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Part I

The Gertsenhtein effect and high-
frequency gravitational waves
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f ≈
1

2π
GM
R3

≪ 10 kHz

No known astrophysical objects are small and dense 
enough to produce gravitational waves beyond 10 kHz

High-frequency gravitational waves
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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 
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Revisiting Gertsenhstein’s ideas
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• The conversion of gravitational waves into electromagnetic waves 
is a classical process. Its rate does not involve  

• Cosmological conversion 

• The process is strictly analogous to axion conversion.

ℏ

Raffelt, Stodolski’89
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P ∼ GB2L2

The (inverse) Gertsenhstein Effect 
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Still far from testing 
Early Universe signals

The (inverse) Gertsenhstein Effect 
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Primordial-plasma 
gravitational waves

Solar gravitational waves

CGC, Ringwald, 2024 
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Part II

Polarization effects in haloscopes
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Axion electrodynamics 
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a

ℒ = −
1
4

gaγγaFμνF̃μν
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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

Axion electrodynamics 
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j = gaγγ (∇a × E + ∂taB)j0 = − gaγγ ∇a ⋅ B
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gμν = ημν + hμν hμν ≪ 1

Gravitational waves act as a source term to Maxwell's equations, effectively 
inducing an electromagnetic current.

How does it work?
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jeff

SHAFT

Magnetic 
 flux

∇ × B − ∂tE = gaγγ ∂ta B0

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

Haloscopes based on lumped-element detectors
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Magnetic 
 flux
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jeff

Φ ≈
ie−iωt

16 2
h×ω3Bmaxπr2Ra(a + 2R)s2

θh

Φaxions ≈ e−iωt gaγγ 2ρDMBmaxπr2R
The sensitivity scaling with 
the volume is faster than for 
axions 

Only one polarization  

Suppression at small 
frequencies 

Haloscopes based on lumped-element detectors

□ hμν = − 16πGTμν
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Type of external field
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Selection rules
Domcke, CGC, Lee, Rodd, 2023 

□ hμν = − 16πGTμν

Geavitational 
waves carry two 
polarization modes
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Toroidal magnetic fields

jeff

jeff

Magnetic 
 flux
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Axion birefringence
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Axion birefringence
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Axion birefringence

work in progress with Luca Marsili, Aaron 
Spector and Andreas Ringwald

ALPs experiment at DESY
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work in progress with Luca Marsili, Aaron Spector and Andreas Ringwald

Birefringence due to a gravitational wave
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work in progress with Luca Marsili, Aaron Spector and Andreas Ringwald

• For GWs coming from the zenith, the cross polarization 
has the same cavity response function as axions 

• The plus polarization decouples

ALPs experiment at DESY

(selection rules again) 

PRELIMINARY 

Birefringence due to a gravitational wave
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work in progress with Luca Marsili, Aaron Spector and Andreas Ringwald

ALPs experiment at DESY

4r2
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Response function

Birefringence due to a gravitational wave
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work in progress with Luca Marsili, Aaron Spector and Andreas Ringwald

ALPs experiment at DESY

4r2

(1 − r2)2

r2 (1 − eiπ(cos θh+1))(cos 2θh + 3)sin 2ϕh

4 2(1 − r2)2

r2 (1 + eiπ cos θh)
2(1 − r2)2

2r2 (1 + eiπ cos θh) cos θh cos2 ϕh
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0
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h+

Response function QWP

Birefringence due to a gravitational wave
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The techniques developed for detecting axion dark matter could potentially be used to discover 
new 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.  

Lots of room for improvement because experiments are not optimized for gravitational wave 
searches.  

Indeed, theoretical studies indicate that selection rules limit the detectability of gravitational waves 
in highly symmetric detectors. 

Simple modifications (such as the figure-8 pickup loop or a quarter-wave plate) can overcome this 
limitation 
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Conclusions


