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How was dark matter produced?

When was dark matter produced?

How can we test it?




DM Model Building Strategies
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@Classify production mechanisms
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https://arxiv.org/abs/2609.02823
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. WIMP Warmup
II. Thermal Relic DM
IIl. Feebly Interacting DM



Fuzzy Dark Matter

. WIMP Warmup

black holes



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



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?




Experiment vs WIMPs

Direct Indirect

(if  is SM or decays to SM)
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https://arxiv.org/abs/1807.06209
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https://arxiv.org/abs/2410.17036

Experiment vs WIMPs
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Indirect

(if  is SM or decays to SM)
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Axion Dark Matter

misalignment mechanism:
i+3Ha+ma=0
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at the minimum:

- 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://cajohare.github.io/AxionLimits/docs/ap.html

When was Dark Matter Produced?
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Cosmic Production Mechanisms
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. Thermal Relic Dark Matter
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Cosmic Production Mechanisms
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Asymmetric Dark Matter

Kaplan, Luty, Zurek, 0901.4117


https://arxiv.org/abs/0901.4117
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Exotic Freezeout Processes

i, Whatinteraction triggers
- DM decoupling?
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Exotic Freezeout Processes

forbidden

My < Mg (l)
X)@Q
« Griest, Seckel 1991
- D’Agnolo, JTR 1505.07107

coannihilations

et
X: b I

TN
N

« Griest, Seckel 1991

coscattering

N

\>//
/’\

/4
¢

9

- D'Agnolo, Pappadopulo,

JTR 1705.08450

semi-annihilations

X X

- b

« D'Eramo, J. Thaler 1003.5912

SIMP  inC
X 717

X
,X

- Hochberg, Kuflik, Volansky,
Wacker 1402.5143

N

inverse decay N+
Jrecl

U
¢/@~%

« Frumkin, Hochberg, Kuflik,

Murayama 2111.14857


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

S exponential
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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

IR vs. UV Freeze-In
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When was Dark Matter Produced?

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



M

SM

David Dunsky, Saniya Heeba, JTR

ROM I\
e ~
- ~N
_ ~
_ ~
~
~N

Rapidly Oscillating Massive Particle
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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

e Y

— l/l/ i
£ €LY €L ¢L%¢L

—7
10 A2
10_83 e+ SD
104
] 108 , .
% 10—10_; : My <K Miyy
~ ] /\k 7_
Z o] B 107}
1 =
1 8 [
10_12'§ \:8; 100}
107134 2 " —
| § % 10°}
—14] _ S
0 10! 50 :
Snowmass, 2203.07377 ol

10% =
1076 107° 10~ 1073 1072 107!

My [GEV]


https://arxiv.org/abs/2203.07377

Cosmic Production Mechanisms
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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
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