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I. INTRODUCTION

Neutron stars (NS) are extremely dense and
compact celestial objects formed from super-
nova explosions which typically have a minus-
cule radius of approximately 10-15 km and can
possess a massive mass ranging from 1.1M�
to <3-4M� times that of our sun. The re-
cent observation of gravitational wave data,
specifically from the GW190814 event, has im-
posed a significant limitation on our under-
standing of the equation of state (EOS) of neu-
tron star matter. This observation has led to
an estimate that the mass range of the sec-
ondary object should be higher than 2.5M�.
The relativistic mean-field (RMF) formalism
is considered to be one of the most accom-
plished theories for finite nuclei to extremely
dense nuclear matter. The inner composi-
tion of neutron stars remains a subject of on-
going scientific investigation. This challenge
arises primarily from our inability to repli-
cate these extreme states of matter in labora-
tory settings. Nevertheless, we can gain valu-
able insights into the interior of neutron stars
by examining astrophysical observations and
conducting theoretical investigations. Due to
high densities, the constituents of NS can be
consisted of numerous subatomic particles and
exotic states of matter such as the presence
of free quarks , hyperons, or pion condensa-
tion, dark matter etc. Within the framework
of quarkyonic matter a cross over transition
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between nucleons and quarks takes place in-
side the NS[2]. Due to the extremely com-
pact state of matter, it is impossible to dis-
miss the existence of dark matter, and could
significantly influence the overall behavior of
the star on a large scale. We take into account
the presence of fermionic dark matter, which
is confined within the star and interacts di-
rectly with nucleons through the exchange of
standard model Higgs bosons[3].

II. FORMALISM
In our methodology, we have incorporated

the relativistic-mean field (RMF) formalism,
employing a designated set of RMF parame-
ters known as ”IOPB-I”. We can represent the
associated Lagrangian density in the following
manner:

L = LRMF + LQM + LDM, (1)

,
where, LRMF is the conventional La-

grangian density derived for hadronic part as
defined in [1].

LQM =
∑
j=u,d ψ̄j(iγν∂

ν −mj)ψj , (2)

and

LDM = χ̄ [iγµ∂µ −Mχ + yh]χ+ 1
2∂µh∂

µh,

− 1
2M

2
hh

2 + fMnucl.

v ϕ̄hϕ (3)

are the quarkyonic matter and dark matter
part of the total Lagrangian density, respec-
tively.



III.RESULTS
Now the mass (M) and radius (R) of a static

and isotropic neutron star for the obtained
EOSs are determined by solving a set of cou-
pled differential equations, which are collec-
tively known as the TOV equations:

dp(r)

dr
= − [p(r) + ε(r)][m(r) + 4πr3p(r)]

r[r − 2m(r)]
,

(4)

dm(r)

dr
= 4πr2ε(r). (5)

The mass-radius profile of a quarkyonic star
mixed with dark matter exhibits remarkable
sensitivity to variations in the quantity of
dark matter within the neutron star shown in
Fig.1, while keeping the transition density at
nt = 0.3fm−3 and confinement scale Λ=800
MeV. It has been observed that when quark
matter is incorporated, the maximum mass of
the neutron star reaches a value of 2.50 M�,
which aligns well with the data observed in
GW190814 event. However, the presence of
fermionic dark matter results in a reduction in
both the maximum mass and the radius of the
neutron star. It is observed that dark matter
momentum kf=0.03 GeV is consistent with
the observation of J0952-0607 pulsar. The de-
tailed results shown in Table 1, illustrating the
pivotal roles played by both quark matter and
dark matter in shaping the structure of neu-
tron stars.

TABLE I: Table for maximum mass, correspond-
ing radius and cannonical star for the above men-
tioned EOS at nt = 0.3fm−3, Λcs = 800MeV

Pure Baryonic kf
DM (GeV)

0.00 0.03 0.06
M(M�) 2.14 2.50 2.34 1.66
R (km) 11.74 13.64 12.73 9.54

R1.4 (km) 12.72 13.52 12.62 9.62

IV.CONCLUSION:
We investigate the properties of neutron

stars infused with dark matter within the

9 10 11 12 13 14 15 16 17 18

R (km)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

M
(M
�

)

IOPB-I

0.00

0.03

0.06

GW190814

J0952-0607

NICER

FIG. 1: Mass-radius profile at transition
density(nt)= 0.3 fm−3 and confinement parame-
ter (Λcs)=800 MeV with permissible value of dark

matter momentum(kf
DM )

.

framework of the quarkyonic model, specifi-
cally focusing on the IOPB-I parameter set.
For the first time, our study introduces a
novel approach that combines dark matter and
quarkyonic matter while employing the rela-
tivistic mean-field formalism.
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