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Summary

1) Short introduction on ultra high GW frequencies (> MHz)

2) Presentation of the paper :
a) Motivations and objectives
b) GW - EM waves conversion
c) Proposition of experimental set up
d) Results of the simulations (+ undergoing results)

3) Conclusion and perspectives 
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Why UHF GWs are interesting ?

- Interferometry : nHz - kHz (LIGO, Virgo, LISA, 

NanoGrav)

- Theoretical sources of UHF GWs : 

• Mergers of Primordial Black Holes (PBHs)

• Univers primordial : inflation, preheating, transitions 

de phases … (SGWB)
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Ultra-High-Frequency GW initiative
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2019 work shop review
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The PRD paper
» @



Léonard Lehoucq                                                                       7

Main goal of the paper

- Propose a detector for UHF GWs

- Study of the GW-EM wave conversion

- Proposition and simulation of an experimental set up based 
on GW-EM wave conversion and resonant EM cavities

- Study of the detectability of PBHs mergers and of the 
SGWB with the proposed detector

- Find optimum configuration and parameters for the detector
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GW-EM wave coupling
EMW GW

∼ Gersentshtein effect 1962

∼ Amplitude of the GW induced :

∼ Weak coupling with direct effect :
∼ Strain generated :  , with  and 

, one need  !!
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GW-EM wave coupling

EMW

Constant transverse
magnetic field 

GW

∼ Inverse Gertsenshtein effect :

GW ΔF magnetic field EM wave
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GW-EM wave coupling
∼ Maxwell equations in curved space ⇒ EMW equation

∼ Background + perturbations

∼ Linearisation of the Maxwell equations with a static 
external magnetic field :

static external magnetic field induced field (EM wave)
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GW-EM wave coupling
∼ Transverse magnetic field : 

∼ Adaptation of Choquet-Bruhat theorem with plane GW :

∼ ADMX discussion                                                       

arXiv:hep-ex/0701025

Axion Dark Matter eXperiment

https://arxiv.org/abs/hep-ex/0701025
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∼ Two cylindrical cavities : TM and TEM (coaxiale) 
∼ Based on patents PCT/EP2018/086758 & PCT/EP2018/086760 

12

Study of two resonant cavities

z z
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Case study of two EM GW detectors
∼ Projection on proper functions of Laplacian

∼ Variation of energy inside the cavity at first order
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Primordial Black Holes (PBH)

∼ DM candidates (at least part of)

∼ Bump in the mass distribution at ~ 10-5 M⨀

∼ Potential seeds for heavier BH

∼ Like between mass and frequency
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∼ PBH: close work with S.Clesse (ULB)
∼ LALSimulation (Post-Newtonian), freq. initial = fISCO/25

15

GWs from PBH mergers
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Output of the detector
B = 5T   L = 1m   r = 5m   r1 = 0.1m

RMS power induced ~ 10-10 W
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Output of the detector
B = 5T   L = 1m   r = 5m   r1 = 0.1m

https://www.youtube.com/watch?v=DPdPMwVy0-o
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Resonance of the cavity

B = 5T   L = 1m   r = 5m   r1 = 0.1m



Léonard Lehoucq                                                                       20

Cavity response map
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Merging rate and DM made out of PBHs

4PN approximation

L. Liu, Z.K. Guo, and R.G. Cai, PhysRevD 2019

Maximum distance 
to detect the merger

Merging rate
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Merging rate and DM made out of PBHs
Radius of the sphere for an event per year

Strain sensitivity 
to detect this event

Limit on fPBH in case 
of null detection
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Expected limits on fPBH
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SGWB, characteristics and interests

Frequency cut ! slope
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Simulation of the detection of the SGWB

Detection of the 
frequency cut
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Parameters of the detector

∼ B ≥ 5 T and L ≥ 1 m                                                               

(B transverse)
∼ TEM cavity encased                                                                               

(frequency combing)
∼ 0.5 m ≤ R ≤ 1.5 m

z

PBHs SGWB
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Conclusions

∼ UHF GW open up a new window on the univers

∼ DM candidates 

∼ Test for cosmological models

∼ A detection method accessible with current technology

∼ Theoretical motivation for experimental development
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Perspectives

∼ Need of experimental development 

∼ In-depth study of the SGWB

∼ PRL article in progress

∼ Construction of a prototype

∼ Plan of an ERC ! 


