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DARK MATTER

* We believed that dark matter (DM) are

Weak interaction with other particles

Massive

Uncharged
Stable

* DM cannot be detected by light

* DM feels gravitational force

* The evidence of DM are rotation curve, bullet cluster,
cosmic microwave background etc.
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DARK MATTER

DM can be accumulated in the compact objects

We can study such objects by focusing on relevant frameworks

Annihilating DM: the study depend on the lifetime of mediator

* Lond-lived mediator ( looking for the signal from DM indirectly )
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* Short-lived mediator ( study the effects of DM on another object )

Non-annihilating DM: We can study the effects of DM on the properties
of such object (neutron star)




NEUTRON STAR

* We can study NS by the considering the system of the spherically symmetric object, the metric tensor is
given by

ds® = —e?")dt? + 22 dr? 4 r2(d6? + sin? 0d¢?)

* We can solve the Einstein field equation by using this metric, the results are the Tolman-Oppenheimer-
Volkoff (TOV) equations
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* This coupled equations described structure of a spherically symmetric body in the static equilibrium



NEUTRON STAR

* TOV equations can be solved neumerically by using the equation of state (EoS) of NS

 We can solve from the center, r — 0, to the surface where the pressure is zero

EoS of NS
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* We have constraints on mass-radius of NS from the observations



NEUTRON STAR

* The tidal deformability quantifies the quadrupole deformation of a compact object in
a binary system due to the tidal effect of its companion star

* The relation between the induced quadrupole moment tensor and the tidal field tensor is given by

I—' tidal deformability
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A is dimensionless



NEUTRON STAR

* The tidal Love number can be obtained by numerically solve this equation
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Solve simulteneously with
TOV
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* It represent how easily the bulk of the star is deformed under tidal effects, a higher value indicates a larger

 Tidal deformability constraints, primarily derive from gravitational wave events of the binary system of NS

GW170817
(A4 = 1901550)

GW190814
(A4 = 616175



QHD AND ALP-MEDIATED DM MODEL

The stellar mass, radius, and the dimensionless tidal deformability, strongly depend on
the EoS of a NS

Quantum hadrodynamics (QHD) is a theoretical framework for modeling the nuclear interactions inside NS

The simplest version of QHD has described the nucleon-nucleon interaction by ¢ — w model

The scalar meson, g is responsible for the attractive force and a vector meson, w is responsible for for the
repulsive force

w
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We considering additional interactions, such as the exchange of the isovector meson, p between nucleons
and nonlinear interaction terms




QHD AND ALP-MEDIATED DM MODEL

* The QHD Lagrangian in this model is given by

Mg (MEV) Go My, (MEV) Guw
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* For DM part, we study the axion-like particle (ALP)-mediated DM
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QHD AND ALP-MEDIATED DM MODEL

* The total Lagrangian of QHD-ALP-DM system is L=Lyap+Lpuyu

* The equation of state can be calculated by
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* We will focus on study on DM parameters of ALP-mediated DM model
* DM mass: g¢
* DM fermi momentum: m,
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RESULTS

Equation of state
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RESULTS

Mass-radius relation

* Increasing either m, or g; reduces both the
maximum mass and radius of NS

* The results satisfy one or all of the constraints

from the observations

 Itis worth noting that the results for a small
amount of DM can meet all of the

observational constraints
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RESULTS

Tidal deformability —mass relation
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CONCLUSION

In this work, we have studied the effects of the ALP-mediated DM model on the EoS of NS.

We show that increasing DM content shifts the energy density to higher values.

This is because the presence of DM inside NS modifies their internal structure by introducing additional
degrees of freedom that soften the overall pressure support

Since DM does not participate in standard nuclear interactions, its inclusion dilutes the hadronic pressure,
lowering both the maximum mass and radius of the NS

As a result, NS with significant DM content become more compact and less deformable under tidal forces
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EFFECT OF DM ON EOS

* The differential flux is given by
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STABLE STAR CONDITION

* TOV equations can be solved neumerically by using the equation of state (EoS) of NS
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TIDAL DEFORMABILITY

Effect of tidal deformability on gravitational /‘\ P '
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