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Introduction
Experiments carried out at RHIC have

shown that Quark Gluon Plasma(QGP) is
strongly coupled at temperatures below 3Tc
[1]. This work is an extension of the work we
reported earlier [2]. Here we study sQGP us-
ing Cornell Potential by considering QGP as
consisting of bound states of quarks and glu-
ons. We will compare the equation of state
(EOS) thus obtained with lattice data. We
proceed by using an approximate solution of
Schroedinger equation with Cornell potential
and using it to evaluate the second Virial Co-
efficient quantum mechanically.

Approximate solution for quark-
antiquark pair in Cornell Poten-
tial

The Cornell Potential between quarks and
anti-quarks is given by,

V (r) = ar − b

r
. (1)

The Schroedinger equation with this poten-
tial does not admit exact solutions. So one
has to resort to approximation methods. One
such method that is useful is known as the
Nikiferov-Uvarov method. We make use of the
following solution [3].

Enl =
3a

δ
−

2µ
(
b+ 3a

δ2

)2[
(2n+ 1) ±

√
1 + 4l(l + 1) + 8µa

δ3

]2 ,
(2)
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where, δ is a parameter equal to the inverse
of what is referred to as the characteristic ra-
dius r0. This solution is shown to reproduce
the mass spectra of heavy mesons successfully
with suitable choices of the parameters a, b,
and δ. n takes the values 0, 1, 2, etc.

Quantum Theory of the second
Virial Coefficient

Pais and Uhlenbeck have obtained an exact
quantum mechanical expression for the second
Virial Coefficient[4]. We use it in the form of
given in[5].

b2 − b02 = 81/2
∑
B

e−βεB

+
81/2

π

′∑
l

(2l + 1)

∫ ∞
0

dk
[
e−β~

2k2/m

× ∂ηl(K)

∂k

]
,

where, b2, b02 are the second cluster integrals
for the interacting and non-interacting cases
respectively. εB are the bound states and ηl
is the phase shift during scattering. Since we
deal only with the bound states, we can take
the phase shifts to be equal to zero[4] . Thus
for our case,

b2 − b02 = 81/2
∑
B

e−βεB , (3)

where, the summation goes over all bound
states made possible by the two body inter-
action. The second Virial coefficient is related
to the second cluster integral by,

b2 = −a2. (4)
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The equation of state for sQGP
Once the second cluster integral is obtained,

we can construct the equation of state of the
system using,

P

KT
=

1

λ3

∞∑
l=1

blz
l, (5)

where, z is the fugacity which is taken equal
to 1. We shall take up to the second term in
the above infinite sum. Thus,

P

KT
=

1

λ3
[b1 + b2]. (6)

b1 = 1, and b2 can be evaluated by using equa-
tion (2) in equation(3).

Using the above we first obtain the EOS for
the pure gauge case . We find a reasonably
good fit with, a = 0.155, δ = 0.380 and the
summation carried out upto n = 1360 corre-
sponding to a gluon mass of 0.0002 GeV. The
EOS thus obtained is plotted and compared
with lattice data [6]. in the lowest curve in
FIG.1.

For the 2-flavor casse, the total pressure is
found by adding the separate contributions
from gluons as well as quarks. The mass of
the quarks are taken to be m = 0.0016 GeV
and correspondingly the summation is carried
over upto n = 520. The other parameters are
chosen as δ = 0.690, a = 0.134, b = 0. The
EOS thus obtained is compared with lattice
data for the 2 flavor QGP in the second curve
from the bottom in FIG1.

We proceed along the same way for 3-flavor
case and obtain a good fit with lattice data for
m = 0.0016GeV , δ = 0.840, a = 0.138, b = 0.
The summation has been carried over up to
n = 385.

Results and discussions
In this work we have obtained an equation

of state(EOS) of QGP, assuming it to be com-
posed of bound states of quarks and gluons.
The EOS thus obtained shows a reasonable fit
with the lattice data up to around 3Tc with
Tc = .160GeV . Our EOS starts to deviate
from the lattice data around 3Tc, suggesting
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FIG. 1: Plots of P/T 4 as a function of T(in GeV)
using the Cornell potential, and lattice result for
pure gauge, 2 flavour and 3 flavor QGP

that the free quarks and gluons start to dom-
inate. The EOS does not depend on the value
of the parameter b for a large range of val-
ues including b = 0. This is because of the
very low masses involved. The upper limit on
summation over n is believed to be due to the
screening effect which we have not included in
the potential. In future work we will seek to
improve the result by including the effects of
both the boundstates and non-bound states.
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