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Outline

» Partl:

Historical remarks on dark matter (DM) and the necessity of self-
Interaction

» Partll:
Neutron star (NS) cooling and DM heating mechanisms

» Partlil:

How can we deduce DM properties by observing the NS temperature

» Summary
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DM in the
Universe

X-ray: NASA/CXC/SAO
Optical: NASA/STScl
Infrared: NASA-JPL-Caltech Crab Nebula



IIIIIIIIIIITIIIIII

NGC 2841

IlTll

unseen

L L

LlllllllllllL

1

10 ' 10 20 30 40
Radius (kpe) Radius (kpc)

(o))

r
VoA oo by v o by v v v b
0

0 10 20 30
Radius (kpc) Radius (kpc)

K. G. Begeman et al., MNRAS 249, 523 (1991)
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Gravitational Lenses in the COSMOS Survey
Hubble Space Telescope = ACS/WFC

NASA, ESA, C. Faure (Zentrum fiir Astronomie, University of Heidelberg) and

J.-P. Kneib (Laboratoire d’Astrophysique de Marseille)

STScl-PRC0O8-09



Core-cusp problem Too-big-to-fail
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: CoI_Iis'io.n‘Ié'ss-, DM
N-body sim.

To alleviate these small-scale problem:

DM self-interaction is introduced
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J. S. Bullock et al., Ann. Rev. Astron. Astrophys. 55, 343 (2017)
S.Tulin et al., Phys. Rept. 730, 1 (2018)

We didn’t see any satellite as
massive as predicted by the
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Most stringent result

yields at my = 30 GeV
and oy, = 7x10-% cm?2

We will probe a more
smaller oy, in the later
discussion
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NS cooling,
heating and
DM capture




A NAIVE NS MECHANICAL STRUCTURE

A simple NS model

o Age fns = 2 Gyr (old) & isolated
e Near the Sun (< 10 pc)

_[ envelope

e Non-rotating
e M~ 1.44Mo and R ~ 10.6 km
o Two-layers:

e A thin envelope

e Interior with average baryonic
density p, ~ 10 gem ™

Not-to-scale



D. Page etal., ApJ 155, S623 (2004)
C. Kouvaris, PRD 77, 023006 (2008)
COOLING

NS cooling

» Two cooling effects:

e Neutrino emission

&
L ~19x1023<TNS> erg -1
A0 107 K 5

e Photon emission

T 2.2
L., ~ 8.98 x 10°7 ( Al ) erg s-1

103 K
» NS temperature w/o additional heat
source
dInNs
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D. Page etal., ApJ 155, 5623 (2004)
C. Kouvaris, PRD 77, 023006 (2008)
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A. Gould, ApJ 321, 560 (1987)
A.R. Zentner, PRD 80, 063501 (2009)

Ca ptu ri ng DM pa rticles T. Giiver et al,, JCAP 1405, 013 (2014)

~<—‘ NS capture C;
DM-nucleon interaction oy
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~<—‘ DM self-capture C;
DM-DM i1nteraction oy,
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Heating effects from DM
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DM annihilation DM kinetic heating

ann. rate cap. rate x energy deposition

dT;
Cy dlzs = iy — i, v &y I,

C. Kouvaris, PRD 77, 023006 (2008)
Not-to-scale N. Raj et al., PRD 97, 043006 (2018)
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DM properties
and NS tempe-
rature




— my =10MeV —— m, =100 GeV
— my, =100 MeV —— m, =1TeV

Tns ~ 120 Kw/o heating
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CS Chen & YH Lin, JHEP 08, 069 (2018)



NS TEMPERATURE

NS temp. as a complementary probe to oy,
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Std. NS cooling dominant region

CS Chen & YH Lin, JHEP 08, 069 (2018)
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Summary




SUMMARY

Summary

» DM self-capture plays an important role when oy, is negligible
» NS will be reheated and looks like it has a relative large oy

» Tns ranging from 100 K to 1000 K correspond to blackbody peak
wavelength 2.8 um ~ 28 um: JWST, TMT and E-ELT

» Tns could act as a complementary probe to oy,



