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Introduction

The detection of gravitational waves from
two binary neutron stars (NS) opens the win-
dow to explore the properties of the NS in a
different way. One such case is the anisotropic
NS, which means that the pressure inside the
star is not isotropic in nature. Anisotropic
in pressure arises due to very high magnetic
field, phase transitions, kaon condensations,
superfluidity core, etc., inside the compact
objects. Hence, the difference between radial
and tangential pressure increases/decreases
the magnitudes of different NS properties
with anisotropicity, and it is purely model-
dependent.

We use Bower, and Liang’s (BL) model [1],
which assumes that the anisotropicity van-
ishes quadratically at the origin, and it de-
pends on the nonlinearity of the pressure. In
literature, other anisotropy models have been
proposed, such as the Horvat and Conseza
models. Different model has their own im-
portance in studying compact star properties.
In this study, we choose the BL model with
its degree of anisotropy from -2 to +2 and
calculate the NS properties such as its mass,
radius, tidal deformability, the moment of in-
ertia, etc.

Here, we introduce the BL model in the
following [1]

Pt = Pr +
λBL

3

(E + 3Pr)(E + Pr)r2

1− 2m/r
, (1)

where the Pt and Pr are the tangential, and
radial pressures, respectively. E , and m are
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the energy density, enclosed mass having the
radius r. The λBL measures the amount of
anisotropy. To find the values of all the quan-
tities as mentioned earlier, one needs to solve
the following modified Tolamn-Oppenheimer-
Volkoff (TOV) equations for an anisotropic
NS [2]

dPr

dr
= − (E + Pr)

(
m+ 4πr3Pr

)
r (r − 2m)

+
2σ

r
, (2)

dm

dr
= 4πr2E , (3)

where the anisotropy parameter is defined as,
σ = Pt−Pr. One needs the equation of state
(EOS) to solve the TOV equations. This
study uses the relativistic mean-field (RMF)
EOS to calculate the anisotropic NS prop-
erties. We take unified RMF EOS named
IOPB-I taken for this study [3].

The anisotropic NS is tidally deformed
when it is present in the field of its compan-
ion star. The tidal deformability is defined as
Λ = (2/3)k2C

−5, where k2 is the second Love
number. The moment of inertia (I) is also
obtained for the slowly rotating anisotropic
NS. The details of formalism can be found in
Ref [4]. The normalized moment of inertia is
defined as (Ī = I/M3). The mass-radius pro-
files, Λ and Ī are shown for anisotropic NS in
Figure 1 with different degree of anisotropy.
Different observational limits are also shown
to constrain the amount of anisotropy inside
the NS.

We enumerated the anisotropic NS proper-
ties for the maximum mass case in Table I.
For higher negative values of λBL, the mag-
nitude of Pt becomes negative. Hence, the
system has unphysical solutions for those val-
ues. Hence, we don’t given the values of Λ
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FIG. 1: Mass-radius profiles (M − R), dimensionless tidal deformability (Λ), and the dimensionless
moment of inertia (Ī) for anisotropic NS. The side color bar represents the value of anisotropy. The
horizontal bars are the maximum mass constraints given by different pulsars and the GW190814
limit. Two error bars in the middle figure represent the tidal deformability constraints given by both
GW170817 and GW190814 data.

TABLE I: The properties corresponding to dif-
ferent λBL for maximum mass NS.

λBL -2.0 -1.0 0.0 1.0 2.0

M(M�) 1.82 1.97 2.15 2.362 2.621

R (km) 11.13 11.43 11.77 12.14 12.62

C 0.241 0.255 0.269 0.287 0.307

Λ — — 15.16 5.32 2.404

I (1045 g cm2) 1.814 2.202 2.706 3.385 4.300

for λBL = −2 & − 1 (see Ref. [5] for more
details). The careful inspection shows that
all the anisotropic NS properties’ magnitudes
increase except Λ.

In conclusion, we calculate the properties of
the anisotropic NS with the BL model. The
RMF EOS is taken to solve the TOV equa-
tions, which provide the mass-radius profiles
of the star. Other quantities, such as tidal
deformability and the moment of inertia, are
also calculated for anisotropic star cases. We
observe that with increasing the degree of
anisotropy, the difference between the tan-

gential and radial pressure increases, which
supports more mass than the isotropic case.
More massive NS has a higher magnitude of
the moment of inertia (I ∝ MR2). In the
case of tidal deformability, the more massive
NS deformed easily than the low mass case.
Hence, the magnitude of Λ decreases with in-
creasing λBL and vice-versa. From the obser-
vational data, one can constrain the amount
of anisotropy inside the NS.

References

[1] R. L. Bower, E. P. T. Liang, APJ 188,
657 (1974).

[2] D. D. Doneva and S. S. Yazadjiev, PRD
85, 124023 (2012).

[3] V. Parmar et al., PRD 106, 023031
(2022).

[4] A. Rahmansyah et al., EPJC 80, 769
(2020).

[5] H. C. Das, arXiv:2208.12566 [gr-qc]

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 765

Available online at www.sympnp.org/proceedings


