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Introduction

According to Baade and Zwicky [1], the su-
pernova explosion could be a transition from
star to a neutron star consisting of closely
packed neutrons in a compact size object. Af-
ter a few years, the general relativistic equa-
tion of hydrostatic equilibrium for spheri-
cally symmetric objects, now-a-days called as
Tolman-Oppenheiemer-Volkoff (TOV) equa-
tion [2] come into figure, assuming the matter
consists of non-interacting neutrons and ob-
tained the maximal allowed mass to be 0.71
M�. Later on the inclusion of nuclear energy
from the interaction of neutrons increases this
value substantially. In general at high den-
sities, there might be the substantial popula-
tion of heavy baryons (i.e. hyperons), because
these become energetically favorable once the
Fermi energy of neutrons becomes of the order
of their rest mass. There were large number
of systematic study including hyperon in the
nuclear matter carried out before & after the
recent observation of the neutron stars [3] (see
the Ref. for review), predicting the masses not
larger than the order of 1.8 M�, which is sig-
nificantly less in comparison to the modern
observations [3].

In this work, we provide the relativistic
mean field investigation of the neutron star
properties by using various hyperon-meson
coupling to the recently developed G2 force
parameter [4]. It is to be noted that the
model used here for the study of the EoS of
the hyper-nuclear matter is the effective La-
grangian (E-RMF) [4], the extension of the
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FIG. 1: The EoS for nucleon and octet systems
for four different hyperon-meson coupling from E-
RMF (G2) force parameter along with the empir-
ical data (shaded area in the graph) by Steiner et
al. [10].

standard relativistic mean field (RMF) model
[5]. From the Lagrangian, we derive the equa-
tion of motion for σ, ω and ρ-mesons fields
and solve it in the mean field approximation
self consistently. Further, we derive the en-
ergy and pressure density along with all meson
field equations analytically by self-consistent
numerical iterative methods.

Calculations and Discussions
Up to this point, we have considered the

composition of a neutron star to comprise only
the neutron, proton and electron. As we know,
the core of the neutron stars have a very high
density (∼ 7−8 ρ0), other baryons of the octet
family (Λ0, Σ0, Σ+, Σ−, Ξ0, and Ξ−) apart
from the neutron and proton become impor-
tant in the EoS of neutron star [6]. The elec-
tron e and muon µ are included for maintain-
ing the charge neutrality and the β− equilib-
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TABLE I: The hyperon-meson coupling ratios for baryon octet family for four different parametrisation.

Parameter xσΛ xσΣ xσΞ xωΛ xωΣ xωΞ xρΛ xρΣ xρΣ M/M� r�

Set 1 [8] 0.4800 0.4800 0.0000 0.5600 0.0000 0.0000 0.0000 0.0000 0.0000 2.02 11.8

Set 1a [8] 0.5800 0.5800 0.5800 0.6600 0.0000 0.3333 0.7500 0.0000 2.0000 2.05 11.5

Set 2 [9] 0.6104 0.6104 0.6104 0.6666 0.6666 0.6666 0.6104 0.6104 0.6104 2.06 11.5

Set 2a [9] 0.6106 0.4046 0.3195 0.6666 0.6666 0.3333 1.000 1.000 1.000 2.08 11.7

rium condition for the baryon octet system un-
der the weak interaction [7], B1 → B2 + l+ νl
and B2 + l → B1 + νl. Here, B1, B2, l, ν
and ν are for the baryons, leptons, neutrino
and anti-neutrino respectively. On the basis
of the quark model, one can assume that the
hyperons in the octet system interact with the
mesons with distinct coupling constants (or
coupling ratio). Hence, here we have taken
two different ways of parametrisations: (1)
same coupling ratios as assumed by the quark
model [8] and (ii) different couplings strength
for different baryons [9] to deal the octet in
the EoS of compact star (see Table 1).

The equation of state for nuclear system and
the octet system (i.e.. p, n, Λ0, Σ0, Σ+, Σ−,
Ξ0 and Ξ−) are shown in Fig. 1. In the fig-
ure, we have shown five different EoSs for neu-
tron star, one of them from nucleonic matter
only and other four from the baryons of the
octet family. From the figure, it is clear that
the EoS from the nucleonic matter is a little
stiffer than the octet family at high density.
In other word, with the inclusion of baryons
of the octet, the EoS becomes a little softer
with respect to the baryon density. The ob-
tained results from our calculations are com-
pared with the empirical data for rph = R with
the uncertainty 2σ of Steiner et. al. [10]. Here
R and rph are for the neutron radius and the
photospheric radius, respectively. From these,
one can conclude that the inclusion of these
other octet families with the neucleon system
makes the neutron star EoS softer as shown in
figure. However it is quite important for the
prediction of neutron star mass [3].

Summary and Conclusions
In this present study, we applied an chiral

effective field theory relativistic mean filed ap-

proach to nuclear matter, where we investi-
gated the impact of the hyperon-meson cou-
plings on the EoS of hyper-nuclear matter.
For all these coupling ratios, we found the
range of EoSs are satisfactory to reproduce
compact stars of mass ∼ 2.1 M� and the radii
in the range of 12-14 km [11]. The affluence of
hyperon in our EoSs are widely consistent with
the recent predictions from other models. Fur-
ther, we have calculated the yields and their
location as a function of density for four cou-
pling ratios, which is essential for nuclear and
hyper-nuclear systems at high density [11].
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