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Astro + Cosmo: Dark Matter Exists
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Images: Jeff Filippini (Berkeley Cosmology 2005), NASA APOD 2006, NASA WMAP
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Weakly-Interacting Massive Particles
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dark matter annihilation            vs.          expansion of universe

Explains: Why is there so much dark matter around?
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WIMP Complementarity

Dark matter searches related by crossing symmetry:
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How Dark Matter talks to the Standard Model
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Exceptions: e.g. SIMP Miracle (1402.5143); DMdm (1312.2618);
Agashe, Cui, et al. (1405.7370). See talk by Yanou Cui.
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Tough Times for WIMPs
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WIMP Searches vs. Light Mediators
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Wiggly lines don’t always close well. Sometimes you can adjust them by hand.

I don’t have a good solution for this. One option specifically for semi-circles is here: http:

//bit.ly/1vFCNzi. I think it can be adapted for arbitrary angles. For further discussion, see:
http://bit.ly/12wA4kQ.
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Renormalizable Portals
Dark Matter Mediator
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BENCHMARK IN THIS TALK

… plus variations of each portal
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New Searches with Light Mediators
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Wiggly lines don’t always close well. Sometimes you can adjust them by hand.

I don’t have a good solution for this. One option specifically for semi-circles is here: http:

//bit.ly/1vFCNzi. I think it can be adapted for arbitrary angles. For further discussion, see:
http://bit.ly/12wA4kQ.
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Halo Morphology: Milky Way
• SIDM particles follow the stellar distribution 
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Kaplinghat, Linden, Keeley, HBY (2013) (PRL Editors’ suggestion)
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Step 1: Mediator Production
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EXAMPLES OF LIGHT MEDIATOR PRODUCTION STRATEGIES

annihilation bremsstrahlung meson decay

Others: Drell-Yan, nuclear transitions, Higgs decays, …
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Step 2: Mediator Decay

Adapted from Natalia Toro, Dark Sectors 2017 (1608.03591)
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Accelerator searches, Dark Sectors 2017 (1608.03591)
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Other Searches for Mediators

HALO 
PROFILE
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Example: Earth Capture

Feng, Smolinsky, Tanedo (1509.07525 )

WIMPs are never in equilibrium 
Mediators change everything ⌧ =

1p
CcapCann

EQUILIBRIUM TIME

Ṅ� = Ccap � CannN
2
�
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Conclusion
Light mediators avoid the tightest WIMP bounds 
while offering new search opportunities

primordial black holes (no new DM particle), low-mass/axion/
axion-like dark matter, asymmetric dark matter, non-thermal/
freeze-in, strongly interacting massive particles (3-to-2 
annihilation), inelastic, different spins, strong dynamics, …

Well motivated (renormalizable portals), permits thermal 
freeze out, compatible with many classes of new physics…

• Useful reference: 1608.08632 (Dark Sectors 2016 report) 
• US Cosmic Vision: New Ideas in Dark Matter (UMD 23 - 25 March)

REFERENCE AND UPCOMING WORKSHOP

OTHER DIRECTIONS BEYOND A VANILLA WIMP
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Extra Slides
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EFT vs. Simplified Model

Adapted from Tim Tait, UCLA DM 2016
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