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The Misalignment Mechanism

V (θ)
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Post-inflationary
scenario

T −1

T ∼ faT ∼ TRH

θ1 θ2

θ3
θ4

θ may reach
itself after going
around in a circle

“cosmic string”
configuration carries
energy and is stable
for an infinite string

most of energy
radiated in axions

large loop
emission dominates

calculate axions
semi-analytically

axion energy
set by H−1

[Gorghetto et al - ’18,’20]
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Inflationary Production

Complex scalar field
during inflation
φ = φR + iφI

φI

φR

δφ ∼ Hinf
2π

φ0

Value after
inflation

φ as cold dark matter

ρφ ∼ m2
aφ2

0 non-adiabatic
ρφ perturbations

Viable
cosmology?

dark photon
fluctuations*

transfer energy to
another species

[Graham, Rajendran - ’14]
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Dark Photon Production

What if another particle (“χ”)
interacts with φ?

E.g., equation of motion:
χ̈k + (k2 + φ2

0 cos(2mφt))χk = 0

oscillatory χ mass
For certain k: χk ∝ eµkt

“Parametric Resonance”
Application: dark photons*

darkphoton

*[JD, Dror, Harigaya, Narayan - ’19]

Dark photon dark
matter requires a
mass mechanism

Higgs fluctuations
during inflation
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