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Motivation 
What is an axion and how do people search for them?
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• Pseudoscalar field


• Solution to the strong CP problem


• Excellent dark matter candidate

a
ℒ = −

1
4

gaγγaFμνF̃μν

Peccei, Quinn 1977

Weinberg, Wilczek 1978
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What is an axion?
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Axions act as a source term to Maxwell's equations, effectively 
inducing an electromagnetic current.

∇ ⋅ B = 0
∇ × E + ∂tB = 0

∇ ⋅ E = j0

∇ × B − ∂tE = j

Sikivie, 1983
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j = gaγγ (∇a × E + ∂taB)j0 = − gaγγ ∇a ⋅ B

Effective current for axions
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∇ × B − ∂tE = gaγγ ∂ta B0

jeff
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The electromagnetic fields produced by the axion drive a 
current through a pickup coil

DMRadio program
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∇ × B − ∂tE = gaγγ ∂ta B0
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DMRadio program

The electromagnetic fields produced by the axion drive a 
current through a pickup coil
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DMRadio program
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Adapting axion experiments 
to detect gravitational waves 
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Effective current for gravitational waves

gμν = ημν + hμν hμν ≪ 1
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GWs act as a source term to Maxwell's equations, effectively 
inducing an electromagnetic current.

See talk by Diego Blas
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Magnetic

 flux

Adapting axion experiments to detect GWs
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Φ ≈
ie−iωt

16 2
h×ω3Bmaxπr2Ra(a + 2R)s2

θh
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Only one polarization 


Suppression at small frequencies


Adapting axion experiments to detect GWs
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Φ ≈
ie−iωt
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The sensitivity scaling with the 
volume is faster than for axions 

Only one polarization 


Suppression at small frequencies


Adapting axion experiments to detect GWs
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Adapting axion experiments to detect GWs



Gravitational waves from 
primordial black holes 
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High-frequency gravitational waves

A growing community is 
seriously considering the 
search of high frequency 
gravitational waves 
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Stochastic 

Coherent 

No known astrophysical objects are small and dense 
enough to produce gravitational waves beyond 10 kHz
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Still far from testing Early 
Universe signals

The nucleosynthesis bound
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f ≈ 2.2 kHz ( M⊙

mBH )

 Gravitational waves from black holes
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 Subsolar primordial black holes can 
produce high frequency GWs
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Haloscopes based on lumped-element detectors
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Up-to-date estimate of PBH in binaries

and their expected merger rate accounting 
for the local overdensity in the Milky Way

See also 2205.02153  by Franciolini, A. Maharana, and F. Muia, 

Haloscopes based on lumped-element detectors
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Conclusions

Axion experiments may discover not only dark matter, but also exotic sources of gravitational waves


Different experimental proposals have coalesced on a strain sensitivity of  for MHz GWs,  still 
orders of magnitude away from signals of the early Universe. Whether we can hope to probe such 
strain sensitivities remains to be determined.

10−22
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Haloscopes based on lumped-element detectors
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Φ8 ≈
e−iωt

3 2
ω2Bmaxr3Rsθh (h×sϕh

− h+cθh
cϕh)

Small modification allows to measure both polarizations

Domcke, CGC, Rodd,  2202.00695


