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I. INTRODUCTION

To understand the behavior of nuclear
matter at high density and finite tempera-
ture, is one of the challenging problem in
Nuclear physics. A successful and widely used
approach for nuclear matter is the mean field
theory which includes nonrelativistic mean
field theory with effective nucleon-nucleon
interactions such as skyrme and the rela-
tivistic mean field theory(RMF) . The RMF
theory is more fundamental as it starts from
hadronic field theory with strongly interacting
baryons and mesons as degree of freedom and
describes very well the basic properties of
nuclei near the valley of stability and also the
properties of exotic nuclei with large neutron
or proton. Nuclear matter at zero temper-
ature has been studied extensively using a
variety of theoretical methods whereas the
problem at finite temperature has received
little attention. The main objective of this
work is to construct Nuclear matter EOSs
at finite temperatures by using different
perametrizations obtained by varing the
neutron skin thickness ∆r and ω-meson self
coupling(ζ) [1]. The Lagrangian density for
the extended ERMF model can be written as
L = LBM + Lσ + Lω + Lρ + Lσωρ [1, 2]. The
Lagrangian terms and the Euler-Lagrangian
equations for ground state expectation values
of the meson fields are same as in [1]. At
finite temperatures the baryon vector density
ρB, scalar density ρsB an d charge density ρp

are, ρB = γ

(2π)3

∫ kB

0
d3k(ni − ni), ρsB =

γ

(2π)3

∫ kB

0
d3k

M∗

B√
k2+M∗2

B

(ni + ni), ρp =
〈

ΨBγ0 1+τ3B

2 ΨB

〉

(ni + ni). Where,
γ is the spin-isospin degeneracy. The
M∗

B = MB − gσBσ − gσ∗Bσ∗ is the baryon
effective mass , kB is its Fermi momentum
and τ3B denotes the isospin projections of
baryon B. The thermal distribution func-
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FIG. 1: The variation in energy per nucleon
(E/N) for symmetric nuclear matter(solid lines)
and for pure neutron matter(dashed lines) with
ζ = 0.00&∆r= 0.16 (I), ζ = 0.06&∆r= 0.16(II),
ζ = 0.00&∆r= 0.28(III), and ζ = 0.06&∆r=
0.28(IV) is plotted as a function of density at tem-
peratures of 0,5,10, and 20 MeV

tion in these expression are defined by
ni = 1

e
β(ǫ∗

i
−µ∗)+1

, ni = 1

e
β(ǫ∗

i
+µ∗)+1

where

ǫ∗i =
√

k2 + M∗2
B and µ∗ = µ − gωNω.

II. RESULT AND DISCUSSIONS

We explored the effect of density on en-
ergy per nucleon (E/A) for symmetric nuclear
and pure neutron matter at finite tempera-
tures in Fig.1 for the change in ζ and ∆r. En-
ergy per nucleon for symmetric nuclear mat-
ter decreases sharply as compared to the en-
ergy for pure neutron matter at very low den-
sities. Also on increasing the ζ the decrease
becomes moderate whereas on increasing ∆r
the symmetric nuclear matter remains unaf-
fected but energy per nucleon for pure neu-
tron matter decreases. The Fig.2 is plotted to
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FIG. 2: The pressure at different density is plot-
ted for various values of asymmetry parameter
δ.The solid lines are for temperature of 0 MeV
whereas the dashed line is for 20 MeV.The black
line is for the 0.00 0.16 (parameterization having
ζ = 0.00∆r = 0.16), red line for 0.00 0.28, green
line for 0.06 0.16 and the blue line for 0.06 0.28
parameterization.

show the effect on EOSs of different parame-
terization with change in asymmetry param-
eter δ(=

ρn−ρp

ρn+ρp
). So it can be seen from the

figure on increasing asymmetry parameter the
EOSs become stiff and trend continues till it
becomes pure neutron matter. On increasing
ζ the EOSs becomes stiff which becomes fur-
ther stiffer on increasing temperature whereas
on increasing ∆r the EOSs become soft. In
Fig.3 we have shown the comparison of bulk
properties of our parameterization with those
existing in literature(TM1 and NL3 parame-
terization). We choose the intermediate pa-
rameter 0.03− 0.22 ( parameterization having
ζ = 0.03 and ∆r = 0.22). The symmetry en-
ergy (Esym),incompressibility coefficient (K),
Pressure (P) and energy per nucleon (E/N) for
symmetric nuclear matter is plotted against
density (ρ) at a temperature of 0 MeV and
30 MeV. It can be visualized from the figure

that except incompressibility for NL3 parame-
terization all the parameter yield almost same
values of bulk properties whereas equation of
state varies a lot. Therefore the temperature
effects the bulk properties and EOSs of sym-
metric and asymmetric nuclear matter signif-
icantly at densities lower than its saturation
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FIG. 3: The symmetry energy
(Esym),incompressibility coefficient (K), Pressure
(P) and energy per nucleon (E/A) for symmetric
nuclear matter is plotted against density (ρ) for
the 0.03 0.22 (parameterization having ζ = 0.03
and neutron skin thickness ∆r = 0.22) as solid
and dashed black line, NL3 parameterization as
solid and dashed red line and for TM1 parame-
terization as solid and dashed blue line. The solid
lines are at a temperature of 0 MeV whereas the
dashed lines are for a temperature of 30 MeV.

density and is insignificant at higher densities.
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