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▸ Part I: 

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

▸ Part II: 

Neutron star (NS) cooling and DM heating mechanisms 

▸ Part III: 

How can we deduce DM properties by observing the NS temperature 

▸ Summary



DM in the 
Universe

Part I

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



K. G. Begeman et al., MNRAS 249, 523 (1991)

disk
gas

unseen 
matter





Aquarius N-body 

Missing satellite Missing satellite 

Collisionless DM

Core-cusp problem

To alleviate these small-scale problem: 
DM self-interaction is introduced

10�25 cm2

GeV
 ���

m�
 10�23 cm2

GeV
<latexit sha1_base64="JXk9+IbRzwhS025a4eU+0qBaM6U="></latexit><latexit sha1_base64="JXk9+IbRzwhS025a4eU+0qBaM6U="></latexit><latexit sha1_base64="JXk9+IbRzwhS025a4eU+0qBaM6U="></latexit><latexit sha1_base64="JXk9+IbRzwhS025a4eU+0qBaM6U="></latexit>

χχ

J. S. Bullock et al., Ann. Rev. Astron. Astrophys. 55, 343 (2017) 
S. Tulin et al., Phys. Rept. 730, 1 (2018)

Too-big-to-fail

We didn’t see any satellite as 
massive as predicted by the 
N-body sim.
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Constraints from DM direct searches

Most stringent result 
yields at mχ ≈ 30 GeV 
and σχn ≈ 7×10−47 cm2 
We will probe a more 
smaller σχn in the later 
discussion

S. A. Malik et al., Phys. Dark Univ. 9-10, 51 (2015) 
O. Buchmueller et al., JHEP 01, 037 (2015) 
J. Aalbers et al. [DARWIN], JCAP 11, 017 (2016) 
D. S. Akerib et al. [LUX] PRL 118, 021303 (2017) 
C. Amole et al. [PICO], PRL 118, 251301 (2017) 
E. Aprile et al. [XENON] PRL 119, 181301 (2017)
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NS cooling, 
heating and 
DM capture

Part II



A NAÏVE NS MECHANICAL STRUCTURE

A simple NS model

Age tNS ≳ 2 Gyr (old) & isolated 
Near the Sun (< 10 pc) 
Non-rotating 
M ~ 1.44M⊙ and R ~ 10.6 km 
Two-layers: 

A thin envelope 
Interior with average baryonic 
density

envelope

interior: ρb

Not-to-scale

⇢̄b ' 1013 g cm�3
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COOLING

NS cooling

‣ Two cooling effects: 
Neutrino emission 

Photon emission 

‣ NS temperature w/o additional heat 
source
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D. Page et al., ApJ 155, S623 (2004) 
C. Kouvaris, PRD 77, 023006 (2008)
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COOLING

NS cooling

‣ Two cooling effects: 
Neutrino emission 

Photon emission 

‣ NS temperature w/o additional heat 
source
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T. Güver et al., JCAP 1405, 013 (2014)
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Capturing DM particles

NS capture Cc 
DM-nucleon interaction σχn

DM self-capture Cs 
DM-DM interaction σχχ
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Number of DM 
particles Nχ in NS



Heating effects from DM

Not-to-scale
C. Kouvaris, PRD 77, 023006 (2008) 
N. Raj et al., PRD 97, 043006 (2018)
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ann. rate cap. rate × energy deposition

cV
dTNS

dt
= �L⌫ � L�

<latexit sha1_base64="dObsjym85lYO6zANWHFvXBh3jK0=">AAACEnicdVDLSgMxFM34rPVVdekmWARdWGZE1C6UghsXIhX7gk4ZMplMG5pkhiQjlGG+wY2/4saFIm5dufNvTB+CzwP3cjjnXpJ7/JhRpW373Zqanpmdm88t5BeXlldWC2vrDRUlEpM6jlgkWz5ShFFB6ppqRlqxJIj7jDT9/tnQb94QqWgkanoQkw5HXUFDipE2klfYxV7DDSXCaVDzUldyeHmdZWmgs5O9C88VybB3EefIKxTtUtl2yocO/E2ckj1CEUxQ9QpvbhDhhBOhMUNKtR071p0USU0xI1neTRSJEe6jLmkbKhAnqpOOTsrgtlECGEbSlNBwpH7dSBFXasB9M8mR7qmf3lD8y2snOjzupFTEiSYCjx8KEwZ1BIf5wIBKgjUbGIKwpOavEPeQCUibFPMmhM9L4f+ksV9yDL86KFZOJ3HkwCbYAjvAAUegAs5BFdQBBrfgHjyCJ+vOerCerZfx6JQ12dkA32C9fgCBW539</latexit><latexit sha1_base64="dObsjym85lYO6zANWHFvXBh3jK0=">AAACEnicdVDLSgMxFM34rPVVdekmWARdWGZE1C6UghsXIhX7gk4ZMplMG5pkhiQjlGG+wY2/4saFIm5dufNvTB+CzwP3cjjnXpJ7/JhRpW373Zqanpmdm88t5BeXlldWC2vrDRUlEpM6jlgkWz5ShFFB6ppqRlqxJIj7jDT9/tnQb94QqWgkanoQkw5HXUFDipE2klfYxV7DDSXCaVDzUldyeHmdZWmgs5O9C88VybB3EefIKxTtUtl2yocO/E2ckj1CEUxQ9QpvbhDhhBOhMUNKtR071p0USU0xI1neTRSJEe6jLmkbKhAnqpOOTsrgtlECGEbSlNBwpH7dSBFXasB9M8mR7qmf3lD8y2snOjzupFTEiSYCjx8KEwZ1BIf5wIBKgjUbGIKwpOavEPeQCUibFPMmhM9L4f+ksV9yDL86KFZOJ3HkwCbYAjvAAUegAs5BFdQBBrfgHjyCJ+vOerCerZfx6JQ12dkA32C9fgCBW539</latexit><latexit sha1_base64="dObsjym85lYO6zANWHFvXBh3jK0=">AAACEnicdVDLSgMxFM34rPVVdekmWARdWGZE1C6UghsXIhX7gk4ZMplMG5pkhiQjlGG+wY2/4saFIm5dufNvTB+CzwP3cjjnXpJ7/JhRpW373Zqanpmdm88t5BeXlldWC2vrDRUlEpM6jlgkWz5ShFFB6ppqRlqxJIj7jDT9/tnQb94QqWgkanoQkw5HXUFDipE2klfYxV7DDSXCaVDzUldyeHmdZWmgs5O9C88VybB3EefIKxTtUtl2yocO/E2ckj1CEUxQ9QpvbhDhhBOhMUNKtR071p0USU0xI1neTRSJEe6jLmkbKhAnqpOOTsrgtlECGEbSlNBwpH7dSBFXasB9M8mR7qmf3lD8y2snOjzupFTEiSYCjx8KEwZ1BIf5wIBKgjUbGIKwpOavEPeQCUibFPMmhM9L4f+ksV9yDL86KFZOJ3HkwCbYAjvAAUegAs5BFdQBBrfgHjyCJ+vOerCerZfx6JQ12dkA32C9fgCBW539</latexit><latexit sha1_base64="dObsjym85lYO6zANWHFvXBh3jK0=">AAACEnicdVDLSgMxFM34rPVVdekmWARdWGZE1C6UghsXIhX7gk4ZMplMG5pkhiQjlGG+wY2/4saFIm5dufNvTB+CzwP3cjjnXpJ7/JhRpW373Zqanpmdm88t5BeXlldWC2vrDRUlEpM6jlgkWz5ShFFB6ppqRlqxJIj7jDT9/tnQb94QqWgkanoQkw5HXUFDipE2klfYxV7DDSXCaVDzUldyeHmdZWmgs5O9C88VybB3EefIKxTtUtl2yocO/E2ckj1CEUxQ9QpvbhDhhBOhMUNKtR071p0USU0xI1neTRSJEe6jLmkbKhAnqpOOTsrgtlECGEbSlNBwpH7dSBFXasB9M8mR7qmf3lD8y2snOjzupFTEiSYCjx8KEwZ1BIf5wIBKgjUbGIKwpOavEPeQCUibFPMmhM9L4f+ksV9yDL86KFZOJ3HkwCbYAjvAAUegAs5BFdQBBrfgHjyCJ+vOerCerZfx6JQ12dkA32C9fgCBW539</latexit>

E� +K�
<latexit sha1_base64="5o1kjBQP1pYB+HXrvbtgONG3uX4=">AAACCnicdZDLSsNAFIZPvNZ6i7p0M1oEQSiJiNqNFEQQ3FSwF2hCmEwn7dDJhZmJUELXbnwVNy4UcesTuPNtnLRVvP4w8POdc5hzfj/hTCrLejOmpmdm5+YLC8XFpeWVVXNtvSHjVBBaJzGPRcvHknIW0bpiitNWIigOfU6bfv80rzevqZAsjq7UIKFuiLsRCxjBSiPP3HJCrHoE8+xs6Dmkx/Y+wcUYeGbJKlcsu3Joo9/GLlsjlWCimme+Op2YpCGNFOFYyrZtJcrNsFCMcDosOqmkCSZ93KVtbSMcUulmo1OGaEeTDgpioV+k0Ih+nchwKOUg9HVnvqf8WcvhX7V2qoJjN2NRkioakfFHQcqRilGeC+owQYniA20wEUzvikgPC0yUTq+oQ/i4FP1vGvtlW/vLg1L1ZBJHATZhG3bBhiOowjnUoA4EbuAOHuDRuDXujSfjedw6ZUxmNuCbjJd3LpKbNA==</latexit><latexit sha1_base64="5o1kjBQP1pYB+HXrvbtgONG3uX4=">AAACCnicdZDLSsNAFIZPvNZ6i7p0M1oEQSiJiNqNFEQQ3FSwF2hCmEwn7dDJhZmJUELXbnwVNy4UcesTuPNtnLRVvP4w8POdc5hzfj/hTCrLejOmpmdm5+YLC8XFpeWVVXNtvSHjVBBaJzGPRcvHknIW0bpiitNWIigOfU6bfv80rzevqZAsjq7UIKFuiLsRCxjBSiPP3HJCrHoE8+xs6Dmkx/Y+wcUYeGbJKlcsu3Joo9/GLlsjlWCimme+Op2YpCGNFOFYyrZtJcrNsFCMcDosOqmkCSZ93KVtbSMcUulmo1OGaEeTDgpioV+k0Ih+nchwKOUg9HVnvqf8WcvhX7V2qoJjN2NRkioakfFHQcqRilGeC+owQYniA20wEUzvikgPC0yUTq+oQ/i4FP1vGvtlW/vLg1L1ZBJHATZhG3bBhiOowjnUoA4EbuAOHuDRuDXujSfjedw6ZUxmNuCbjJd3LpKbNA==</latexit><latexit sha1_base64="5o1kjBQP1pYB+HXrvbtgONG3uX4=">AAACCnicdZDLSsNAFIZPvNZ6i7p0M1oEQSiJiNqNFEQQ3FSwF2hCmEwn7dDJhZmJUELXbnwVNy4UcesTuPNtnLRVvP4w8POdc5hzfj/hTCrLejOmpmdm5+YLC8XFpeWVVXNtvSHjVBBaJzGPRcvHknIW0bpiitNWIigOfU6bfv80rzevqZAsjq7UIKFuiLsRCxjBSiPP3HJCrHoE8+xs6Dmkx/Y+wcUYeGbJKlcsu3Joo9/GLlsjlWCimme+Op2YpCGNFOFYyrZtJcrNsFCMcDosOqmkCSZ93KVtbSMcUulmo1OGaEeTDgpioV+k0Ih+nchwKOUg9HVnvqf8WcvhX7V2qoJjN2NRkioakfFHQcqRilGeC+owQYniA20wEUzvikgPC0yUTq+oQ/i4FP1vGvtlW/vLg1L1ZBJHATZhG3bBhiOowjnUoA4EbuAOHuDRuDXujSfjedw6ZUxmNuCbjJd3LpKbNA==</latexit><latexit sha1_base64="5o1kjBQP1pYB+HXrvbtgONG3uX4=">AAACCnicdZDLSsNAFIZPvNZ6i7p0M1oEQSiJiNqNFEQQ3FSwF2hCmEwn7dDJhZmJUELXbnwVNy4UcesTuPNtnLRVvP4w8POdc5hzfj/hTCrLejOmpmdm5+YLC8XFpeWVVXNtvSHjVBBaJzGPRcvHknIW0bpiitNWIigOfU6bfv80rzevqZAsjq7UIKFuiLsRCxjBSiPP3HJCrHoE8+xs6Dmkx/Y+wcUYeGbJKlcsu3Joo9/GLlsjlWCimme+Op2YpCGNFOFYyrZtJcrNsFCMcDosOqmkCSZ93KVtbSMcUulmo1OGaEeTDgpioV+k0Ih+nchwKOUg9HVnvqf8WcvhX7V2qoJjN2NRkioakfFHQcqRilGeC+owQYniA20wEUzvikgPC0yUTq+oQ/i4FP1vGvtlW/vLg1L1ZBJHATZhG3bBhiOowjnUoA4EbuAOHuDRuDXujSfjedw6ZUxmNuCbjJd3LpKbNA==</latexit>
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SURFACE TEMPERATURE

A 2-Gyr-old NS temperature TNS
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TNS ~ 120 K w/o heating

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



NS TEMPERATURE

NS temp. as a complementary probe to σχn

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

Summary

▸ DM self-capture plays an important role when σχn is negligible 

▸ NS will be reheated and looks like it has a relative large σχn 

▸ TNS ranging from 100 K to 1000 K correspond to blackbody peak 
wavelength 2.8 µm ~ 28 µm: JWST, TMT and E-ELT 

▸ TNS could act as a complementary probe to σχn


