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• Issue 1: Solar winds are a barrier 
to low-energy charged particles

• What to do?
- Look at Voyager 1 & 2 data!
- Look for 𝛾-ray signals
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• Issue 2: No data of quality for 𝛾-rays 
between ∼ 100 keV – 100 MeV

• Secondary emissions to circumvent 
the issue à study X-rays signals from 
light DM
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• Issue 2: No data of quality for 𝛾-rays 
between ∼ 100 keV – 100 MeV

• Secondary emissions allow to 
circumvent the issue à study X-rays 
signals from light DM
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• There are a few ways to generate X-rays from DM annihilation/decay :

• Prompt emissions: 
• Final state radiation (FSR): DM (DM) → 𝜇!𝜇"𝛾
• Radiative decay (Rad): DM (DM) → 𝜇!𝜇" →	𝜇! 𝑒"�̅�#𝜈$𝛾

• Secondary emissions:
• Inverse-Compton scattering (ICS): up-scattering of ambient photons thanks to DM-produced 𝑒±
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X-rays from DM annihilations/decays

• Light DM mass range: 1 MeV < 𝑚() < 5 GeV

• Kinematically open primary channels that produce 𝑒± one way or another:
• DM (DM) → 𝑒.𝑒/

• DM (DM) → 𝜇.𝜇/ (𝜇± → 𝑒±𝜈1𝜈2 @ ∼ 100%)

• DM (DM) → 𝜋.𝜋/ (𝜋± → 𝜇±𝜈2 @ ∼ 100%)
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• Differential flux of photons from prompt emissions:

X-rays from DM annihilations/decays
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X-rays from DM annihilations/decays
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• Differential flux of photons from prompt emissions:



X-rays from DM annihilations/decays

• DM-produced 𝑒± can up-scatter ambient photons up to X-ray energies

• Ambient photons are: CMB, dust-rescattered IR and optical starlight (SL)
• Energy range ∼ 0.1 meV to 10 eV
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X-rays from DM annihilations/decays

• To compute the IC-scattered photon flux, we need a few ingredients:
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X-rays from DM annihilations/decays

1) Local number density of ambient photons

• For CMB à black body spectrum

• For IR and SL à GalPROP intensity maps
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X-rays from DM annihilations/decays

• To compute the IC-scattered photon flux, we need a few ingredients:
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2) Local number density of DM-produced 𝑒±
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• We adopt a minimal model of CR transport (e.g., SLIM in Génolini et al. 2103.04108)
• For high-energy 𝑒± in the Milky Way, energy losses dominate over spatial diffusion
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The solution is now analytic!
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• To compute the IC-scattered photon flux, we need a few ingredients:
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X-rays from DM annihilations/decays

3) Klein-Nishina cross section in the Thomson limit (𝐸6 ≪ 𝐸7)
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X-rays from DM annihilations/decays

• To compute the IC-scattered photon flux, we need a few ingredients:
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Get the X-rays flux from ICS!

… after some integrations 
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• Impose a (2𝜎) bound when 𝜒I6 𝑝,𝑚)* ≥ 4
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INTEGRAL diffuse emission searches
2003-2009
Bouchet et al., INTEGRAL coll., 1107.0200

Suzaku high-latitude fields 
2006-2008
Yoshino et al., 0903.2981

NuSTAR
2012-2018
Blank-sky fields 
Krivonos et al., 2011.11469
GC observations 
Perez et al., 1609.00667
Off-plane observations 
Roach et al., 1908.09037

XMM-Newton blank-sky data
1999-2018
Foster et al., 2102.02207
https://github.com/bsafdi/XMM_BSO_DATA
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Diffuse 𝛾-rays: Essig et al., 1309.4091
Voyager 1: Boudaud et al., 1612.07698
Leo T gas heating: Wakedar and Wang, 2111.08025
CMB: Slatyer, 1506.03811, 

Lopez-Honorez et al., 1303.5094, 
Liu et al., 1604.02457

INTEGRAL FSR: Calore et al. 2209.06299
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Analysis and results
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Summary and prospects

• Proof of concept: secondary emissions allow to circumvent the MeV gap

• As a bonus they can set strong bounds on light DM, although their 
robustness is debatable

• Two possible improvements: 
1) Astrophysical background modeling 
2) Deviate from the minimal CR transport scheme (especially include 𝐾DD)
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Balaji, De la Torre Luque, JK, to appear



Summary and prospects

• Other prospects to explore:

• Look at p-wave annihilation 𝜎𝑣 = 𝜎𝑣 : + 𝜎𝑣 D𝑣6 + 𝒪(𝑣J)

• Test BSM models that provide a light DM candidate:
1) Injection spectra of 𝑒± from DM annihilations/decays channels
2) Branching ratios
3) Expression of 𝜎𝑣  as a function of the couplings
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Thank you for your attention!



Backup



Diffusion-loss equation ingredients
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𝑏 𝐸" , �⃗� = 𝑏+,-.)/,0/1 + 𝑏(2"'3 + 𝑏4+5 + 𝑏360

Depends on the 
galactic magnetic 
field configuration

Depend on the 
local gas density

Depends on the 
local ISRF density
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• 𝑏 𝐸" , �⃗� taken from PPPC4DMID

• Diffusion curve: 𝑏7/88 𝐸" ∼ 𝐸"/𝜏7/88(𝐸")



Diffusion-loss equation ingredients

• Source term: 𝑄 𝐸1, �⃗� =
UV
6

W%&(X⃗)
Y%&

6 Z['±
Z\'

Γ W%&(X⃗)
Y%&

Z['±
Z\'

• Where 
Z['±
Z\'

is the 𝑒± injection spectrum:
• For the 𝑒!𝑒" channel: monochromatic (DM → 𝑒±)
• For the 𝜇!𝜇" channel: boosted Michel spectrum (DM → 𝜇± → 𝑒±)
• For the 𝜋!𝜋" channel: double boosted Michel spectrum (DM → 𝜋± → 𝜇± → 𝑒±)
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Michel spectrum and boosts

• Michel spectrum:

• Lorentz boost: 
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𝛾 = \,
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   (A = parent particle)



Inverse-Compton scattering power
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𝒫4+,/(𝐸9 , 𝐸" , �⃗�) = 𝐸9f𝑑𝑦	𝑛/(𝑦, �⃗�)	𝜎4+(𝐸" , 𝑦)
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Inverse-Compton scattering

• To compute the IC-scattered photon flux, we need a few ingredients:
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Inverse-Compton scattering

• To compute the IC-scattered photon flux, we need a few ingredients:
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Dataset energy ranges
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Suzaku: 0.4 – 5 keV
XMM-Newton: 2.5 – 8 keV
NuSTAR: 3 – 20 keV
INTEGRAL: 27 – 1800 keV



NuSTAR datasets
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Roach et al., 1908.09037

Perez et al., 
1609.00667



NuSTAR datasets
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Krivonos et al., 2011.11469
Data taken between 2012 and 2016

Perez et al., 1609.00667
Data taken between 2012 and 2014

Roach et al., 1908.09037
Data taken between in 2018



NuSTAR constraints
NuSTAR (2012-2018 data):
- blank-sky fields Krivonos et al., 2011.11469
- GC obs. Perez et al., 1609.00667
- off-plane obs. Roach et al., 1908.09037
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Suzaku datasets
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Yoshino et al., 0903.2981
https://heasarc.gsfc.nasa.gov/docs/suzaku

/gallery/performance/xis_area.html



Suzaku constraints
Suzaku high-latitude fields 
2006-2008
Yoshino et al., 0903.2981
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INTEGRAL datasets
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Bouchet et al., INTEGRAL coll., 
1107.0200
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INTEGRAL constraints
INTEGRAL diffuse emission searches
2003-2009
Bouchet et al., INTEGRAL coll., 1107.0200
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XMM-Newton datasets
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https://github.com/bsafdi/XMM_BSO_DATA

Datasets + Instrument response functions



XMM-Newton 
constraints
XMM-Newton whole-sky observations
1999-2018
Foster et al., 2102.02207
https://github.com/bsafdi/XMM_BSO_DATA
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ICS halo function (spatial distribution)
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Galactic magnetic field configurations

𝐵(𝑟, 𝑧) = 𝐵I exp −
𝑟 − 𝑟⨀
𝑅(

−
𝑧
𝑧(
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Models 𝐵? (𝜇𝐺) 𝑟@ (𝑘𝑝𝑐) 𝑧@ (𝑘𝑝𝑐)
MF1 4.78 10 2
MF2 5.1 8.5 1
MF3 9.1 30 4


