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Galactic Center Excess: an overview

* Fermi Large Area Telescope measures gamma ray emission
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e Background modeling of expected sources of
gamma rays:

[1704.03910] The Fermi-LAT Collaboration
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e many background models in the literature
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many background models in the literature

e different ways of modeling diffuse emissions,
point sources, regions of interest, etc.

 shared feature: peak around 1-5 GeV

confident that there is an unaccounted for
source(s) for these gamma rays
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e many background models in the literature

e different ways of modeling diffuse emissions,
point sources, regions of interest, etc.

 shared feature: peak around 1-5 GeV

e confident that there is an unaccounted for
source(s) for these gamma rays

e dark matter? BSM?

e additional astrophysical processes?
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e history of proposed solutions:

e WIMP DM annihilation to bb
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e some proposed solutions yield predictions which may be

in tension with other measurements 10°
e DM annihilation at dwarf spheroidals (dSphs) should ?

2

produce observable gamma ray flux E 10

e gamma ray MSP distribution different from radio, x-ray & o
=

® cosmic ray outbursts could produce additional gamma
rays along the galactic disk 100
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® upscatters dark matter into heavier unstable
state, whose decay produces 2 photons

e clastic scattering via 2-to-3 process, with
outgoing photon
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e Mass scales:

m, ~ 1 GeV

e asymmetric DM at ~GeV mass can be related
to baryon/DM energy density ratio

e asymmetric DM cannot produce GCE via

annihilation, avoids SIDM constraints
[0901.4117] D Kaplan, M Luty, K Zurek
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e assume spherically symmetric morphology: distribution of photons follows ~ r=2?

e DM annihilation scenario produces photon flux proportional to p* o« r=

e assuming gNFW profile, y = 1.25 best matches GCE morphology
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e morphology is currently not agreed upon by the community

[2003.10416] K Abazajian, S Horiuchi, M Kaplinghat, R Keeley, O Macias

[2203.11626] M Pohl, O Macias, P Coleman, C Gordon

2209.00006] S McDermott, Y Zhong, | Cholis
2402.05449] D Song et al.

2508.06314]1 M Muru, J Silk, N Libeskind, S Gottloeber, Y Hoftman

... and many more!
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2.5

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

e bounds on both models:
e direct detection of ambient or boosted DM (XENON1T, Panda-X, LZ)
e forinelastic, large A weakens bounds for ambient DM upscattering

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

e bounds on the coupling of scalar mediator to protons 8y

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

[2504.08071] B Dutta, A Karthikeyan, D Kim, A Thompson, R Van de Water
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bounds on our CR-DM models

e onlyinelastic DM model:

* coupling g, constrained by BaBar, NA64, DELPHI, etc.

e satistied with small enough coupling, which doesn’t aftect our signal as long as

X» is not too long-lived
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bounds on our CR-DM models

e onlyinelastic DM model:

* coupling g, constrained by BaBar, NA64, DELPHI, etc.

e satistied with small enough coupling, which doesn’t aftect our signal as long as

X» is not too long-lived

e only elastic DM model:

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

(g — 2)8,'“ [1806.00757] P deNiverville, HlLee, M Seo

e small mass gap between Z" and ¢, both with mass ~100 MeV, relaxes these

constraints [2504.080/1] B Dutta, A Karthikeyan, D Kim, A Thompson, R Van de Water

e coupling g, constrained by Bullet Cluster observations of self-interacting dark
matter
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outlook
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e further dedicated analysis on CR-DM scattering, since the process itseltf can modify CR flux used in
background modeling
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outlook

e further dedicated analysis on CR-DM scattering, since the process itseltf can modify CR flux used in
background modeling

e investigating 20 GeV excess via CR-DM [2507.07209] T Totani

e future observations could provide further insight

e Advanced Particle-astrophysics Telescope  APT Collaboration (2021)

- ?’

\g v

 Cherenkov Telescope Array Observatory CTAO (2023)

e Very Large Array gamma ray Telescope VLAST Collaboration (2023)

- v
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outlook

further dedicated analysis on CR-DM scattering, since the process itself can modify CR flux used in
background modeling

investigating 20 GeV excess via CR-DM [2507.07209] T Totani

future observations could provide further insight

e Advanced Particle-astrophysics Telescope  APT Collaboration (2021)

- ?’

\g v

 Cherenkov Telescope Array Observatory CTAO (2023)

e Very Large Array gamma ray Telescope VLAST Collaboration (2023)

- ?’

complementary signals of CR-DM scattering
e DUNE/Hyper-K/JUNO sensitivity?
e 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 T —————r

- 1DM BP1
=== 1DM BP2 ===

eDM BP1
eDM BP2

—— DM — bb

————— MSP

Cholis et al.

Calore et al. -

Ackermann et al.
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H.E.S.S observations of UHE CRF

 forr <200 pc, UHE CRs appear to follow ~1/r % [ '\
A
o?g_: 20 —\ \
RN
2 N %
;5 10—_ NG 1/r

6.0 x local CR density

oo b b b b b b e ™S e |
0 20 40 60 80 100 120 140 160 180 200

Projected distance (pc)
[1603.07730] H.E.S.S collaboration
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CR-DM in the literature

e CR-DM signatures considered at AGNs  [lastro-ph/9706085] E Bloom. J Wells

o CR-DM scattering generating gamma rays  [1106.4568] S Profumo, L Ubald

e WIMP DM and EW scale mediators (SUSY motivated)

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

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