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Brief Description of Axion String 
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Axion Radiation from String Dynamics 

• Strings get shorten
• Release energy into axion

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

• Number of string segments per Hubble patch seems to grow in time.
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Ω𝑎
str
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≈ 30
𝑚𝑎 ≥ 400 μeV

The string network evolution may matter

Axion abundance and mass bound 

c.f. Misalignment bound: 𝑚𝑎 ≥ 30 μeV

Fluctuation amplitude 2 ∝
𝟏

𝒌𝒑

String of length 𝑙

𝑛th fluctuation mode has wavenumber

𝑘𝑛 =
2𝜋𝑛

𝑙

• Evolution of super-horizon string
fluctuation spectrum

• Evolution of axion radiation spectrum

Seems to (roughly) match
(analysed with Kalb-Ramond theory)
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Backup Slides
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Δ𝜃 = 2𝜋
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Strings exhibit long-range interaction
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Strings May Be More Abundant Than Expected

𝜉 =
𝑙string/𝑡

𝑉univ/𝑡
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Dominance of Super-Horizon strings
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Axion Radiation is getting Softer

Fit range
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String releases its energy

radiation power 

Γ ~
𝜉 × 𝜇𝑒𝑓𝑓

string number density string tension

𝑡3
(for 𝜉~𝑐0 + 𝑐1 log

𝑚𝑟

𝐻
)

Radiation from String

Safdi et al. [2412.08699], [2108.05368]

Kim et al. [2402.00741]

Gorghetto et al. [2007.04990]

Saikawa et al. [2401.17253]

𝜉 ∼ 𝑐0 + 𝑐1 log 𝑚𝑟/𝐻

𝜉 =
𝑙𝑡𝑜𝑡𝑡

2

𝑉univ
∝
𝑅 𝑡 𝑡2

𝑅 𝑡 3
∝ 𝑡

If strings do not constantly disappear:

Radiation dominated universe ( 𝑅 ∝ 𝑡)

String releases energy while getting shortened



Axion Radiation Spectrum
from Super-Horizon String Fluctuations 
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With some caveats 

∝
𝟏

𝒌𝒑

String of length 𝑙

𝑛th mode has wavenumber

𝑘𝑛 =
2𝜋𝑛

𝑙
𝜕Γ𝑎
𝜕𝑘

∝
1

𝑘𝑝−1−𝑂 0.# correction

Kalb-Ramond theory

𝑆 = න−𝜇 −𝛾𝑑2𝜁 +
1

6
න𝐻2𝑑4𝑥 + 2𝜋𝑓𝑎න𝐵𝜇𝜈𝑑𝜎

𝜇𝜈

𝐻𝜇𝜈𝜌 = 𝜕𝜇𝐵𝜈𝜌 + 𝜕𝜈𝐵𝜌𝜇 + 𝜕𝜌𝐵𝜇𝜈

𝐻𝛼𝛽𝛾 =
𝑓𝑎

2
𝜖𝜇𝛼𝛽𝛾𝜕𝜇

𝑎

𝑓𝑎
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String Fluctuation profile (spectrum) 𝑇𝑛
𝑙

String of length 𝑙

Unit tangent vector Ԧ𝑡 𝑠
Arc-length parameter 𝑠

𝑇𝑛
𝑙 = න

0

𝑙 𝑑𝑠

𝑙
Ԧ𝑡 𝑠 𝑒−2𝜋𝑖𝑛𝑠/𝑙

Closer look at String fluctuation 

𝑇𝑛1
𝑙 ⋅ 𝑇𝑛2

𝑙 = 𝒯𝑛1
𝑙 𝛿𝑛1+𝑛2
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Connecting Spectrum: “string” & “axion”

Caveats in our analytic calculation

1
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𝐻
෍

𝑛=1

∞
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2𝜋𝑛

𝑙
෍

𝑚 <𝑛
𝑚+𝑛 𝑒𝑣𝑒𝑛

𝒯𝑛+𝑚
2

𝑙 𝒯𝑛−𝑚
2

𝑙

• 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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