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Astrophysics Excesses: 
Positron Excess 
Galactic Center Excess 

Statistical Excesses: 
Antiproton Excess 
3.5 keV Line 

Instrumental Excesses: 
Anti-Helium Excess 
EDGES/ARCADE II Excesses 

Current Anomalies in Indirect Detection



The Positron Excess Debate is Over
Pulsars win!

Dark Matter Models 

• Highly Sommerfeld Enhanced 
• Leptophilic

Pulsar Models 

• Efficient e+e- Production 
• Hard e+e- Spectrum



The Positron Excess Debate is Over
Pulsars win!

Slatyer (2015; 1506.03811)

Fermi-LAT Collaboration (2016; 1611.03184)



PULSARS PRODUCE THE POSITRON EXCESS

• What were the uncertainties in pulsar models? 

• I: The e+e- production efficiency? 

• II: The e+e- spectrum. 

• III: The propagation of e+e- to Earth.

Profumo (0812.4457); Malyshev et al. (0903.1310)
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• What were the uncertainties in pulsar models? 

• I: The e+e- production efficiency? 

• II: The e+e- spectrum. 

• III: The propagation of e+e- to Earth.

Hooper et al. (0810.1527)



PULSARS PRODUCE THE POSITRON EXCESS

• What were the uncertainties in pulsar models? 

• I: The e+e- production efficiency? 

• II: The e+e- spectrum. 

• III: The propagation of e+e- to Earth. Malyshev et al. (0903.1310)



• TeV Halos Surrounding Pulsars: 

• Hard e+e- injection spectrum 
• 10-30% of spindown energy 

into e+e-



CAN THE LOCAL DIFFUSION CONSTANT BE LOW?

• HESS Observations of 20 TeV electrons resolve this. 

• If diffusion near Earth is low, then there is no source for these particles. 

Hooper & Linden (1711.07482)



Spectral Features
Part 1: The Positron Excess

Hooper, Cholis, TL, Fang (2017; 1702.08436)

• TeV Halos Surrounding Pulsars: 

• Hard e+e- injection spectrum 
• 10-30% of spindown energy 

into e+e-



• Model: 

• 100 GeV dark matter particle annihilates to bb 

• Annihilation Rate is Thermal Cross-Section 

• Expected Galactic Center Flux (above 1 GeV):  

• 2 x 10-11 erg cm-2 s-1 

• Observed Flux: 

• 1 x 10-10 erg cm-2 s-1

The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?

Bartels et al. (1506.05104)Lee et al. (2016; 1506.05124)

• The strongest, but most controversial, evidence supporting the pulsar 
interpretation is the observation of significant fluctuations in the 
gamma-ray flux, which have a spectrum similar to that of unassociated 
point sources.



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?

• Different backgrounds lead to different fluctuations - even among 5σ 
point sources.
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• Different backgrounds lead to different fluctuations - even among 5σ 
point sources.

Balaji et. al (2018; 1803.01952)



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?

• A recent analysis by Balaji et al. using wavelets on all angular sizes 
finds a separate result. 

• Blue = Total Power in GCE 

• Red = Total Power on scales larger than 4o.

Balaji et. al (2018; 1803.01952)



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?

Balaji et. al (2018; 1803.01952)



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?

• Pulsar Spectrum is a slightly poorer fit to the data, but with fewer 
degrees of freedom.



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?

• Pulsars slightly constrained by lack of observed LMXBs. 

• Dark Matter slightly constrained by dSph observations.



The Galactic Center Excess Debate is Not Over
Pulsars Up 3 to 1?



Up and Coming Excesses



The Antiproton Excess
Cuoco et al. (2016; 1610.03071)
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The Antiproton Excess

Cholis, Hooper, TL (TBS)di Mauro et al. (2014; 1408.0288)

• Primary uncertainty is the energy dependence of the antiproton 
production cross-section.  

• Even very liberal uncertainty models do not eliminate the excess. 
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3.5 keV Line

• Observed in multiple targets using multiple instruments. 

• Observed only after de-Redshifting, appears to rule out                                           
instrumental effect. 



3.5 keV Line



The Antihelium Excess

• Dark matter annihilation 
occurs in the lab frame. 

• Dark matter signal 
dominate at low energies 
- example, antideutrons. 

• Energies can’t change 
due to propagation!

Cirelli et al. (1401.4017)

Can’t be Astrophysics — Could be Instrumental Systematics



Rare Particle Detection
Exploiting the fact that the universe is mostly matter

slide from Sam Ting



Rare Particle Detection
Exploiting the fact that the universe is mostly matter





EDGES/21 cm see talk by Jordan Mirocha (Wednesday)



EDGES/21 cm

Strong constraint on dark matter 
even if the feature does not exist. 



EDGES - Strong constraints ARCADE - A Possible Signal? 

EDGES/ARCADE Observations



• Indirect Detection of Thermal Dark Matter is at a critical 
time — this is not a denouement. 

• Probes constrained by Systematic/Astrophysical/
Statistical uncertainties have similar sensitivities (?) 

• Combination of improved modeling and instrumentation 
will offer order of magnitude improvements in 
sensitivity. 

Conclusions


