
P
o
S
(
H
a
d
r
o
n
 
2
0
1
3
)
1
8
7

In medium effect on charmonium states using
potential model

Arpit Parmar
Department of Physics, Sardar Patel University, Vallabh Vidyanagar-388120, India.
E-mail: arpitspu@yahoo.co.in

Bhavin Patel
Department of Physical Sciences, P D Patel Institute of Applied Sciences, Changa, India.
azadpatel2003@yahoo.co.in

P C Vinodkumar∗
Department of Physics, Sardar Patel University, Vallabh Vidyanagar-388 120, India.
pothodivinod@yahoo.com

We present the quarkonia correlators for charmonium systems in the pseudoscalar, vector and
scalar channels. For the description of the spectral function we adopt the temperature dependant
colour screening potential of the power law form. The spectroscopic parameters defined from
the model are employed in the spectral functions to compute the quarkonia correlators. We find
considerable medium modifications to the effective masses of the charmonium states. These
modifications are then reflected in the computed correlators. The general behaviour of correlators
in the vector and scalar channel are in accordance with the latest lattice results. Our analysis
provides the dissociation temperature of these charmonium states at T ∼ 1.2Tc.
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1. Introduction

The recent study on the spectroscopy of charmonia [1] based on potential models has re-
vealed systematic variations in the confinement strength of the quark-antiquark interaction as the
quarkonia gets excited to higher levels. Such state dependant variations of the string tension of
the confining part of the potential can be understood in terms of the medium effects. It includes
survival probability of the bound states as a function of temperature, in-medium transport prop-
erties of the deconfined quarks etc. To incorporate the medium effects on the binding energy of
quarkonia, one generally introduces a temperature dependant exponential screening factor in the
coulomb part as well as similar terms to the confining part of the potential [1]. The stability of
heavy quarkonia states above deconfinement temperature is one of the important topic of interest at
the several relativistic heavy ion collider (RHIC) experiments [2, 3]. Thus, study of production and
decay of charmonium states at finite temperature play an important role towards our understanding
of the quark-antiquark dynamics in a hot and dense strongly interacting matter.

The dissociation of heavy quarkonia in hot QCD medium can very well understand with the
help of correlators and spectral functions. However, earlier studies of correlators (lattice QCD and
potential models) show disagreement with each other. We introduce in the next section the spectral
functions and define the quarkonia correlators in terms of the spectral function.

2. Spectral functions and quarkonia correlators

The temperature dependence of the meson correlators can provide information about the fate
of quarkonia states above deconfinement. The imaginary time Euclidean correlation functions of
meson currents G(τ ,T ) are reliably calculated as [1],

G(τ,T ) =
∫

dωσ(ω,T )K(τ ,ω,T ) (2.1)

Where, σ(ω,T ) is the zero temperature spectral function and the kernel K(τ,ω,T ) is given by [1],

K(τ ,ω, t) =
cosh(ω(τ − 1

2T ))

sinh( ω
2T )

(2.2)

In lattice QCD the spectral function σ(ω) are generally extracted from the meson correlators us-
ing the maximum entropy method [4]. While, the phenomenological models employ the spectral
function to compute the quarkonia correlators. Following ref [5] the spectral function is written as,

σ(ω) = ∑
i

2MiF2
i δ (ω2 −M2

i )+
3

8π2 ω2θ(ω2 − s0)

(
aH +bH

s2
0

ω2

)√
1−

s2
0

ω2 (2.3)

The mass parameters Mi and wave function dependant decay constants Fi for the ith state of the
charmonia are deduced from the medium dependant potential model adopted for the present study.
The parameter, s0 is chosen such that no resonance above it is possible. The calculated leading
order coefficients (aH ,bH) are taken as (-1,1), (1,0) and (2,1) for scalar, pseudoscalar and vector
channel respectively as given by [6].
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Figure 1: (a)Ratio of the mass and (b)Ratio of decay constant at given temperature to the zero temperature
mass for different quarkonium states at different potential exponent ν

To see the temperature effect on the spectral function and to compare with the lattice QCD results
one usually computes the ratio of this correlators to the reconstructred one, G(τ,T )/Grecon(τ,T ),
where Grecon(τ,T ) is defined as,

Grecon(τ ,T ) =
∫ ∞

0
dωσ(ω,T = 0)K(τ ,ω,T ) (2.4)

Here, Grecon(τ,T ) corresponds to the spectral function at the zero temperature. The tempera-
ture dependance in the Grecon(τ ,T ) comes only through the kernel K(τ,ω,T ).

3. Extraction of spin average mass (Mi) and decay constants (Fi)

The spin average mass and decay constants appeared in the expression of the spectral function
(Eqn. 2.3) are deduced using an appropriate model description of the hadronic state. Here, for the
description of the quarkonia states, we consider temperature dependant screened potential of the
form,

V (r,T ) =−α
r

e−µ(T )r +
σ

Aµ(T )
(1− e−Aµ(T )rν

) (3.1)

Here, α and σ are the coupling constant and string tension respectively. The exponent, ν represents
the coulomb plus power law form of the potential at low temperatures. Different choices of the ex-
ponent, ν describes different strength of the interquark interaction. The screening mass parameter
µ(T ) is taken as, µ(T ) = 0.24+ 0.31(T/Tc − 1) GeV [1] with critical temperature Tc = 0.270
GeV . Here, we have chosen a parameter, A (A = 1 GeV ν−1) for dimensional consideration. In
the absence of the medium effect (at zero temperature) the potential in Eqn. 3.1 reduces to the
form V (r) =−α/r+σrν . The parameters α , σ and the quark masses are fixed by fitting the zero
temperature quarkonium spectrum as in [7, 8] and are given by α = 0.471, σ = 0.192 GeV ν+1

and mc = 1.32 GeV . The spin average masses and the wave functions are obtained by solving
the Schrödinger equation numerically using the screened potential of Eqn. 3.1 as quark-antiquark
interaction potential for a chosen temperature. Computations are repeated for different choices of
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Figure 2: G/Grecon for pseudoscalar charmonium states (ν = 1.0) (a) ηc state (b) J/ψ state and (c) χc0 state

T .
Using the radial solution of the Schrödinger equation and by incorporating first order QCD cor-

rection to the Van Royen-Weiskopff formula, the decay constant is computed as [9, 10],

f 2
P/V (nS) =

3
∣∣∣R(ℓ)

nP/V (0)
∣∣∣2

πMnP/V

(
1− αs

π
δV,P

)
(3.2)

Here δV = 8
3 [9, 10] and δ P = 2 [9, 10, 11]. To find the state dependant masses of charmonium

states we follow the same procedure discussed in [8]. The results are shown in fig. 1 in terms of
quarkonia masses and its decay constants normalized to those at T = 0 versus T/Tc.
Finally, the quarkonia correlators can be obtained by integrating Eqn.2.1. Our results for G/Grecon

are shown in Fig. 2 (a-c) for pseudoscalar (ηc), vector (J/ψ) and scalar (χc0) charmonium states
respectively.

4. Results and Discussion

It is found from Fig. 1 that Mi(T )/Mi(0) for i correspond to J/ψ and ηc decrease slowly
with T/Tc. While Mi(T )/Mi(0) for χc0 found to increase initially uptoT/Tc = 1.7 before it starts
decreasing. But the decay constants fi(T )/ fi(0), (i=ηc, J/ψ) found to decrease monotonically
with increase in T/Tc, while fi(T )/ fi(0) for χc0 state is found to decrease upto T/Tc = 1.7.
Our results of the charmonia correlators G/Grecon for ηc, J/ψ and χc0 states are shown in fig. 2. It
is very striking to see that G/Grecon attains maximum at the same value of τ (∼ τmax) for ηc, J/ψ
and χc0 states for a chosen T/Tc, and τmax found to decrease with increase of T/Tc.
The correlator G/Grecon computed for ηc (fig. 2a) shows agreement with other potential model
calculation [1]. Our results are in accordance with the QCD sum rule results [13] at T = 1.1Tc,
but differs from the lattice results [12] where G/Grecon remains unity upto τ ≈ 0.05 f m and it
systematically decreases as τ increases.
In the case of G/Grecon for vector charmonium state (J/ψ), present result is in agreement with the
lattice results [12] and also with the QCD sum rules [13] for smaller value of τ . Though the present
G/Grecon in the case of ηc increases from 1.0, the results based on fine isotropic lattice study shows
decreasing effects from T = Tc for all temepratures T > Tc. Our results of G/Grecon for scalar
channel of 1P charmonium state (χc0) agree with lattice [12] and QCD sum rules [13].
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The τmax representing the temperature for the maximum correlation of the quarkonia states found
to be exponentially decreasing with the temperature in the case of charmonium states. The values
of G/Grecon below 1 means the survival probability of the state is weaker and leads to dissociation
of the quarkonium state. Considering the value of τ for which G/Grecon ≤ 1 and associating a
temperature, Td related to τd as τd = 1/Td we obtain the dissociation temperature of ηc, J/ψ and
χc0 states as ∼ 1.2Tc.
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