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Experiments proposed: What models live here?



WIMP—nucleon cross section [cm?]
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Cosmic Visions
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Outline

larger coupling to visible sector
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Light Thermal Dark Matter

M cold

M light mediator

M suppressed annihilations at late times



Light Mediators

Lee-Weinberg
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Sub-GeV thermal DM requires light mediators: My ~ My



CMB

(DM < 10 GeV has suppressed visible annihilations at late times)

energy injection
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CMB

(DM < 10 GeV has suppressed visible annihilations at late times)
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Visible and Direct Annihilations
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Visible and Direct Annihilations
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invisible mediator decays
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Visible and Direct Annihilations

invisible mediator decays

Missing Mass/Momentum Experiments (Kinetic Mixing, m = 3m, )
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Visible and Direct Annihilations

invisible mediator decays

Invisibly Decaying Scalar Mediator, Dirac DM, g, = 0.1, my =3 m,
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Visible and Direct Annihilations
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Visible and Direct Annihilations
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visible ¥’ decays
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Fixed-Target Search
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Visible and Direct Annihilations

visible y’ decays

Thermal iDM, A=0.1 mp,my = 3 m;, ap = 0.1
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Visible and Secluded Annihilations
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Visible and Secluded Annihilations

visible mediator decays

Visibly Decaying Scalar Mediator my < m,
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Invisible Annihilations



Invisible Annihilations

my=400 GeV
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Hidden Sector Dynamics

(m = Dark Matter)
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Hidden Sector Dynamics

(vector mesons are long-lived)
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Hidden Sector Dynamics
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Outline

larger coupling to visible sector

[. Very Thermal

[I. Pretty Thermal
[II. Almost Thermal

III. Not Thermal

smaller coupling to visible sector



Dark Matter Mass
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Delayed Equilibration
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Delayed Equilibration

Effective Number of Neutrino Species
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Delayed Equilibration
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Delayed Equilibration

Nesr
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Delayed Equilibration

Freeze-Out Equilibration
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Outline

larger coupling to visible sector

[. Very Thermal
I[I. Pretty Thermal

III. Almost Thermal

III. Not Thermal

smaller coupling to visible sector



Freeze-1n
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Freeze-in: Sterile Neutrino
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Freeze-in: Sterile Neutrino
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Freeze-in: Light Mediator




Freeze-in: Light Mediator
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Outline

larger coupling to visible sector

[. Very Thermal
I[I. Pretty Thermal
[II. Almost Thermal

III. Not Thermal

(QCD axion, ultralight scalars and vectors) smaller Coupling to visible sector




Ultralight Bosons

see relevant sections in
arXiv:1707.04591

QCD axion, ultralight scalars and vectors

Field-Like




Measurement of the Fine-Structure Constant
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Measurement of the Fine-Structure Constant

SM predicts X =0

SM + BSM predicts X = 10°



Measurement of the Fine-Structure Constant

SM predicts X =0
SM + BSM predicts X = 10°
Experiment measures X = -1 £ 0.333

Experiment excludes SM + BSM at 30 ?



Summary

Dark Sector Candidates, Anomalies, and Search Techniques
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Summary

Anomalies => Models => Signals

Dark Sector Candidates, Anomalies, and Search Techniques
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Summary

Anomalies < Models <<= Signals

Dark Sector Candidates, Anomalies, and Search Techniques
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