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Dark Matter Astrophysics
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Dark Matter Particle Physics

» WIMP miracle predicts a particle of 100 GeV
with weak interaction has correct relic density
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Indirect vs. Direct Detection
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Pros and Cons of Indirect Detection

» Using the galaxy as the “detector” produces a large number of
events:
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» However no single dark matter event is separable from myriad
astrophysical events

» These astrophysical backgrounds are highly uncertain
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Potentially Observable Signals

» Can detect the charged decay
products themselves (PAMELA,

AMS, etc.)

- But are isotropic, so we lack spatial
information
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Potentially Observable Signals

- » Can detect the neutral decay
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» Angular information is conserved
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Potentially Observable Signals

e e ) Can detect interactions between
- . the charged annihilation

products and the Galactic

medium

> Synchrotron Radiation

> Inverse Compton Scattering

» Partial conservation of angular
information
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Where Would we look for Dark
Matter? (the incomplete I|st)

» Galactic Center
> + Relatively Nearby
> 4+ Large Dark Matter Density

(e}

» Dwarf Galaxies
> + Very small astrophysical background
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» Galaxy Clusters -
- + Largest dark matter densities in universe o ® ,
5 .
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Results (Charged Particles)

PAMELA Positron Excess
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Results (Charged Particles)

PAMELA Positron Excess

o=2, MED diffusion setup, ST model
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Results (Gamma-Rays)

Dark Matter?
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Results (Gamma-Rays)
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Results Indirect Detection

10 < E < 20 GeV residual
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Conclusions

» The in indirect detection is not building
detectors large enough to observe the products
of dark matter annihilation - it’s separating
these signals from astrophysical signals

» This requires an ensemble of multi-component
and multi-messenger observations.

» However, we are quickly closing in on the
cross-sections of thermal relic WIMPs
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