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Introduction

In the last few years, the investigation of the
neutron star (NS) structure and associated dy-
namics has taken a central stage in astrophysi-
cal sciences and gravitational-wave astronomy.
It provides us with the most advanced cosmic
laboratory to test the nuclear theory against
various neutron star phenomena and, in turn,
helps to constrain the nuclear matter observ-
ables. The neutron star is broadly divided into
atmosphere, crust (outer and inner), and core.
Out of these, the neutron star’s crust is the
most crucial layer due to its complexity and
importance in multiple neutron star proper-
ties such as the crustal moment of inertia, ro-
tational frequency, quasi-periodic oscillations
(QPOs) in soft gamma repeaters (SGRs) and
cooling, etc [1, 2].

The inability to measure the mass of the
nuclei in the free neutron gas environment [1]
prompts us to use nuclear models to deter-
mine the inner crust structure of the neutron
star. These models differ in their saturation
properties, such as symmetry energy, incom-
pressibility, etc. Among these, the symmetry
energy is one of the most significant proper-
ties, which affects several NS observables [3].
Therefore, studying the implication of symme-
try energy on inner crust structure becomes
highly desirable. In this work, we investigate
the role of symmetry energy on neutron star
crust using the effective relativistic mean field
(E-RMF) theory employing the compressible
liquid drop model (CLDM).
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Formalism
In the inner crust, we assume Wigner-Seitz

(WS) cell which consists of a cluster surround-
ing ultrarelativistic electron gas and ambient
neutron gas. The energy of this cluster can be
written as [4]

EWS = Mi(A,Z)+Ee+VWS(Eg+ρgMn), (1)

where Mi(A,Z) is the mass of the cluster and
Mn is the masses of nucleon. Eg, and ρg are
the energy density and density of the neutron
gas respectively. We use the compressible liq-
uid drop model (CLDM) to determine the en-
ergy of the cluster which reads [1, 4]

Ecl = Ebulk(ρ0, I)A+ Esurf + Ecurv + Ecoul,
(2)

where Esurf , Ecurv, and Ecoul are surface,
curvature and Coulomb energy respectively.
The Ebulk is taken from the effective relativis-
tic mean field model (E-RMF). The equilib-
rium composition of inhomogeneous matter in
the inner crust is obtained by minimizing the
energy of WS cell per unit volume at a given
baryon density (ρb = ρn + ρp), where ρn and
ρp represent the neutron and proton density
respectively.

Results and Discussions
To ascertain the role of symmetry en-

ergy (J), we consider 10 E-RMF parameters:
FSUGarnet, IU-FSU, IUFSU*, G3, IOPB-I,
SINPB, BKA24, FSU2, G1, and GL97 [1] with
different symmetry energy. These parameter
sets are consistent with various nuclear mat-
ter, and neutron star observables such as in-
compressibility, flow data, etc. [5]. Since the
typical density of neutron star crust lies in the
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FIG. 1: (Color online) The distribution of atomic number (Z) , mass number (A) in the inner
crust of neutron star and its equation of state as function of density. The color map represent

the value of symmetry energy at 0.05 fm−3.

sub-saturation density, we use the symmetry
energy value at 0.05 fm−3 to take care of the
the behavior of symmetry energy across the
saturation density [1].

In Fig. 1, we show the equilibrium compo-
sition of the inner crust of neutron star using
various E-RMF forces. The color map repre-
sents the symmetry energy value at (= 0.05
fm−3). The number of nucleons (A) increase
monotonically with density in the inner crust.
A sharp increase is observed while approach-
ing the crust-core transition indicating that
the matter is transiting to the homogeneous
phase. The E-RMF forces having larger sym-
metry energy at sub-saturation density esti-
mate a larger value of (A).

Most of the inner crust is populated with
charge number Z ≈ 40, consistent with the
various quantum calculations [2]. The E-
RMF forces with lower symmetry energy pre-
dict decrement in the value of charge num-
ber when approaching the crust-core transi-
tion, while it keeps increasing with the symme-
try energy. This behavior of the equilibrium
composition inside the inner crust will have

significant implications for calculating the fre-
quency of QPOs, rotation frequency, and crust
mass. Furthermore, a higher value of J esti-
mates an almost linear behavior of EoS, while
the lower symmetry energy results in exponen-
tial behavior. This means that the crust-core
transition pressure and density depend on the
symmetry energy behavior.

The above observations clearly show that
symmetry energy significantly impacts the in-
ner crust composition. Therefore, a stringent
determination of nuclear symmetry energy is
essential to constrain and better estimate the
crustal properties of the neutron star.
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