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Leane et al. (2018; 1805.10305)Current Parameter Space



HESS Observations

Reasons to Stay Optimistic



HESS Observations



•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

Reasons to Stay Optimistic



•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

Reasons to Stay Optimistic



Similar in Cosmic-Rays Cui et al. (2017; 1610.03840)



A Beautiful View of Not Dark Matter





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. 

Status: 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. 

Status: 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.

Status: 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. 

Status: Galactic Center Excess



Leane & Slatyer (2019; 1904.08430)Status: Galactic Center Excess



Status: Dwarf Spheroidal Galaxies



Fermi-LAT Collaboration (2017; 1611.03184)

Galactic Diffuse Point Sources

Isotropic Emission Sub-Threshold 
Sources

Status: Dwarf Spheroidal Galaxies



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



Carlson, Hooper, Linden (1409.1572)Status: Dwarf Spheroidal Galaxies



Hoof, Geringer-Sameth, Trotta (1812.06986)

Frequentist Bayesian

Status: Dwarf Spheroidal Galaxies



Status: Antiprotons



Giesen et al. (2015; 1504.04276)Status: Antiprotons



Cholis, Linden, Hooper (2019; 1903.02549)Status: Antiprotons

• The energy spectrum of the background is well known, can 
find small excesses. 



Cholis, Linden, Hooper (2019; 1903.02549)Status: Antiprotons

• The error bars are very small, can get interesting behavior in 
the limits. 



Reinert & Winkler (2017; 1712.00002)Status: Antiprotons



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!

Status: Anti-Nuclei









The Future





Future: Galactic Center



Future: Galactic Center



Future: Galactic Center



Guenduez et al. (2019; 1906.05211) Future: Galactic Center

• New models of Milky Way Gas and Magnetic fields. 

• Can use multi wavelength observations to constrain 
cosmic-ray propagation.  



Carlson, TL, Profumo (2016; 1603.06584)Future: Galactic Center

• Changing diffusion parameters near the Galactic center 
can significant affect the fit of the diffuse background 
model.



Future: Galactic Center



Future: Galactic Center



Future: Dwarf Spheroidal Galaxies



Future: Dwarf Spheroidal Galaxies



Future: Dwarf Spheroidal Galaxies Fermi-LAT Collaboration (2016; 1611.03184)



Linden (2019; 1905.11992)Future: Dwarf Spheroidal Galaxies

• Problem: Random sky 
positions have a much 
higher probability of 
having 2-sigma 
fluctuations than expected 
from Poisson statistics. 

• Fluctuations can be 
upward or downward. 

• Separating these from 
dark matter is hard.



Linden (2019; 1905.11992)Future: Dwarf Spheroidal Galaxies

• Solution: Calculate the dwarf flux as the sum of a true dark 
matter flux and a “mismodeling” flux, and marginalize over 
the probability distribution of the background fluctuation.



Linden (2019; 1905.11992)Future: Dwarf Spheroidal Galaxies

• Solution: Produces a much tighter constraint (with smaller 
uncertainties) on the dark matter annihilation cross-
section. 



Hoof, Geringer-Sameth, Trotta (1812.06986)

Frequentist Bayesian

Future: Statistical Techniques



Future: Statistical Techniques

• Marginalizing over the J-factor uncertainties produces odd 
behavior in the stacked limit.  

• Due to logarithmic-uncertainty in the J-factor estimation.

Linden (2019; 1905.11992)



Cuoco et al. (2019; 1903.01472)Future: Antiprotons



Future: Antiprotons



Cholis, Hooper, TL (2016; 1511.01507)Future: Antiprotons



Cholis, Hooper, TL (2016; 1511.01507)Future: Antiprotons



Future: Antiprotons

Publicly available AMS-02 data covers only 2011-2015.



Future: Antiprotons



Future: Antiprotons



Future: Antiprotons Abdo et al. (2011; 1104.2093)



Future: Antiprotons

Can Return to this Problem: 
10 years of data 
Better Diffuse Background Subtraction 
Less Stringent Temporal Cuts 



Future: Antiprotons

133 - 562 MeV 1-3.1 GeV 

Preliminary 
Spatial Extension to more than 15 degrees from Solar Center 

Can study temporal and energy dependence of ICS morphology. 



Reinert & Winkler (2017; 1712.00002)Future: Antiprotons



Future: Antiprotons Cholis, Linden, Hooper (2019; 1903.02549)

di Mauro et al. (2014; 1408.0288)



• 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)Future: Anti-Nuclei





Future: Anti-Nuclei




