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Outline

1)   Axions and the ‘post-inflationary’ scenario

2)   Structure formation and axion miniclusters/stars

  the axion mass→



QCD axion:

• Dynamically explains no neutron EdM

• Makes up all/part of the dark matter

axion decay constant

(strong CP problem)



pre-inflationary

post-inflationary?

misalignment
 unique prediction for  (or )→ fa ma

( )TR ≲ fa ( )TR ≳ fa
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Kibble mechanism     Axion strings⟹ @ T ≃ fa
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The Scaling Regime
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    (  )@ T ≃ 1 GeV m = H ≡ H⋆

Axion Domain Walls

Axion potential from QCD:The axion potential becomes important



by Malte Buschmann 



Levkov et al.



The number of strings
𝑯−𝟏
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 ≃ 15
 @ log = 70



The energy spectrum

∼ 103

IR

≪ 1

UV

n ∼
ρ

⟨k⟩



The spectral index

UV dominated

IR dominated

Evolution of q

ma ≃ 0.5 ÷ 0.1 meV

q ≃ 1?



q ≃ 1 q > 1
fa ≲ 1010 GeV

ma ≳ 0.5 meV

fa ≃ 1010 GeV

from DM overproduction

if domain wall contribution negligible≃



Formation of structures



δ(x) =
ρ(x) − ρ̄

ρ̄

∼ H−1
⋆

after wall decay, T ≪ ΛQCD

  spectrum peak∼ k−1
p

MC ≃
4π
3

ρ̄ ( π
H⋆ )

3

≃ 2 ⋅ 10−12M⊙ ( 0.1 meV
ma )

1/2

(naive)

Minicluster



Axion dark matter over-density power spectrum

Uncertain!

Order-one fluctuations 
produced by string 
and domain walls 
(isocurvature) 

White-noise tail 

Uncertain!

 ≃ H⋆



Overview of the dynamics

Axion miniclusters/stars Minicluster halos Galactic halos 



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

H⋆ kℓ kv

3 → 1

[MG, Hardy, Villadoro, 2405.19389]



δ(x) =
ρ(x) − ρ̄

ρ̄

∼ H−1
⋆

after wall decay, T ≪ ΛQCD

  spectrum peak∼ k−1
p k−1

J

Axion stars

  is smallerMC



Axion stars:







Minicluster halos mass distribution

[Eggemeier et al, 19’, 22’]

N-body simulations from initial conditions from string-wall decay at log ≃ 7

[Eggemeier, 22’]



Axion stars (after MRE):

Mont Blanc massMs ≃

Mont Blanc

 
Sun-Moon dist
Rs ≃

Axion “minivoids” [Eggemeier 22, O’Hare 22]



• Post-inflationary abundance still uncertain, despite progress

• Axion star formation enhanced at MRE, 
   but power spectrum after string-wall decay still uncertain

• Potential new observational opportunities

Conclusions

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



Thanks!


