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Dark matter is ubiquitous in the Universe!

1 pc ⇡ 2.06⇥ 105 AU ⇡ 3.08⇥ 1016 m
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What is the essence of DM?
~ ~

eV MeV GeV > TeVmχ

not-to-scale

▸ Dark matter 
▸ To measure

mass mχ

DM-SM interaction cross sections σχn,p,e…, ⟨σv⟩
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Current constraints
~ ~

eV MeV GeV > TeVmχ

See: Jungman+, PP 267, 195 (1996) 
Bertone+, PP 405,279 (2005) 
Battaglieri+, 1707,04591 
Knapen+, PRD 96, 115021 (2017) 
Lin (TASI2018), 1904.07915 (2019)

Essig+, 2203,08297 
Billard+, RPP 85, 056201 (2022) 
Cooley+, 2209.07426 
… for comprehensive reviews
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Current constraints
~ ~

eV MeV GeV > TeVmχ

Spin-dependent σχp

Abbasi+, PRD 105, 062004 (2022)

Albert+, PRD 102, 08002 (2020)

Annihilation cross section ⟨σv⟩

▸ !e constraints are very stringent on various interaction cross section 

▸ !e constraints are in general independent of any particle physics model
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Current constraints
~ ~

eV MeV GeV > TeVmχ

Sub-GeV DM

▸ !e constraints decreases as mχ goes lighter:
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Aprile+, PRL 129, 161805 (2022)

Current constraints
~ ~

eV MeV GeV > TeVmχ

Sub-GeV DMDM lighter than MeV

<latexit sha1_base64="Mmy69k7DSAOILN7O+6wcWhVGBQs="></latexit> "

▸ !e constraints decreases as mχ goes lighter:
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Aprile+, PRL 129, 161805 (2022)

Current constraints
~ ~

eV MeV GeV > TeVmχ

Sub-GeV DMDM lighter than MeV
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▸ !e constraints decreases as mχ goes lighter:

▸ Le" panel assumes DM is massive dark photon Vμ and can kinetically mix with SM U(1) 
#eld Aμ
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How compact 
star probes DM?
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Probing DM with NS
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ν, γ

kinetic heating

Probing DM with NS

heat
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ν, γ

kinetic heating

Probing DM with NS: The DM heating effect

heat
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Probing DM with NS: The DM heating effect

heat
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ν, γ

kinetic heating

Probing DM with NS: The DM heating effect

heat

▸ Energy could be transferred from both e$ects to NS and a$ect the cooling process
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✏⌫,� : neutrino and photon coolings
<latexit sha1_base64="r2mgXlgTLzcTfzh+zQnycN3vkqM="></latexit>

✏� : DM heating

Page+, ApJS 155, 623 (2004) 
Kouvaris, PRD 77, 023006 (2008)
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ν, γ

kinetic heating

Probing DM with NS: The DM heating effect

heat

▸ Energy could be transferred from both e$ects to NS and a$ect the cooling process

▸ !e temperature of Gyr-old NS could be li"ed up to
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Tkin+ann ⇡ 3100f1/4 Kor
Raj+, PRD 97, 043006 (2018) 
Lin+, JHEP 08, 069 (2018)
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Probing DM with NS: The DM heating effect

heat

▸ Energy could be transferred from both e$ects to NS and a$ect the cooling process

▸ !e temperature of Gyr-old NS could be li"ed up to

▸ All model-dependent and kinematic terms are encoded in 0 ≦ f ≦ 1, eg. cross sections, 
branching ratios, Pauli blocking e$ect…etc
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ν, γ

kinetic heating

Probing DM with NS: The DM heating effect

heat

▸ Energy could be transferred from both e$ects to NS and a$ect the cooling process

▸ !e temperature of Gyr-old NS could be li"ed up to

▸ All model-dependent and kinematic terms are encoded in 0 ≦ f ≦ 1, eg. cross sections, 
branching ratios, Pauli blocking e$ect…etc

▸ !e temperature di$erence between the prediction of the standard cooling mechanism and 
observation can be used to constrain DM and BSM physics
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Resulting temperature and sensitivity



Resulting temperature and sensitivity
Joglekar+, PRD 102, 123002 (2020)

Pure kinetic heating

▸ NS probes the sensitivity region (le") that is much larger than the direct search for
<latexit sha1_base64="f2sGvGcLIlceOxUw8YztweAp9UA="></latexit>

Ts = 1600f1/4 K for f = 1



Resulting temperature and sensitivity
Joglekar+, PRD 102, 123002 (2020)

Pure kinetic heating

▸ NS probes the sensitivity region (le") that is much larger than the direct search for

▸ !e neutron to proton yields in NS is about 100, an ideal place for testing asymmetry 
couplings of DM to EM (εγ) & NC (εZ) interactions
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Kinetic + annihilation heating
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Probing DM with NS: The DM collapse

▸ Asymmetric DM: No annihilation to deplete the number of 
DM captured in the NS then trigger the gravitational 
instability  

▸ Fermi degeneracy pressure could be overcame by attractive 
DM self-interaction ➡ Black hole (BH) 

▸ Accretion dominates or evaporation dominates?
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non-thermalization

XENON1T excl.

Petraki+, IJMPA 28, 1330028 (2013) 
Zurek, PP 537, 91 (2014) 
…for ADM reviews

See:
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Probing DM with NS: The DM collapse

▸ Asymmetric DM: No annihilation to deplete the number of 
DM captured in the NS then trigger the gravitational 
instability  

▸ Fermi degeneracy pressure could be overcame by attractive 
DM self-interaction ➡ Black hole (BH) 

▸ Accretion dominates or evaporation dominates?

Does the DM e$ective mass in the high density region 
change due to DM self-interaction 

Bosonic DM ➡ Bose-Einstein condensation 

Is such endoparasitic BH in NS observable?

Gresham+, PRD 96, 096012 (2017) 
Gresham+, PRD 99, 083008 (2019)

East+, PRD 100, 124026 (2019)
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Lighter than 
MeV: The SNν



The idea behind: Boosted DM (BDM)



▸ Halo DM upscattered by cosmic particles, eg. ν, e…etc ➡ Tχ  ≫ mχ ➡ Boosted

The idea behind: Boosted DM (BDM)

ν χ
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▸ Halo DM upscattered by cosmic particles, eg. ν, e…etc ➡ Tχ  ≫ mχ ➡ Boosted

▸ !e BDM carries energy larger than the detector threshold, eg. Super-K, DUNE…etc

The idea behind: Boosted DM (BDM)

ν χ
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▸ Halo DM upscattered by cosmic particles, eg. ν, e…etc ➡ Tχ  ≫ mχ ➡ Boosted

▸ !e BDM carries energy larger than the detector threshold, eg. Super-K, DUNE…etc

▸ Current constraints

The idea behind: Boosted DM (BDM)

ν χ
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▸ Halo DM upscattered by cosmic particles, eg. ν, e…etc ➡ Tχ  ≫ mχ ➡ Boosted

▸ !e BDM carries energy larger than the detector threshold, eg. Super-K, DUNE…etc

▸ Current constraints

The idea behind: Boosted DM (BDM)

ν χ
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<latexit sha1_base64="t9B8js6ZHgoYob+LgMYi9dy2BR8=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBahgpREpdqFUHDjsoJ9QBPCZDpph04mYWYilFBw46+4caGIW3/CnX/jJK3g88Awh3Pu5d57/JhRqSzr3SjMzS8sLhWXSyura+sb5uZWW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CLzOzdESBrxazWOiRuiAacBxUhpyTN3Ys/BQ3peCfP/0AmRGvpBak0OPLNsVeuWXa/Z8Dexq1aOMpih6ZlvTj/CSUi4wgxJ2bOtWLkpEopiRiYlJ5EkRniEBqSnKUchkW6a3zCB+1rpwyAS+nEFc/VrR4pCKcehryuzFeVPLxP/8nqJCs7clPI4UYTj6aAgYVBFMAsE9qkgWLGxJggLqneFeIgEwkrHVtIhfF4K/yfto6pdqx5fnZQbtVkcRbAL9kAF2OAUNMAlaIIWwOAW3INH8GTcGQ/Gs/EyLS0Ys55t8A3G6wdz5Zdk</latexit>

p� = (m�,0)
ν
χ <latexit sha1_base64="LEgT3dybG43IuVQHNFOpntYkUsU=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmZUorkFvHiMYBZIhlDT6Una9EwP3T1CCPkHLx4U8er/ePNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caWmaKsjqVQqpWiJoJnrC64UawVqoYxqFgzXB4OfWbd0xpLpMbM0pZEGM/4RGnaKzU6KBIB9gtljy34vmVsk9+E9/1ZijBArVu8a3TkzSLWWKoQK3bvpeaYIzKcCrYpNDJNEuRDrHP2pYmGDMdjGfXTsiRVXokkspWYshM/ToxxljrURzazhjNQP/0puJfXjsz0UUw5kmaGZbQ+aIoE8RIMn2d9Lhi1IiRJUgVt7cSOkCF1NiACjaEz0/J/6Rx4vpl9/T6rFQtL+LIwwEcwjH4cA5VuIIa1IHCLdzDIzw50nlwnp2XeWvOWczswzc4rx/7eY9i</latexit>↵

<latexit sha1_base64="TBfxiEZJKBpK00PVKrqjx7vVrvg=">AAACGnicdVDLSgMxFM3Ud32NunQTLEIFGWbaonYhCCK4VLC20BlLJs20oZlMSDJCGfodbvwVNy4UcSdu/BsztUgVPRBycs695N4TCkaVdt0PqzAzOze/sLhUXF5ZXVu3NzavVZJKTBo4YYlshUgRRjlpaKoZaQlJUBwy0gwHp7nfvCVS0YRf6aEgQYx6nEYUI22kju2Jjs/TG19IGpPj8tnUa9+Pke6HUSZGU+pexy65TrVerx/VoOe4Y0DXqeV35VspgQkuOvab301wGhOuMUNKtT1X6CBDUlPMyKjop4oIhAeoR9qGchQTFWTj1UZw1yhdGCXSHK7hWJ3uyFCs1DAOTWU+rfrt5eJfXjvV0VGQUS5STTj++ihKGdQJzHOCXSoJ1mxoCMKSmlkh7iOJsDZpFk0I37v/T64rjnfgVC9rpZODSRyLYBvsgDLwwCE4AefgAjQABnfgATyBZ+veerRerNev0oI16dkCP2C9fwKBjaHG</latexit>

p0⌫ = (E0
⌫ ,p

0
⌫)

<latexit sha1_base64="TtN++FHYosOQZrrEJQqPXHwhY6g="></latexit>

p0� = (E0
�,p

0
�)

Jho+, 2101.11262 (2021)

Cosmic-neutrino BDM
Ema+, PRL 122, 181802 (2019)

Cosmic-ray BDM



ν
ν

ν ν

ν
ν

@GC

χ

χ
χ

χ

χduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058



ν
ν

ν ν

ν
ν

@GC

χ

χ
χ

χ

χ
r

Boosted 
pointduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058



Super-K

ℓ

α

vχ
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ν ν
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χ

χ
χ
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χ
r

Boosted 
pointduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058



1 keV

Lin+, 2206.06864 (2022)
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Boosted 
pointduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

<latexit sha1_base64="Qck9zErGOc7MAeiW73HtIfozJr0="></latexit>

= t0 � R
c



1 keV

Lin+, 2206.06864 (2022)

Super-K

Time-of-flight
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vχ
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ν ν
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χ
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Boosted 
pointduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

<latexit sha1_base64="P0dj36NHx3Dyo7F5PS+Vgy+REHA="></latexit>

t0 =
r

c
+

`

v�

<latexit sha1_base64="ISjwmjy0Mi1Ni9wsxsIdCnUjVPE="></latexit>

>
R

c

R

<latexit sha1_base64="Qck9zErGOc7MAeiW73HtIfozJr0="></latexit>

= t0 � R
c



1 keV

Lin+, 2206.06864 (2022)
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Boosted 
pointduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

<latexit sha1_base64="P0dj36NHx3Dyo7F5PS+Vgy+REHA="></latexit>

t0 =
r

c
+

`

v�

<latexit sha1_base64="ISjwmjy0Mi1Ni9wsxsIdCnUjVPE="></latexit>

>
R

c

R

peak time tp 
(GC)

▸ Peak time tp ~ R(1/vχ − 1/c)

<latexit sha1_base64="Qck9zErGOc7MAeiW73HtIfozJr0="></latexit>

= t0 � R
c
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Boosted 
pointduration: ~10s

<latexit sha1_base64="aHAhuEu7go7pnJeAKFJv7/3dP+c=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkPio9pdQQQ3QgX7gCaEyXTSDp1MwsxELCFf4MZfceNCEbeu3fk3Jm0FnwcuHM65l3vv8SJGpTLNd60wMzs3v1BcLC0tr6yu6esbLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7w9Pcb18TIWnIr9QoIk6A+pz6FCOVSa5esT0kkrPUtXkMbRRFIryBlrlnHdm7iS0CeEFaacnVy6ZRM61a1YK/iWWYY5TBFA1Xf7N7IY4DwhVmSMquZUbKSZBQFDOSluxYkgjhIeqTbkY5Coh0kvE7KaxkSg/6ociKKzhWv04kKJByFHhZZ4DUQP70cvEvrxsr/8RJKI9iRTieLPJjBlUI82xgjwqCFRtlBGFBs1shHiCBsMoSzEP4/BT+T1r7hlU1Di4Py/XqNI4i2ALbYAdY4BjUwTlogCbA4Bbcg0fwpN1pD9qz9jJpLWjTmU3wDdrrBzdamuo=</latexit>

Ē⌫ ⇡ 10� 15MeV

<latexit sha1_base64="E2NsS+2deC6aWN0/Nd0trh/jws8=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEV8OMj9ruCm5cSQX7gM44ZNK0Dc1kQpIRy1DwV9y4UMSt3+HOvzF9CD4PXDiccy/33hMJRpV23XcrNze/sLiUXy6srK6tb9ibWw2VpBKTOk5YIlsRUoRRTuqaakZaQhIUR4w0o8HZ2G/eEKlowq/0UJAgRj1OuxQjbaTQ3rkIfZ5CHwkhk1voudfZSXkU2kXXqbhepeTB38Rz3AmKYIZaaL/5nQSnMeEaM6RU23OFDjIkNcWMjAp+qohAeIB6pG0oRzFRQTY5fwT3jdKB3USa4hpO1K8TGYqVGsaR6YyR7quf3lj8y2unulsOMspFqgnH00XdlEGdwHEWsEMlwZoNDUFYUnMrxH0kEdYmsYIJ4fNT+D9pHDpeyTm6PC5WS7M48mAX7IED4IFTUAXnoAbqAIMM3INH8GTdWQ/Ws/Uybc1Zs5lt8A3W6wdNwZUN</latexit>

N⌫ ⇡ 1058

<latexit sha1_base64="P0dj36NHx3Dyo7F5PS+Vgy+REHA="></latexit>

t0 =
r

c
+

`

v�

<latexit sha1_base64="ISjwmjy0Mi1Ni9wsxsIdCnUjVPE="></latexit>

>
R

c

R

peak time tp 
(GC)

▸ Peak time tp ~ R(1/vχ − 1/c)

▸ !e BDM velocity is determined with
<latexit sha1_base64="65pthQU5C19zKW8wXdi/2ejC6ec="></latexit>

v� =
p

T�(2m� + T�)/(T� +m�)

<latexit sha1_base64="Qck9zErGOc7MAeiW73HtIfozJr0="></latexit>
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▸ Given Tχ and tp, the DM mass mχ can be mea-
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▸ Given Tχ and tp, the DM mass mχ can be mea-
sured directly

▸ !e position of tp is NOT AFFECTED by σχν,e
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▸ Constraint from SN1987A (LMC) and projected sensitivity for the next GC SN are placed 
on                        as 

▸ To compare with the existing bounds, we assume σχν = σχe 

▸ ToF is not only for direct mχ measurement, but also for background control 

▸ !e background Nb ~ 526 events/kton/year

Constraint and sensitivity
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Summary

▸ Selected-topics on LDM probe with NS and 
supernova neutrinos are presented 

▸ Both are complementary to the current direct 
searches 

▸ NS: heating and DM collapse  

▸ Supernova neutrinos: boosted DM and ToF 

▸ ToF can be used to do a direct mχ measure-
ment  

▸ !e associated constraints and sensitivities are 
much improved in eV < mχ < GeV
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