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Direct Detection vs. Dark Matter
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WIMP "Miracle”
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Thermal Target for Sub-GeV DM
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Thermal Target for Sub-GeV DM

What are the thermal relic targets
beyond-the-WIMP??


https://arxiv.org/abs/1807.01730
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. Dark Freezeout Zoology
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Symmetric Thermal Relic

1) what interactions deplete DM?

p =0

'2) decoupling of what

/

interaction triggers freezeout”
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SIMP
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e Hochberg, Kuflik, Volansky, Wacker, 1402.5143
e Hochberg, Kuflik, Murayama, Volansky, Wacker, 1411.3727
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particle dark matter
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rest of this talk



WIMP-like Assumptions

1) thermal relic with: 1y =1, (kinetic equilibrium)

2) ale) funny Cogm0|0gy (ex: no late entropy production,
no cannibalism)

3) Z5 symmetry, 2-to-2 annihilations (2-t0-2 annihilations
set upm — 0)



Dark exceptions

1) pole 2) forbidden channels
NN o XN /¢
Y= Y= \¢

2my R Mg My < Mgy
D’Agnolo, JTR, 1505.07107 (PRL)

3) coannihilations 4) coscattering
Xi~_ /¢ Xl - Xi
Xj/ \¢ ¢/ \¢

e (Griest, Seckel, 1991
e D'Agnolo, Pappadopulo, JTR, 1705.08450


http://inspirehep.net/record/300447
https://arxiv.org/abs/1705.08450
https://arxiv.org/abs/1505.07107

Coannihilations
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o well-tempered neutralino. Arkani-Hamed, Delgado, Giudice, hep-ph/0601041


http://inspirehep.net/record/300447
https://arxiv.org/abs/hep-ph/0601041

Light DM from Coannihilations

suppose annihilations dominated by heavy states:
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Raffaele D'Agnolo, Cristina Mondino, JTR, Po-den Wang, 1803.02901


https://arxiv.org/abs/1803.02901

Light DM from Coannihilations

Q h? ~ ey 28/ Tro

Raffaele D'Agnolo, Cristina Mondino, JTR, Po-den Wang, 1803.02901


https://arxiv.org/abs/1803.02901

[I. Coscattering

dark matter depletes from its own

\ / rapid annihilations
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Raffaele D’Agnolo, Duccio Pappadopulo, JTR, 1705.08450
(see also: Garny, Heisig, Lulf, Vogl, 1705.09292)


https://arxiv.org/abs/1705.08450
https://arxiv.org/abs/1705.09292
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Mix-In Dark Matter
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Freeze-Out Phase Diagram
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Coscattering vs. WIMP Freezeout

WIMP coscattering
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Coscattering in Twin Higgs

ms, mpy_,ms ~ 0.1 —10 GeV

Hsin-Chia Cheng, Lingteng Li, Rui Zheng, 1805.12139



[1l. Thermal Relic Targets

<

Raffaele D’Agnolo, Duccio Pappadopulo, JTR, Po-den Wang, to appear.



Thermal Target from Annihilations
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https://arxiv.org/abs/1807.01730
https://arxiv.org/abs/astro-ph/0702587
https://arxiv.org/abs/0711.4866

WIMP-like Assumptions

1) thermal relic with: 14 =1
2) no funny cosmology
3) Zo symmetry, 2-to-2 annihilations

4) freezeout triggered by decoupling of an
interaction between DM and the SM



Thermal Target Near Resonance
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https://arxiv.org/abs/1707.03835

Coscattering Against the SM Bath
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Recipe for Coscattering as a Module

1) consider any model below the thermal relic curve




Coscattering Against the SM Bath
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Coscattering Thermal Target

rate enhancement:
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Coscattering Thermal Target
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Thermal Relic Targets

1) thermal relic with: T; = 17,

2) no funny cosmology

3) ZQ , 2-t0-2 annihilations

4) abundance from decoupling

of interaction with SM

annihilations:
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