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At least they did not report any emission lines!



Annihila5ng WIMP



Neutralino χ, a candidate of WIMP
(SUSY partner of photon/Z/Higgs)

• Freezeout in the expanding Universe

https://commons.wikimedia.org



Thermal freeze out of WIMP
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Energy injec+on by annihila+ng dark ma4er

• Injection rate

• Boost factor

• Thermal average cross section <σv> into SM+SM

(                                            )



Ionization fraction xe and the gas 
temperature Tm

• Ionization fraction

• Gas temperature



N-body simulation: Cosmological boost factor for 
dark matter annihilation at redshifts of z = 10–100 

using the power spectrum approach

• Cosmological boost factor for DM annihilation

• Power spectrum

Ryuichi Takahashi, Kazunori Kohri, arXiv:2107.00897 [astro-ph.CO]



Ryuichi Takahashi, Kazunori Kohri, arXiv:2107.00897 [astro-ph.CO]



Boost factor of small-scale halos
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History of free electron ratio and 
temperature 



X-rays are absorbed by cosmological 
plasma at z > 10

X. Chen and M. Kamionkowski, 2003



Upper bounds on annihilating cross 
section of dark matter
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Emissions from 
Super-Eddington accretion disks



Luminosity 



Spectrum  ω dL/dω
for a BH with MBH = 105 M◉ 



Upper bounds on accretion rates on seed 
BHs at z=17 evolved to SMBHs until z=7
Kazunori Kohri, Toyokazu Sekiguchi, Sai Wang, arXiv:2201.05300 [astro-ph.CO]



Primordial Black Holes (PBHs)?



Future possible 21cm bounds on 
evaporating PBHs
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Lyman-alpha hearting by evaporating PBHs
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Upper bounds on the fraction to CDM
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Conclusion
• We can conservatively exclude the masses of WIMP 

dark matter 

      m < 15 GeV (quark-antiquark emission) 
      m < 3 GeV (electron-positron emission)

• Cosmological 21cm can allow the super-Eddington 
accretions on to seed BHs (mBH < 106 M◉) to be 
evolved to  SMBHs until z=7

• 21cm global signals will potentially exclude 1018 g 
PBH dark mater


