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• Experimental constraints

• Dark matter from Freeze-In production

• Compare with other axion models and the Higgs portal

OUTLINE
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rich structure!
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DARK MATTER?

DM coupling

Vacuum misalignment
„normal“ axion models

Freeze-In
e.g. Higgs portal,
Axion-Higgs portal

Freeze-Out
e.g. WIMPs

Production mechanisms: 

Evidence:



2→2 FREEZE-IN PRODUCTION

• Consider a dimension-n operator

• At large temperature, cross section scales as

• Dark Matter production scales as

: Temperature of the universe today

: Cutoff temperature
Freeze-In via non-renormalizable operators

is sensitive to the cutoff temperature
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RESULTS

• The Axion-Higgs portal is the minimal axion model

• An Axion-Higgs portal particle is naturally light, while a Higgs portal

particle is naturally heavy

• Need to look for invisible Higgs decays to find the Axion-Higgs portal

• Lots of parameter space for Freeze-In Dark Matter from Axion-Higgs portal



BACKUP
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A SIMPLE UV COMPLETION

1. SSB

2. Mass diagonalization with

3. Integrate out 

SM Higgs Boson



AXION-HIGGS PORTAL COUPLINGS

EW physics
integrated out



ANALYTIC RESULTS FOR AXION-HIGGS PORTAL FREEZE-IN

Approximate expressions for the dominant channels:


