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Abstract. The equation of state (EoS) of quark-gluon plasma (QGP) using a phenomenological model is studied in which finite value of quark mass is modified as effective mass.
The effective mass of these quasiparticle generated due to the interaction of quarks and
gluons with the surrounding matter in the medium. The model results provide EoS of
QGP which are in good agreement and found almost similar results to the earlier theoretical results. This model is successfully applied to the description of the properties
of quark-gluon plasma created in the collision of nucleons. Thus, the effective mass of
quark shows the useful information to study the EoS of QGP in high energy heavy-ion
collisions.

1 Introduction
The physics of heavy-ion collisions provide an excellent tool to produce nuclear matter in laboratory at
very high temperature and energy density [1, 2]. Quantum chromo-dynamics (QCD), the fundamental
theory of strong interaction provides a qualitative and quantitative insight into a wealth of remarkable
phenomena observed in heavy-ion collision. The theory indicates possible phase transition from a
confined state to a deconfined state in the early universe [3]. A new state of matter is formed by this
type of phase transition called the quark-gluon plasma (QGP) [4–7]. The search for experimental
evidence of new state of matter in heavy-ion collision is still going on.
The results in the collisions of heavy nuclei at relativistic heavy-ion collision (RHIC) at BNL and
large hadron collision (LHC) at CERN at very high energy density and temperature have come out
as a new physics with these accelerators. The new physics search in the study of QGP resolve many
unsolved query by deep involvement of theoreticians and experimentalists. Researcher believe that
QGP exists for a few microseconds after the big-bang that has thrown down a great challenge to the
search of QGP in these experiments. So one of the most fascinating issue is the detection of QGP.
Although unlimited efforts have been taken with the help of experimental and theoretical high energy groups, our understanding of QGP is still not up to mark [8, 9]. Yet the theoretical understanding
in the evolution of interacting system has improved considerably since the early studies in this direction. Moreover, the equation of state is required to describe the properties of QGP in central collisions
of heavy massive nuclei. Since long physicists have been used a simple bag model to investigate and
describe the properties of QGP [10, 11].
a e-mail: yogesh.du81@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 182, 02070 (2018)
ICNFP 2017

https://doi.org/10.1051/epjconf/201818202070
EPJ Web of Conferences

Many authors have worked in the limit of zero chemical potential which is considered as a valid
approximation for the study of QGP in heavy-ion collision experiments at BNL (RHIC) and CERN
(LHC). Even Lattice QCD calculations also corresponds to zero or small value of chemical potential
for the QGP EoS. Therefore, in this recent report, we use an effective quark mass in place of thermal
quark mass using a quasiparticle model. Using this effective mass, we try to observe the behaviour of
QGP EoS.
This model is therefore used as quasiparticle model which might be better improve to the Lattice
QCD simulation results to produce equation of state of quark-gluon plasma. The effectice quark mass
is considered as linear function of square of current mass, coupling of thermal and current mass and
square of thermal mass. Our study is based on earlier model where it has been shown that how the
temperature dependent quark mass effects the EoS of QGP in heavy-ion collisions.
Thus, the paper is presented as: In Section 2, we briefly discuss the theoretical model. In Section
3, we explain the equation of state of QGP. The results are presented in Section 4. Finally, we conclude
in Section 5.

2 The theoretical model
The detection of QGP plays a vital role in high energy field. Especially the equation of state has
become one of the attractive and important signature of QGP. This indirect signature of QGP might
be helpful in describing the behaviour of QGP. Therefore, it is considered as one of the important
properties of QGP. There are many theoretical models which are thermodynamically consistent with
perturbative QCD and non-perturbative QCD calculations [12, 13].
Peshier et al. have studied that QGP is composed of quasiparticles and mass of these particles
are temperature dependent [14–16]. Earlier the calculation of free energy have been performed at
zero quark mass with the effect of curvature term [17]. Further Kumar et al. [18] have modified
the calculation at finite thermal quark mass. Now, we extend the previous work by using modified
effective quark mass of quasiparticles and it is defined in Ref. [19]. The effective quark mass created in
heavy-ion collisions is considered as linear function of square of current mass, coupling of thermal and
current mass and square of thermal mass. In quasiparticle models [14–16], a massive system of noninteracting quasiparticles is described where mass of these quasiparticles depend only on temperature.
The quasiparticles acquire mass due to the interaction of quarks and gluons with the surrounding
matter [20–23]. The effective mass of these quasiparticles is given by Ref. [19],
√
Me2f f = mc 2 + 2mc mq + mq 2 ,
(1)
where mc is the current mass of the quark and mq is the thermal mass of the quark [18, 24].
In order to match the Lattice QCD results, the suitable parametrization factors are incorporated.
So our model is thermodynamically self consistent to describe QGP EoS. The above value of finite
quark mass is given as [18, 24]:
m2q (T ) = (4πα s )γq T 2 ,
(2)
where α s is strong coupling constant and it is defined as [17, 18, 24];
αs =
and,

4
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The number of color and quark flavors are taken three. Also all the parameters are suitably defined
in the Ref. [18]. The parametrization factor γ is used as r.m.s. value which is just like the Reynold’s
number. We use γq = 1/6 [18] and γg = 0.02γq so that it is suitably fit into the Lattice QCD
calculations.

3 Equation of state of QGP
To find the equation of state of QGP, we first define free energy equation for quarks, gluons and
interface term. The appropriate modification is done in the free energy term for quarks with the help
of effective mass of quark using Ref. [18, 19]. It is defined as:


−( Me2f f +k2 )/T
Fq = −T gq ρq (k) ln[1 + e
]dk.
(5)

The above equation is defined for fermions (quarks). In the same manner, we can define the free
energy equation for bosons (gluons) which is given as,

√ 2 2
Fg = T gg ρg (k) ln[1 − e−( mg +k )/T ]dk.
(6)
The density of state for quarks and gluons is represented as ρq (k) and ρg (k). The gq,g is quarks and

Figure 1. The pressure (P/T 4 ) with respect to temperature (T ) is shown

gluons degenracy factor. The value of this factor is taken from Ref. [25]. In the framwork of the same
model, we define the essential term as interfacial free energy. The interfacial energy is used in place
of bag constant pointed out by Ref. [17]. It is taken as:
Finter f ace =

3

1 2 3
R T γ.
4

(7)
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Figure 2. The energy density (ε/T 4 ) with respect to temperature (T ) is plotted

Where the size of QGP bubble is represented by symbol R. Using equations 5, 6 and 7, we can easily
calculate total free energy Ftotal :
Ftotal = Fq=u,d,s + Fgluon + Finter f ace .

(8)

The above total free energy can be useful to describe the evolution of quark-gluon plasma.
Now we can compute the equation of state as P, ε, S and CS2 (Square) using total free energy. It is
used as Ref. [25]:


dFtotal
P=−
.
(9)
dv

The total pressure P is composed of different terms like quarks, gluons and interface mentioned above.
Then, energy density is also computed with the help of total pressure [25],
ε=T

dP
−P.
dT

(10)

Similarly we can calculate the entropy and speed of sound as,
S =

dP
,
dT

and

(11)

dP
.
(12)
dε
The adjustment of such parameters have taken care accordingly. The parameters are nicely fit
using this model. We also compare the results obtained from the evolution of free energy. Finally
CS2 =

4
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Figure 3. The entropy (S /T 3 ) with respect to temperature (T ) is shown

these relation can be used to calculate EoS as P/T 4 , ε/T 4 , S and CS2 (Square). These relations are
thus applicable in exploring the equation of state of quark-gluon plasma using effective mass of quark.
At the end, our findings are useful and exactly similar to our recent work. The developments in these
theoretical result are indeed likely match with the recent results of Lattice QCD.

4 Results
In this section, we provide the results of EoS of QGP with the help of a simple phenomenological
model. The different plots of EoS such as pressure (P/T 4 ), energy density (ε/T 4 ), entropy (S ) and
speed of sound (CS2 ) with temperature (T) is shown in the figures.
The Figure [1] and [2] shows the pressure and energy density with respect to the temperature.
Both the curves are exponentially increases and approach towards Stefan-Boltzmann (SB) limit. In
both Figures, results are little decrease as comparison to our earlier results [25]. The results are not
deviated much with the effective quark mass and hence almost same as our earlier results [25]. These
outputs also match well to the Lattice calculation results particularly in the high temperature limit
T∼ 600 MeV.
Further in Figure [3], we plot the graph between entropy and temperature. Also the plot of speed
of sound with temperature is shown in figure [4]. In these Figures, it is found that the results are
lying almost in the same range of our previous work. We noticed that the effective value of quark
mass does not deviate much from the finite value of quark mass. The equation of state of QGP are
almost consistent with earlier work, although there is small decrement. Above all, it is verified that
the effective quark mass fits nicely in the calculation to produce better results of equation of state of
QGP.

5
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Figure 4. The speed of sound (C 2s ) with temperature (T ) is plotted

Therefore our results are nearly similar as Ref. [25] using effective quark mass. Finally, this
simple phenomenological model does not alter our previous results [25] and provide the same EoS
of QGP. The impact of this effective quark mass is very less and hence produce almost same output.
The prediction of EoS of QGP by using other models are also in confirmity with recent Lattice QCD
results [4, 19, 20, 22].

5 Conclusion
Finally we conclude that our model results shows almost similar output with the help of effective
quark mass. This model result is successfully applied to the description of the properties of QGP
created in the collisions of two massive nuclei at RHIC and LHC. Thus the effective quark mass fitted
well with our previous results. The results are also important to produce EoS of QGP and significant
in heavy-ion nuclear collisions.
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