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Beginning of a 17 years journey…
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L. Goodenough and D. Hooper (2009) 
 

V. Vitale and A. Morselli (2009) 
 

C. Gordon and O. Macias (2013) 

…
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http://arxiv.org/abs/0910.2998
https://arxiv.org/abs/0912.3828
https://arxiv.org/abs/1306.5725


γ = 1.25, ROI : | l | < 20∘, 2∘ < |b | < 20∘

EXCESS = OBSERVATION - BACKGROUND
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Proposed Explanations for the GCE in the literature

1. Dark Matter Annihilation 
[L. Goodenough and D. Hooper (2009), D. Hooper and L. Goodenough (2011), D. Hooper and T. Linden (2011), etc.] 

 

2. Unresolved Millisecond Pulsars (MSPs) 
[K. N. Abazajian, (2011), R. Bartels, S. Krishnamurthy, and C. Weniger (2016), etc.] 

 
 

3. Cosmic Ray Injection  
[E. Carlson and S. Profumo (2014), J. Petrović, P. D. Serpico, and G. Zaharijaš (2014), I. Cholis et al. (2015), E. 

Carlson, T. Linden, and S. Profumo (2016), etc.] 

Millisecond Pulsar
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http://arxiv.org/abs/0910.2998
https://arxiv.org/abs/1010.2752
https://arxiv.org/abs/1110.0006
https://arxiv.org/abs/1011.4275
https://arxiv.org/abs/1506.05104
http://arxiv.org/abs/1405.7685
https://arxiv.org/abs/1405.7928
https://arxiv.org/abs/1506.05119
https://arxiv.org/abs/1603.06584
https://arxiv.org/abs/1603.06584
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Millisecond Pulsar
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https://science.nasa.gov/resource/revealing-the-milky-ways-center/
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Millisecond PulsarmDM = 40 GeV
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Proposed Explanations for the GCE in the literature

1. Dark Matter Annihilation 
[L. Goodenough and D. Hooper (2009), D. Hooper and L. Goodenough (2011), D. Hooper and T. Linden (2011), etc.] 

2. Unresolved Millisecond Pulsars (MSPs) 
[K. N. Abazajian, (2011), R. Bartels, S. Krishnamurthy, and C. Weniger (2016), etc.] 

3. Cosmic Ray Injection  
[E. Carlson and S. Profumo (2014), J. Petrović, P. D. Serpico, and G. Zaharijaš (2014), I. Cholis et al. (2015), E. Carlson, T. Linden, and S. Profumo (2016), etc.] 

Any alternative explanation????
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https://arxiv.org/abs/1506.05104
http://arxiv.org/abs/1405.7685
https://arxiv.org/abs/1405.7928
https://arxiv.org/abs/1506.05119
https://arxiv.org/abs/1603.06584


9
Credits: NASA1, NASA2, Wikipedia1 and Wikipedia2

Idea: Scattering of Cosmic-Ray with sub-GeV DM

p DM

Initial State

p
DM

Final State γ

Cosmic proton 
(incoming)

sub-GeV DM 
(initially at rest)

Cosmic proton 
(outgoing)

sub-GeV DM 
(outgoing)

Photon 
(outgoing)
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https://science.nasa.gov/resource/revealing-the-milky-ways-center/
https://svs.gsfc.nasa.gov/10144
https://commons.wikimedia.org/wiki/File:Earth_Western_Hemisphere_transparent_background.png
https://en.wikipedia.org/wiki/Fermi_Gamma-ray_Space_Telescope
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Photon Spectra Calculations

E2
γ

dΦγ

dEγ
=

D
4πmχ

E2
γ ∫ dEp

dΦp

dEp

dσ(Ep, Eγ)
dEγ

D-factor

{
Cosmic Proton Flux

Differential cross section of our process

DM mass * [M. Cirelli et al. (2010)]

D = ∫ΔΩ
dΩ∫l.o.s

dℓ ρDM(r)
DM Profile

Line of sight

* In this analysis, we consider sub-GeV DM, unlike the conventional  scenario which requires GeV DM.DM → bb 𝒪(10 − 100)

We use the generalized NFW profile (gNFW) with 
r⊙ = 8.5 kpc, rs = 20 kpc, ρ⊙ = 0.4 GeV/cm3

[M. Cirelli et al. (2010), Y. Hu , C. Cesarotti, and T. R. Slatyer (2026)]
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https://arxiv.org/abs/1012.4515
https://arxiv.org/abs/1012.4515
https://arxiv.org/abs/2509.08043
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[R. C. Anjos, F. Catalani (2020)]
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Inelastic Dark Matter Model

ℒint = g12 χ1χ2ϕ + gϕpp ϕ pp −
1
2

gϕγγ ϕFμνFμν + h . c .

dσ(Ep, Eγ)
dEp

∝ g2
12g

2
ϕpp

Elastic Dark Matter Model

ℒχ ⊃ gD χγμχZ′￼μ −
1
2

gϕZ′￼γϕFμνZ′￼μν + gϕppϕpp

dσ(Ep, Eγ)
dEp

∝ g2
Dg2

ϕppg2
ϕZ′￼γ

B. Dutta et al. (2025)D. Smith, N. Weiner (2001), E. Izaguirre et al. (2014), G.F. Giudice (2017),  
B. Dutta et al. (2019)
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https://arxiv.org/abs/2504.08071
https://arxiv.org/abs/hep-ph/0101138
https://arxiv.org/pdf/1403.6826
https://arxiv.org/abs/1712.07126
https://arxiv.org/abs/1905.02692
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Benchmark Points and /dof valuesχ2

Cosmic-ray scattering of sub-GeV dark matter through a sub-GeV mediator yields 
fits comparable to existing literature results (Cholis et al. background template).

* For  and MSP scenarios, the quoted /dof corresponds to the global minimum, whereas for our benchmark points we do not 
perform a  minimization.   

DM → bb χ2

χ2

*
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Summary and Conclusions

1.  Cosmic-ray scattering of sub-GeV DM can explain the spectral features of the GeV 
Galactic Center excess.  

2.Our CR-sub-GeV DM (inelastic and elastic) spectral fits to the GCE are comparable to 
DM annihilation and MSP explanations. 

3. Decreased cosmic ray flux at dwarf spheroidal galaxies (dSphs) would explain the 
absence of comparable -ray excesses. γ

[Fermi-LAT, DES Collaborations (2016), K.N. Abazajian and R.E. Keeley (2015)]
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https://arxiv.org/abs/1611.03184
https://arxiv.org/abs/1510.06424
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Future Studies and Scopes

1. Carry out the same analysis for other background templates. 

2. Exploration of other models such as anapole dark matter: , dipolar DM interactions: 

, etc. [C.M. Ho and R.J. Scherrer (2012), E. Masso, et al. (2009)] 

3. Signatures of the mentioned DM models can be probed in neutrino detectors like DUNE, Hyper-K, JUNO, etc. 
                                                                  [J. Berger, et al. (2019), Hyper-K Collaboration (2018), JUNO Collaboration (2021)] 
  

4. Future telescope projects like the Advanced Particle-astrophysics Telescope (APT) and Very Large Area 
gamma-ray Space Telescope (VLAST) could provide additional measurements of GeV-energy photons at the 
GC and dSphs. 
  

5. CR-DM scattering probes in higher energy -ray excess. [T. Totani (2025)]

( g
Λ2

χ̄γμγ5χ∂νFμν)
( −

i
2

χ̄2σμν(μ12 + γ5𝒟12)χ1Fμν)

γ

(We’ll hear more about this 20 GeV excess in the next talk by Eve Schoen.)

[APT Collaboration (2021), VLAST Collaboration (2023)]
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https://arxiv.org/abs/1211.0503
https://arxiv.org/pdf/0906.1979
http://arxiv.org/abs/1912.05558
https://arxiv.org/abs/1805.04163
https://arxiv.org/abs/2104.02565
https://arxiv.org/abs/2507.07209
https://pos.sissa.it/395/655
https://pos.sissa.it/444/897


Thank you all  
for your attention! 

(All questions are welcome at  
debopam22@tamu.edu)

Sketched by: Debopam GoswamiDebopam Goswami
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What is GeV Galactic Center Excess???

Y. Hu, C. Cesarotti, and T.R. Slatyer (2026)
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https://arxiv.org/pdf/2509.08043
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[M. Cirelli et al. (2010)]
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LAT Characteristics

Credit: Fermi NASA
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http://fermi.gsfc.nasa.gov/science/instruments/lat.html


Region DM Profile Latitude b Longitude l D factor 
[GeV/cm^2]

J annihilation 
[GeV^2/cm^5]

NFW 0.121

gNFW 0.429

NFW 0.429

NFW 0.030

NFW 0.727

ΔΩ
[Steradians]

5∘ × 5∘

0∘ < |b | < 10∘ 0∘ < | l | < 10∘ 8.692 × 1021 2.181 × 1022

40∘ × 40∘ 2∘ < |b | < 20∘ 0∘ < | l | < 20∘ 3.687 × 1022 1.009 × 1023

[γ = 1.25]

40∘ × 40∘ 2∘ < |b | < 20∘ 0∘ < | l | < 20∘ 3.131 × 1022 5.413 × 1022

10∘ × 10∘

0∘ < |b | < 5∘ 0∘ < | l | < 5∘ 2.758 × 1021 1.226 × 1022

10∘ × 60∘ 0∘ < |b | < 10∘ 0∘ < | l | < 60∘ 2.837 × 1022 3.286 × 1022

[M. Cirelli et al. (2010)]Debopam Goswami PHENO 2026
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Region DM Profile Latitude b Longitude l D factor 
[GeV/cm^2]

J annihilation 
[GeV^2/cm^5]

gNFW 

NFW

ΔΩ
[Steradians]

40∘ × 40∘ 3.687 × 1022 1.009 × 1023

[γ = 1.25]

40∘ × 40∘ 3.131 × 1022 5.413 × 1022

[M. Cirelli et al. (2010), Y. Hu , C. Cesarotti, and T. R. Slatyer (2026)]

Less dependence on γ
[r⊙ = 8.5 kpc, rs = 20 kpc, ρ⊙ = 0.4 GeV/cm3]
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