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Introduction
The thermodynamical properties of

strongly interacting matter in thermal and
dense medium plays an important role in
understanding the wide range of physical
phenomena such as Big Bang, heavy ion
collision and internal dynamics of compact
star. According to strange quark matter
hypothesis the Strange Quark Matter (SQM)
can be considered as ground state of hadronic
matter [1, 2]. The properties of SQM are
determined by quark interaction and are
also significant for the QCD phase structure.
Also, dense quark matter has drawn a lot of
interest due to its existence in the core of
neutron star. The construction of the heavy
ion collision experiments such as RHIC, LHC
and future CBM have generated remarkable
opportunities to explore the properties of
quark and nuclear matter. There are many
theoretical models based on the quark degrees
of freedom such as quark meson coupling
model, MIT bag model, chiral quark mean
field model, NJL model, extended PNJL
model and Chiral SU(3) Quark Mean Field
(CQMF) model which can be used to study
properties of quark matter. In present study,
we use Polyakov extended CQMF (PCQMF)
model at finite temperature and density to
study thermodynamical properties of asym-
metric strange quark matter which is relevant
for heavy ion collision (HIC) experiments.

Methodology
In PCQMF model, the total effective La-

grangian density of SQM is given by [3]
Leff = Lq0 + LqM + LΣΣ + LV V + LχSB

+L∆ms
+ Lh − U(Φ(~x), Φ̄(~x), T ). (1)
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In above equation, Lq0 is the free part of mass-
less quark, LqM describe quark meson field in-
teraction term, LΣΣ and LV V represent scalar
and vector meson self interactions and LχSB
, L∆ms

and Lh are introduced to incorporate
explicitly breaking of chiral symmetry. More-
over, U(Φ(~x), Φ̄(~x), T ) is a temperature de-
pendent Polyakov loop potential, where Φ and
Φ̄ are Polyakov loop variable and its conju-
gate, respectively.

The effective chemical potential of quark is
expressed as

µi
∗ = µi − giωω − giφφ− giρρ. (2)

In above, giω, giφ and giρ are the coupling
strength of quark with ω, φ and ρ vector me-
son fields. In this model, the effect of temper-
ature comes into picture through the Polyakov
loop potential and scalar/vector density of
constituent quarks. Minimizing the thermo-
dynamical potential density (Ω) of PCQMF
model, coupled equations of motion of σ, ζ, δ,
χ, ω, ρ, φ, Φ and Φ̄ are derived [3]. Also, we
can write the energy density, ε and pressure p
as ε = Ω +

∑
i=u,d,s µiρi + TS and p = −Ω,

where ρi is number density. In this work, the
β equilibrium may not be achieved as quark
matter in HIC is metastable. The number of
constituent quarks can be generally found un-
equal in HICs at RHIC/LHC and therefore,
the baryon and isospin chemical potential are
defined as [4]

µB =
3

2
(µu + µd), (3)

and

µI =
1

2
(µu − µd). (4)

The trace anomaly can be incorporated
through the trace of the energy-momentum
tensor, Tµν = ε− 3p .
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FIG. 1: (Color online)The pressure and energy
density as a function of temperature at µB=0, 200
MeV and µI=-80 MeV are plotted in above figure.

Results and Discussion
In this section, we explore the thermal de-

pendence of pressure density, energy density
and trace anomaly from PCQMF model. Var-
ious parameters used in the present work are
taken from Ref.[3, 5].

In fig.1, we have shown the variation of
thermodynamical pressure and energy density
with temperature T , at µB=0 and 200 MeV
and µI=-80 MeV. At zero chemical potential,
the pressure and energy density are smooth
function of the temperature which is consis-
tent with a crossover transition. These quanti-
ties are suppressed in low temperature regime
and starts to increase with increase in temper-
ature.

In fig.2, we have depicted the (ε − 3p)/T 4

as a function of temperature for SQM at zero
and finite value of baryonic chemical poten-
tial. The trace anomaly is small for confined
phase and then increase with temperature.
The smooth crossover could be identified by
the change in (ε−3p)/T 4. It has been also no-
ticed that the increasing µB causes smoothing
of the temperature dependence and transition
temperature.

Summary
We have combined CQMF model with the

Polyakov loop potential in order to show the

deconfinement transition and studied the pres-
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FIG. 2: (Color online) Trace anomaly as a func-
tion of temperature at µB=0, 200 MeV and µI=-
80 MeV.

sure, energy density and trace anomaly as a
function of temperature at µB=0, 200 MeV
in SQM. All above investigation contribute to
study the phase structure theoretically and ex-
perimentally at finite µB . In future, data ob-
served in HIC experiments will give valuable
information on µB dependence of Polyakov
loop potential, which can be compared with
these results.

Acknowledgements

One of the author Manisha Kumari, sin-
cerely acknowledge the support towards this
work from Ministry of Science and Human Re-
sources Development (MHRD), Government
of India via Institute fellowship under Na-
tional Institute of Technology Jalandhar.

References
[1] E. Witten, Phys. Rev. D, 30, 272 (1984).
[2] E. Farhi and R. L. Jaffe, Phys. Rev. D 30,

2379 (1984).
[3] P. Wang, V. E. Lyubovitskij et al, Phys.

Rev. C, 67, 015210 (2003).
[4] H. Liu et al., Phys. Rev. D 94, 065032

(2016).
[5] Simon Roessner et al., Phys. Rev. D 75,

034007 (2007).

Proceedings of the DAE Symp. on Nucl. Phys. 64 (2019) 628

Available online at www.sympnp.org/proceedings


