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Axion Solution to the Strong CP Problem!
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1511.02867 — Grilli di Cortona et al.
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~ Xtop 1512.06746 — Bonati et al.
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1606.07494 — Borsanyi et al.

1812.01008 — Gorghetto, GV
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Axion DM



Scenario I: no PQ restoration after inflation

fa > maX{H], TR}

a(tg) = const (within Hubble)

after inflation



Scenario I:

a(tg) = const = 6y f,

i+ 3Ha+m2a =0

1012GeV



Finite Temperature QCD Axion Mass
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Disfavoured by black hole superradiance
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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)



Disfavoured by black hole superradiance
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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

, . E > d , . m,
string tension U= va log = ~ T f4 logF
T

radial
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free strings string recombination

"

scaling solution
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Pfree X — 7 Ps — t_2

& = (# strings) / (Hubble Patch)

difference goes in radiation



H~m, (T~Aqcp) today
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Numerical Simulation
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The Bottle Neck




The Bottle Neck

log% <log(——)~7« 70




The Bottle Neck

log% <log(——)~7« 70
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The Scaling Solution is an Attractive Solution
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1806.04677 — Gorghetto, Hardy, GV
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Also observed in:
1509.00026 — Fleury, Moore
1806.05566 — Kawasaki et al.

1906.00967 — Buschmann, Foster, Safdi
preliminary — Redondo, Saikawa, ...
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Scaling Violation (4k simulation)  Gorghetto, Hardy, GV




Loop Distribution 1806.04677 — Gorghetto, Hardy, GV

log(m,/H)=4
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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 Number Density
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Axion Number Density — Extrapolation
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Parameters at DW formation time:

simulations vs physical case
log(m,./H) ~ 7 log(m,./H) ~ 70

Hph ™~ 10,“87,771
fph ™~ (10?)€Sim
(Pa/H2)ph ~ 104(/0a/H2)sim ~ 104(:0a/H2)mis

5wall/6string ~ 1030



(Preliminary) Conclusions:
* Towards reasonable understanding of string evolution and axion spectrum

* String dynamics is evolving during scaling regime (— NG strings)

* Strings/DW behavior @ physical parameters could be

completely different from the simulated (or naively extrapolated) one



Some Open Questions:

* What is the initial field configuration at the QCD time?

* How many relic axions are produced from the radiation of strings?

* How can we reliably reconstruct

the right dynamics of the DW/string network ?
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