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Outline

1. Axion dark matter abundance and stars

2. Gravitational waves from ALP strings
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Pre-inflationary Post-inflationary

Observable universe Observable universe Observable universe
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Kibble mechanism = Axion strings
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The Scaling Regime
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Domain Walls

@7 ~1GeV ( m=H=H, ) Axion potential from QCD:

v

»aff,
T

- ()

domain wall



T:H Zfa H~ma (T~AQCD) tOday
~ - <
7, scaling regime g ~
a4
a4
log(m,/H) ~1-+15 ~ 70
domain walls form relic axions

strings form
& and annihilate

\ )
\ ) Y
Y — )
axion stars

strings domain walls miniclusters

3

[from 1804.05857]




10

0.1

1072

|

....................................

the attractor

4k

0L s e T

.,xscaling violations
| 1 x',

1.0

—
g
—
—

I
I
I I.
T
: 20 SO RO (Y S MO RAD - < =
I
-
I

x
xlx

=
2=
o o
== =

xxxxxxxxxxx
-

I
lY
- x
T, -,l- > =
T - = T
i ._1,1'1'. f ot
g -
. = ot
b o =T
o .

02 e | A 4
= _Gorghetto, Hardy, GV ‘20[ physical
0.0-4, S T S SR S S TR NN SUS SN N SN ST SN S S S SN T TR S B S " v—

3 4 > 6 1 8

log(m,/H)

“515(2)




The Spectrum
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The Spectral Index
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Figure 18: The best fit values of g as a function of log for physical strings, with statistical error bars.
Left: results with ¢ fit over the momentum range [30H, m, /4] for data with lattice spacing at the final
time m,Af = 1.5. Center: ¢ fit in the range [50H,m,/6] for m,A, = 1. Right: ¢ fit in the range
[50H, m, /6] for m,A; = 1.5.
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Formation of structures



after wall decay, T << Agcp

~ k71 spectrum peak



at T~ Agep -

spectrum peak

M, is smaller



Gravitational collapse vs quantum Jeans scale
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The standard lore after DW decay
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The remarkable coincidence
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at T~ Agep -

spectrum peak

M, is smaller



Axion stars:
Bose Star 2
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Axion stars properties:

Ro1~2.1-10° km (—




Axion stars (after MRE):
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Gravitational waves
from ALPs



Gravitational Waves
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1) GW energy emission rate: I'y(t)

String Effective Theory
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1) GW energy emission rate: I'y(t)
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1) GW energy emission rate: I'y(t)

Gravitational Wave Emission
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The GraVitational Wave SpeCtru m 2) momentum distribution: %
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Bounds on the Post-Inflationary Scenario
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Conclusions

e Post-inflationary abundance uncertain, despite progress

£, 510°%GeV or m,>0.5meV from dark matter over-production

e Axion star formation enhanced at MRE

= Potential for new observational opportunities

> 10M4eV
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e GWs from ALP strings observable for f,
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Advert:
Solar halos of ultra-light

dark matter
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density profile after 5 Gyr
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