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Valerie Domcke - CERN

GW searches above ~ kHz ?

Why go here ?

No known astro foregrounds

SGWBs sourced at energies
up to the GUT scale (hard!)

In the mean time:

Exotic astrophysical sources
(PBHs, superradiance,..)

Neutron star signals up
to ~ MHz ?
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challenges in UHF GW detection

frequency

BBN bound

Theorists are joyful people

CMB/BBN bound constrains energy

early Universe
BSM physics
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2025 Update of UHF GW Living Review

Very alive Living Review, 
2025 update: 2501.11723

Big thank you to all contributors
and in particular to the team of
coordinators: Sebastian Ellis,
Gabriele Franciolini, Joachim Kopp,
and Sung Mook Lee.

UHF GW initiative:
https://www.ctc.cam.ac.uk/activities/UHF-GW.php
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Overview of experimental effort

Plot design:
Thanks @ Carlos Tamarit
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Sensitivity to stochastic GW backgrounds
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Sensitivity to PBH mergers

Aggarwal et al 2025

For including also memory signal: see Gasparotto, Franciolini, VD `25
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How to look for (high frequency)
gravitational waves?

Easy – gravity couples to everything,
so any experiment is a GW detector

…. but most of the time a very bad one.
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GW electrodynamics
Classical electrodynamics + linearized GR,     :

with

effective curent 
effective polarization vector
effective magnetization vector

induced at linear order in h
in presence of external E,B field
VD, Garcia-Cely, Rodd `22

effective source term
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GW electrodynamics
Classical electrodynamics + linearized GR,     :

with

effective curent 
effective polarization vector
effective magnetization vector

induced at linear order in h
in presence of external E,B field
VD, Garcia-Cely, Rodd `22

Direct analogy with axion electrodynamics McAllister et al `18
Tobar, McAllister, Goryachev `19
Quellet, Bogorad `19

effective source term

(Inverse) Gertsenshtein effect analogous to Primakoff effect
[Gertsenshtein `62, Boccaletti et al `70, Raffelt, Stodolsky `88]
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Axion experiments as GW detectors

Microwave cavities

eg ADMX, HAYSTAC, CAPP, ORGAN, Cubic cavities, RADES-BabyIAXO

Haloscopes

eg ABRACADABRA, SHAFT, ADMX SLIC, BASE, WISPLC, DM-Radio

Photon regeneration experiments („Light shining through the wall“)

eg OSQAR, ALPS, CAST, (Baby)IAXO

Dielectric Haloscopes Astro detectors, eg neutron stars, CMB

eg MADMAX, DALI

Conceptual progress
on Gws scattering off
magnetized regions:
Garcia-Cely, Lee, VD `25

Berlin et al 2112.11465, Navarro et al 2312.02270, Valero et al 2407.20482

Garcia-Cely et al 2202.00698, 2306.03125, Pappas et al 2505.02821

Ejlli et al 1908.00232, Ringwald et al 2011.04732

VD et al 2409.06462, 
De Miguel et al 2303.03997

Garcia-Cely et al 2006.01161, Ito et al  2305.13984,
Ito et al 2309.14765, McDonald et al 2406.18634,
Dandoy et al 2402.14092, Lella et al 2406.17853,...
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An old idea revived

Maxwell’s equations are „stiff“, mechanical deformation is easier due to vs/c ~ 10-5

Original Weber Bar
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An old idea revived

Maxwell’s equations are „stiff“, mechanical deformation is easier due to vs/c ~ 10-5

Original Weber Bar

MAGO 2.0
optomechanical coupling
Berlin et al `23

GW
Magnetic Weber Bar
VD, Ellis, Rodd `24

→ Sebastian’s talk
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Conclusions and Outlook

Gravitational waves at > 10 kHz : a probe of new physics

Synergies between axion and high-frequency GW searches

A lot of room for new ideas!

● Very different experimental concepts probing uncharted territory

● Significant improvement in sensitivity needed to probe realistic signals
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Conclusions and Outlook

„such detectors [laser interferometers] have so low sensitivity that they are 
of little experimental interest“  [Misner, Thorne, Wheeler 1974]

nobel prize 2016 for detection of GWs with LIGO

Gravitational waves at > 10 kHz : a probe of new physics

Synergies between axion and high-frequency GW searches

A lot of room for new ideas!

● Very different experimental concepts probing uncharted territory

● Significant improvement in sensitivity needed to probe realistic signals

12 / 27



High frequency GWs 

 

Valerie Domcke - CERN

… and an advertisement:

CERN TH visitor program https://theory.cern/visitor-info

short-term visits typically O(week)

long term visits (> 3 months, usually sabbaticals)

consider applying!
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backup slides

14 / 27



High frequency GWs 

 

Valerie Domcke - CERN

tests of quantum gravity ?

● dilute graviton gas vs
classical GW

● CAST has the sensitivity to
detect single gravitons
(the source is the issue)

● Rigorous test of quantisation 
de facto impossible

Carney, VD, Rodd `23

see also F. Dyson `13
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wave versus particle regime

energy density of GW:

number of GW `quanta‘ in de-Broglie volume:

single graviton limit:

(at LIGO,                                    ) 
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2025 Update of UHF GW Living Review
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Comparing apples to apples

Signal and noise:

Signal induced by GW,
e.g. phase shift ɸ in LIGO

Gravitational wave
(Fourier transform)

Signal transfer/response function, e.g.

Noise induced in the 
signal observable,
e.g. phase shift ɸ in LIGO

Noise transfer function

Raw noise, 
e.g. thermal, shot noise,...
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Comparing apples to apples

Signal and noise:

Signal induced by GW,
e.g. phase shift ɸ in LIGO

Gravitational wave
(Fourier transform)

Signal transfer/response function, e.g.

Noise induced in the 
signal observable,
e.g. phase shift ɸ in LIGO

Noise transfer function

Raw noise, 
e.g. thermal, shot noise,...

Noise-equivalent strain power spectral density:

Noise power spectrum
in units of GW strain

Characterization of 
detector sensitivity

Signal-to-noise ratio: Detector linear in h

Detector quadratic in h

O(1)

PSD convention. X = h, n, s, ...

Time and frequency regime
in which signal and detector overlap18 / 27
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Different types of signals

Stochastic gravitational wave backgrounds:

Overlap function < 1 if multiple detectors

» 1 → PLS (power law integrated sensitvity) curves
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Valerie Domcke - CERN

Different types of signals

Stochastic gravitational wave backgrounds:

Overlap function < 1 if multiple detectors

» 1 → PLS (power law integrated sensitvity) curves

Transient gravitational waves:

→ specifically for PBH mergers: translate to detector reach (in distance)
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GW signal in low-mass axion haloscopes

eg ABRACADABRA, SHAFT, DM Radio:

static magnetic field  (i.e. rigid detector)

VD, Garcia-Cely, Lee, Rodd `22 + `23
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static magnetic field  (i.e. rigid detector)
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induced oscillating magnetic field

measure magnetic flux (~ h)
through pickup loop 
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VD, Garcia-Cely, Lee, Rodd `22 + `23
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GW signal in low-mass axion haloscopes

eg ABRACADABRA, SHAFT, DM Radio:

static magnetic field  (i.e. rigid detector)

effective current

induced oscillating magnetic field

measure magnetic flux (~ h)
through pickup loop 

match to axion induced flux to estimate
sensitivity to GW signals

at leading order in     : 

VD, Garcia-Cely, Lee, Rodd `22 + `23

r

R
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Demonstrator: ABRA-GW results

Comsol simulation for calibration & signal Noise measurement in agreement with theory projection

● No 0.01 Msol PBH merger found withing 46 km of MIT
● Scaling to DM RadioGUT, gives a reach of 3 pc
● Data analysis: match filtering at MHz is a computational callenge

Some lessons learned:

Kaliroe Pappas et al, 2505.02821
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Dielectric GW haloscope

Maxwell equations:
effective current induced by Gws
dielectric constant
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Dielectric GW haloscope

Maxwell equations:
effective current induced by Gws
dielectric constant

particular solutions in medium and vacuum

resonant conversion
in vacuum

ALPs, IAXO,… 
as GW detectors
[ Ejlli et al `19 ]
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Dielectric GW haloscope

Maxwell equations:
effective current induced by Gws
dielectric constant

particular solutions in medium and vacuum

resonant conversion
in vacuum

ALPs, IAXO,… 
as GW detectors
[ Ejlli et al `19 ]

Boundary conditions at surface of dielectric medium

→ EM waves sourced at surfaces of dielectric disks
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Dielectric GW haloscope

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

z

<latexit sha1_base64="mBNsSck29HYD+UA8I7CdsBnbA5A=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOvZjQY=</latexit>

B0

<latexit sha1_base64="KRp1JegD2BiRqt1W5slNfPEwCX0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOpF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yenV/WanV8ziKcAKncA4eXEMN7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QO6cY1x</latexit>

B0

<latexit sha1_base64="KRp1JegD2BiRqt1W5slNfPEwCX0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOpF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yenV/WanV8ziKcAKncA4eXEMN7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QO6cY1x</latexit>

✏ � 1

<latexit sha1_base64="GFhKqySyxUxO5juU23SQl6Y+zkw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOaWDbbTbp0sxt2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemHKmjet+O6WV1bX1jfJmZWt7Z3evun/Q1jJThLaI5FJ1Q6wpZ4K2DDOcdlNFcRJy2glHN1O/80iVZlLcm3FKgwTHgkWMYGOlB5+mmnEpkB/HyOtXa27dnQEtE68gNSjQ7Fe//IEkWUKFIRxr3fPc1AQ5VoYRTicVP9M0xWSEY9qzVOCE6iCfXT1BJ1YZoEgqW8Kgmfp7IseJ1uMktJ0JNkO96E3F/7xeZqKrIGcizQwVZL4oyjgyEk0jQAOmKDF8bAkmitlbERlihYmxQVVsCN7iy8ukfVb3zusXd+e1xnURRxmO4BhOwYNLaMAtNKEFBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+ALSDkf8=</latexit>

R

<latexit sha1_base64="ecQlZ9tOaOZv+X+GAOayOVoQEaY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AK85jN4=</latexit>

`

<latexit sha1_base64="qNfGA8NmqgGuQ+lowkcYm1mCh5o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1m/erisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5Aw/+jkM=</latexit>

Li

<latexit sha1_base64="tDcH/mTB/2vUMstJjnkaW3VBD7E=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX471yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XvvHpxf16pXedxFOEIjuEUPLiEGtxCHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHICCNtA==</latexit>

Ri+2

<latexit sha1_base64="g+dbKezr7/o79pE+2UDORcNltkw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3RPQY9OIxinlAsoTZSScZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BbHg2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0limGDRSJS7YBqFFxiw3AjsB0rpGEgsBWMb2d+6wmV5pF8NJMY/ZAOJR9wRo2VWg+9lF9Upr1iyS27c5BV4mWkBBnqveJXtx+xJERpmKBadzw3Nn5KleFM4LTQTTTGlI3pEDuWShqi9tP5uVNyZpU+GUTKljRkrv6eSGmo9SQMbGdIzUgvezPxP6+TmMG1n3IZJwYlWywaJIKYiMx+J32ukBkxsYQyxe2thI2ooszYhAo2BG/55VXSrJS9avnyvlqq3WRx5OEETuEcPLiCGtxBHRrAYAzP8ApvTuy8OO/Ox6I152Qzx/AHzucPyFWPNw==</latexit>

Li+2

<latexit sha1_base64="Kr1ZlM8/fAQ1+QT5yHV+D4XeFbU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3RPQY9OLBQwTzgGQJs5NOMmR2dpmZFcKSj/DiQRGvfo83/8ZJsgdNLGgoqrrp7gpiwbVx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ShTDBotEpNoB1Si4xIbhRmA7VkjDQGArGN/O/NYTKs0j+WgmMfohHUo+4IwaK7Xueym/qEx7xZJbducgq8TLSAky1HvFr24/YkmI0jBBte54bmz8lCrDmcBpoZtojCkb0yF2LJU0RO2n83On5MwqfTKIlC1pyFz9PZHSUOtJGNjOkJqRXvZm4n9eJzGDaz/lMk4MSrZYNEgEMRGZ/U76XCEzYmIJZYrbWwkbUUWZsQkVbAje8surpFkpe9Xy5UO1VLvJ4sjDCZzCOXhwBTW4gzo0gMEYnuEV3pzYeXHenY9Fa87JZo7hD5zPH78ZjzE=</latexit>

✏ = 1

<latexit sha1_base64="e3QnEtA1EIjvdVnYkL3/P+88iSE=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqexKRS9C0YvHCvYDukvJprNtaDYJSVYopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLSMzTaFJJZe6ExMDnAloWmY5dJQGksYc2vHobua3n0AbJsWjHSuIUjIQLGGUWCeFISjDuBT4Bge9csWv+nPgVRLkpIJyNHrlr7AvaZaCsJQTY7qBr2w0IdoyymFaCjMDitARGUDXUUFSMNFkfvMUnzmljxOpXQmL5+rviQlJjRmnsetMiR2aZW8m/ud1M5tcRxMmVGZB0MWiJOPYSjwLAPeZBmr52BFCNXO3YjokmlDrYiq5EILll1dJ66Ia1KqXD7VK/TaPo4hO0Ck6RwG6QnV0jxqoiShS6Bm9ojcv8168d+9j0Vrw8plj9Afe5w/5VpD+</latexit>

d

<latexit sha1_base64="g/mmv96B6QYfAHUjixeBvnO+4X4="></latexit>

d

<latexit sha1_base64="g/mmv96B6QYfAHUjixeBvnO+4X4="></latexit>

✏ � 1

<latexit sha1_base64="GFhKqySyxUxO5juU23SQl6Y+zkw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOaWDbbTbp0sxt2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZemHKmjet+O6WV1bX1jfJmZWt7Z3evun/Q1jJThLaI5FJ1Q6wpZ4K2DDOcdlNFcRJy2glHN1O/80iVZlLcm3FKgwTHgkWMYGOlB5+mmnEpkB/HyOtXa27dnQEtE68gNSjQ7Fe//IEkWUKFIRxr3fPc1AQ5VoYRTicVP9M0xWSEY9qzVOCE6iCfXT1BJ1YZoEgqW8Kgmfp7IseJ1uMktJ0JNkO96E3F/7xeZqKrIGcizQwVZL4oyjgyEk0jQAOmKDF8bAkmitlbERlihYmxQVVsCN7iy8ukfVb3zusXd+e1xnURRxmO4BhOwYNLaMAtNKEFBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+ALSDkf8=</latexit>

✓

<latexit sha1_base64="nA51PQo/tsUc5MG1d5Uf2x5E5Y8=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GmZC4nILevEYwSyQDKGn05O06ekeumuEMOQfvHhQxKv/482/sbMIrg8KHu9VUVUvTAQ34HnvTm5peWV1Lb9e2Njc2t4p7u41jUo1ZQ2qhNLtkBgmuGQN4CBYO9GMxKFgrXB0OfVbd0wbruQNjBMWxGQgecQpASs1uzBkQHrFkudWy+cnlSr+TXzXm6GEFqj3im/dvqJpzCRQQYzp+F4CQUY0cCrYpNBNDUsIHZEB61gqScxMkM2uneAjq/RxpLQtCXimfp3ISGzMOA5tZ0xgaH56U/Evr5NCdBZkXCYpMEnni6JUYFB4+jruc80oiLElhGpub8V0SDShYAMq2BA+P8X/k2bZ9Stu9bpSql0s4sijA3SIjpGPTlENXaE6aiCKbtE9ekRPjnIenGfnZd6acxYz++gbnNcPLTKPjQ==</latexit>

h(!
, k̂)

<latexit sha1_base64="RUmvP1WdZJl9buu34TB1/6/bpLg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUJSGtRd0Y3LCvYBTSmT6bQZOsmEmYlQQndu/BU3LhRx6y+482+ctEG0emCYwzn3cu89fsyoVLb9aRSWlldW14rrpY3Nre0dc3evJXkiMGlizrjo+EgSRiPSVFQx0okFQaHPSNsfX2V++44ISXl0qyYx6YVoFNEhxUhpqW8eBhWPh2SETj2fs4GchPpLvQCpdDydnvTNsm3ZM0Dbqrlu9cKF34qTkzLI0eibH96A4yQkkcIMSdl17Fj1UiQUxYxMS14iSYzwGI1IV9MIhUT20tkdU3islQEccqFfpOBM/dmRolBmG+rKEKlALnqZ+J/XTdTwvJfSKE4UifB80DBhUHGYhQIHVBCs2EQThAXVu0IcIIGw0tGVdAjO4sl/SatqOTXLvamV65d5HEVwAI5ABTjgDNTBNWiAJsDgHjyCZ/BiPBhPxqvxNi8tGHnPPvgF4/0LmMyZzg==</latexit>

Erec(`)

<latexit sha1_base64="9ZjIHJMVScFANG2Y63COczH0rDI=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5JIRY9FETxWsB/QhLLZTtqlm03Y3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2srq1vbBa2its7u3v7dumgpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPR9dRvP4BULBb3epyAH5GBYCGjRBupZ5duepknIyyBTioecH7as8tO1ZkBLxM3J2WUo9Gzv7x+TNMIhKacKNV1nUT7GZGaUQ6TopcqSAgdkQF0DRUkAuVns9Mn+MQofRzG0pTQeKb+nshIpNQ4CkxnRPRQLXpT8T+vm+rw0s+YSFINgs4XhSnHOsbTHHCfmZc1HxtCqGTmVkyHRBKqTVpFE4K7+PIyaZ1V3Vr1/K5Wrl/lcRTQETpGFeSiC1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/bbqTeA==</latexit>

Madmax prototype
@ CERN

23 / 27



High frequency GWs 

 

Valerie Domcke - CERN

Dielectric GW Haloscope
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Resonant MAGO

Broadband MAGO

GWs are relativistic:

   +  resonant conversion in vacuum

   +  relaxed requirement on
disk surface

    -  new requirement on effective
disk width

GWs vs axions

● MADMAX can be operated as GW detector

● Hybrid resonant / broadband mode particularly interesting

VD, Ellis, Kopp `24
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High frequency GWs 

 

Valerie Domcke - CERN

mechanical coupling

mechanical response to GWs mech. eigenmodes

rigid limit on resonance
(Weber Bars)

free-falling limit

response function
may be suppressed
by oscillation pattern
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High frequency GWs 

 

Valerie Domcke - CERN

mechanical coupling

mechanical response to GWs mech. eigenmodes

rigid limit on resonance
(Weber Bars)

free-falling limit

mechanical deformations less stiff than
Maxwell’s equations by factor 

● mechanical coupling can be significantly more efficient

● challenge of transducing mechanical deformation to EM signal for quantum readout  

response function
may be suppressed
by oscillation pattern
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High frequency GWs 

 

Valerie Domcke - CERN

Magnetic Weber Bar

GW
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GW acts as a mechanical force on (current-carrying) wires:

Induced AC magnetic field ~ h B, read out with pickup loop + SQUID

VD, Ellis, Rodd `24

Biot-
Savart
law

Magnetic 
field
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High frequency GWs 

 

Valerie Domcke - CERN

Magnetic Weber Bar
VD, Ellis, Rodd `24

effects at O(h):

● deformation of magnet coil

● motion of pickup loop

Noise contributions:

SQUID, thermal mechanical,
seismic, thermal noise of 
resonant readout

Very competitive broadband sensitivity !

mechanical vs
EM coupling
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