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I. INTRODUCTION

The properties of cold nuclear matter can
be studied by imposing the constraints of bulk
nuclear matter properties at the saturation
density, ρ0 = 0.16fm−3; recent experimental
limits establish the following values: symme-
try energy Esym = 30 ± 5MeV [1], slope of
symmetry energy L = 88±25MeV [2], and in-
compressibility coefficient K = 240± 20MeV
[3]. It is considered theoretically that the
density dependence of symmetry energy can
be represented by Esym(ρ0) = 31.6(ρ/ρ0)γ

with γ=0.69-1.05 at subnormal density [2],
which led to the extraction of a value for
the slope of the nuclear symmetry energy of
L = 88 ± 25MeV . This symmetry energy
value is also in harmony with the symmetry
energy obtained from the isoscaling analysis
of the isotope ratio in intermediate energy
heavy-ion collisions [4]. The Lagrangian
density for the extended relativistic mean
field (ERMF) model can be written as
L = LBM + Lσ + Lω + Lρ + Lσωρ [5]. The
Lagrangian terms and the Euler-Lagrangian
equations for ground state expectation values
of the meson fields are same as in [5]. At
finite temperatures the baryon vector density
ρB , scalar density ρsB and charge density ρp

are, ρB = γ
(2π)3

∫ kB
0 d3k(ni − ni), ρsB =

γ
(2π)3

∫ kB
0 d3k

M∗B√
k2+M∗2B

(ni + ni), ρp =
〈
ΨBγ

0 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-
tion in these expression are defined by

ni = 1

eβ(ε∗
i
−µ∗)+1

, ni = 1

eβ(ε∗
i

+µ∗)+1
where

ε∗i =
√
k2 +M∗2B and µ∗ = µ − gωNω.

The symmetry energy Esym, the slope
L, and incompressibility K can be eval-

uated as Esym(ρ) = 1
2
d2E(ρ,δ)
dδ2

∣∣∣∣∣
δ=0

, L =

3ρ0
dEsym(ρ)

dρ

∣∣∣∣∣
δ=ρ0

, and K = 9ρ2
0
d2E0(ρ)
dρ2

∣∣∣∣∣
ρ=ρ0

,

where ρ0 is the saturation density, E(ρ.δ) is
the energy per nucleons at a given density ρ
and asymmetry parameter δ = (

ρn−ρp
ρn+ρp

) and

E0(ρ) = E(ρ, δ = 0) is the energy per nucleon
for symmetric matter.

II. RESULT AND DISCUSSIONS

We study the properties of symmetric and
asymmetric nuclear matter for BSR1-BSR21
parametrizations of the ERMF model at tem-
peratures of 0 and 30 MeV [5, 6]. The nu-
clear symmetry energy is a fundamental in-
put to understand the exotic nuclei, heavy-
ion collision data and many other astrophysi-
cal phenomena. Therefore, recently many ef-
forts have been made to extract the informa-
tion on the magnitude and density dependence
of symmetry energy of nuclear matter. In Fig.
1 we present the values of Esym(ρ0) at satu-
ration density as a function of ∆r the neutron
skin thickness in the 208Pb nucleus for vari-
ous model parametrizations. The squares rep-
resent the parametrizations BSR1-BSR7 hav-
ing ω-meson self coupling parameter ζ = 0.00,
the triangles represent the parametrizations
BSR8-BSR14 having ζ = 0.03, and the circles
represent the parametrizations BSR15-BSR21
having ζ = 0.06. The values of ∆r varies from
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FIG. 1: (Color online) The symmetry energy
Esym(ρ0) plotted as a function of the neutron
skin thickness ∆r in the 208Pb nucleus for 21 dif-
ferent parameterization of the ERMF model.The
squares, triangles and circles represent results for
parameterization BSR1-BSR7, BSR8-BSR14 and
BSR15-BSR21 respectively . The red symbol rep-
resent the results at T = 0 MeV and the blue
symbols represent the results at T = 30 MeV.

0.16 to 0.28 fm in steps of 0.02 fm. It is ob-
served that at saturation density symmetry
energy changed beyond T ≥ 20 MeV by a very
small amount with respect to T = 0 MeV for
the all parametrizations of the ERMF model.
In Fig. 2, in the lower panel we present the
slope of symmetry energy and in the upper
panel we present the incompressibility coeffi-
cient for nuclear matter as a function of ∆r.
The incompressibility coefficient for symmet-
ric nuclear matter decreases upto a maximum
of 12.5% at temperature T= 30 MeV with re-
spect to T = 0 MeV for the BSR1 parametriza-
tion, which provides stiffest EOS with neu-
tron star gravitational mass M = 2.5M� [5].
The variation in the values of K is a mini-
mum of 7% for the BSR21 parametrization,
which provides the softest EOS with neutron
star gravitational mass M = 1.74M� [5]. It is

found that variation in the values of symmetry
energy becomes reasonably large as the value
of neutron skin thickness increases, where as
the value for the slope of symmetry energy re-
mains unaffected at temperature T = 0 and
30 MeV. The value of incompressibility coeffi-

200

210

220

230

240

250

K
[M

eV
]

ζ=0.00, T=0 MeV
ζ=0.00, T=30 MeV
ζ=0.03, T=0 MeV
ζ=0.03, T=30 MeV
ζ=0.06, T=0 MeV
ζ=0.06, T=30 MeV

0.16 0.18 0.2 0.22 0.24 0.26 0.28
∆r[fm]

60

70

80

90

100
L

[M
eV

]

FIG. 2: (Color online) Same as Fig.1,but for the
slope of the symmetry energy (L) and incompress-
ibility coefficient (K) of nuclear matter

cient is sensitive to ζ and indicates the change
at T = 30 MeV.
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