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Outline

1. Axion dark matter abundance and stars

2. Gravitational waves from ALP strings
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The Scaling Regime
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and 

    (  )@ T ≃ 1 GeV m = H ≡ H⋆

Domain Walls

Axion potential from QCD:







The Spectrum
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UV dominated
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Running of q

The Spectral Index





UV dominated

IR dominated

q ≃ 1?

Benabou+, 25’



q ≃ 1 q > 1
fa ≲ 1010 GeV

ma ≳ 0.5 meV

fa ≃ 1010 GeV

from DM overproduction

if domain walls negligible≃



Formation of structures
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(naive)

Minicluster
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Axion stars
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Gravitational collapse vs quantum Jeans scale



axion minicluster
λdB ≪ 1/kp

Naive because  increases due to the self-interactions and becomes of order kp kJ

The standard lore after DW decay



The remarkable coincidence
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grows ∝ T−8

until  T ≃ 150 MeV



δ(x) =
ρ(x) − ρ̄

ρ̄

∼ H−1
⋆

at  :T ≃ ΛQCD

  spectrum peak∼ k−1
p k−1

J

Axion stars

  is smallerMC



Axion stars:





ρ ≃ ρMRE ≃ 104ρloc



Axion stars properties:

kp /kJ |MRE



Axion stars (after MRE):



Gravitational waves  
from ALPs



Gravitational Waves

H ∼ ma



String Effective Theory





Gravitational Wave Emission



Comparison with field theory simulations



The Gravitational Wave Spectrum
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Bounds on the Post-Inflationary Scenario

Cf:   G. Servant and P. Simakachorn [2307.03121] for best fit on new NANOgrav



• Post-inflationary abundance uncertain, despite progress

• Axion star formation enhanced at MRE

➡  Potential for new observational opportunities

Conclusions

   or     from dark matter over-productionfa ≲ 1010 GeV ma ≳ 0.5 meV

• GWs from ALP strings observable for fa ≳ 1014 eV
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Advert: 
Solar halos of ultra-light 

dark matter
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Capture dominates over stripping when:

vdm ≃ 10−3 ≲ 2π α

i.e. if

·Nbound ∼ Γ(m, fa) ⋅ Nbound → Nbound ∝ eΓt

m ≳ 1.5 ⋅ 10−14 eV

Solar halo




