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How was dark matter produced?

When was dark matter produced?

How can we test it?




Plan

. WIMP Warmup
II. Thermal Relic DM
IIl. Feebly Interacting DM



Fuzzy Dark Matter

. WIMP Warmup

black holes



WIMP Freezeout
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comoving volume: V o st oc T3

Lee, Weinberg, Phys. Rev. Lett. 39, 165 (1977)



WIMP Freezeout
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When was Dark Matter Produced?
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https://arxiv.org/abs/1807.06209
https://arxiv.org/abs/1506.03811

Axion Dark Matter

misalignment mechanism:

i+3Ha+ma=0
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QCD axion: m, [eV]

at the minimum: 0GG Snowmass, 2203.14923
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- Preskill, Wise, Wilczek, Phys. Lett. B 120 (1983) 127
- Abbott, Sikivie, Phys. Lett. B 120 (1983) 133
- Dine, Fischler, Phys. Lett. B 120 (1983) 137


https://arxiv.org/abs/2203.14923

When was Dark Matter Produced?

MpPM H ~ mpm(T) 1'n
WIMP axion




Cosmic Production Mechanisms

dark matter

(symmetric

(wWimPp




. Thermal Relic Dark Matter
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Cosmic Production Mechanisms
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Asymmetric Dark Matter

Kaplan, Luty, Zurek, 0901.4117

dark matter vs. baryon abundance:



https://arxiv.org/abs/0901.4117

Asymmetric Dark Matter
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Bodas, Buen-Abad, Hook, Sundrum, 240112286


https://arxiv.org/abs/2401.12286

Cosmic Production Mechanisms
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Exotic Freezeout Processes

i, Whatinteraction triggers
- DM decoupling?
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Exotic Freezeout Processes
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https://arxiv.org/abs/1505.07107
https://arxiv.org/abs/1402.5143
https://arxiv.org/abs/1705.08450
https://arxiv.org/abs/1003.5912
https://arxiv.org/abs/2111.14857

When was Dark Matter Produced?
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I1l. Feebly Interacting Dark Matter
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Cosmic Production Mechanisms
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Freeze-In

ny + 3Hn, = (nS1)? (ov)

sensitive to initial condition:

Hall, Jedamzik, March-Russell, West, 0911.1120


https://arxiv.org/abs/0911.1120
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When was Dark Matter Produced?

m]R H ~ mDM
UV freeze-in
d >4



Nonthermal DM from EFT
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Cosmic Production Mechanisms
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cartoon credit: Saniya

work in progress w/ David Dunsky and Saniya Heeba

Ro M F ex) sterile neutrinos

(Dodelson & Widrow, hep-ph/9303287)
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https://arxiv.org/abs/hep-ph/9303287

ROMP Production
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When was Dark Matter Produced?
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Sterile Neutrino and Beyond

new state W/ new operator

sterile neutrino
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https://arxiv.org/abs/2203.07377

Sterile Neutrinos from Shi-Fuller Mechanism

* necessary lepton asymmetry:

Y, - Y, ~107% - 1073

* observed baryon asymmetry:

Y — Y5 =8.7x10"1

Shi, Fuller, astro-ph/9810076


https://arxiv.org/abs/1706.03118
https://arxiv.org/abs/astro-ph/9810076

Exponentially Growing Dark Matter
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Bringmann, Depta, Hufnagel, JTR, Schmidt-Hoberg 2103.16572



https://arxiv.org/abs/2103.16572

Sterile Neutrinos from Exponential Growth
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https://arxiv.org/abs/2206.10630

Cosmic Production Mechanisms
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