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with neutron star mass-radius measurements
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Neutron stars can capture asymmetric dark matter (ADM), which affects the neutron star’s mea-
surable properties and makes compact objects prime targets to search for ADM. In this work, we use
Bayesian inference to explore potential neutron star mass-radius measurements, from current and

27
21)

3001 » e-Print: 2109.03801 [astro-ph.HE]

B reference search <) 63 citations

[6-19]. There have been efforts to constrain the dark
matter particle mass, self-interaction strength, and mass-
fraction using neutron star and gravitational wave (GW)
measurements [9, 12, 14, 17, 20], and these rely on as-
sumptions about the EoS. These efforts include placing
mass-fraction constraints on sub-GeV bosonic dark mat-
ter particles [9], demonstrating that a stiffer baryonic

future X-ray telescopes, to constrain the bosonic ADM parameters for the case where bosonic ADM
has accumulated in the neutron star interior. We find that the high bosonic ADM particle mass
(my) and low effective self-interaction strength (g, /m) regime is disfavored due to the observation-
ally and theoretically motivated constraint that neutron stars must have at least a mass of 1 Mg.
However, within the remaining parameter space, my and g, /mg are individually unconstrained. On
the other hand, the ADM mass-fraction, i.e., the fraction of ADM mass inside the neutron star, can
be constrained by such neutron star measurements. The inclusion of bosonic ADM in neutron star
cores also relaxes the constraints on the baryonic equation of state space and suggests that ADM
should be taken into account when interpreting constraints from mass-radius measurements.

I. INTRODUCTION the tidal deformabilities and the total masses of the stars

have been shown to increase [7-11]. Thus, if dark matter

Neutron stars have been of great interest to as- IS present in neutron stars, it must be accounted for in
tronomers because of the rich phenomena they produce,  ©stimates of the measurable properties of neutron stars
allowing us to probe, for example, strong gravity, cos-  [6-19]. There have been efforts to constrain the dark
mology, and heavy element enrichment. For instance, matter particle mass, self-interaction strength, and mass-
neutron stars can be a source of continuous gravitational fraction using neutron star and gravitational wave (GW)
waves, which can provide insight into their interiors. Sig- ~ Mmeasurements [9, 12, 14, 17, 20], and these rely on as-
nals from their mergers can also be used in determining ~ Sumptions about the EoS. These efforts include placing
the Hubble constant [1, 2]. Neutron stars have addi- mass-fraction constraints on sub-GeV bosonic dark mat-
tionally been of great interest to nuclear physicists be-  ter particles [9], demonstrating that a stiffer baryonic
cause the microphysical behavior of ultradense neutron-  Mmatter EoS with dark matter can evade constraints that
rich matter is poorly understood. Neutron stars may the baryonic matter EoS alone cannot achieve [14, 17],
contain exotic states of matter, such as hyperons or de- and calculating Bayesian parameter estimations of the

confined quarks [3-5]. The effects of the hypothetical ~ dark matter parameter space [12, 20].
components that comprise neutron star interiors are pa- To quantify the effects of dark matter on neutron stars,

matter EoS with dark matter can evade constraints that
the baryonic matter EoS alone cannot achieve [14, 17],
and calculating Bayesian parameter estimations of the
dark matter parameter space [12, 20].

Although NICER, STROBE-X, and eXTP will
perform PPM on compact objects, current
PPM techniques do not account for a
possible dark matter component in
neutron stars. Capturing the impact of
dark matter on neutron star structure
alters how PPM is executed, and will
certainly necessitate modification of the
ray-tracing models currently being used by
the NICER collaboration. For example, the
existence of any halo will modify the

exterior space-time.
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=4 * PI * el * constl * z - 6 * el / 2 - wl**2

1+ 4 * PI * p**2 * constl * {Ptutatl = EthEtl)

-1 * (yold**2 + yold * el * x1 + r**2 * ql) / r

h * ¥1

m

=1/ (1 - const2 * Mtotatl / (r + h/2))

= (const2 * Mtotatl + 8 * PI * Ptotatl * constl * (r + h/2)}**3) / ((r + h/
4 * PL * g2 * constl * z - 6 * e2 / (r + h/2)**2 - w2¥*2

=1+ 4*PI* (r+ h/2)**2 * constl * (Ptotatl - Etotatl)

= -1 * ((yold + 11/2)**2 + (yold + 11/2} * e2 * x2 + (r + h/2)**2 * g2} [

=h * y2

-
o

B B B B2 B3 R

H < = DO

1/ (1 - const2 * Mtotatl / (r + h/2))
(const2 * Mtotatl + 8 * PI * Ptotatl * constl * (r + h/2)**3) / ((r + h/
4 * PIL * 23 * constl * z - 6 * e3 / (r + h/2)**2 - v3*

=1+ 4*PI* (r+ h/2)**2 * constl * (Ptotatl - Etutatlj
-1 * ((yold + 12/2)**2 + (yold + 12/2) * e3 * x3 + (r + h/2)**2 * g3) J
h * ¥3
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Cosmic Explorer and Einstein Telescope are
expected to observe 300,000 BNS/year!
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Exotic measurements
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A strangely light neutron star within a supernova
remnant M=0.77M®, R = 10.4km
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