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—————— THEY ALL ASK “WHAT IS DARK MATTER?”
“WHERE 1S DARK MATTER?”
NOBODY ASKS “HOW 1S DARK N\ATTER'?”
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eNeutron Star is a highly dense compact object > M ~ 2.0 M, and R ~ 10 km.

e A certain amount of dark matter accumulated inside the neutron star (before and
after its born).

® The dark matter undergoes scattering with nucleons and transfer its energy and
captured inside the star.

e The amount of dark matter inside the NS depends on (i) velocity, mass and density
of DM (ii) mass, radius of the NS etc.

Goldman and Nussinov PRD 40, 3221 (1989), Bertone and Fairbairn PRD 77, 043515 (2008)



® The accreted dark matter particles heat the neutron star through kinetic and
annihilating process. Kouvaris PRD 77, 023006 (2008)

® The mechanism of producing heat in neutron star depends on the amount of dark matter
and its mass.

® The effective temperature varies ~40% (2550 K) which in the range of near infrared
wavelength. Chatterjee et al. PRD 108, L0021301 (2023)

e James Webb Space Telescope, Thirty Meter Telescope, European Extremely Large
Telescope can able to detect the infrared peaks in the upcoming yeatr.
Baryakhtar et al. PRL 108, 131801 (2017), Chatterjee et al. PRD 108, L0021301 (2023)
® Therefore, future observations of dark sector-warmed neutron stars could be the potential
source of the detection of dark matter.




One Fluid Two Fluid

» Dark matter interacts with nucleons via * Dark matter interacts only via Gravity.

exchanging bosons (Higgs).
 Particle - Fermionic/Bosonic

e Particle - Fermionic = WIMP (Neutralino
( ) * Either annihilating/non-annihilating or asymmetric

™, etc.
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- m,, 1., ]; = 0.35, and y = 0.07 - Free parameters — m, and]}

» m, = 100 — 10000 MeV, f, =0 —-30% RUNES 100 — 1000 MeV,]}:O—30%

Kumar, Das and Patra, MNRAS 513, 1820 (2022) Nelson, Reddy and ZHPU, JCAP 07, 012 (2019)




T=10°K Table 1. The maximum mass (M), radius for maximum mass star (R;,),
and canonical star radius (R;4) for different values of dark matter Fermi
momentum (kM) using IOPB-I parameter set at 10° K.

0.00 GeV
0.02 GeV kM Max. mass (M) Ry Ry

0.03 GeV (GeV) (Mg) (km) (km)

8‘8‘5‘ g:x 0.00 2.130 11.987 13.497
' 0.02 2.099 11.774 13.190

0.06 GeV 0.03 2.031 11.296 12.504
0.04 1918 10.494 11.380

0.05 1.770 9.655 10.414
0.06 1.604 8.688 9.250
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' _(L62¢(r)) _ nre (CV Y eqb(r)(Qy 4 Qh)>

or \/ | _ 2GM
: c’r H(r)
; i(Teqb(r)) — €
L dr 1<47tr2 \/1 B

L — Luminosity (both neutrino and photon) ¢, @(r) — time and gravitational potential

M:n; )
C, — Specific heat (heating of the electron gas and nucleon), C, = Z rkpT
; Fz

Q , O, — Neutron emissivity for neutrino and heat production per uni volume (ignored in this study)
(URCA, mURCA, Plasmon decay, Bremsstrahlung etc.)

w’kin.Tt. Throne APJ 212, 825 (1977)
— Thermal conductivity, k. = —————
K ermat conduetivity, & = ==& Kumar, Das and Patra, MNRAS 513, 1820 (2022)
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URCA Process

n—>p+e_+17}QO<T6

pt+e —>n+v

Modified URCA Process

n+N->p+N+I1+7,
p+N+l—->n+N+vy [ Q«xT°
N+N->N+N+v+v

Kumar, Das and Patra, MNRAS 513, 1820 (2022)

Q (erg s” cm™)

[—

-
()
4

—

-
ro
J—

e and n -nuclet !
Bremsstrahlung!

I
+ Plasmon |
|

0.00 GeV
0.02 GeV
0.03 GeV
0.04 GeV
0.05 GeV
0.06 GeV

Direct Urca <

threshold

Baryon and Coulomb
Bremsstrahlung

——

18
101010 1011

1012 1013 1014
p(gem”)

1015




0.00 GeV

0.02 GeV

0.03 GeV

0.04 GeV

0.05 GeV
0.06

(W

-
ro
Lo

1019

0.00 GeV
0.02 GeV
0.03 GeV
0.04 GeV
0.05 GeV

o 0.06 GeV
5<10"  1.3x10"7

o~
e
e
=
<
=1V
o
7]
-’
=
O

e

-
[e—
oo

10" 1012 1053 2.5 7.5 10 125 15 17.5

14 -3
p(gem”) p (107 gcem™)
Kumar, Das and Patra, MNRAS 513, 1820 (2022)




0.00 GeV
0.02 GeV

0.03 GeV
0.04 GeV 0.03 GeV —

0.05 GeV 0.06 GeV ——
0.06 GeV |

0 10° 10° 10’ 10° 10* 102 10° 107
t (vears) t (years)
Kumar, Das and Patra, MNRAS 513, 1820 (2022)




Maximum mass
kY = 0.00 GeV k" =0.03 GeV
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Canonical Star (1.4 M)
mwmm
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® The extension of the work is heeded to understand the cooling behaviour of different
neutron stars/pulsars.

e | am working with Fiorella Burgio and Hans Josef Schulze for this extension.

® The microscopic (V18) and RMF (DD2 and TW99) models are taken for our work. (soon
be communicated).

e Already, we roughly estimate the mass distribution of some isolated pulsars with the
help of the cooling observational data.

e However, more cooling data needed for the good estimation.



® The thermal properties of the dark matter admixed neutron star are explored in this study.

® Single fluid (boson exchange) and Two-fluid (gravity) scenarios are taken for dark matter-nucleons
interaction.

® Important thermal properties neutrino emissivity, heat capacity, thermal conductivity and cooling of
the neutron star admixed with dark matter are obtained within the RMF model.

e Dark matter has significant affect mainly on neutrino emissivity and cooling of the star.
® Fast cooling scenario both for single and two fluid depends on the percentage of DM.

® The time required for the thermal relaxation between core and crust is reduced for the star, if it’s
more than 30%.

e With the help of future observation from JWST and other telescope data, we can find the hint of DM
inside the NS.



Finally, find my home (Neutron Star)

| am COOL now!







