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Galactic Center GeV Excess

Fermi/LAT 6-year Dwarf Galaxy Analysis [arXiv: 1503.02641]



Galactic Center GeV Excess

Fermi/LAT  Collaboration- Proceedings

And 

Agrawal et al. [arXiv: 1411.2592]



Goal

Study the parameter space that can explain the 

Galactic Center GeV via the MSSM Pseudoscalar

Resonance and is consistent with:

Cosmological Constraints: Relic Density and 

Annihilation Cross-Section

Higgs Physics: mass of light higgs and LHC constraints 

on higgs decay to W-bosons - Alignment

LHC Searches: Scalar decay to tau leptons



Technique

Chi-Square Analysis between Fermi/LAT GeV 

Excess signal (Spectrum – b/d) and theoretical 

predictions (Micromegas – 4.1.7 ) for a given 

MSSM theory with Pseudoscalar Resonance. 



Pseudoscalar Resonance 

Perform study within the pMSSM. Study is determined by the following 7 

parameters: 

1) M1: The Bino Mass (mχ ~ M1)

2) μ : Higgsino mass. Relic Density and Direct Detection cross-section are 
sensitive to this parameter.

3) tan β: Ratio of the up- and down- type Higgs vacuum expectation values. 

4) mA : Pseudoscalar Higgs mass, which mediates the resonance (mχ ~ 2 mA )

5) At : The stop trilinear coupling. Determines the mixing of the stop sector; 
relevant for the SM higgs’ mass.

6) mQ3 , 7) mU3 : Left and Right handed stop masses (taken to be mQ3 = mU3 ). 
Also contribute to the SM higgs’ mass. 



Scan Procedure of Parameters
1) 200 𝐺𝑒𝑉 ≤ mA ≤ 700 𝐺𝑒𝑉

2) 4 ≤ tan β ≤ 10

3) Resonance:|1-4 mχ
2/ mA 

2| ≤ 0.1

4) 0.7 𝑇𝑒𝑉 ≤ μ ≤ 10 𝑇𝑒𝑉

5) 5 𝑇𝑒𝑉 ≤ At   ≤ 25 𝑇𝑒𝑉

6) 0.7 𝑇𝑒𝑉 ≤ mQ3 = mU3 ≤ 12.7 𝑇𝑒𝑉

• 0.08 ≤ Ωh2 ≤ 12
• the annihilation cross section is 

within the 2σ best-fit 

annihilation crosssection

contours of Agrawal et al.

• 122 𝐺𝑒𝑉 ≤ 𝑚h ≤ 128 𝐺𝑒𝑉
• (𝜎h/SM )x (BR(h - > W+ W-

)/SM) closest to 1. 



Pink Cross: Best Fit point, dashed lines (h->WW decay rate ratio to SM), solid line (8 TeV LHC tau-limits)



Results:



Results:

Blue points: Spectrum-b fit 
with χ2 < 50 and consistent with 
8TeV LHC constraints.
Red points: Spectrum-d fit 
with χ2 < 50 and consistent with 
8TeV LHC constraints.







Conclusion:

 Recent reanalysis of the GC background has found that the GCE could be 

explained by heavier masses. This allows the Pseudoscalar Resonance to explain the 

GCE while maintaining consistency with collider searches, Higgs Data, relic 

abundance, and direct and indirect experiments. 

 For spectrum (b), the best fit region corresponds to 350 GeV < mA < 450 GeV and 

tanβ < 6. This region can be probed with searches for H → WW. mA < 250 GeV also 

gives reasonable fits but is incompatible with Higgs data

 For spectrum (d), there are two regions with reasonable fits to the GCE: 450 GeV < 
mA < 600 GeV at tanβ < 8, and mA ∼ 300 and tanβ < 5.5. The former region can 

yield signals at the LHC in the A/H → τ+ τ- searches at the LHC. The latter region can 

also be probed with the same channels, and should also lead to measurements of 

deviations of the 125 GeV higgs couplings from SM-like values.

 The best fit regions for both spectra (b) and (d) predict spin-independent direct 

detection cross sections of O(10−11)pb for a 110 GeV < mχ < 350 GeV neutralino. 

The entire region lies above the neutrino background, and the majority of the region 

is within reach of Xenon1T and LZ .



Alignment

In order to have a SM light higgs (h)                 Need minimal mixing between heavy Higgses (H,A)  

where MS is the geometric mean of the stop masses and 



Equations for Cosmology



Vacuum Stability:



Parameters: 



Goodness of Fits:


