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* DM can be gravitationally
captured by celestial
bodies.

- DM sinks toward the
center fast.

» An NS efficiently captures

- and accumulates DM due
to the dense environment.
However, annihilation
products cannot escape,
even for neutrinos.
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* For - , the
process for DM to
settle down
completely inside the
NS is much slower.

» If DM is outside the
NS for a time long
enough, the
annihilation products
can be detected.
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Fate of DM at NS - the Thermalization Processes
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Fate of DM at NS - the Thermalization Processes

» Stage 1: J DM is captured by NS.

R > Ry
7 >"" . DM undergoes energy loss via
. Stage2: = e s subseguent scgttgrlngs
following a shrinking closed

R > Ryg = R < Ry orbit.

“=->"gtage during which we expect the signal to happen

. Stage 3: The contained orbit shrinks to the
J¢ 2. thermal radius, I.e. T% = TNS

R < Ry



Fate of DM at NS - the Thermalization Processes

R > Ry¢ — R < Ry energy scale vs mass splitting
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| Inelastic DM can rapidly be thermalized to be
t contained in the NS.
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Timescales

To allow annihilation to happen outside NS, thermalization timescales need to be compared

with the timescale to reach the capture and annihilation equilibrium z,
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* Due to the loop-level suppression for inelastic

DM, aflas < 10~Y%m?, is long.

e SO can be obtained where

an equilibrium condition can be reached for
NS.
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Fraction of DM annihilating outside NS
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Depending on the mass splitting, a large fraction of annihilation can happen outside the NS.
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Annihilation Rate

» One single NS produces a signal too faint to

NFWy = 15
be detected. -

— NFW

—— Kinasto
— Burkert

* In this work, we study the signal from the

vicinity of the Galactic Center where DM
and NS accumulate.
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Neutrino & Gamma-ray Flux

Only the Galactic Center region is studied here (up to 50pc to the Galactic Center), so the point-source assumption is
followed.
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http://www.marcocirelli.net/PPPC4DMID.html
https://github.com/nickrodd/HDMSpectra
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* The point-source sensitivity
of lceCube to the Southern
Sky is limited by the

atmospheric background.
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Constraints

10—40E
10-41}

10-42

[cm?]

inel

Oy,

10-45
10-46

10747

1

10740
10-41 |

Jo-2]

[cm?]

inel

An

10|
10-15|

10 02 103 104 10° 10° 107 108 10°10%0101171012

1

10—43;

1044

10-53|
10-4|
10—45%

1045 |

Xx->ThtT~

02 10° 107 10° 10° 107 10° 1091070107102
m, [GeV]

)Q(—H)D?

m, [GeV]

& Sensitivities

| Xx->W+TW-:
107 10° 10% 10° 10° 107 10° 10° 10701071102
m, [GeV]

102 103 10% 10° 10° 107 108 10° 101910111012
m, [GeV]

| XX - bb
10% 10% 10% 10° 10° 107 10° 10° 101010711012
m, [GeV]

lceCube

—— KM3NeT

—— |lceCube-Gen2
TRIDENT

« Constraints from H.E.S.S. Galactic Center observation
« 90% 10yr sensitivity of lceCube, next-generation neutrino observatories, lceCube-Gen? Radio

» 50 sigma sensitivity of CTA (50hr) and SWGO (5yr)

Qinrui Liu

| Future Global Neutrino Telescopes
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Neutrino telescopes in the Northern
Hemisphere can have better view
to the Galactic Center
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Constraints & Sensitivities
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Constraints & Sensitivities
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Future Very-High-Energy
Gamma-Ray Observation
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https://arxiv.org/pdf/1907.07737.pdf

Summary

- After capture, can stay before
being completely contained inside the NS.

* The SM particles produced in
can reach the Earth and be detected.

» The cross sections of DM-nucleon scattering can be constrained with
the current gamma-ray and neutrino experiments.

» We show the sensitivities to the cross sections with future gamma-ray
and neutrino experiments.

Thank you!
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DM capture in NS
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for DM capture.
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Multiple scatterings are
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initial kinetic energy in the halo
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