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Outline of talk

U In-medium modifications to the heavy quark potential
U Equation of state for stronginteracting QGP

U Longitudinal expansion in presence of viscous forces
U Suppression in a longitudinally expanding QGP

U Summary



Introduction

Charmonium (J¥) suppression: A signature of QGP formation
mmp has indeed been seen at SPS and RHIC experiments.

The heavy quark pair leading to th# J/mesons are produced in nucleusleus

collisions on a very short timgcale ~ 1/2m

T. Matsui, H. Satz, PLB178 (1986)
@ J. Adams et al. PRL92 (2004)

Pair develops into the physical resonance over a formatiorr tjnaed traverses the

plasma @

This |l ong '"trek' l nsi de the i1 n¥ eHvenc
before the resonance is formed it may be absorbed by the nucleons streaming

&

Resonance is formed : by the screening of the colour forces
by an energetic gluon
by a cemoving hadron



U Considera centralnucleu$ nucleuscollision, which resultsin the
formationof quark gluonplasmaatinitial time r;

U Energy density greaterthan a characteristicenergy density, say,
screeningenergydensity e, which enclosesthe plasmawhich is
dense enough to cause the melting of a particular state of
guarkonium

u If the plasma cooledto a energydensitylessthane,, c -cbarpair
would escapandquarkoniumwould beformed

u If the energydensityis still largerthane_, the resonancevill not
form andwe shallhavea quarkoniunmsuppression



In medium modification of Heavy quark potential

A The Cornell potential is \(.):_0‘_,_0‘
r

A The medium modification enters in the Fourier transform of the heavy
guark potential as V (K)
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A The r dependence of the medium modified potential
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A The potentialooks in high temperature limit
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We consider three possible forms of the Debye masses:

A Leadingordertermin QCD coupling
A\ Non-perturbativecorrections
A Latticeparametrizedorm
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EoS of stronghjinteracting QGP

U The plasma parametEr defined as the ratio of the average potenti
energy to the average kinetic energy of the particles.
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U The expression for the energy density as a function of the plasm

parameter
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U The first term corresponds to the ideal EoS and second term give
nonideal contribution to EoS

V. M. Bannur, PLB362 (1995)

U The energy density is given b = W
gy yis g Y e =




Where &s=3aT  with degree of freedoga—cr= 1 /=5 /

we get the pressure
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Another important observable, the speed of sound which appears
the equation of motion for the expansion through the relation

o
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The stronglyinteracting matter possibly formed at RHIC to calculat
the thermodynamical quantities :

U screening energy density. |
U the speed of sound

U study the hydrodynamical expansion of plasma.



Longitudinal Expansion In the presence of dissipative fo

Relativistic Hydrodynamics

The energy momentum tensor of the plasma in the absence of
dissipativeforcesis H. Kouno et al., PRD641 (1

T =(e+ pud + g’

If the effects of viscosity are neglected, conservation of energy
momentum tensor is

T _
ox”
The above equation simplifies that ? R
T T
The effect of the speed of sousd  Is seen through the Eo0S:

p=Cs¢
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In the presence of viscous forces the enangynentum tensor is
=== ¥ = Zar =

where 7** =n{V"U") is the stremsrgy tensor.

The equation of motion Is == = + 4]72
ot T 3r

The solution of equation of motion is obtained as
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First term for the contributions coming from the zerotter
expansion and the second term is the-brsler viscous corrections




U We consider the three values of the shear viscosityto-entropy
density ratio n/s to see the effects of the shearviscosity on the
expansionas

u n/s =14 for Stringtheory P. Kovtun et al, PRL 94 (2005)
Un/s =0.3 for perturbativeQCD. P. Arnold et al, JHEP 11(2000)
Un/s =0

U Finally we studythe survivalof charmoniunstates



When the energy density drops to the screening energy depditth e t | me

. b -
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Screening time depends:

Arhe difference between the initial energy density  and the screening energy
densityés ie more will be the difference more will be the suppression.

ASpeed of sounc:> if the rate of cooling will be slower ie screening tim
large for a fixed difference leading to more suppression

Khenls ratid™=p If ratio is larger then cooling will be slower



Critical radius [ : Duration of screeningyr) = Formation timed= yt.
for the quarkonium in the plasma frame

)

r :position , g: transverse momentum

where A is given by

Condition of survival:

¢: angle between vectors r and p



