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Brief Description of Axion String

p(x) = |¢(X)|eia(x)/fa (Axion)
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Axion Radiation from String Dynamics

log(m,/H) = 2.000
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 Strings get shorten
« Release energy into axion
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« Number of string segments per Hubble patch seems to grow in time.

« Axion radiation seems to evolve toward more IR dominated spectrum.



Axion abundance and mass bound
The string network evolution may matter

Q" mg = 400 peV
Qmis ~ 30
a

c.f. Misalignment bound: m, = 30 peV

String of length [  Evolution of super-horizon string
fluctuation spectrum

Seems to (roughly) match
(analysed with Kalb-Ramond theory)
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IR diverging string tension

Strings exhibit Iong—range Interaction
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Strings May Be More Abundant Than Expected

String number density
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Dominance of Super-Horizon strings
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Axion Radiation is getting Softer
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Radiation from String

String releases energy while getting shortened

If strings do not constantly disappear:
§ ~ ¢y + ¢1log(m,./H)

¢ Saikawa et al. [2401.17253]
X .

K t al. [2402.00741
Vuniv R(t)B |m.e al. | ]
Safdi et al. [2412.08699], [2108.05368]
Gorghetto et al. [2007.04990]
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Radiation dominated universe ( R « /t)

String releases its energy

string number density string tension
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Axion Radiation Spectrum
from Super-Horizon String Fluctuations

Kalb-Ramond theory

HaBY — f“ elaBy g <a>
) V2 fa String of length [
= f —u/—yd?C +ng2d4x +\/_7TfaJB da*’ n'® mode has wavenumber

_ 21n

= d,B,, + 0,B, {—apBw k, =
al_‘ 1 100% N = 4096, £, = 021 l
_a o< 101§ :
ok Jep—1—0(0.#) correction 102}

103}

With some caveats = ol

107

10°F i = 127, 33,

10~7 I || | |||

10° 10!
ko/H



Closer look at String fluctuation

String Fluctuation profile (spectrum) T}
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String of length I
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Connecting Spectrum: “string” & “axion”
Caveats in our analytic calculation
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m+n even

n=1
« Low momentum fluctuation modes are involved even for high momentum
axion radiation

« Neglected Hubble expansion plays significant role in low momentum
fluctuation mode dynamics

« Small fluctuation assumption may break down for low momentum modes
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