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• Observed: 𝑣!"#! 𝑟 = 𝑐𝑜𝑛𝑠𝑡
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Dark matter 101

[X-ray: NASA/CXC/CfA/M.Markevitch, 
Optical and lensing map: NASA/STScI, 

Magellan/U.Arizona/D.Clowe, 
Lensing map: ESO WFI ]

• Evidence 2: Extra invisible mass in 
galaxy clusters

• Example: The Bullet Cluster
• In pink: X-ray mapping of the 

intracluster gas
• In blue: weak lensing mapping 

of the clusters’ mass

• Most of the the clusters’ mass is 
not composed of gas
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of the Cosmic Microwave Background
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[Aghanim et al., A&A 641 (2020) A6]

• Evidence 3: Temperature anisotropies 
of the Cosmic Microwave Background

A Universe filled with baryonic 
matter, dark matter, radiation and 
dark energy provides an excellent 

fit to the measurements!
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• Measurements of the CMB temperature anisotropies (+ other things) 
provide
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Dark matter 101
• Known DM properties:

• Negligible electric charge

• Self-interactions are limited

• Cosmologically stable
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Dark matter 101
• Known DM properties:

• Negligible electric charge

• Self-interactions are limited

• Cosmologically stable

Spans over 90 orders of magnitude!
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Dark matter 101

• Candidate 1: DM as sub-GeV elementary particles

• Candidate 2: DM as primordial black holes
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Constraining sub-GeV dark matter 
from diffuse X-rays

• Issue 1: when DM produces 𝑒±

Solar screening suppresses 
the flux

• What to do?
• Look at Voyager 1 & 2 data!
• Look for DM-produced 𝛾-rays

[Boudaud, Lavalle & Salati, Phys.Rev.Lett. 119 (2017) 2, 021103]
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No sensitive enough observatories at 

MeV energies
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Constraining sub-GeV dark matter 
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• Issue 2: when DM produces 𝛾
No sensitive enough observatories at 

MeV energies

• Secondary emissions allow to 
circumvent the issue à study X-rays 
signals from light DM

MeV 
gap

[Cirelli et al., Phys.Rev.D 103 (2021) 6, 063022] Adapted from [De Angelis et al. Exper.Astron.
44 (2017) 1, 25]
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Local number density of DM-produced 𝑒±

∇ 𝐷 ∇𝑓%± − 𝑣⃗!𝑓%± +
𝜕
𝜕𝐾%

𝑏&'((𝑓%± + 𝛽)𝐷**
𝜕𝑓%±
𝜕𝐾%

+ 𝑄%±
+, = 0

spatial 
diffusion

energy loss sourcemomentum space 
diffusion

convection

Solve this equation by using DRAGON2

𝐷 = 𝐷$𝛽/
𝑅/𝑅$ 0

1 + 𝑅/𝑅$ 10/3 3 𝐷44 =
4
3

1
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Transport parameters (𝐷$, 𝜂, 𝑅$, 𝛿, Δ𝛿, 𝑠, 𝑣! , 𝑣5, 𝐿) are set using CR fits



Constraining sub-GeV dark matter 
from diffuse X-rays

https://github.com/bsafdi/XMM_BSO_DATA

Datasets + Instrument response functions



Constraining sub-GeV dark matter 
from diffuse X-rays

• Conservative approach
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Constraining sub-GeV dark matter 
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Constraining PBHs from diffuse 
X-rays
[Hawking, Commun.Math.Phys. 43 (1975) 199]
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 [Arbey, Auffinger, Eur.Phys.J.C 79 (2019) 8, 693], 

[Arbey, Auffinger, Eur.Phys.J.C 81 (2021) 10]

[De la Torre Luque, JK & Balaji, 
arXiv:2406.11949 (accepted in Phys.Rev.D)]

Constraining PBHs from diffuse 
X-rays
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[De la Torre Luque, JK & Balaji, arXiv:2406.11949 (accepted in Phys.Rev.D)]
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• Considering secondary emissions can help us 
circumventing the MeV gap in 𝛾-ray observatories

• As a bonus: it has a great constraining power

• Robustness is debatable, due to numerous astro 
uncertainties

• Possible improvement: Astrophysical background modeling 

Conclusion



Thank you for your attention!


