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Gamma-ray residual found in Fermi-LAT data in GC
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Gordon & Macias (2013)

Spatial distribution: extended power-law (gNFW2)
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Spatial distribution: extending to (very) large scale

Daylan et al. (2013)



Galactic center
Gordon & Macias (2013)

Energy spectrum: peak at 1-3 GeV (power-law exponential 
cutoff; log-parabola)

Larger scale inner Galaxy
Daylan et al. (2013)



Systematics from diffuse backgrounds

Zhou et al. (2014)



1. Circular gamma-ray excess at Galactic center with projected 
profile r-1.4 (generalized NFW2)

2. Spectrum peaks at 1-3 GeV, in good agreement with 30-40 GeV 
dark matter annihilation

3. Normalization to the signal corresponds to a dark matter 
annihilation cross section ~1e-26 cm3/s

Summary of the phenomena

Amazing for DM annihilation signal!



Scenario 1: dark matter annihilation
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Updated constraints on dark matter annihilation with cosmic 
ray and radio data

Uncertainties:
• propagation model
• DM density profile



Macias & Gordon (2014)

Scenario 2: millisecond  
pulsars (MSPs) in the bulge

Hooper et al. (2013)

Number of MSPs: ~1000 
Fermi average MSPs



1. MSPs (mostly in binary system) have much smaller kick velocity, 
could be concentrated in the bulge

2. Some of MSPs are formed by stellar encounter, they can be even 
more concentrated in the very center

3. MSPs are long-aged (billion yrs), they can extend to large scales 
although the kick velocity is small 

Why Millisecond pulsars?



Scenario 3: cosmic ray interactions
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First look of MSP scenario
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NO, MSP cannot!

NO, NO, MSP can!

NO, NO, NO, MSP cannot!

……?



Fermi sample will constrain MSP properties!



Unresolved population is constrained by the detected flux 
distribution. MSPs can contribute less than ~10% without 
violating Fermi flux distribution.

Hooper et al.  (2013)



Luminosity function (from dN/dP)

Underestimate low-luminosity and nearby sources



Re-modeling of the disk MSPs

Spatial distribution

Spectral distribution

Luminosity function



Detection threshold

Abdo et al. (2013)



Reproducing observational properties of MSPs



Luminosity function
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• Assumption: high L (~1e35 erg/s) sample is complete
• Define a horizon r(L) as a function of L for low L MSPs
• Correct number of low L MSPs with fraction: N(tot,>L)/N(<r,>L)

N(blue, true)=N(blue, obs) ×

 N(red, tot)/N(red, left)=12.4

• High L sample is complete(?)
• The correction is absolutely 

biased!
• Corrected distributions of 

all L should be the same 
but obviously not (horizon 
is not proper)



Comparison of luminosity function



Can a hard luminosity function work?

Still under estimate nearby and low luminosity sources: 
need a softer luminosity function!



Bulge component of MSPs

Spectra and luminosity function: same as disk component

Spatial distribution: traced by low-mass X-ray binaries



Normalize to gamma-ray 
excess needs ~10000 MSPs 
for L>1e32 erg/s

Unresolved contribution of bulge MSPs



None of the bulge MSPs could be detected as individual 
sources by Fermi. MSPs can naturally explain the data.



Comparison between globular clusters (GC) and Galactic 
center (GC)



• A population of bulge MSPs can explain the gamma-ray 
excess, both the morphology and spectrum, without 
violating Fermi detectable source distribution

• The MSP component seems definitely existing, its 
contribution to gamma-rays is guaranteed (stellar 
evolution to determine the normalization?)

• How to discriminate different scenarios? (multi- 
wavelength data; energy dependence of morphology; …)

Conclusion & Discussion
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Fermi MSP average

Harder spectrum at large scales



More precise detection threshold of pulsars

Hou et al. (2014)



Calore et al. (2014)

Understanding the luminosity function
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