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QCD Axion Mass
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Axion DM



Scenario I: no PQ restoration after inflation

fa > maX{HI, TR}
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Scenario I: no PQ restoration after inflation

fa > maX{H], TR}

a(tg) = const (within Hubble)

after inflation



Scenario I:
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Scenario I:

a(tg) = const = 6y f,

i+ 3Ha+m2a =0
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Finite Temperature QCD Axion Mass
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Finite Temperature QCD Axion Mass
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Scenario II: PQ restoration after inflation

fa < maX{H[, TR}
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Scenario II: PQ restoration after inflation fo < max{Hj,Tg}

02 (a?) ~ (2 2)2 no free parameters from intial conditions

o fa abundance calculable! (in principle)

Multiple contributions:

2 1+ ¢
(0) Ja
* misali ; ~0.1 _Ja
misalignment (0-mode) 2, = 0.1 k, %] [1012 GeV]

. . k2
* misalignment (k-modes) ar + 3Hay, + (mi — ﬁ) ap =0 ng) ~ Q((:LO)

* topological defects (strings and domain walls)
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PQ phase transition

= |pleTa

similarly if [ H > fa ]

2nfy b /—\
/ after PQ axion field has random
fluctuations over the observable universe




Axionic Strings

string core
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free strings string recombination
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Numerical Simulation
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The Bottle Neck
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The Bottle Neck

log% <log(——)~7« 70
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The Scaling Solution is an Attractive Solution
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Scaling Violation (4k simulation)  Gorghetto, Hardy, GV




What is the large ¢ behavior?

Origin of scaling violation?
Larger physical simulations suggest some curvature (log"2?)

Scaling violation observed also in local U(1) string networks...
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Loop Distribution 1806.04677 — Gorghetto, Hardy, GV
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Axion Spectra VS Axion Number
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Axion Spectra VS Axion Number
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Axion Spectrum 1806.04677 — Gorghetto, Hardy, GV
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Axion Spectrum 1806.04677 — Gorghetto, Hardy, GV
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Axion Spectrum @ 4k
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Axion Instantaneous Spectrum
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Axion Instantaneous Spectrum
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Axion Number Density
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Fat Case: UV — IR dominated spectrum

Physical Case: similar?
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Fat Case: UV — IR dominated spectrum

Physical Case: similar?

— Large boost of axions from strings

What happens when axions get a mass?
Probably some suppression of the boost because of non-linearities

Very plausible that in this scenario:

Qést?"ings) > Q(mzs) — fa < 1011 GeV

a
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What happens next? Hard to tell reliably...

Simulations with DW + Strings
very far from physical parameters [O(10™) away]

Dynamics of strings at log~few very different from that at log~70

May be same for DW

Very rich pheno afterwards (oscillons, miniclusters, bose stars, etc...),
but very hard to estimate reliably



Conclusions:
Still a lot to be understood...

%
Far away from a reliable computation of the axion abundance

(feasible?) near-term goal:

lower bound from strings production
(after educated guesses of extrapolated scaling properties)
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