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Axion (= ALP)

e PNGB of a new U(1) symmetry, spontaneously broken at a high scale v

_ r+wv , L m? V2 2
¢ V2 e Ly = |8“gb|2 202 (|¢|2 - 7)

My > U

. -2 — 0 2
e U(1) broken by V(a) = axion mass m, H( | - - 4
Via
— V/(a) invariant under a — a + 27 f,
— in general v = N f,, N integer
-2nr - 0 g 2

— for now assume N =1, i.e. v = f, a/ fa



[Axion searches} 1
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Outline

e Axion post-inflationary scenario

e Gravitational waves from axion strings

e N > 1: minimal targets for haloscopes & substructure



Cosmological Initial Conditions

Pre-inflationary scenario
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focus of this talk



Strings

string core
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The Scaling Regime
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The Scaling Regime
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Attractor and Energy Emission
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Gravitational Waves
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1) GW energy emission rate: I', ()

String Effective Theory

Degrees of freedom: A
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1) GW energy emission rate: I'y(t)
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EoM:

Finstein Eq:

Gravitational Wave Emission
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Comparison with field theory simulations
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The Gravitational Wave Spectrum
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The Gravitational Wave Spectrum
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Domain wall number N>1
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Targets for haloscopes
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Overdensities at small scales

1/Hg4

standard lore: collapse at around
matter-radiation equality into miniclusters

affected by
quantum pressure/self-interactions?
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work in progress



Conclusions

e The scaling regime produces an approximately scale invariant GW spectrum

— 'y log* (from the increase in u o log and ¢  log)

— enhances the spectrum at low frequencies

e The spectrum is visible by multiple experiments for f, > 10'* GeV
— best prospects in PTAs and LISA

e ALPs with N > 1 in the post-inflationary scenario have a potentially large coupling to photons

Much more to do
e Local strings?
e (QCD axion dark matter substructure

e Similar dynamics in other theories of light dark matter (e.g. dark photons)
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