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Cosmological phenomenology

Thermally produced axions via coupling with gluons and photons in the early Universe
Freeze-out condition H(7T,;) ~ I'('Ty)

Decoupling temperature Td sets axion abundance
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Model completely defined by two parameters: ma and Td; or any two between DNeff, DNeff CMB, omega_a

M. Gerbino (INFN-FE), PADUA 2022 3



Cosmological phenomenology
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Axion-gluon coupling
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Effective axion mass

After rotation of the quark fields and explicit mass breaking:
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If dominant, ma decoupled from fa
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At fixed fa/Cg, contribution to axion abundance:
- dominated by number density (Td) for small mO
- mostly due to ma for large mO
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Axion-photon coupling
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After rotation of the quark fields and explicit mass breaking:
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Summary of cosmological results
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Cosmological analysis

LCDM model augmented with axion mass and contribution to Neff

B Planck

B Planck + BAO
S Neff dominates

—axion must dilute
— CDM-like
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Data: CMB: Planck TTTEEE+lensing (+ ACT TTTEEE)
LSS: BAO measurements from BOSS, 6dF, SDSS

Bounds on Neff converted to bounds on axion couplings
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Cosmological analysis
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Two different regimes in mass leads to two different cosmological scenarios (theoretical motivation)
Features in the data+phenomenology explain red-blue behaviour
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Bounds on axion-photon coupling

Current cosmology:
107°
Axions decay before Broader than CAST below eV

Excludes
a still-viable region
in the ~10eV mass range
where axions are stable

Above ~20eV, must account
for radiative decay
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For light axions:
From stellar evolution:
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Bounds on axion-gluon coupling

Current cosmology:

Directly constrains Cg/fa
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| translated in a model-dependent way
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Summary and outlook

Novel bounds on axion-gluon and axion-photon couplings responsible for thermal population of axions:

o most updated results for the production rate in case of axion-gluon coupling
o effective axion mass and axion-photon coupling from chiral representation
o CAMB with extra species with BE distribution function

Cosmological bounds on Neff translated into bounds on axion couplings:

° stronger than CAST bounds for ma>3eV
o 10x stronger than SN1987A bounds on gd over the full range of masses
o implications for KSVZ QCD axions: (roughly) fa>2 GeV -> ma<0.3 eV

Inclusion of small CMB angular scales (ACT) significantly improves the bounds
by better constraining Neff -> promising prospects
with new data releases from ACT and SP'T

Even more promising prospects with future CMB surveys (50, CMB-54)
Caveat: correct treatment of the non-linear evolution of matter perturbations in LCDM+axions
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