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Outline

1) Axions and the ‘post-inflationary’ scenario

— the axion mass

2) Structure formation and axion miniclusters/stars



QCD axion:
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e Dynamically explains no neutron EdM @ ‘

(strong CP problem)

[picture from A. Hook]

* e Makes up all/part of the dark matter




Post-inflationary (7, > f))

Observable universe
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Kibble mechanism = Axion strings
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rate of energy loss:

The Scaling Regime
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Axion Domain Walls

The axion potential becomes important

@T~1GeV (m=H=H,)

Axion potential from QCD:
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domain wall



by Malte Buschmann
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The energy spectrum
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The spectral index
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Formation of structures



after wall decay, T << Agcp

~ k71 spectrum peak



Axion dark matter over-density power spectrum
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Overview of the dynamics

Axion miniclusters /stars Minicluster halos Galactic halos




overdensity p

quantum Jeans length \; = 2n/k; =

Gravitational collapse vs quantum Jeans scale

spatial size of the overdensity de Broglie wavelength of the particles
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The standard lore after DW decay

quantum Jeans scale axion minicluster
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The

remarkable coincidence
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after wall decay, T << Agcp

spectrum peak

M, is smaller



Axion stars:
Bose Star 2
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dn/dlogo(M) [pc™]

Minicluster halos mass distribution
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N-body simulations from initial conditions from string-wall decay at log ~ 7
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Axion stars (after MRE):

(o3 =1.4-10%km
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Axion “minivoids” [Eggemeier 22, O’Hare 22]



Conclusions

e Post-inflationary abundance still uncertain, despite progress

£, $10°GeV or m,>0.5meV from dark matter over-production

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

e Potential new observational opportunities
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