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DM accumulation regimes
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Progenitor

During the star formation stage the initial mixture of DM and BM contracting to

form the progenitor star. Trapped DM undergoes scattering processes with baryons

leading to its kinetic energy lost and thermalisation.

DM admixed m Main sequence (MS) star

NS From this stage of star evolution accretion rate increases due to big gravitational
potential of the star. In the most central Galaxy region M, ~ 10_5M® — 10_9M®.

m Supernova explosion & formation of a proto-NS
The newly-born NS will be surrounded by the dense cloud of DM particles with the
temperature and radius that corresponds to the last stage of MS star evolution, i.e.
a star with a silicone core.

Kouvaris & Tinyakov 2010
In addition, a significant amount of DM can be produced during the supernova
explosion and mostly remain trapped inside the star.
m Equilibrated NS
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on NS properties
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DM admixed GW170817
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DM admixed
NS

Effect of DM on GW waveform

GW PSD just after the merger (M1=M2) —

logrol2d F/2R(f))

logso[2df"2R(f)]

logsol2d f/2A(f))

Ellis4+ 2018; Bezares+ 2019

The DM cores may produce
a supplementary peak in the
characteristic GW spectrum of
NS mergers, which can be clearly
distinguished from the features
induced by the baryon component
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The emission of axions alters the
observable surface temperature

Sedrakian 2016; Sedrakian 2019
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DM admixed NSs
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2 NSs with mass above 2M,

= PSR J0348-0432: M = 2.017%%, M (Antoniadis+ 2013)
m PSR J0740+6620: M = 2.141%%0 M, (Cromartie+ 2019)

Fermionic DM
Dark matter EoS

m Asymmetric dark matter
relativistic Fermi gas of noninteracting particles with the spin 1/2

Nelson+ 2019

Baryon matter EoS

m EoS with induced surface tension (IST EoS)
consistent with:
nuclear matter ground state properties,
proton flow data,
heavy-ion collisions data,
astrophysical observations,
tidal deformability constraint from the NS-NS merger (GW170817)
VS+4 2019; VS+ 2014

7/19



TOV equations
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2 TOV equations:

dps (es + pa)(M + 47rp) BM and DM are coupled only through
Fermionic DM o 2 (1 —2M/r) gravity, and their energy-momentum tensors
are conserved separately
dpp _ (ep + pp)(M + 4rr’p)
dr r2(1—2M/r)

total pressure p(r) = pg(r) + po(r)
gravitational mass M(r) = Mg(r) + Mp(r), where M;(r) = 4 [ ej(r’)rlzdr’ (j=B.,D)
0

Fraction of DM inside the star:

MD(RD)
Y Ve

M7 = Mg(Rg) + Mp(Rp) - total gravitational mass
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of the DM admixed NSs
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for fyy = 3.3 % Mmax equals to 2 Mg
Mmax > 2 M for any fy further increase of the DM fraction

leads to Mmax < 2 Mg

Ivanytskyi+ 2020
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m, =10 GeV

50, f,= 1.0
_____________ 050, f,=3.0%
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Fermionic DM
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Rp = 9.4 km for f, = 0.3%
Rp =21.2 km for f, = 1.0 %
Rp =135.2 km for f, = 3.0 %

Large values of Rp relate to the existence of dilute and extended halos of DM
around a baryon core of NS
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Dark matter and neutron star structure
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Fermionic DM

dark matter core
dark core inside a NS

dark halo around a NS
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Fermionic DM

DM admixed NSs

M[Mo]

Mass-Radius diagram
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Maximal mass of NS as a function of the DM
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for my = 0.174 GeV Mpax is 2 Mg

DM particles with m, < 0.174 GeV are consistent with the 2 Mg, constraint for any f,

For heavier DM particles the NS mass can reach 2 Mg, only if f is limited from above
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DM constraint in the Galaxy center
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Fermionic DM

allowed region
A14<800, M>2 Mo

0.1 10
my [GeV]

m 2Mg NS in the GC = m, < 60 GeV
m high DM fractions are not supported by GW170817

Measurements of M and R of compact stars at the Galaxy center will put more tight
constraints on m, and f, .

Ivanytskyi+ 2020; VS+ 2022
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Asymmetric Bosonic Dark Matter
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The Lagrangian used includes
self-interacting DM particles as:

my =1GeV, m; =100

1 1 25
L=3(Dup)" Do — Smip e~ (3)
s + 620
lw‘“,w‘w - lmiwuw“ 2. D
Bosonic DM 4 2
(4)
1.
with Dy, = (0, — igwp)e. g
Using a mean field approximation for w, we s .
recollect after calculations an EoS of 1 - - f=3%
self-interacting Bose-Einstein condensate: = g::"f
- f=12%
m A —m - o
n= 7? f=30%
2m3, — ps — =%
13

2
m
o= (3) [ i

Chemical potential is limited
Hy € [my,V2my], m, - boson mass
my = "'?‘" - self-interaction scale

Giangrandi+ 2022 (In prep.)
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What is the nature of the GW190814 secondary
JAEONNY Ccomponent?

GW190814

Neutron

Bosonic DM

The compact binary merger event GW190814 had primary mass component, a black hole,
with M = 23.2 My and the second component with M = 2.5 — 2.67 M. The nature of
the secondary component raised a lot of questions. The proposed candidates as a
compact star span from highly spinning NS to exotic degrees of freedom

Giovanni+ 2022




GW190814 secondary component as a dark matter
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second component of GW190814

Bosonic DM
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Secondary component of GW190814 could be explained by the DM extended halo
formation around a NS with the DM fraction f,, = 23% for m, = 100 MeV.

VS+ 2022 (In prep)
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DM can be accumulated in the core of a NS = significant decrease of the
maximum mass and radius of a star.

m DM halo = increase of the maximum mass and the outermost radius.

m The secondary component of the GW190814 binary merger might be a DM
admixed NS.

Conclusions NSs in different parts of the Galaxy could contain different amount of DM

1
different modifications of M, R, A, etc

m To see this effect we need high precision measurement of M and R of compact stars
as well as NS searches in the central part of the Galaxy with

radio telescopes: MeerKAT, SKA, ngVLA
space telescopes: NICER, ATHENA, eXTP, STROBE-X

m Large statistics on NS-NS, NS-BH mergers by LIGO/Virgo/KAGRA would be very
helpful
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Thanks for your attention!
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