for-
mation rate obtained by the formation cross-
section averaged over the momentum distribu-
tions of @ and Q. p, is the density of thermal
gluons. The number of quarkonia at freeze-out
time 77 is given by solution of Eq. (1) as

Noo(pr) = S(pr) No& ™ (pr) + Nbo (pr)

Here Ngo(pT) is the number of initially pro-
duced quarkonia (including shadowing) as a
function of pr and S(pr) is their survival
probability from gluon collisions at freeze-out
time 77 and is written as

S(pr) = exp (— / F(r) (T, p1) p,(T)

The temperature T'(7) and the QGP fraction
f(7) evolve from initial time 7y to freeze-out
time 7; due to expansion of QGP. The initial
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FIG. 2: Calculated nuclear modification factor
(Raa) as a function of Npar¢ compared with AL-
ICE measurements at LHC.

temperatures and thus the evolution is depen-
dent on Npare. Ngo (pr) is the number of re-
generated quarkonia per event and is given by

/ )\F T pT) _Aehpr) o
V ’7' pT)
The nuclear modification factor (Ra44) can

be written as

Ncgo(pT)

Ngo(pr)

Raa(pr) = S(pr) R(pr) + Aﬂ)pi() (2)

Here R(pr) is the shadowing factor. R4 as
a function of collision centrality is calculated
by integrating over pr coverage of different ex-
periments [3, 4].

The suppression of quarkonia by comoving
pions is calculated by folding the quarkonium-
pion dissociation cross section (o7) over ther-
mal pion distributions. Effect of hadronic co-
movers is obtained by assuming same interac-
tion cross-section for both J/¢ and Y.

Results and discussion

Figure 1 show different contributions in nu-
clear modification factor (Raa) of J/¢ as a
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function of transverse momentum compared
with ALICE measurements [3]. At low pr, re-
generation of J /1 is the dominant process and
this seems to be the process for the enhance-
ment of J/¢ in the ALICE low pr data. The
gluon suppression is also more at low pr and
it reduces as we move to high pr. We have
also calculated R4 as a function of system
size. Figure 2 shows different contributions
of J/¢ nuclear modification factor as a func-
tion of system size along with the measure-
ments by ALICE [3]. It indicates that J/¢’s
are increasingly suppressed when system size
grows. Since the number of regenerated J/v’s
also grow the nuclear modification factor re-
mains flat for most of the centrality regions.

Summary

We estimate the modification of quarkonia
yields due to different processes in the medium
produced in PbPb collisions at LHC energy. A
kinetic model is employed which incorporates
quarkonia suppression inside expanding QGP,
suppression due to hadronic comovers and re-
generation from charm pairs. The menifes-
tations of these effects in different kinematic
regions in the nuclear modification factors for
both J/t¢ and T has been compared with mea-
surements [3, 4].

References
[1] T. Matsui and H. Satz, Phys. Lett. B 178,
416 (1986).

[2] R. L. Thews, M. Schroedter and J. Rafel-
ski, Phys. Rev. C 63, 054905 (2001), [hep-

ph/0007323].
[3] B. B. Abelev et al. [ALICE Collabo-
ration|, Phys. Lett. 743, 314 (2014),

[arXiv:1311.0214 [nucl-ex]].

[4] S. Chatrchyan et al. [CMS Collaboration],
JHEP 1205, 063 (2012), [arXiv:1201.5069
[nucl-ex]].

Awailable online at www.sympnp.org/proceedings

679



