The Celestial Dark Matter Calorimeter

Ningqgiang Song
KT oH
Institute of Theoretical Physics, Chinese Academy of Sciences

May 7, 2023

R [E B e R R R A 33 P

Institute of Theoretical Physics, Chinese Academy of Sciences

N5 = E]if1d=2023 Ninggiang Song (songng@itp.ac.cn)



mailto:songnq@itp.ac.cn

Galaxy Cluster MACS J0025.4-1222
Hubble Space Telescope ACS/WFC
Chandra X-ray Observatory
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QCD Axions

NMSSM

[

Axion-like Particles
Littlest Higgs

Supersymmetry

Little Higgs

Extra Dimensions
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Why Celestial Bodies?
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o Special environment: high temperature, high gravity | Z 2207.03764
See also latest XENONNT
2303.14729

* Multi-messenger, multi-frequency observations available
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Dark Matter Fridge

Dark particles that dissipate star energy

Raffelt 1996, 1999, Chang 2018

* EXxcess cooling of supernova
e Stellar evolution  Luzio 2109.10368
* BH superradiance Arvanitaki 2009, 2010
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Dark Matter Stove

Dark matter heating of the astrophysical
environments

* |ncrease star temperature/luminosity Baryakhtar 1704.01577

* Collapse into BHS Goldman1989, Bertone 0709.1485
 Triggered explosion of white dwarfs Fayet 2006, Smirnov 2022

* Heating of gas  Bhoonah 1806.06857, 2010.07240
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Earth Heating

DM capture v, < v ~ 11 km/s

escape

 Dark matter scatters with Earth matter,
slows down and gets trapped

X
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v, ~ 300 km/s

Earth
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Earth Heating

 Dark matter scatters with Earth matter,
slows down and gets trapped

e Dark matter scatters with thermal
nuclel and escapes from the Earth

Earth
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Earth Heating

 Dark matter scatters with Earth matter,
slows down and gets trapped

e Dark matter scatters with thermal
nuclel and escapes from the Earth

e Dark matter annihilate to Standard
Model particles, heating the Earth

Earth

Annihilation
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Earth Heating

 Dark matter scatters with Earth matter,
slows down and gets trapped

e Dark matter scatters with thermal
nuclel and escapes from the Earth

e Dark matter annihilate to Standard
Model particles, heating the Earth

DM Heating < 44 TW Earth

Kamland, Borexino
geoneutrino observation
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Annihilation
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Monte Carlo

DaMaSCUS_EarthCapture
https://github.com/songninggiang/DaMaSCUS-EarthCapture
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Earth radius

Add reference to DaMaSCUS
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Monte Carlo

Top of atmosphere |

Radius|
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DaMaSCUS_EarthCapture
https://github.com/songninggiang/DaMaSCUS-EarthCapture
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Capture Fraction

DaMaSCUS_EarthCapture
https://github.com/songninggiang/DaMaSCUS-EarthCapture
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Monte Carlo vs Single Scatter
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Monte Carlo vs Multi Scatter
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m,|GeV] Dark matter mass
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Dark Matter Distribution
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Dark Matter Evaporation
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Dark Matter Annihilation

Assuming dark matter annihilates to SM final states

Normalized annihilation rate

DM In the Earth

Total annihilation rate

5 = 81T =2023
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Earth Heating Constraints

Spin-Independent 100%

DM Heating < 44 TW
Spin-Independent 5%
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Heating Constraints - Spin-Dependent
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Heating Constraints - Spin-Dependent
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e Dark matter annihilation to neutrinos

 Dark matter-electron scattering, stay tuned

» Special types of interactions

* Full MC including annihilation and evaporation

e Direct detection of thermalized dark matter  Dasetal2210.09313
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Thank you!
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