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Motivation

ÅLight or massless new DoF appear frequently in BSM

ÅAxions are particularly well motivated:

Å Solution to the Strong CP Problem

3-O ὨͯӶ— ὕρπ Ὡὧά

ὉὢὖO Ὠ πȟσπρπ Ὡὧάᵼ Ӷ— ρπ

ÅPossible DM candidate

ÅArise naturally from string theories

ÅPossible explanation for XENON1T excess!

Crewther, Di Vecchia, Veneziano & Witten, 1980

Baker et al., 0602020 Afach et al., 1509.04411
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Motivation

ÅMany strategies to search for the axion:

ÅHelioscopes

ÅHaloscopes

ÅLight shining through wall

ÅDark matter recoil

ÅStar cooling

Å In addition to this, there is a cosmological probe 

ɝὔ ḗχτȢψυὣ
ϳ

ÅProbed in the future (CMB -S4, LiteBIRD , Simons Observatory)

Åɝὔ depends on its production, thus on its couplings and its decay constant
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Setup

ÅGeneral axion interactions

ÅThree classes of processes

Åὢ ὢᴼὢ ὥ

Å‪ ὢᴼ‪ ὥȟ‪ ‪ᴼὢ ὥ

Å‪ Ὄᴼ‪ ὥȟ‪ ‪ᴼὌ ὥ

ÅProduction is efficient when production rate ɜexceeds Hubble rate, with ὌᶿὝ
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Setup

Å╧ ╧ᴼ╧ ╪

ÅExisting both above and below the EWPT

ÅProduction rate: ɜḗ‌ὧ

ÅGluons dominate. Mostly relevant at high T, where ɝὔ ḗπȟπςχif there is thermalization
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Setup

Åⱶ ╧ᴼⱶ ╪ȟⱶ ⱶᴼ╧ ╪

ÅExisting only below the EWPT

ÅBoltzmann suppressed for Ὕ ά

ÅProduction rate for Ὕ ά :ɜḗ‌ὧά

ÅGluons and heavy fermions dominate. ϳɜὌpeaks at ὝḐά
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Setup

Åⱶ ╗ᴼⱶ ╪ȟⱶ ⱶᴼ╗ ╪

ÅAbove EWSB: any of the four real components of the Higgs doublet

ÅBelow EWSB: physical Higgs Ὤand the longitudinal components of ὡ and ὤbosons

ÅBoltzmann suppressed for Ὕ ά

ÅProduction rate for Ὕ ά :ɜḗὧώ

ÅHeavy fermions dominate. Can thermalize at high Ὕ.
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Setup
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Results

ÅModel independent approach

ÅOperator -by-operator analysis: assume only one axion coupling at a time

ÅSolve the Boltzmann equation and find ɝὔ for each set of processes

ÅStop the equation at ρ'Å6to keep strong interactions perturbative

ÅResult sensitive to Early Universe conditions:

ÅInitial condition: zero or thermal abundance

ÅReheating temperature
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Results
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UV complete models

ÅSpecific models give a single prediction for ɝὔ Ὢ

ÅTwo classical invisible axion scenarios:

ÅDFSZ. ὧ ὧ ρȟϳὉὔhas two possible values

ÅKSVZ. Only gluon process, many values for ϳὉὔ

ÅAn example of a flavourful axion model:

ÅThe Minimal Flavour Violating Axion. ὧ πȟϳὉὔ ϳψσ
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UV complete models
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Complementarity with XENON1T

ÅAn excess has been measured by XENON1T, compatible with solar axions

ÅThey could also leave an imprint on the Early Universe through ὔ

ÅUsing the expected axion -electron coupling, we look at the expected ɝὔ

produced by these light relics in three scenarios:

ÅDemocratic non -anomalous ALP, with all couplings ὧ ρ

ÅNon-anomalous ALP with only one coupling at tree level, inducing the rest at 1 loop

ÅDFSZ axion
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XENON1T ðDemocratic

16

C!!Σ CΦ 5Ω9ǊŀƳƻΣ wΦ ½Φ CŜǊǊŜƛǊŀΣ [Φ aŜǊƭƻΣ !Φ bƻǘŀǊƛΣ нллтΦлсртф



XENON1T ðLoop-induced ὧ
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XENON1T ðLoop-induced ὧ
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