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No tension between PQ-quality and Post-Inflationary Cosmology

- PQ qualityM requirement (on UV completion of QG)

— Any PQ symmetry (i.e. any axion model) can be made

exponentially good with a small (near Plankian) ED Petrossian-Byrne GV ‘25
e.g. minimal KSVZ model w/ N=1

— It may even be generic in the axiverse
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Misalignment mechanism

a(Z,t) = a(t) EOM: d+3Ha+V'(a)=0

a(tg) = const = 6y f,
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Misalignment mechanism
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Misalignment mechanism for ALPs
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Misalignment mechanism for ALPs

Mq 2 Ja ?
(assuming m_ = const. ) Qarp QDM&% [10_22 eV} [1017 GeV}

@ Fuzzy DM

]

107!
102
1073
10-4 Laboratory
10*z Y — da
10~
107
108
1077 :
10-10 Astrophysics
—11
012 ]
1013
10—14
10-15

1

Dark matter
(direct detection)

hoton coupling [GeV

—_

o
de
(=)

Dark matter
(astrophysics)

—

7
—
~

10—18
10719

Fuzzy
dark matter

—

T
)
[==]

Axion-

yeV  zeV aeV feV peV neV peV meV eV keV MeV GeV TeV
Axion mass [eV]



Cosmic Evolution of Axions

post-inflationary scenario




Cosmic Evolution of Axions

post-inflationary scenario

0 = random



Cosmic Evolution of Axions

post-inflationary scenario

Observable Universe Observable Universe

0 = random

6 = random



Post-inflationary cartoon:

= M= vpq = Npwf. ~ 10'° GeV W
» .

RELATIVISTIC




Post-inflationary cartoon:

RELATIVISTIC

= UpQ — NDwfa ~ 1010 GeV

— ' ~1GeV: m=H




Post-inflationary cartoon:

NON-LINEAR REGIME

DIO)\Y Va

—— fUPQ — NDWfa ~ 1010 GeV

RELATIVISTIC

g " ~1GeV: m=H

Te:  Pa ™= Xtop (Tf)

NON RELATIVISTIC

(



Post-inflationary cartoon:

NON-LINEAR REGIME

Axitons

DIO)\Y Vs

—— fUPQ — NDWfa ~ 1010 GeV

RELATIVISTIC

g " ~1GeV: m=H

Te:  Pa ™= Xtop (Tf)

NON RELATIVISTIC

(



Post-inflationary cartoon:

NON-LINEAR REGIME

Axitons

NON-LINEAR REGIME

DIO)\Y Vs

=t vpqQ = Npw fo ~

RELATIVISTIC

e "~ 1 GeV :

L 7. ~0.15 GeV :

NON RELATIVISTIC

(

1010 GeV

m=H

Te:  Pa ™= Xtop (Tf)

m(Te) = m(0)



Post-inflationary cartoon:
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2. Characterization of small scale structures
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Post-Inflation Scenario
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Non-linear regime:
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Non-linear regime:

if ¢>1:  palts) > p™° ~ Xtop(T4)

relativistic non-relativistic

£ I
ap g dp |
ok = - ok |
1 =Rl 2Xion number I
: =B conserved |

| g
! ) I

k | ' e
H L=, : . H Mg (Tf) k
T, T,
Domain Walls Decay

mis S

n?”t o« £log 0™ — 4/Elog - n™

Gorghetto, Hardy, GV ‘20



Non-linear regime:
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What happens after DW decay?

relativistic non-relativistic
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What happens after DW decay?
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Axion Stars: from simulations
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Axion Stars: from simulations
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Post.lnﬂaﬁonary ALP landscape see e.g. Gorghetto, Hardy, Nicolaescu 21
Gorghetto, Hardy ‘22
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Post-Inﬂationary ALP landscape see e.g. Gorghetto, Hardy, Nicolaescu ‘21
Gorghetto, Hardy 22
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Future Prospects from next gen. simulations (w/ AMR) :
— reduce/understand systematics
— scaling/extrapolation (g >=1 ?)
— understanding dynamics behind scaling properties
— string+DW regime ( N>1 ?)
— late time evolutions of axion stars / mini-halos

Extensions:
— scaling w/ Non-minimal core (axiverse)
— mixed global/local strings
— superconducting strings
— friction effects
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