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• some proposed solutions yield predictions which may be 

in tension with other measurements

• DM annihilation at dwarf spheroidals (dSphs) should 
produce observable gamma ray flux

• gamma ray MSP distribution different from radio, x-ray

• cosmic ray outbursts could produce additional gamma 
rays along the galactic disk
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remainder of this talk
• discuss DM model details

• calculation of photon energy flux and ingredients needed

• model of CR flux in the Milky Way galaxy

• show the resulting CR-DM photon energy spectra and compare to DM 
annihilation and MSP spectra for an example background model

• discussions on morphology

• existing constraints on CR-DM scattering
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• asymmetric DM at ~GeV mass can be related 
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• we use  = 1.25 since that’s the standard choice for DM annihilation γ

• more on this later when discussing morphology

• cosmic ray flux: assume same energy spectrum as local measurements (up to E~100 
GeV), uniform flux within 10 kpc of GC, half-height ~ 4 kpc

• consistent with GALPROP CRF used in background modeling
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their corresponding spectra

• elastic DM scattering benchmark points and 
their corresponding spectra

• by eye, our CR-DM scattering models seem to 
fit this BG model’s GCE well

• quantitative measure: compute  using 
truncated covariance matrix

χ2

12

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43



results

13

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43



results

13

Model ω2/ dof
iDM BP1 36.2/10
iDM BP2 42.8/11
eDM BP1 46.6/11
eDM BP2 60.2/11
DM→ bb 46.7/12
MSPs 73.0/13

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43



results

13

Model ω2/ dof
iDM BP1 36.2/10
iDM BP2 42.8/11
eDM BP1 46.6/11
eDM BP2 60.2/11
DM→ bb 46.7/12
MSPs 73.0/13

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43

reproduced literature 
results to within ~5% 



• we did not perform a minimization 
over degrees of freedom 

• proper minimization would only 
reduce χ2

results

13

Model ω2/ dof
iDM BP1 36.2/10
iDM BP2 42.8/11
eDM BP1 46.6/11
eDM BP2 60.2/11
DM→ bb 46.7/12
MSPs 73.0/13

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43



• we did not perform a minimization 
over degrees of freedom 

• proper minimization would only 
reduce χ2

• other BG models may be considered 

• goodness of fit measure requires 
knowledge of model’s correlated 
systematics

results

13

Model ω2/ dof
iDM BP1 36.2/10
iDM BP2 42.8/11
eDM BP1 46.6/11
eDM BP2 60.2/11
DM→ bb 46.7/12
MSPs 73.0/13

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43



• we did not perform a minimization 
over degrees of freedom 

• proper minimization would only 
reduce χ2

• other BG models may be considered 

• goodness of fit measure requires 
knowledge of model’s correlated 
systematics

• take home message:

results

13

Model ω2/ dof
iDM BP1 36.2/10
iDM BP2 42.8/11
eDM BP1 46.6/11
eDM BP2 60.2/11
DM→ bb 46.7/12
MSPs 73.0/13

Inelastic DM Model
BP mω1 [GeV] ! [GeV] mε [GeV] g12 gεpp gεϑϑ [GeV→1]

iDM BP1 0.08 0.24 0.25 0.80 0.04 1.0 → 10→5

iDM BP2 0.16 0.31 0.32 1.00 0.05 1.0 → 10→5

Elastic DM Model
BP mω [GeV] mZ→ [GeV] mε [GeV] ωD gεZ→ ϑgεpp [GeV→1]

eDM BP1 1.00 0.19 0.20 0.16 1.96
eDM BP2 0.50 0.14 0.15 0.12 1.43



• we did not perform a minimization 
over degrees of freedom 

• proper minimization would only 
reduce χ2

• other BG models may be considered 

• goodness of fit measure requires 
knowledge of model’s correlated 
systematics

• take home message:

CR-DM scattering fits the GCE 
comparably to best fitting DM 
annihilation and MSP spectra
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• assuming gNFW profile,  best matches GCE morphology
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ρ2 ∝ r−2γ
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• CR-DM scattering photon flux goes as  

•  by dynamical constraints 

• CR flux may have radial dependence near the GC

ρDM ρCR ∝ r−(γgNFW+ γCR)

γgNFW ≲ 1.8

• morphology is currently not agreed upon by the community 

• is spherical symmetry a safe assumption to make?

• morphology arguments alone do not exclude CR-DM scattering as an explanation 
for the GCE
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bounds on our CR-DM models
• bounds on both models: 

• direct detection of ambient or boosted DM (XENON1T, Panda-X, LZ) 

• for inelastic, large  weakens bounds for ambient DM upscattering 

• for elastic, 2-to-3 suppression and photon carries energy, so boosted 
DM is inefficient 

• bounds on the coupling of scalar mediator to protons  

• checked consistency with monojet, NA62, PIENU, MAMI, etc. 

Δ

gϕpp

15
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• only inelastic DM model: 

• coupling  constrained by BaBar, NA64, DELPHI, etc. 

• satisfied with small enough coupling, which doesn’t affect our signal as long as 
 is not too long-lived

gϕγγ

χ2

• only elastic DM model: 

• coupling  constrained by fixed target & beam dump experiments, as well as 
 

• small mass gap between  and , both with mass ~100 MeV, relaxes these 
constraints 

• coupling  constrained by Bullet Cluster observations of self-interacting dark 
matter

gϕγZ′￼

(g − 2)e, μ

Z′￼ ϕ

gD
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background modeling

• investigating 20 GeV excess via CR-DM 

• future observations could provide further insight 

• Advanced Particle-astrophysics Telescope 

• Very Large Array gamma ray Telescope 

• Cherenkov Telescope Array Observatory 

• complementary signals of CR-DM scattering 

• DUNE/Hyper-K/JUNO sensitivity? 

• direct detection experiments will improve sensitivity to these interactions 

• signals at higher energies? 
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summary
• we propose cosmic ray-dark matter scattering as a source of the Fermi-LAT Galactic Center Excess 

• two sub-GeV DM models, inelastic and elastic, with multiple benchmark points consistent with the 
GCE energy spectrum, comparable to DM annihilation and MSP spectra

• morphology still under debate within the community, does not rule out CR-DM scattering

• CR-DM models satisfy constraints by existing searches and can be probed by upcoming 
observations
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H.E.S.S observations of UHE CRF
• for r < 200 pc, UHE CRs appear to follow ~1/r

20

[1603.07730] H.E.S.S collaboration

https://arxiv.org/abs/1603.07730


CR-DM in the literature
• CR-DM signatures considered at AGNs 

• CR-DM scattering generating gamma rays 

• WIMP DM and EW scale mediators (SUSY motivated) 

• photon produced by ISR/FSR or internal brem off s-channel mediator, 
not from DM decay  

• they find scattering does not produce enough gamma rays to explain 
GCE for their parameter space

21
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