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▪Stochastic Gravitational Wave Background

▪ High frequency = Early universe 
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▪ Localized Sources

▪ PBH binaries / exotic compact objects

▪ Larger signals expected
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High Frequency Gravitational Waves
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How can we detect GW

with f > O(1MHz)? 

[Credit: gwplotter.com and The UHF-GW initiative]
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GW

You do not need a new detector!



Axion Experiment Zoo
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EM-HFGW Program
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[Domcke ‘23 (Moriond EW 2023 Proceeding)]



Detection of GW
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Electromagnetism in Curved Spacetime
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[Gertsenshtein ‘62]

[Boccaletti, Sabbata, Fortini, Gualdi ’70]
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‘effective current’

perturbation

[Gertsenshtein ‘62]

[Boccaletti, Sabbata, Fortini, Gualdi ’70]



▪ TT frame

▪ Coordinates fixed by geodesic of freely falling test masses

▪ GW takes the simple form

▪ Detector (rigid body) looks oscillating in presence of GWs

→ makes the experimental setup & observables obscure 

Note on Frame
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▪Proper detector frame
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Leading order : 

[Berlin, Blas, Tito D’Agnolo, Ellis, Harnik, Kahn, Schutte-Engel ‘21]

[Domcke, Carcia-Cely, Rodd ‘22]



▪Strategy

Axion Detectors as GW Detectors
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▪Strategy

▪Axion detector is not optimized for GW signals
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▪Strategy

▪Axion detector is not optimized for GW signals

▪ Coherence Ratio Factor

Axion Detectors as GW Detectors
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=

(persistent signal)

For more general cases, [Domcke, Carcia-Cely, SML, Rodd 23’]

[Domcke, Carcia-Cely, Rodd ‘22]



▪ For single pickup loop

Example: Solenoidal Geometry
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leading order volume effect
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leading order volume effect angular dependence



▪ For single pickup loop

▪ Toroidal loop (𝜙𝐿 integration) :  

Example: Solenoidal Geometry
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leading order volume effect angular dependence



▪ For single pickup loop

▪ Toroidal loop (𝜙𝐿 integration) :  

Example: Solenoidal Geometry
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[Domcke, Carcia-Cely, SML, Rodd ‘23]

leading order volume effect angular dependence

This cancellation always happens for cylindrically symmetric axion detectors



Different Geometries
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Different Geometries

▪ Leading Orders

▪Optimal axion detection forbids optimal GW detection
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[Domcke, Carcia-Cely, SML, Rodd ’23]

ෝ𝒏′

ො𝒆𝒛 ො𝒆𝝓 ො𝒆𝝆

𝑩

ො𝒆𝒛
(Sol)

ℎ+, even : 𝑂[ 𝜔𝐿 2] ℎ×, odd : 𝑂[ 𝜔𝐿 3]
BASE

ℎ+, odd : 𝑂[ 𝜔𝐿 3]
off-center: 𝑂[ 𝜔𝐿 2]

ො𝒆𝝓
(Toro)

ℎ×, odd : 𝑂[ 𝜔𝐿 3]
ABRA

ℎ+, even : 𝑂[ 𝜔𝐿 2 4] ℎ×, even : 𝑂[ 𝜔𝐿 4]
off-center: 𝑂[ 𝜔𝐿 3]



Result: Reinterpreting Axion Detectors

▪BASE
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▪ADMX-SLIC

[2101.11290] [1911.05772]



Result: Reinterpreting Axion Detectors
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Current

Optimal

Geometry

[Domcke, Carcia-Cely, SML, Rodd ‘23]



▪DMRadio Proposal

Future Prospects
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[2203.11246]

▪WISPLC

[2111.04541]



Future Prospects
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[Domcke, Carcia-Cely, SML, Rodd ‘23]



▪Detection of HFGW is a smoking gun of BSM

▪ new opportunities, interesting theoretical questions, and experimental challenges.

Conclusion

Sung Mook Lee (Yonsei) PPC 2023 46



▪Detection of HFGW is a smoking gun of BSM

▪ new opportunities, interesting theoretical questions, and experimental challenges.

▪We can use and reinterpret the results of axion haloscope experiments 

to observe/constrain high-frequency GWs (above 100 kHz).

▪ Current: ADMX-SLIC, BASE, ABRACADABRA, …

▪ Future: DMRadio, WISPLC, …

Conclusion

Sung Mook Lee (Yonsei) PPC 2023 47



▪Detection of HFGW is a smoking gun of BSM

▪ new opportunities, interesting theoretical questions, and experimental challenges.

▪We can use and reinterpret the results of axion haloscope experiments 

to observe/constrain high-frequency GWs (above 100 kHz).

▪ Current: ADMX-SLIC, BASE, ABRACADABRA, …

▪ Future: DMRadio, WISPLC, …

▪Symmetry is always good for theory, but sometimes bad for experiments. 

▪ Need to break cylindrical symmetry

Conclusion
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Back Ups
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Axion/Scalar Electrodynamics
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Axion/Scalar Electrodynamics

Sung Mook Lee (Yonsei) PPC 2023 51



Benchmark Signals

▪Superradiance

Sung Mook Lee (Yonsei) PPC 2023 52

▪PBH



Benchmark Signals
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Coherence Ratio Factor

▪Persistent signal and a long interrogation time

▪ Transient signal of equal duration and coherence time

Sung Mook Lee (Yonsei) PPC 2023 54



Selection Rules of Cylindrical Detector
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Φ~ℎ×𝜔3𝐿5
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