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Ingredients

Axion φ + Misalignment Mechanism

Pseudo Goldstone Boson
V (φ) ∼ m2

φf
2 (1− cos(φ/f ))

- φ homogeneous
- Displacement from
Minimum:
φ = Θf , Θ ∼ 1

H > m

-Pinned by
Hubble

H < m

-Oscillates
-DM

Dark Photon X + Coupling

L ⊃ − α
4f φXµνX̃

µν
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Production of Dark Photon

Dispersion of X : ⇑
ω2
±(t, k) = k2∓α

f
φ̇(t) k < 0 for

{
one helicity

0 < k < α|φ′|/f

Propagation ⇒ Exponential Growth ∝ exp(|ω±|t)
QCD axion: Agrawal et al ’17, Kitajima et al ’17 ...
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GW Emission

Energy Density
of Dark Photon

Anisotropic
Stress
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Features of GW Spectrum

+ polarization, − polarization, total

-peaked
-(fully) polarized
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Axion Discovery Potential
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