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Introduction

It is believed that prototype of neutron star
is formed in central part of collapsing super-
nova core as a result of the bounce and suc-
cessful supernova explosion. This star con-
tracts rapidly within (0.1-1) second and its
radius drops from 100 km to 10 km. Temper-
ature falls to Fermi energy of the constituent
particles. At this stage, star is supposed to be
composed of nuclear matter with degenerate
neutrinos as well as electrons under extreme
conditions called supernova matter. This mat-
ter is charecterised by almost constant entropy
per baryon S=(1.0-1.5) [1] and constant lepton
fraction yl=(0.3-0.4) [1, 2] with respect to nu-
clear matter density. The Knowledge of prop-
erties of isentropic equation of state (EOS)
may provide better insight to understand the
physical mechanism of iron core collapse of
massive star. In this article we have tried to
investigate how the generation of pressure is
varied with density during adiabatic collapse
for lepton fractions yl=0.3 and 0.4.

Formalism

We assume that our system consists of pro-
tons, neutrons and electrons and it is charge
neutral. A microscopic calculation has been
performed for supernova matter in frame work
of Brueckner Goldstone expansion using den-
sity dependent effective two body Sussex in-
teraction [3]. The starting point of our formal-
ism is to calculate grand thermodynamic po-
tential per unit volume as it can be expressed
as a linked cluster expansion analogous to zero
temperature Brueckner Goldstone expansion
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i.e.

Ω = Ω0 + Ω1 + Ω2 + · · · (1)

where Ω0, Ω1 and Ω2 are the contribu-
tions to the thermodynamical potential due
to unperturbed part, one body part and two
body part of Hamiltonian. In our formalism,
chemical potential is calculated from number-
density constraint and double self consistency
is satisfied with respect to single particle po-
tential and chemical potential. Taking into
considerations upto two body part, the pres-
sure of the nuclear matter is calculated using
the formula
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where

τ → stands for isospin

nτ (k) → Fermi distribution function

ǫτ → single particle energy

Uτ (k) → single particle potential

Electrons are treated as relativistic free par-
ticles and its contribution to pressure is calcu-
lated using the formula:

Pe =
1

3π2

∫

0

∞

k2

(k2 + m2
e)

1

2

ne(k)k2dk (3)

Where ne(k) is the distribution function of
the electron. Pressure of the supernova matter
is given by:

P = PN + Pe (4)
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FIG. 1: Pressure versus density of supernova mat-

ter at entropy S=1.0 and 1.5 for lepton fraction

yl=0.3 and 0.4.

We have introduced, yp =
np

n
as proton frac-

tion in our asymmetric nuclear matter calcu-
lation. Where np is the proton density and n

is nuclear matter density. In order to impose
charge neutrality condition, we assume that
lepton fraction yl is equal to proton fraction
yp. In our earlier publications [4, 5] we have
discussed isothermal EOS of supernova mat-
ter. Isentropic EOS is obtained by converting
isothermal EOS using ρ-T relation.

Results and Discussion

In fig.1, pressure is plotted at various values
of densities at two adiabates S=1.0 and 1.5 for
lepton fractions yl=0.3 and 0.4. It is observed
that for a given value of entropy, say for S=1.0
and lepton fraction yl=0.3, generation of pres-
sure increases with density. On increasing lep-
ton fraction from 0.3 to 0.4, more pressure
is generated. This excess pressure is due to
contribution of additional number of particles.

When adiabate is enhanced to S=1.5, gener-
ation of pressure is enhanced. But this en-
hancement is very less. This increase in pres-
sure at higher adiabate may be due to effect
of thermal energy. It discussed by Muto etal.
[6] that for a given density, higher adiabate
corresponds to higher temperature. However
density has the maximum contribution for the
generation of pressure on comparison to that
of lepton fraction and thermal energy. The
trend of our calculation is similar to the cal-
culation made by Muto etal. [6]. They per-
formed the calculation in frame work of finite
temperature Hartree-Fock approach with RSC
potential at S=1 for lepton fraction yl=0.3
and 0.4.
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