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QCD axion:
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e Dynamically explains no neutron EdM @ ‘

[picture from A. Hook]

* e Contributes to all/part of the dark matter




Pre-inflationary Post-inflationary

Observable universe Observable universe Observable universe
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post-inflationary?



Outline

e Review of post-inflationary scenario

e Structure formation around matter-radiation equality and axion stars

e Dark matter substructure today



Kibble mechanism = Axion strings

string core

E d My
string tension U= 7 Nog % ~ ng log T
core mlr.

axion gradient

T2 /M,

|

grows logarithmically in time



The Scaling Regime

causal patch « 1/H = 2t
\

number of strings
per Hubble patch H-1 {
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/T

f, ~ 109 GeV

T, ~1GeV :

m=H=H,
log(m,/H,) ~ 65



@T~1GeV

(m=H)

domain wall

Domain Walls




The Spectrum

Davies, Shellard, ...
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Spectral index
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Effect of non-linearities (I)

Iftg>1: Palty) > pms ~ m»%fc% = Xiop(T%)

relativistic non-relativistic T, ~ 0.8 GeV
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After DW decay: the standard lore

mq(T) > k, axions become
relativistic non-relativistic —_—> non-relativistic

-
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axion number
conserved
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: 1
domain walls decay V(a) ~ —m?a? axions become free

—> the field redshifts like CDM until MRE

@ MRE, fluctuations 6p/p ~ 1 gravitationally collapse in objects of size ~ 1/k,



Gravitational collapse vs Jeans scale

overdensity p : :
spatial size of the overdensity de Broglie wavelength of the particles

63 in the resulting clump

R
1
— muv
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l = m(CMy1/2 R(47Gpm?2)1/2

4tpR3 /3

Reyit 2 Ay ~ (167?Gpm2)_1/4

smallest scale an overdensity can have before wave effects
(quantum pressure) have to be considered

quantum Jeans length \; = 27 /k;

R>1; & k<k; = ({fluctuations unaffected and behave like CDM

R<A; & k>k; = fluctuations oscillate and quantum pressure prevents collapsing



After DW decay: the standard lore

quantum Jeans scale axion minicluster

ky = (167Gpm?)

N

Aig <K 1/k,
@MRE

Naive because:

2) fort, <t<t.,: extra blue shift due to the self-interactions



However: effect of non-linearities (II)
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However: effect of non-linearities (II)
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However: effect of non-linearities (II)
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same order as the others
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However: effect of non-linearities (II)

p~ P> +m’p>+
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AXION DM

RELATIVISTIC

NON RELATIVISTIC

f, ~ 109 GeV

T, ~1GeV :

T, ~ 0.8 GeV :

T.~0.15 GeV :

m=H=H,

paty) = mi(t,)f

m(T,) = m(0)



1010 Gy /2 The remarkable coincidence
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Axion stars:
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Axion stars properties:

Ro1~2.1-10° km (—




Axion stars (after MRE):

15 ( n;Y/3=14-108km
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Conclusions

- Post-inflationary abundance still uncertain (despite progress)

- Important non-linear dynamics after strings-wall decay

- Axion star formation enhanced at MRE

- Potential new observational opportunities



