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Neutron stars as a natural laboratory for high density matter

DENSE MATTER

Meutron stars get denser with depth. Although researchers have a good sensa of the
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Multi-messenger observations of neutron stars ‘
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Observable features of neutron stars such '

as mass, radius and tidal deformability
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Gravitationally stable astrophysical objects composed of dark matter

‘ Fermionic or Bosonic dark matter ‘
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Dark matter (DM) admixed neutron star (NS)

Accumulation of DM Ask Oleksii

by a star or a NS — A) Progenitor B) Main sequence (MS) star, C) Supernova explosion & formation of a proto-NS D) Equilibrated NS
during its life time

NS exists in a dense halo or
region of DM
or passes through it
(Near the center of galaxy)
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Dark star as an accretion
center of baryonic matter
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DM production in the NS matter
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—> Neutron decay anomaly

DM capture by NS in a binary system
including Dark star or Dark star — NS merger
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Cooling and Heating of NSs
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Black hole formation inside NSs
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Gravitational waves signals
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Numerical simulation of compact objects
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Modeling of a DM admixed NS

Asymmetric DM

Single fluid DM admixed NS

An equation of state (EoS) by considering

DM-Baryonic matter (BM) interaction
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Direct impacts on nuclear models
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Two-fluid DM admixed NS

DM and BM interact only

through gravitational force

I EoS for BM and EoS for DM

| Our considered model |

Impacts on the observable features

resulting from nuclear models




DM and Baryonic matter EoSs for two-fluid DM admixed NSs
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Boson Stars: Gravitational Equilibria of Self-Interacting Scalar Fields
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DM: Self-interacting complex scalar field
Bosonic DM with repulsive self-interaction
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| DD2, a widely used and well-known nuclear matter equation of state (EoS)

Stiff EoS for which the tidal deformability is not consistent with the observational constraints
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Two-fluid DM admixed NS

BM and DM fluids interact only gravitationally

[

Energy-momentum tensors are
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Three Possible DM distributions within NSs

DM halo

DM distributed in entire NS

DM Core
Core of a DM admixed NS
R is composed of both of
the fluids
Green : BM
Black : DM
RD >RB RB>RD RB::RD

My = Mg(Rg) + Mp(Rp) F,= M';,(I?) , DM Fraction Rj is the visible radius
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Variation of BM radius (solid lines) and DM radius (dashed lines) in DM admixed NSs

By increasing the DM fraction, a transition can be seen from DM core to DM halo formation
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Variation of outermost radius of DM admixed NSs

DM core: Rg (BM radius) is the outermost radius DM halo: Ry (DM radius) is the outermost radius
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Variation of the total maximum mass of DM admixed NSs

For light bosons the maximum mass constraint is satisfied for the whole range of DM
fractions while for heavy bosons the 2M© limit will be violated for some DM fractions.
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Variation of the tidal deformability of DM admixed NSs
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Heavy bosons mainly reside as a core inside NS, st ior defon evac
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Tidal deformability of DD2 EoS will be modified due to the

presence of bosonic DM in the core of NSs.

Black solid lines corresponds to DD2 EoS without DM
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Scan over the A — m, parameter space for F,, = 10%

Light bosonic DM particles (mx < 200 MeV) are excluded by tidal deformability parameter for the whole range of A.
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Pulse profile modeling as a novel probe for DM halo formation around NSs

Visible surface is increasing with the compactness
NICER and light bendlng'due X-ray Pulse profile
X-ray hot spots to the curved of space time G L & o MilRy)
Ry
DM halo
. ¢ > €55 €3
1\4;: 1.4M¢  For all cases 1> 62>
Variation of metric function due to the DM halo X-ray pulse profile in the presence of DM halo
0.957 ] — 1- B
j The deviation of
0.90- 7 oG 08 7
] the minimums .
0.85] ] » — Fy=5%
, | o F e of the fluxes 5 |
e | ] Fy=5% © 06 CFet0%
~ 0.80p YT compare to the B x
o075 o F=20% pure NS is a £ — F=20%
o [ ] o L i
070 1 T FX=30% remarkable z 04 J— FX=30%
10 RREEEEE Pure BM [PY
: ] Rl signature of the i 1 oure B
0.65 DM halo.
0.24+ .

{‘o 20 50 100 7 0 0.5 1 1.5 2
r (km) S. Shakeri, D.R. K, Phys. Rev. D 109, 043029 (2024) Phase




100
Redshift

B - ~ . XL - o "I "%
| ~ta = ' r = Bl ™. Y 1
DIS1ETS ISHOTSSOTMPUSTHOTEXDIOTE [ Sl

10

Cosmic Explorer and Einstein Telescope are
expected to observe 300,000 BNS/year!
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Optical observations of black-widow pulsars

Iranian National Observatory (INO),
the largest home-grown scientific
w— facility project, has recorded the
Gl | first light image of its 3.4m optical
| ; telescope on October 2022.
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Interacting galaxy pair- Arp 282

NGC169-I1C 1559
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world-class telescope.
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Bosonic dark matter and/in neutron stars DMms E

Chairperaons: Soroush Shakeri and Davood Rafiei Karkevandi

Among different Dark Matter (DM) candidates the scalar or pseudoscalar bosons are of great interest from various
aspects in astrophysics and cosmology. Generally, bosonic DM could form gravitationally stable configurations or be
substantially accumulated in compact objects such as Neutron Stars (NSs) through different scenarios. In this regard,
the advent of multi-messenger observations via gravitational and electromagnetic waves provide a unigue opportunity
to probe the existence of dense astrophysical objects made entirely or fractionally by bosonic DM.

In this section, we will focus on both theoretical and observational aspects of boson stars, fermion-boson stars, DM
admixed NSs and other exotic type of compact stars. Recently, the GW detections by LIGOD-Virgo-KAGRA and X-ray
observations by NICER telescopes have opened a new window towards understanding the structure of compact objects
and may shed light on the nature of DM through explering exotic resulis.
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