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Why Axions?

CP violation in the strong sector
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CP violation in the strong sector
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Solution: QCD Axion Spontaneously broken PQ
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Solution: QCD Axion
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Solution: QCD Axion vie) 4
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The QCD axion is very predictive
* Couplings to nucleons, photons, electrons,...

« Determined by the scale f

 Many ongoing experiments try to search for the (QCD) axion

« Strong bounds on f from SN and NS cooling



Outline

* Axion-nucleon couplings in Chiral Perturbation Theory

* Astrophysical axion bounds

 Model (in)dependence
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v QCD conflnes and a C|ral cndensate develops
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Theory of Mesons and Baryons Valld for p < A

Heavy baryon limit
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QCD axion-nucleon couplings

GG di Cortona et al. ‘15

Construct low energy EFT of NR nucleons, pions and the QCD axion
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Coupling is model-dependent!



QCD axion-nucleon couplings

GG di Cortona et al. ‘15

Construct low energy EFT of NR nucleons, pions and the QCD axion
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« For a QCD axion this constrains m, and f,




2. Model dependence of the QCD axion-
nucleon coupling
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2. Model dependence of the QCD axion-
nucleon coupling

Model dependent

1+ z my

Model-dependent constants can be tuned to 0, leading to ¢, =~ C,) = 0.

e.g. di Luzio et al. ‘15

What is left at NLO?
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2. Model dependence of the QCD axion-
nucleon coupling
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2. Model dependence of the QCD axion-
nucleon coupling

ia(x) ta(x)
X = 2BM] M, = e 2fa QaneW—aQ“

1

x+ = ulxul uxTu, Y+ =x+— §<Xj:>

Which interactions does this give rise t0?



2. Model dependence of the QCD axion-
nucleon coupling

Isospin breaking term survives independent of the type of axion model
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Bound on axion from SN1987A
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Current strongest
bound in
literature, see
Lucente et al. ‘22
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Summary and Conclusion

e Systematic study of model dependence of the axion nucleon
interaction

* |sospin breaking term in Lagrangian cannot be tuned away

* |Leads to an order of magnitude stricter model-independent
bound on f,
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Astrophobic axions or a model-independent SN bound

di Luzio et al. ‘15

Models which try to ‘tune away’ axion nucleon interactions

Some aspects of ‘astrophobic axion’ survive at finite density, only subleading corrections

Model independent SN bound for all axions that solve strong CP problem

For current best bound
see Lucente et al. ‘22

t [S] Supernova profile from https://wwwmpa.mpa-garching.mpg.de/ccsnarchive/
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