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coupled with hidden photons
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Axion-Hidden photon coupling
and axion abundance

NK, T. Sekiguchi, F. Takahashi, arXiv:1711.06590



Axion-Hidden (dark) photon interaction
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Hidden U(1) gauge field

axion + hidden U(1) gauge field
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n.b. Bn >> 1 is possible in some cases
(e.g. clockwork/aligned axion model)




Evolution equations (in flat-FRW Universe)

- Axion equation of motion a : scale factor
H : Hubble parameter
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Tachyonic growth of gauge fields
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Tachyonic growth of gauge fields

evolution of energy density power spectrum
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cf. Magnetic field generation in the early universe



Lattice AED (axion electrodynamics)
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https://en.wikipedia.org/wiki/Finite-difference_time-domain_method




Dissipation or overdamping

1. dissipation

energy dissipation
iInto hidden photons v
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axion energy is dissipated
by gauge field production
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axion abundance is suppressed

2. overdamping

large friction
by produced photons
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onset of oscillation is delayed
by strong backreaction

}

axion abundance is enhanced




evolution of the comoving nhumber density
- dissipation
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evolution of the comoving nhumber density
- overdamping
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suppression/enhancement factor
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axion abundance can be suppressed ~ 0.01



GGravitational wave forest from axiverse

NK, J. Soda, Y. Urakawa, arXiv:1807.07037



Axion potential (for ALP)

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

V(®)  (Dilute instanton gas approximation)




String axion (with a-attractor type potential)

V(o) — m?f?  tanh®(¢/f)
2 14 ctanh®(¢/f)
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“Frapping” resonance
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Gravitational wave emission

ds = —dt* + a*(t)(6;; + hs;)dx'dz?
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tensor metric perturbation (GW)

evolution equation (Einstein equation) for gravitational waves
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Density spectrum of GW
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c=5 and ¢; =3 (upper), 2 (lower)
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Axion = dark matter

c=5 and ¢; = 3 (left), 2 (right)
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