
DARK MATTER AND AXION QUALITY
FROM THE AXION-HIGGS PORTAL

Jonas Spinner
in collaboration with M. Bauer and G. Rostagni



1. The model

2. Constraints from collider physics

3. Dark Matter

4. Strong CP problem & axion quality

OUTLINE



THE MODEL

AXION

COUPLINGS

THE AXION-
HIGGS PORTAL

A SIMPLE UV 
COMPLETION



Higgs Boson Fermions Gauge bosons Higgs Boson (again)

coupling

UV explanation
Higgs Boson charged

under X
Fermion charged

under X

Chiral Anomaly of X 
with the Gauge 

Group G

Generic mixing
Heavy Scalar/Higgs

AXION COUPLINGS

• Axion = Goldstone boson of a spontaneously broken global symmetry X



THE AXION-HIGGS PORTAL

Derivative suppression
𝑍2 symmetry

Only 2 parameters
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A SIMPLE UV COMPLETION

1. SSB

2. Mass diagonalization with

3. Integrate out 

SM Higgs Boson

is a small parameter
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• Minimize to find

QCD AXION QUALITY PROBLEM

• Experimentally:

QCD axion quality problem
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THE CASE OF THE AXION-HIGGS PORTAL

• All possible QCD axion couplings generated by explicit 𝑍2 breaking at scale

• Same calculation as before leads to

For : 

No axion quality problem







SUMMARY

• Axion-Higgs portal: Axion couplings only from mixing of heavy scalar with SM Higgs boson

• Avoid usual constraints on     through derivative suppression and 𝑍2 symmetry

• Can produce Dark Matter through Freeze-In or vacuum misalignment

• Solve strong CP problem through explicit 𝑍2 breaking, axion quality problem avoided by
scale separation
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AXION-HIGGS PORTAL COUPLINGS

Integrate out 
higgs boson

Wilson coefficients
for triangle diagrams
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