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WIMP Models Provide a Target



A  Philosophical  Debate



A  Philosophical  Debate



Fermi-LAT Collaboration (2017; 1611.03184)Reasons to Stay Optimistic: Lots of Parameter Space Left
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What Does it all Mean?



Leane et al. (2018; 1805.10305)Reasons to Stay Optimistic: Lots of Parameter Space Left



Reasons to Stay Optimistic: Amazing Sensitivity



HESS Observations



HESS Observations





Dwarf Galaxies in the Milky Way



Dwarf Spheroidal Galaxies - Techniques Fermi-LAT Collaboration (2017; 1611.03184)

Galactic Diffuse Point Sources

Isotropic Emission Sub-Threshold Sources



Dwarf Spheroidal Galaxies - Techniques Fermi-LAT Collaboration (2017; 1611.03184)



Dwarf Spheroidal Galaxies - Techniques Carlson, Hooper, Linden (1409.1572)



Dwarf Spheroidal Galaxies - Techniques Hoof, Geringer-Sameth, Trotta (1812.06986)

Frequentist Bayesian



Dwarf Spheroidal Galaxies - Techniques Linden (TBS)



Dwarf Spheroidal Galaxies - The Future





The Galactic Center - The Optimal Detection Region



The Galactic Center - The Optimal Detection Region

•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 - The Optimal Detection Region

•Model: 

•100 GeV dark matter particle annihilates to bb 

•Annihilation Rate is Thermal Cross-Section 

• Expected Galactic Center Flux (above 1 GeV):  

•2 x 10-13 erg cm-2 s-1 

•Observed Flux: 

•5 x 10-10 erg cm-2 s-1



The Galactic Center is Complicated

Galactic Center is a dense star-forming 
environment. 

3-20% of total Milky Way Star Formation 

2-4% - ISOGAL Survey Immer et al. (2012) 
2.5-5% - Young Stellar Objects Yusef-Zadeh et al. (2009) 
5-10% - Infrared Flux Longmore et al. (2013) 
10-20% - Wolf-Rayet Stars Rosslowe & Crowther (2014) 
2% - Far-IR Flux Thompson et al. (2007) 
2.5-6% - SN1a Schanne et al. (2007) 

Quintuplet Cluster  
ϴGC=0.2o, Age~4 Myr

Arches Cluster 
ϴGC=0.25o, Age~2 Myr



The Galactic Center is Complicated



Galactic Diffuse Point Sources

Isotropic Emission Sub-Threshold Sources

The Galactic Center - Techniques



Detections! - The Galactic Center Excess Daylan et al. (2016; 1402.6703)



Detections! - The Galactic Center Excess Goodenough & Hooper (2009; 0910.2998)

Bright     Detected at >50σ 

Hard-Spectrum     Incompatible with standard backgrounds 

Spherically Symmetric    Expected from Dark Matter 

Spatially Extended     to nearly 15 degrees from Galactic center. 



Detections! - The Galactic Center Excess Bartels et al. (2015; 1506.05104)

slide from Mariangela Lisanti

Lee et al. (2015; 1506.05124)

Tentative evidence of sub-threshold fluctuations in the Fermi-LAT 
data point to pulsar interpretations. 



Detections! - The Galactic Center Excess Macias et al. (2018; 1611.06644)

Some evidence that the global 
distribution of the excess more 
closely resembles the bulge 

Both models of X-shaped, and box-
shaped bulges have been 
advocated in multi-wavelength 
literature.



Detections! - The Galactic Center Excess Leane & Slatyer (2019; 1904.08430)
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If the point-source model is wrong, then point sources can be found even if 
they do not exist. 



Detections! - The Galactic Center Excess Leane & Slatyer (2019; 1904.08430)

Can Try This in Real Data: 

Take Fermi-LAT data, inject a 
smooth dark matter distribution. 

Can you recover what you inject?



The Future: Square Kilometer Array





Detecting Dark Matter with Antiprotons Grefe (2012; 1111.7117)

Exploiting the fact that the universe is mostly matter!



Antiprotons



Antiprotons Giesen et al. (2015; 1504.04276)



Antiprotons Reinert & Winkler (2017; 1712.00002)



Antiprotons Cholis, Linden, Hooper (2019; 1903.02549)



Antiprotons Cholis, Linden, Hooper (2019; 1903.02549)



Antiprotons Reinert & Winkler (2017; 1712.00002)



Future Data is Coming



Future Data is Coming





Anti-Deuterium Kadastik et al. (2009; 0908.1578)



HESS Observations



Anti-Deuterium

Cirelli et al. (1401.4017)

• Dark matter annihilation occurs in the lab 
frame. 

• Dark matter signal dominate at low energies. 

• Energies can’t change due to propagation!







Anti-Helium (?!)

• Several Ways To Boost Anti-Helium Production: 

• Anti-Helium Production Probability 
(Coalescence Model?) 

• Anti-Helium Reacceleration 

• Detector Effective Areas

Carlson, Coogan, TL, Profumo, Ibarra & Wild (2014; 1401.2461)



Anti-Helium (?!)



Promises of the Next Decade



Promises of the Next Decade

Frequentist Bayesian
slide from 



Conclusions



Extra Slides





Dwarf Spheroidal Galaxies - Techniques Linden (TBS)



Galactic Center 
Good statistics 

Complex Background
Galaxy Cluster 

Secondary Diffusion OK 
Low statistics

Dwarf Galaxies 
Known dark matter content 

Low signal

Isotropic Background 
Huge Statistics 

Low Signal/Noise

Galactic Halo 
Great Statistics 

Lots of Astrophysics

Targets, Targets Everywhere!



Isotropic Gamma-Ray Background - Constraints Lisanti et al. (2018; 1708.09385)



The Future of Dark Matter Limits - IGRB Fermi-LAT Collaboration (2015; 1501.05464)

Constraints improve significantly as the background is resolved.  

Improvement in limits can proceed faster than t1/2.


