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Studying Dark Matter with Gravity

Stable - on cosmological timescales 

Dark - negligible electromagnetic cross-section 
Cold - not relativistic 

~5.3x as prevalent as baryonic matter
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WIMP Models Provide a Target



How Does the Fermi-LAT Factor In?



HESS Observations



Targets, Targets Everywhere!
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Lots of Astrophysics
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Dwarf Spheroidal Galaxies - Techniques Fermi-LAT Collaboration (2017; 1611.03184)

Galactic Diffuse Point Sources

Isotropic Emission Sub-Threshold Sources



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



Isotropic Gamma-Ray Background - Techniques

Galactic Diffuse Point Sources

Isotropic Emission Sub-Threshold Sources



Isotropic Gamma-Ray Background - Constraints Ajello et al. (2015; 1501.05301)



The Galactic Center - The Optimal Detection Region



Galactic Diffuse Point Sources

Isotropic Emission Sub-Threshold Sources

The Galactic Center - Techniques



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



Detections! The 130 GeV Line Weniger (2012; 1204.2797)



Detections! The 130 GeV Line Weniger (2012; 1204.2797)

Immediate Issues: 

Smaller than energy resolution. 

No corresponding continuum. 

Similar line observed in Earth albedo. 



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 Hooper, Cholis, TL (2014; 1407.5583)



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

slide from Mariangela Lisanti

Lee et al. (2015; 1506.05124)

Tentative evidence that sub-threshold fluctuations point to pulsar interpretations.  

These pulsars have not been found - dark matter explanations remain viable.



What Does it all Mean?
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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.



The Future of Dark Matter Limits - Dwarfs Fermi-LAT Collaboration (2017; 1611.03184)

Limits regressed after adding 30 new dwarfs and 2 years of data. 

Hint of a signal ?!



Promises of the Next Decade
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Conclusions

Fermi-LAT searches have provided the first rigorous examination of the 
standard predictions of thermal dark matter models.  

Accurate models are critical to setting stringent limits. 

Current results strongly constrain the dark matter annihilation cross-
section, but some hints of dark matter annihilation remain. 

The next decade offers the potential to significantly improve our 
sensitivity and continue probing this intriguing parameter space. 



Isotropic Gamma-Ray Background - Techniques



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

Dark Matter Density is Measured 

Dwarfs are Near. 

Small Astrophysical Backgrounds. 



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


