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Outline

- A brief introduction to the physics of compact stars.

- Selected dark matter scenarios: axions and other
bosons In compact stars, neutron star collapse into a
third family.

- Discussion of uniformly rotating compact stars with a
dark matter halo.



Motivation

- New channels of multi-messenger observations like gravitational
radiation from merger events of binary systems of compact stars or
radio and X-ray signals from isolated pulsars allow to study their
most basic structural properties like mass, radius, compactness,
cooling rates and compressibility of their matter.

- Nuclear measurement and experiments have narrowed the Equation
of State (EoS) uncertainty in the lowest to intermediate density range.

- Violent, transient energetic emissions are associated not only with
the strong magnetic fields and extreme gravity in the proximity of NS
but with explosive, evolutionary stages often triggered by mass
accretion from companion stars. Therefore, we expect that the
presence of dark matter will leave an imprint in the many kinds of
future detectable signals.



The Axion
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Figure 3: Energy density diagram for allowed energy of the cosmic Axion background
together with state-of-the-art physical and cosmological constraints. The axion is a parti-
cle candidate for dark matter that moreover provides a solution to the strong CP problem.
Therefore it is of high relevance to consider its interaction in compact star interiors or in the
proximity of pulsars and magnetars. For details on this diagram, see [12].

[12] J. A. Dror, H. Murayama, N. L. Rodd Phys. Rev. D 103, 115004 (2021)



The Axion

Figure 4: Eschematic dynamics of the conversion of an axion into a photon as it interacts
with a white dwarf magnetic field. The core temperature 7 is higher than the surface tem-
perature T, see [1] for details.
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Critical Endpoint in QCD
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Compact Star Sequences
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Effects of NS Axion Cooling
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CAS A data, A. Sedrakian, Phys. Rev. D 93, 065044 (2016)



Effects of NS Axion Cooling
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CAS A data, A. Sedrakian, Phys. Rev. D 93, 065044 (2016)



Exploring the axion potential and
axion walls In dense quark matter
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FIG. 2. mgf, versus T for several values of u. Solid lines
correspond to the calculations with electrical neutrality while
dashed lines denote the results for p. = 0.

Bonan Zhang, David Alvarez C., Ana G. Grunfeld, Marco Ruggieri
arXiv:2304.10240



Axion effects in the stability of Hybrid Stars
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Compact Star Twins with a Dark
Matter Core
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Parity Double Model, featuring chiral
partners N+ without quark deconfinement.
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Mass Twins — Energy Released

| 106
| ' | ' 30 1so
H — M ;? I 46
B ]
2.3 I — M ] mo 2 0_ .
L : _03
2.2_ O<——— ] % ]. O_ _20
11.0
A A
2.1+ N 2.1 I T
1.8F l
2r N E 1.5F |
1.9F | 1 = :
Tl < 0.9F -
1.8 - 06r g
' | ' O e 1 12 14 16 18 3
13 14 1 - 2 14 16 1
R[km] Monset [MO]

DD2MEV-CSS EoS, D. A-C, Astronomischen Nachrichten (2021) 1-6, arXiv: 2011.11145

AE[10" er

gl



Sexaquarks in NS

H-dibaryon Sexaquark

M. Shahrbaf, D. Blaschke, S. Typel, G. R. Farrar, and D. A-C
Phys. Rev. D 105, 103005, (2022)
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Sexaquarks in NS
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Bosonic Dark Matter in NS

RD>RB RB>RD RBzRD

D. R. Karkevandi, S. Shakeri, V. Sagun, O. Ivanytskyi, arXiv:2112.14231



Bosonic Dark Matter in NS
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Fig. 7. Mass-Radius profiles for DM admixed NSs for m, = 400 MeV (left) which corresponds to
a DM core formation and m, = 100 MeV (right) that represents an extended DM halo formation
around a NS. Coupling constant is fixed to A = 7w and different F, are considered as labeled.
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O. Ivanytskyi, V. Sagun, and |. Lopes - Phys. Rev. D 102, 063028 (2020)



Bosonic Dark Matter in NS
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Fig. 7. Mass-Radius profiles for DM admixed NSs for m, = 400 MeV (left) which corresponds to
a DM core formation and m, = 100 MeV (right) that represents an extended DM halo formation
around a NS. Coupling constant is fixed to A = 7w and different F, are considered as labeled.
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O. Ivanytskyi, V. Sagun, and |. Lopes - Phys. Rev. D 102, 063028 (2020)



Uniformly rotating compact stars
with a dark matter halo
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Properties of the edge of the halo:
e [MeV/fim3] = 3.8*106, p [MeV/fm3] = 3.16*10-19, y [MeV] = 716, n [1/fm3] = 5.3*10°

*Derived using rotating CS code following the ()2 approximation based on J. B. Hartle by Victor Danchev




Bosonic Dark Matter in NS

Tidal forces deform compact
objects in binary systems
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Deformation of spacetime
away from spherical symmetry

D. R. Karkevandi, S. Shakeri, V. Sagun, O. Ivanytskyi, arXiv:2112.14231



HESS J1731-347
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Relativistic mean field model for ultra-compact What is the nature of the HESS J1731-347

low mass neutron star of HESS J1731-347 compact object?

Kubis et al. arXiv:2307.02979 Sagun et al. arXiv:2306.12326



Novel
science:
cosmic ray
large scale
correlations
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Novel Global Solutions
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Outlook

Multi-messenger astronomy and collider experiments will continue probing
the properties of dense matter.

As we advance on the quest for clarification of the neutron star internal
content, we will be able to reveal or discard the existence of dark matter in
the corresponding stellar interiors and environments.

Bayesian Analysis and Machine Learning methods are useful for estimation of
unknown physical parameters, specially for simultaneously studying the
various physical processes involving dark matter.

Studies of halo effects in different scenarios like tidal deformabilities from
neutron star mergers or cooling rates of compact stars.

Probing the universal L-Love-Q relations taking into account dark matter.

Studying Finite temperature effects.



