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Abstract: The axion solution to the strong CP problem also provides a natural dark matter candidate. If the Peccel-Quinn symmetry has ever been
restored after inflation, topological defects of the axion field would have formed and produced relic axions, whose abundance is in principle
calculable. We study the contribution to the abundance produced by string defects during the so-called scaling regime. Clear evidence of scaling
violations is found, the most conservative extrapolation of which strongly suggests a large number of axions from strings. The overal result is a
lower bound on the QCD axion mass in the post-inflationary scenario that is substantially stronger than the naive one from misalignment.
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e Axion Cosmology and String Dynamics

e Reconstruction of the Scaling Solution

e Implications for the QCD Axion mass
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Axion Eosmo|ogy
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The Post-Inflationary scenario .

Post-inflationary:

fa S max(H, Tg)

no free parameters in the initial conditions

1 !

Qe =2,(f)) =Qpu

prediction for f,!
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Grows logarithmically in time
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a few lattice points per string core
a few Hubble patches

g1

N ~ 5000
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A Less AmBItIOUS an‘: a Lower Bound ’ -
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Ion Spectrum | .

Theoretical expectation

8 *  natural cut-offs at H and m,.
Pa_ — energy spectrum of

okot — axions emitted

* peak at H because strings have curvature of O(H)

0
*  in between an approximate power law: [ 8k:p§t XX k—lq]

* in principle g could be time-dependent, g = q(log)

IR dominated

1. UV dominated
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ore Domain Walls '
D~ (Va)2 ~ H2a2 ~ Elog H2f? = 27rafa ~ /& log = O(10)
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A Lower Bound on the Axion Mass
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COHC'USIOI’\S

1) The system of axion strings is driven towards an attractor solution

¢ evidence of logarithmic violations in £ and g

e most conservative extrapolation implies More Axions from Strings

2) The Axions from Strings experience nonlinear evolution at the QCD transition

e a period of relativistic redshfit and a nonlinear transient:
A) partially reduce the number density

B) make the spectrum more UV

mm) g ~ 0.0+ 20 meV
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