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Introduction

Phase diagram of quantum chromodynam-
ics (QCD) in presence of external magnetic
field have attracted a great deal of attention.
This is due to the fact that strong magnetic
fields are anticipated to be produced in the
early universe, magnetar and heavy-ion colli-
sions. The value of magnetic field produced is
likely to be around m2

π at Relativistic Heavy
Ion Collider (RHIC) and approximately 15m2

π

at Large Hadron Collider(LHC). Lattice QCD
simulations at low values of temperature and
outcomes of low energy effective theory cal-
culations have shown a relocation of phase
boundary towards the higher value of temper-
ature with the increasing magnetic field, an
effect known as ”magnetic catalysis”. Along-
with experimental endeavors, various theoret-
ical models have also been employed to study
the strange quark matter in presence of mag-
netic field. In the present work, we have stud-
ied the impact of magnetic field on the ther-
modynamic properties of asymmetric quark
matter by using (2+1)-flavor Polyakov loop
extended quark meson (PQM) model.

Methodology

Polyakov quark meson model is based on
chiral symmetry breaking and confinement
properties of QCD. The total effective La-
grangian for Nf flavors is written as [1]
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(
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The first term of above equation is kinetic en-
ergy term of quarks while the second term
represents the kinetic energy of scalar mesons.
The terms involving λ1 and λ2 are quadratic
interaction terms, and Lqm is the quark meson
interaction term given as

Lqm = gs
(
ψ̄LϕψR + ψ̄Rϕ

†ψL
)
− (2)

gv
(
ψ̄Lγ

µLµψL + ψ̄Rγ
µRµψR

)
.

The model has been extended by the introduc-
tion of vector interaction term and inclusion
of isospin chemical potential in order to study
asymmetric quark matter. To study the im-
pact the finite magnetic field in PQM model,
we have considered an uniform magnetic field
along z-direction. Due to the Landau quanti-
zation in presence of external magnetic field,
the effective energy of quarks is modified as
[2]

E∗i =
√
p2
z +m∗2i + |qf | (2n+ 1− α)B, (3)

where α is the spin quantum number. The
term (2n + 1 − α) in eqn. 3 is replaced by a
single quantum number, k, termed as Landau
level. The quark-antiquark interaction term is
hence altered and is given as [3]

Ωqq̄ = −
∑

f=u,d,s

|qi|BT
2π

∞∑
k=0

αk

∫ ∞
−∞

dpz
2π
× (4)

(
ln g+

f + ln g−f

)
.

We obtain the total thermodynamic potential
of PQM model in presence of finite magnetic
field and minimize it to obtain the field values.
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FIG. 1: Order parameters σu, σs (left panel) and Φ (right panel) as a function of temperature, T
at baryon chemical potential, µB = 200, strangeness chemical potential, µS = 200 MeV and isospin
chemical potential is fixed at 80 MeV.

Results and Discussion
In this section, we have discussed the ef-

fect of finite magnetic field on the thermody-
namics of Polyakov loop extended quark me-
son model. The value of gv, the vector inter-
action coupling constant is considered to be
1.95. In Fig. 1, it is observed that the value
of quark condensates, σu and σs decreases
and the value of Polyakov-loop variable, Φ in-
creases with increasing magnetic field at differ-
ent values of temperature. With rise in value
of the magnetic field, the quark condensates
are suppressed in regime of phase transition.
This trend of quark condensates with incre-
ment in external magnetic field is termed as
”inverse-catalysis” [4]. The enhancement of
quark condensates is attributed to the satura-
tion of valence quark interactions by the sea
quarks especially near the transition region.
This signifies the shift of pseudo-critical tem-
perature towards lower value with increase in
magnetic field. The sudden change in value of
Polyakov loop parameter signifies the change
in degrees of freedom from confined to decon-
fined state. As we observe that the value of Φ
increases with the rise in magnetic field, which

indicates the shift of deconfinement tempera-
ture towards a higher value with the increasing
magnetic field. In conclusion, the inclusion of
finite magnetic field relocates the critical tem-
perature towards lower value of temperature
and hence plays a significant role in studying
the phase diagram of QCD.
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