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1 MeV ≤ 𝑚" ≤ 5 GeV
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Indirect detection of sub-GeV dark matter
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MeV gap
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Figure adapted
from Tatischeff+ 
arxiv:1805.06435 



MeV gap
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Figure adapted
from Tatischeff+ 
arxiv:1805.06435 

Inverse
Compton



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
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FSR

Rad

𝜒𝜒 ⟶ … → 𝑒$ 𝑒%

𝑒% + 𝛾 → 𝑒% + 𝛾

Inverse Compton Scattering



Prompt components
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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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Photon 
energy 

distribution
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As implemented in GALPROP code
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Power
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Energy losses
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Electron number density
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Total flux
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X-ray telescopes
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INTEGRALXMM-Newton

NuSTAR Suzaku



Energy range
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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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X-ray constraints
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Constraints on electron channel
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Constraints on muon and pion channel
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Comparison with the 
literature 
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Diffusive gamma-ray constraints

27Essig+, JHEP 11 (2013) 193
𝑠



Voyager constraints

28Boudaud et al., Phys. Rev. Lett. 119 (2017) 021103
𝑠



CMB constraints

29Slatyer, Phys. Rev. D 93 (2016) 023527 Lopez-Honorez et al., JCAP 07 (2013) 046 Diamanti et al., JCAP 02 (2014) 017 Liu et al., arXiv:2008.01084
𝑠



Leo T constraints

30Wadekar and Wang, Phys.Rev.D 106 (2022) 7, 075007
𝑠



Final state radiation with INTEGRAL

31Calore+, Mon. Not. Roy. Astron. Soc. 520 (2023) 4167–4172
𝑠



Comparison with bounds
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Uncertainties
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DM density profile
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DM density profile
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Density of the interstellar medium
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PPPC 4 DM secondary, Buch et al., arXiv:1505.01049



Density of interstellar medium
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Density of gas
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Cirelli+,Matter, JCAP 11 (2013)



Density of gas
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Magnetic field

40PPPC 4 DM secondary, Buch et al., arXiv:1505.01049



Magnetic field
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Overall uncertainties
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43An 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 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
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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

Thank you for 
your attention!

• Annihilating DM (if p-wave):

• Decaying DM:

𝑚34 ≥ 20 MeV

𝑚34 ≥ 100 MeV

𝑠



Back-up slides
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Data sets
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𝑚! = 150 MeV
< 𝜎𝑣 > = 3 × 10"#$ cm"%s"&



Annihilation 
constraints
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𝑚! = 150 MeV
< 𝜎𝑣 > = 3 × 10"#$ cm"%s"&



Decay 
constraints
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𝑚! = 150 MeV
< 𝜎𝑣 > = 3 × 10"#$ cm"%s"&



Optimistic 
constraints
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𝑚! = 150 MeV
< 𝜎𝑣 > = 3 × 10"#$ cm"%s"&



Transport equation
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On-the-spot 
approximation
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𝑚! = 150 MeV
< 𝜎𝑣 > = 3 × 10"#$ cm"%s"&
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On-the-spot 
approximation
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𝑚! = 150 MeV
< 𝜎𝑣 > = 3 × 10"#$ cm"%s"&



Energy spectrum for FSR

𝑑𝑁
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Bystritskiy et al, PRD 72 (2005) 114019



Energy spectrum for radiative decay

𝑑𝑁$%&
'
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𝑚" = 250 MeV

Essig et al, PRD 80 (2009) 023506
Kuno and Okada, Rev. Mod. Phys 73 (2001) 151-202
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In-flight annihilation

Bartels et al, 
JCAP 05 (2017) 001

𝑚$ = 60 MeV



Sensitivity X-ray experiments



Velocity distribution



XMM-Newton Telescope

Energy range: 2.5 keV – 8 keV

Observation time: 1999-2018 

Data set: 30 concentric rings 
around the GC

Dessert+, Science 367 (2020)

Foster+, Phys. Rev. Lett. 127 (2021) 051101
https://github.com/bsafdi/XMM_BSO_DATA



INTEGRAL Space Telescope

Energy range: 27 keV – 1.8 MeV

• Hard X rays
• Soft gamma rays

Observation time: 2003-2009

Data are provided in two forms:
• Energy flux
• Angular flux

Bouchet et al. (2011), APJ. 739 (2011) 29 



Suzaku Telescope
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Energy range: 0.4 keV - 5 keV

Observation time: 2006-2008 

Energy flux in 11 fields of view

Large Galactic longitudes

Yoshino+, Publ. Astron. Soc. Jap. 61 (2009) 805



NuSTAR Telescope
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Energy range: 3 keV - 20 keV

Observation time: 2012-2018

Three datasets:
• GC observations
• Off-plane observations
• Blank-sky fields

Krivonos+, MNRAS. 502 (2021) 3966–3975
Perez+, Phys. Rev. D 95 (2017) 123002
Roach+, Phys. Rev. D 101 (2020) 103011



Theory motivations for sub-GeV dark matter
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Boehm and Fayet, J. Phys. G 30 (2004) 279-286
Boehm and Fayet, Nucl.Phys. B 683 (2004) 219-263
Fayet, PRD 75 (2007) 115017
Boehm+, PRL 92 (2004) 101301
Ahn and Komatsu, PRD 72 (2005) 061301
Boehm+, PRD 77 (2008) 043516
Ema, Sala and Sato, arxiv:2007.09105
Prantzos+, Rev. Mod. Phys. 83 (2011) 1001-1056
Hochberg+, PRL 113 (2014) 171301
Boddy+, PRD 89 (2014) 115017
Hochberg+, PRL 115 (2015) 021301
Choi+, JHEP 10 (2017) 162
Berlin+, PRD 97 (2018) 055033
Feng and Kumar, PRL 101 (2008) 231301
D’Agnolo and Ruderman, PRL 115 (2015) 061301
Covi+, PRL 82 (1999) 4180-4183
Choi+, JHEP 04 (2012) 106
Arhrib+, JCAP 04 (2016) 049
Boehm, Fayet and Silk, PRD 69 (2004) 101302
Hooper and Zurek, PRD 77 (2008) 087302
Essig+, arxiv:1004.0691

• Light scalar dark matter

• SIMP scenarios

• WIMPless idea

• Axinos

• …

• 511 keV line


