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10D string / supergravity theory

Strong CP problem
—> QCD axion

String axion



AXxiverse

Arvanitaki et al. (2010)
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String theory predicts many axions with broad mass range
with typical decay constant f~1015-16 GeV



Axion detection
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Axion-photon interaction is suppressed by f~1016 GeV
—> |t Is difficult to search string axions by direct detection experiments



String axion —> Gravitational wave

GW signal becomes strong for larger decay constants



Axion potential

Cosine-type potential : V(¢) ~ A* (1 — COS (?))

V(o) (Dilute instanton gas approximation)

Potential with plateau region

1 V(o)




String axion with a-attractor type potential
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Self interaction —> parametric resonance

field fluctuations (with mode k~m) is amplified exponentially
Kofman, Linde, Starobinsky, 1997



resonance instability Soda, Urakawa, 1710.00305
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resonance instability
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Fluctuations go into the non-linear regime
—> |attice similation is requred



Lattice simulation
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Evolution of the field & the energy density
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Evolution of the number density spectrum
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Gravitational wave emission

ds = —dt* + a*(t)(6;; + hy;)dx'dz?

/

tensor metric perturbation (GW)

evolution equation (Einstein equation) for gravitational waves
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Density spectrum of GW
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Qaw

GW density spectrum
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Detectability
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Axion as the present dark matter
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Oscillon / I-ball formation
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¢
potential becomes flat at large field value
—> oscillon formation

Oscillon : quasi-stable, non-topological soliton

Gleiser (1994), Copeland+ (1995), Amin+ (2012) and...



Oscillon / I-ball formation
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Summary

- String theory predicts many axions (string axions) with wide mass
spectrum

- String axion whose potential has a plateau region (e.g. alpha-
attractor model) can show resonance instabilities, leading to GW
emission.

- Oscillon formation is followed by the prametric instability.

multi-band GW observation can be a probe of string
axions with wide mass range






