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Axion Cosmology
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The PQ Phase Transition
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The Post-Inflationary scenario
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Axion Strings
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The Scaling Solution
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Axion Domain Walls

@ H"’"ma (T"‘AQCD)

v THzxf, H~m, (T~Agcp) today
& I I |
~S
., | scaling regime ~
S NS
o log(m,/H) 1+15 ~10
. domain walls form . .
strings form relic axions

and annihilate

lt- domain wall



The Bottle Neck
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a few lattice points per string core
a few Hubble patches
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A Less Ambitious Goal: a Lower Bound
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1) The Number of Strings per Hubble Volume

(6= )

different initial conditions

10¢

AN

fat |

; \\
1 o
10_1§
1072+
Lo
10—3;

w@ @

(¢

=2 <1

string length in one Hubble volume in units of H~1

5

| physical

1
5(1501 .
0.10
0.05"
2 3 4 5 6



1) The Number of Strings per Hubble Volume
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2) The Axion Spectrum

Theoretical expectation
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3) Axion waves through the nonlinear regime
[@ H=m,=H, &= logw'?()]

15 70
tot
g I
Pa ~ 37 ~ 103 [%To?,g} H*f? > M2 f2 ~ pPmis ~ Vi(a) =m0 - coss
Pa
A
pa ~ (Va)? + Vi) (Va)

The potential becomes relevant when: L’r((z.)

Elog H*f2 ~m?” f? wey m, ~+/ClogH

pa 2 mis Y
Mg ™~ My N[V flong a] ~ flogna Relativistic Nonlinear  nonrelativistic
transient




3) Axion waves through the nonlinear regime
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3) Axion waves through the nonlinear regime
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A Lower Bound on the Axion Mass
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Conclusions

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

e evidence of logarithmic violations in { and g

e Mmost 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:
A) partially reduces the number density

B) makes the spectrum more UV

mm N, ~ 0.5+ 20 meV
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Scenario #1: (T, H) < f,
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Domain Walls
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Boost Factors
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Radial Energy and Axion Emission
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Instantaneous Spectrum (2)
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Radial Spectrum
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Lattice Spacing and Finite Volume Effects on q
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End of the Scaling regime: H = m, =
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Relativistic Regime and Nonlinear Transient
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Axion Number Density after the transient
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Radial Mode Decoupling
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Axions Waves in a String Background
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Local Strings

1.0

¢(a)

0.0+

Log(a)
These also seem to have a log increase in £ (t) even though tension is constant

Emission to heavy modes not so suppressed, but mysterious where log is coming from?!
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Strings Screening
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Dependence on the Initial Conditions

Scaling Solution vs Initial Conditions
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a(t) = const

Misalighment Relic Density
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