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nding the Standard WIMP Scenario

Weakly Interacting Massive Particle

@ Thermal relic, one new fermion
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Extending the Standard WIMP Scenario

Weakly Interacting Massive Particle

@ Thermal relic, one new fermion
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A dark sector and light dark matter

dark quarks?
dark forces?

dark
higgs?

dark leptons?

Image adapted from Gori & Williams (2022), Dark Sector Physics at High Intensity, arXiv:2209.04671.
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dark quarks?
dark forces?

dark
higgs?

dark leptons?

New light mediator (“dark photon”)

e Maintain freeze-out: matches observed relic abundance in sub-GeV range

e DM abundance provides experimentally accessible scenarios

Image adapted from Gori & Williams (2022), Dark Sector Physics at High Intensity, arXiv:2209.04671.
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sub-GeV CMB constraints
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sub-GeV CMB constraints
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e DM does not completely stop
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e sub-GeV Dirac DM —
re-ionization of hydrogen at
re-combination
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sub-GeV CMB constraints
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Some viable alternatives

o Late-time asymmetry

@ Velocity supression:
C 1 1 2
omplex scalar (.n,v) X v,
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» Direct Detection of Sub-GeV DM
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Dark matter production at intensity-frontier experiments.
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LDM thermal relics: direct detection & accelerator targets

» Direct Detection of Sub-GeV DM
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ing strengths with the SM: complex scalars
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Expected mixing strengths with the SM: complex scalars
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Effects at loop level
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Effects at loop level
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licit origin of the dark photon’s mass
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licit origin of the dark photon’s mass

) f
¥
dark photon
dark
higgs! P f

complex scalars

9/16



An explicit origin of the dark photon’s mass

{T) =T Vree

6111, (OU Wiree

0.8f \ — ~— nNy=05
Mm=0

06;\ N e N =-05

- \
0.4 \ -
—~ - mylmy =05

0.2
mylmy =1

0.0 1 mAr/mw

26 50

mylmy =5

-0.2

-04

9/16



Loops & the dark Hig
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Loops & the dark Higgs
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Direct detection
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Direct detection
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Direct detection

Complex scalar thermal relic, a, = 0.5
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next decade and Essig et. al (2016), Direct Detection of sub-GeV Dark Matter with Semiconductor Targets.
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Direct detection

Complex scalar thermal relic, a, = 0.5
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Additional effects involving the dark Higgs?
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Additional effects involving the dark Higgs?

ME /My
?
° No DH effects

12/16



Normalized

100 pyp nid 1000

Temperature

13/16



Normalized

10 50 100%“53%%1000
Temperature

dark photon

complex scalars

DM

DM

DH

DH

13/16



A light dark Higgs... and its effect*
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A light dark Higgs... and its effect*
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A light dark Higgs... and its effect*
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A light dark Higgs... and its effect*
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Tree-level dark Higgs scenarios
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Tree-level dark Higgs scenarios
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Tree-level dark Higgs scenarios
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Summary

Expectation:
mediator and DM mass choice — well-defined experimental target

Explicit symmetry breaking:

range of thermal scenarios

Dark Higgs mass ~ DM mass:

existing bounds can significantly strengthen

Dark Higgs mass < DM mass:

NOT ruled out &
existing bounds can weaken
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