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QCD axion:

• Dynamically explains no neutron EdM

• Contributes to all/part of the dark matter



pre-inflationary

post-inflationary?



Outline

• Review of post-inflationary scenario

• Structure formation around matter-radiation equality and axion stars

• Dark matter substructure today
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The Scaling Regime
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Domain Walls



The Spectrum
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q > 1?

Spectral index



Effect of non-linearities (I)

If       q ≥ 1 : ρa(t⋆) ≫ ρmis ∼ m2
⋆ f 2

a = χtop(T⋆)

ρ ∼ (∇a)2 + V

t⋆ tℓ

∼ V
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3 → 1

domain walls decay

t

Tℓ ∼ 0.8 GeV



After DW decay: the standard lore
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a

V(a) ≃ 1
2 m2a2 axions become free

   the field redshifts like CDM until MRE⟹

 MRE, fluctuations  gravitationally collapse in objects of size @ δρ/ρ ∼ 1 ∼ 1/kp

axions become 
non-relativistic

m ∼ m0 ( Tc

T )
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Gravitational collapse vs Jeans scale

fluctuations unaffected and behave like CDMR > λJ ↔ k < kJ ⟹
fluctuations oscillate and quantum pressure prevents collapsingR < λJ ↔ k > kJ ⟹



axion minicluster
λdB ≪ 1/kp

Naive because:

1)   :  @ t = tℓ kp → m(Tℓ)

2)  for  :    extra blue shift due to the self-interactionstℓ < t < tc

After DW decay: the standard lore



However: effect of non-linearities (II)

ρ ∼ ·ϕ2 + m2ϕ2+

(∇ϕ)2 + λϕ4

ϕ ∼ ψe−imt

Tc ∼ 0.15 GeV



ρ ∼ ·ϕ2 + m2ϕ2+

(∇ϕ)2 + λϕ4

perturbation

grows

However: effect of non-linearities (II)



ρ ∼ ·ϕ2 + m2ϕ2+

(∇ϕ)2 + λϕ4

same order as the others

grows

However: effect of non-linearities (II)



ρ ∼ ·ϕ2 + m2ϕ2+

(∇ϕ)2 + λϕ4

perturbation

constant

≫ H−1

However: effect of non-linearities (II)
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fa ∼ 1010 GeV

 :T⋆ ∼ 1 GeV m = H ≡ H⋆

m ∼ m0 ( Tc
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 :Tℓ ∼ 0.8 GeV ρa(tℓ) = m2
a(tℓ)f 2

a

Tc ∼ 0.15 GeV : m(Tc) = m(0)

TMRE ∼ 0.15 eV

3 → 1

H⋆
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The remarkable coincidence

k⋆ kℓ kv

3 → 1



Axion stars:







Axion stars properties:

kp /kJ |MRE



Axion stars (after MRE):



- Important non-linear dynamics after strings-wall decay

- Post-inflationary abundance still uncertain (despite progress)

- Axion star formation enhanced at MRE

- Potential new observational opportunities

Conclusions


