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Preparing This Review

𝑁𝑃𝑎𝑝𝑒𝑟𝑠
𝐺𝑊 ≃ 𝜂 𝑁𝑃𝑎𝑝𝑒𝑟𝑠

𝐴𝑥𝑖𝑜𝑛 lim
𝑡→∞

𝜂 → 1 
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Experiments As Gravitational Wave Detectors
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• Arguments for HFGWs & Sources

• Community Activities
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• Cavities & GravNet

• Magnetic Weber bars

• Plasma haloscopes 

• Low mass axion detectors 

• ALP searches with helioscopes and LSW

• Dielectric halosocopes 
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Pulsar Timing

Jamie McDonald - University of Manchester -  Axions in Stockholm 2025 



https://science.gsfc.nasa.gov/663/research/index.html

∼10 kHz
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HFGWs free of Standard Model Backgrounds

General Points
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Contrast with PTAs…



General Points

- Cheaper small-scale detectors

- commercially-motivated sensors

- Repurpose BSM searches

10 kpc ~ 1020 m

0.01 Au ~ 109 m

1 km ~ 103 m

10−2𝐻𝑧

10−9𝐻𝑧

100 𝐻𝑧

104𝐻𝑧 and above

Tabletop ~ m

High Frequency GWs
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Sources

e.g. transient

Early Universe

stochastic

Late Universe 

stochastic
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Early Universe Sources
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Slide: GravNet Collaboration Meeting

Late Universe Sources
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Standard Model



Standard Model 
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Ringwald, Garcia-Cely, 2024



Growing Community
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https://indico.cern.ch/event/1257532/

Excellent Talks All Online

https://indico.cern.ch/event/1257532/
https://indico.cern.ch/event/1257532/
https://indico.cern.ch/event/1257532/
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Growing Community

https://arxiv.org/pdf/2501.11723 - update to 2021 review

https://arxiv.org/pdf/2501.11723


Search Methods
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GW

Mechanical Sensing

b



Axions High-Frequency Gravitational Waves

j𝑎𝑥𝑖𝑜𝑛
𝜇

= 𝜕𝜇𝜙 ෨𝐹𝜇𝜈

Search Methods
Electromagnetic Sensing

𝑗𝐺𝑊
𝜇

= 𝜕𝜈

1

2
 ℎ 𝐹𝜇𝜈 + ℎ 𝛼

𝜈 𝐹𝛼𝜇 − ℎ 𝛼
𝜇

𝐹𝛼𝜈  

``Gertsenshtein”

𝜕𝜇𝐹𝜇𝜈 = j𝑒𝑓𝑓
𝜇



Berlin, et al, PRD 105 (2022) 11, 116011
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Cavities



Cavities
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Berlin, et al, PRD 105 (2022) 11, 116011
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Cavities

Berlin, et al, PRD 105 (2022) 11, 116011



Incomplete Ring-up

Cavities
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Gatti, Visinelli, Zantedeschi PRD 110 (2024) 2, 023018
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PHB

Cavities

Sensitivities to PBHs

Gatti, Visinelli, Zantedeschi PRD 110 (2024) 2, 023018

∼ 1 event per year



PBH Mergers
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100% DM

10% DM



Single Photon Detectors (false counts)

coincidence

Time Stamp
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Reduced Effective 

Dark Count

Schmieden, Schott gr-wc/2023
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Stockholm 2025 Slide from GravNet Collaboration Meeting (courtesy Blas, Budker, Gatti, SchottSlide from GravNet Collaboration Meeting (courtesy Blas, Budker, Gatti, Schott)
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Magnetic Weber Bars
AC Magnetic Field
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Domcke, S. Ellis, Rodd PRL 134 (2025) 23, 231401



Magnetic Weber Bars
AC Magnetic Field
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Domcke, S. Ellis, Rodd PRL 134 (2025) 23, 231401



Magnetic Weber Bars

Gravitational Waves

Magnet
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Domcke, S. Ellis, Rodd PRL 134 (2025) 23, 231401



Magnetic Weber Bars

Gravitational Waves

Magnet

Mechanical Resonance
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Domcke, S. Ellis, Rodd PRL 134 (2025) 23, 231401



Magnetic Weber Bars

Gravitational Waves

Magnet
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Noise Sources
SQUIDLoop

               Magnet
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Domcke, S. Ellis, Rodd PRL 134 (2025) 23, 231401



Real Experiments 
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ADMX Extended Frequency Range (ERF)
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𝑄𝐿𝐶

𝑄𝑚𝑒𝑐ℎ 𝑄𝐿𝐶



Plasma Haloscopes

Millar et al PRD 107 (2023) 5, 055013

ALPHA Collaboration

Lawson et al PRL 123 (2019) 14, 141802

𝑑

𝑠

𝜔𝑝
2 = 𝑚𝑎

2

Resonant axion conversion
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https://inspirehep.net/literature?q=collaboration:ALPHA


Plasma Haloscopes

Capdevilla, Gelmini, Hyman, Millar, Vitagliano hep-ph/2412.14450



Plasma Haloscopes
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Low Mass Axion Detectors

j𝑎𝑥𝑖𝑜𝑛
𝜇
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Domcke, Garcia-Cely, Rodd PRL 129 (2022) 4, 041101



Low Mass Axion Detectors
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Low Mass Axion Detectors
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Domcke, Garcia-Cely, Rodd PRL 129 (2022) 4, 041101



Low Mass Axion Detectors
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Pappas et al hep-ex/2505.02821

 



Helioscopes & Light Through Wall Experiments

Ejlli, Ejlli, Cruise, Pisano, Grote, Eur. Phys. J. C 79, 1032 (2019)
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Helioscopes & Light Through Wall Experiments

Ejlli, Ejlli, Cruise, Pisano, Grote, Eur. Phys. J. C 79, 1032 (2019)
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Helioscopes & Light Through Wall Experiments

Ejlli, Ejlli, Cruise, Pisano, Grote, Eur. Phys. J. C 79, 1032 (2019)
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Dielectric Haloscopes
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Domcke, Ellis, Kopp 2024 PRD 111, 035031

Resonant Mode

Resonant HFGW Conversion 



Dielectric Haloscopes
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Domcke, Ellis, Kopp 2024 PRD 111, 035031
Resonant Mode

Hybrid

Broadband

Resonant Mode
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Dielectric Haloscopes



Common R&D

• Amplifiers/Single Photon Counting/Squeezing

• Magnets

• Fridges
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Summary Plot of Sensitivities
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Interactive web applications for visualizing and analysing sensitivity curves for GW experiments

Francesco Muia, Andreas Ringwald, Carlos Tamarit,

“High frequency gravitational wave plotter: Noise-equivalent strain”, https://doi.org/10.5281/zenodo.15720342

“High frequency gravitational wave plotter: Stochastic signals”, https://doi.org/10.5281/zenodo.15720443



Honorable Mentions

Jamie McDonald - University of Manchester -  Axions in Stockholm 2025 

Capdevilla, Harnik, Kim, Krokotsch (May 2025) Lars Fischera et al 2024

MAGO 2.0

First Experimental Results!

BREAD



1960s 2010s

50 Years of R&D

Weber Bars Modern GW Interferometry

We are at the beginning

“such detectors [laser interferometers] have so low sensitivity that they are of little experimental interest ”

Misner, Thorne, Wheeler 1974
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Thank You!
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Backup Slides
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PBHs
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Berlin et al  PRD 105 (2022) 11, 116011
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PBH Distance
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