NOPP 2025, July 18-20, 2025

Axion mass prediction from cosmic strings
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Axion Dark Matter

One of the appealing qualities of the axion is that it can be dark matter

Pre-inflationary scenario

“'PQ symmetry breaking before inflation”

Post-inflationary scenario

VS " 'PQ symmetry breaking after inflation”
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Formation of cosmic string

ds? = dt? — R*(t)dXx*?

Evolution of this complex scalar field is

f . Y :
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Cosmological evolution of
scalar field configuration

log =~ = log— < log N
0Og— =10g— =< 10
8 H gto 8
l t ~107° sec
~1 ~ 10 ~ 70 log
H
R Axions decayed from
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lattice simulation Even numerical simulation is very difficult and strlng.s around this time
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m:1 o const allows us to extrapolate all the way to QCD scale
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: number of strings
per Hubble patch
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Axion abundance

dk apa . VVe.vvant to evalgate axi.on number

density as a function of time
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k ak : should follow a power law due to absence of other non-trivial
scales and sampling has to be done in scaling regime
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Two most important scalings in  and spectral index g in cosmic string
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: soon after this time, axions become
non-relativistic dark matter
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Recent results in cosmic string frontier

IR dominant axions, g > 1

Saikawa et al, 20%4
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non-negligible Domain
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Recent results in cosmic string frontier

IR dominant axions, g > 1

Saikawa et al, on4
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Axion mass prediction
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Axion mass prediction
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Only axion from strings in scaling regime
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Static Lattice Simulation

Account for 100% DM abundance Saikawa et al 2024
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Exact scaling behavior under debates
It has a dramatic impact on axion mass
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Exact scaling behavior under debates
It has a dramatic impact on axion mass
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We speculate that axion power-law spectrum may be |
originated from strings’s power-law behavior LogomiE)




Looking into Kim, SON, 2411.08455

String power spectrum ‘\
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More Scalings from Cosmic Strings

Heejoo Kim, Minho Son

String loop of the or§ler of Hubble

\

Long string

Self-avoiding 3D
random walks

Oscillations larger than ~ H™1
is frozen, and those are well-
described by Random walk

strings
~ H™1: correlation length



Looking into
String power spectrum

We speculate that axion power-law spectrum may
be originated from strings’s power-law behavior

Self-avoiding 3D
random walks

Oscillations larger than ~ H™%
is frozen, and those are weH-
described by Random walk

strings

Illustration (from real simulation) for axion emission
from strings within the Hubble volume



Looking into
String power spectrum dy(s) > 21N

Kim, SON, 2411.08455 N’ =4096", &)= 0.2
Log = 5.494

X ™ — Log=6498
Self-avoiding 3D \ Log = 7499

rando m Wal kS X %, "‘i% — Random walk string

; i k, < 2n/H™!
Oscillations larger than ~H1 for k, < 2r/

is frozen, and those are well-
described by Random walk

strings

Assume string fluctuation follows the power law
similarly to axions 1



String power spectrum
Traditional:

Radiation
into Axions
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Part missed In
our derivation

This work:

analyze the axion spectra
from string fluctuation
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6.5 7.0 . More Scalings from Cosmic Strings
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All literature analyze the axion
1 spectra away from string cores
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Connection between strings and axions

1. No Expansion of Universe
2. Almost straight string

i 3. Kalb-Ramond interaction in thin string Limit
Radiation

into Axions
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our derivation




More update in near future



