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This talk is based on…
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1 MeV ≤ 𝑚" ≤ 5 GeV



Indirect detection of sub-GeV dark matter
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MeV gap
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Figure adapted
from Tatischeff+ 
arxiv:1805.06435 
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Production
channels
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3 decay/annihilation channels:

𝜒 𝜒 ⟶ 𝑒$𝑒%

𝜒 𝜒 ⟶ 𝜇$𝜇%

𝜒 𝜒 ⟶ 𝜋$𝜋%

Kinematically open: 𝑚" > 2 𝑚& 𝑖 = 𝑒, 𝜇, 𝜋

1 MeV < 𝑚" < 5 GeV



Total Flux
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𝜙!"! = 𝜙#$% + 𝜙%&' + 𝜙()$

𝜒𝜒 ⟶ 𝜇$𝜇%𝛾

𝜒𝜒 ⟶ 𝜇$𝜇%

𝑒$𝜈'𝜈̅( 𝛾

FSR

Rad

𝜒𝜒 ⟶ … → 𝑒$ 𝑒%

𝑒% + 𝛾 → 𝑒% + 𝛾

Inverse Compton Scattering



Prompt components
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Decaying dark matter:

Annihilating dark matter:



Inverse Compton scattering
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𝜒𝜒 ⟶ … → 𝑒$ 𝑒%

3 kind of photons:
• CMB
• IR (dust)
• Optical (starlight)

𝐸-𝐸5

𝐸'



Inverse Compton scattering
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X rays

Type 𝑬𝟎 [eV] 𝑬𝒆 [GeV] 𝑬𝜸 [keV]
CMB 10%9 5 40
IR 10%0 0.5 40
Opt 10 0.05 400

𝛾 =
𝐸'
𝑚'

𝐸- ≈ 4𝛾0𝐸5

𝐸-𝐸5

𝐸'



Inverse Compton scattering
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Electron number density
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Total flux
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INTEGRALXMM-Newton

NuSTAR Suzaku



Energy range

17

Suzaku: 0.4 keV – 5 keV

XMM-Newton: 2.5 keV – 8 keV

NuSTAR: 3 keV – 20 keV

INTEGRAL: 27 keV – 1.8 MeV

0.4 3 20 27 𝐸![𝑘𝑒𝑉]
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Observations
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Constraints on electron channel
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Comparison with the 
literature 
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Diffusive gamma-ray constraints

21Essig+, JHEP 11 (2013) 193
𝑠



Voyager constraints
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CMB constraints
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Leo T constraints
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Final state radiation with INTEGRAL

25Calore+, Mon. Not. Roy. Astron. Soc. 520 (2023) 4167–4172
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Comparison with bounds
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27An eye toward the future



Sensitivity compared to XMM-Newton

Better angular resolution but 
smaller field of view

Energy range: 0.1 keV– 10 keV



All-sky survey

Energy range: 0.2 keV– 10 keV

2nd data release in May 2023
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Beyond the Milky Way



Conclusions
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Inverse-Compton scattering on the photon bath
is a powerful tool to study sub-GeV dark matter2

X-ray telescopes can help in closing the MeV gap 1

Strongest bounds on3
• Annihilating DM (if p-wave):

• Decaying DM:

𝑚34 ≥ 20 MeV

𝑚34 ≥ 100 MeV

𝑠



Conclusions

32

Inverse-Compton scattering on the photon bath
is a powerful tool to study sub-GeV dark matter2

X-ray telescopes can help in closing the MeV gap 1

Strongest bounds on3

Thank you for 
your attention!

• Annihilating DM (if p-wave):

• Decaying DM:

𝑚34 ≥ 20 MeV

𝑚34 ≥ 100 MeV

𝑠


