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Axion misalignment mechanism.
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Consider axion-like particle (ALP) with potential

Equation of motion in FLRW Universe:
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Radiation-dominated epoch of the cosmic evolution.



Audible axions.
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ALP coupled to dark Abelian gauge field via                                  .

Photon described by harmonic oscillator:
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ALP motion triggers tachyonic instability:
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Gravitational waves.
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Anisotropies in energy momentum tensor.

Production of gravitational waves:

Large axion-photon coupling               required.α ! 20
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Delayed axion oscillations.
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Trapped misalignment: ALP oscillations delayed by thermal contributions to potential1

Parametrize delay of oscillations                     by supercooling ratio:

V (φ, T ) = m2
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Assume minimal possible supercooling ratio                 upper bound on GW signal.

Hosc ≪ mφ

.

.

1e.g. Di Luzio, Sørensen [2024] 
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Axion-dark photon system.
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Observable parameter space.
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Does this work with Standard Model photons?
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• Supercooled onset of ALP oscillations suppresses Debye mass:              

2. Schwinger effect: Generation of electron-positron pairs:  .

mD ∼ eT1. Debye mass                       impedes growth of photon modes                               .                              ω ∼
k3

m2
D

≪ mφ
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sc

• Sizable GW emission only if Schwinger effect is suppressed
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GWs from axion-SM photon system.
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Sizable GW production in parameter space where (thermal) electron mass suppresses Schwinger effect.
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Conclusions.
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Audible axions generate GWs via tachyonic instability in ALP-photon coupling.

Original mechanism requires large coupling and decay constants.

Trapped misalignment opens up parameter space.

Suppression of Debye mass enables tachyonic growth of unstable SM photon modes.



Backup



Gravitational wave fits.
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Cosmological constraints on parameter space.
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Minimum axion-photon coupling.
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Varying the misalignment angle.

14

10°31 10°25 10°19 10°13 10°7 10°1

m¡ [GeV]

10°18

10°17

10°16

10°15

10°14

10°13

10°12

f
°

1
¡

[G
eV

°
1 ]

SK
A L

ISA
B
B
O

E
T

µ
A

R
E
S

B
H

su
p
er

ra
di

an
ce

≤ s
up

,D
M

=
10

°
2

≤ s
up

,D
M

=
10

°
4

ø
d
ecay

>
ø
0

#
#

ø
d
ecay

>
ø
B

B
N

#
#µ = 10°2

Smaller      opens DM parameter space.θ

Larger axion-photon coupling required.

GW amplitude decreases.



Constraints from Schwinger effect.
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Solve energy balance equation:

Extract maximum photon energy density in the 
presence of Schwinger pair production.


