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ll Neutron Star as target of Dark Matter (1 /2)

Energy injection Thermalization

Dark Matter (DM) > Neutron star - Surface Temperature (/)

Weakly interacting massive particle eg. James Webb Space Telescope
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ll Neutron Star as target of Dark Matter (2/2)

M = 1.4Mg, neutron: b, proton: CCDK

Neutron star  Temperature Obs. 10°

T, ~ 2000 K w/ DM
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Time [year] Plot by N. Nagata

Neutron Star can be a good target to search for DM

Gravitational capture of DM — Kinetic energy injection/Annihilation - Anomalous heating source

Universal prediction: 7 ~ 2000 K for wide DM parameters (1 GeV — 1 PeV, a)m > 10~*% cm?)

If we observe neutron star w/ T, < 2000 K, we may constrain DM-nucleon cross section




] Neutron Star obs. vs Direct detection

Sensitivity as target
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[N. F. Bell, G. Busoni, S. Robles (2018)]

I n e I aSti C D M scatte ri n g [MF, K. Hamaguchi, N. Nagata, J. Zheng (2022)]

Large energy injection due to gravitational acceleration

DM may be excited
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Direct detection NS observation
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Direct detection & Neutron Star observation
will be a complimentary probe for EW Multiplet DM

s« N=n,p




] Possible “Contamination”?

M =1.4Mg, neutron: b, proton: CCDK

Old but Still Warm

We “assume” there is no late time heating source 10° &
Recently, old but warm stars has been observed -
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* e.g. VOrtex Creep Heating [Shibazaki, Lamb (1989)]

[Gonzalez, Reisenegger (2010)]

Can we really probe DM heating effects? Stay tuned for our future collaboration!

[MF, K. Hamaguchi, N. Natsumi, M. E. Rarmirez-Quezada (on-going)]



Summary

We only know few facts about DM (even if we focus on particle dark matter candidates)

In particle physics approach, our final goal is “Identification of DM”
(e.g. Determining DM mass, spin, interactions, ...)

Experimental/Observational/Astrophysical inputs are indispensable to study/probe DM

If DM has interaction with the SM particles, we may probe DM through
(1) Collider (2) Indirect detection (3) Direct detection

New direction to probe DM?
— Neutron star as target of DM (gravitational capture & semi-relativistic recoil)

What is good observable? Neutron star temperature observation?
— We need to examine internal heating of neutron star (e.g. vortex creep)

Let’s work together & explore particle aspect of dark matter w/ your astro-knowledge!



