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Haloscope: experiment searching for axion dark matter in our galactic halo
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Credits: https://cajohare.github.io/AxionLimits/

Axion DM behaves like a classical oscillating field

Credits: Raphael Cervantes, University of Washington
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Haloscopes

T. Grenet et. al., arXiv:2110.14406

Different possible configurations

Ideal for a haloscope
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To be amplified!~ 10-22 W

Noise:
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Pnoise / Tsys

4 key ingredients 
for a good haloscope:
High magnetic fields
Good cavity (high QV)
Good amplifiers
Low temperatures
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GW electrodynamics

Axionic current!
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Result from Berlin et. al. ,  
arXiv:2112.11465
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Working at fixed frequency (~ GHz)  
does not fix the masses!

Focus on binary systems of (light) black holes

The search for hfGWs with resonant cavities

TUG 2023
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What about  
this value?
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What about  
this value?

Hypothesis made:
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Fast decrease of the signal  
duration with the mass

The heavier the BHs, the closer  
they are to their merging

The search for hfGWs with resonant cavities
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Qḟ(⌫)
Time during which the signal drifts in the frequency sensitivity bandwidth:

TUG 2023

Integration time  
~ 60s

Integration time  
~ 1 yr

Sampling time
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3 different regimes:

The search for hfGWs with resonant cavities
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1) Effective time given by the signal frequency drift through the frequency bandwidth of the cavity
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2) Effective time limited by the duration of the experiment
The signal would spend “more time than available” within the cavity bandwidth

Very small chirp masses
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3) Effective time limited by the sampling rate Highest chirp masses accessible
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The time spent by the signal within the experimental bandwidth is smaller than the inverse sampling frequency
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The search for hfGWs with resonant cavities

Strain sensitivity

TUG 2023



12Killian Martineau - LPSC

The search for hfGWs with resonant cavities

Accessible distance
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The search for hfGWs with resonant cavities

Number of expected events
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Take away message:

Time analyses are mandatory to derive realistic 
estimates

Drastically reduces the sensitivity, thus the accessible distance

The search for hfGWs with resonant cavities

TUG 2023

 Not a small correction but a huge effect

Possibilities to increase the signal:

- Coupling to different modes in the cavity

- Eccentric orbits Boost the emitted power by a factor
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Generation of controlled  
gravitational waves from  
high-power twisted light
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Based on arXiv:2309.04191

With E. Atonga (Oxford Univ.), R. Aboushelbaya (Oxford Univ.), 
A. Barrau (LPSC), C. Lin (Jagiellonian Univ.),  

P. Norreys (Oxford Univ.), et. al.
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The action of gravity on light is well known and has been extensively studied 
over the past century but the converse - i.e. the way light acts as a source of 

gravity - remains, to a large extent, unexplored.



Gravitational waves from high-power twisted beams
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3D view
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Single plane view
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Gravitational waves from high-power twisted beams
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Electromagnetic field energy density

 Poynting vector

Maxwell tensor
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Region where 
twisted light is generated

with

Stress-energy tensor
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Gravitational waves from high-power twisted beams

l : Laser pulse orbital  
angular momentum 

Beam’s waist

Laser pulse  
frequency
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Gravitational waves from high-power twisted beams

Beaming effect towards the half-cone angle  
as the frequency increases
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Gravitational waves from high-power twisted beams

TUG 2023

Gravitational radiation 
energy flux 

(l=0)

Emitted strain 
(l=1)
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Gravitational waves from high-power twisted beams

TUG 2023

In definitive

Estimations performed with current (Laser MegaJoule, National Ignition Facility)  
and forthcoming (Station of Extreme Light) facilities.

Strain produced by Spinlaunch suborbital accelerator ~ 100 times bigger 

But probably the highest sources of power radiated through GWs:  

Are high-power twisted lights, the highest sources of gravitational strain produced by 
humankind?

https://www.spinlaunch.com/

Close to the pulse:
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Thank you!


