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Axions as Dark Matter

The Axion is a very nice Dark Matter Candidate:

Goldstone boson of PQ symmetry broken at high scales

stable decoupled
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well motivated by strong CP problem: QCD Axion -




Axion Phenomenology

Most general axion couplings to SM described by EFT below PQ scale
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Flavor-violating Axion Couplings

- FV couplings determined by PQ charges in fermion mass basis

cVA o (VIiPQ vy ) + (VIPQ,vy, present whenever SM fermions carry
" ( no ) ( e )J PQ charges not aligned to Yukawas
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- Decent scenario: PQ = flavor symmetry for Yukawa hierarchies wic. s
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Constraints from Flavor Physics

Constrain flavor-violating couplings with SM decays + missing energy
— |00k like SM decays with final state neutrino pair, but 2-body
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2-body decays probe much larger UV scales than 3-body decays




Constraints from Flavor Physics
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Constraints from Astrophysics

Best handle on axial-vector coupling to s-d from hyperon decays

Many hyperons in hot proto-neutron star formed
during core-collapse supernovae [I = 40 MeV]

Hyperon decays to axions provide extra cooling
which would have shorten observed neutrind P RSt
pulse of SN1987A A ———

Estimate energy loss rate per volume:

Gives model-indep. bound on invisible hyperon decays: BR(A — nX") <50% 10~
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Constraints from Cosmology

Flavor-violating SM decays can produce axions in early universe

very light axions constrained by bounds on Dark Radiation fromm CMB D’Eramo, Yun ‘21
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A simple Model of LFV ALP DM

*  Freeze-in production of ALP DM from LFV decays of SM leptons

to appear, with D. Redigolo, P. Panci, T. Schwetz

Charge right-handed SM leptons N mass basis o (ff“ < 8)
under PQ as (1,-1,0) in flavor space  for 1-2 rotation 0 0 0

- ALP decays suppressed if sufficiently light (ho EM anomaly)
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ALP Dark Matter from LFV Decays

Get 2d parameter space subject to flavor & cosmology constraints
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Summary

* QCD axions with flavor-violating couplings can be searched for by
precision flavor experiments, probing decay constants of 1012 GeV

* SN1987A gives best constraints on flavor-violating hyperon decays
to invisibles

* LFV decays of SM leptons can yield axion DM via thermal freeze-in:
simple class of DM models that can be tested at Mu3e and MEG-I|




