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Axion DM behaves like a classical oscillating field

For this study: 
GrAHal platform taken  

as a benchmark

Credits: Raphael Cervantes, University of Washington

Haloscopes

T. Grenet et. al., arXiv:2110.14406

Different possible configurations
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Current aligned along 
<latexit sha1_base64="dfo/rpqBS3L8vWWw3sQ+dbNTZZA="></latexit>

~BGenerated current:
<latexit sha1_base64="loihmsMSfWN7dFNO8wC8gW0JS+M="></latexit>

~ja = �ga��

✓
~B
@a

@t
+ ~ra⇥ ~E

◆

4Killian Martineau - LPSC

<latexit sha1_base64="G97aRhALl+meOmXQvE1+PZHWG8Q="></latexit>

@µF
µ⌫ = J⌫ + ga�� (@µa) F̃

µ⌫ (Maxwell-Ampère)
<latexit sha1_base64="Za+wTaCH5G9NM4Q6Rn2brw1tK6U="></latexit>

~r⇥ ~B =
@ ~E

@t
+~j � ga��

✓
~B
@a

@t
+ ~ra⇥ ~E

◆

Axion-photons 
coupling

Paris Workshop PBH-GW



Axion electrodynamics

Generated current:
<latexit sha1_base64="loihmsMSfWN7dFNO8wC8gW0JS+M="></latexit>

~ja = �ga��

✓
~B
@a

@t
+ ~ra⇥ ~E

◆

Killian Martineau - LPSC

<latexit sha1_base64="G97aRhALl+meOmXQvE1+PZHWG8Q="></latexit>

@µF
µ⌫ = J⌫ + ga�� (@µa) F̃

µ⌫ (Maxwell-Ampère)
<latexit sha1_base64="Za+wTaCH5G9NM4Q6Rn2brw1tK6U="></latexit>

~r⇥ ~B =
@ ~E

@t
+~j � ga��

✓
~B
@a

@t
+ ~ra⇥ ~E

◆

Axion-photons 
coupling

Power extracted from the cavity:
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4 key ingredients 
for a good haloscope:
High magnetic fields
Good cavity (high QV)
Good amplifiers
Low temperatures

4 Paris Workshop PBH-GW

Current aligned along 
<latexit sha1_base64="dfo/rpqBS3L8vWWw3sQ+dbNTZZA="></latexit>

~B



Axion electrodynamics

Generated current:
<latexit sha1_base64="loihmsMSfWN7dFNO8wC8gW0JS+M="></latexit>

~ja = �ga��

✓
~B
@a

@t
+ ~ra⇥ ~E

◆

<latexit sha1_base64="GQI8Lr6HDOPOuAOtzoGOXts+/aY="></latexit>

~eTM,010

Antenna

<latexit sha1_base64="/FYTQuT1F8JPASApV5FVQzDbZ8I="></latexit>

~bTM,010

<latexit sha1_base64="VpSZ5UTx+4/eiaz7qwj9DMd6tL0="></latexit>

~B0

<latexit sha1_base64="VpSZ5UTx+4/eiaz7qwj9DMd6tL0="></latexit>

~B0

Killian Martineau - LPSC

<latexit sha1_base64="G97aRhALl+meOmXQvE1+PZHWG8Q="></latexit>

@µF
µ⌫ = J⌫ + ga�� (@µa) F̃

µ⌫ (Maxwell-Ampère)
<latexit sha1_base64="Za+wTaCH5G9NM4Q6Rn2brw1tK6U="></latexit>

~r⇥ ~B =
@ ~E

@t
+~j � ga��

✓
~B
@a

@t
+ ~ra⇥ ~E

◆

Extracted  
power

Frequency

<latexit sha1_base64="4Ts+iDP5an7KfpursBImEjLTEhw="></latexit>

�⌫c :
<latexit sha1_base64="5tAPpZSO90IJbJrtDNeBedr+NYc="></latexit>

�⌫a :

Width of the resonant mode

Width of the axionic pic

Axion-photons 
coupling

Power extracted from the cavity:
<latexit sha1_base64="tsiZDZ8gFYZokZnYC446L8SHkVU="></latexit>

Psignal / g2a��B
2QV

⇢a
ma

To be amplified!~ 10-22 W

Noise:
<latexit sha1_base64="0xeIyh4ZDvy6KlPy9cNnuL7fG78="></latexit>

Pnoise / Tsys

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

4 Paris Workshop PBH-GW

Current aligned along 
<latexit sha1_base64="dfo/rpqBS3L8vWWw3sQ+dbNTZZA="></latexit>

~B



Einstein-Maxwell action:
<latexit sha1_base64="oO5sL8hiO3No3PO6hI2Bl3XtLec="></latexit>

SEM =

Z
d4x

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵�

◆

Effective current:

The direction of the current 
depends on the GW properties

GW electrodynamics
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Result from Berlin et. al. ,  
arXiv:2112.11465

Signal to Noise ratio estimated by the radiometer equation:
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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
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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

<latexit sha1_base64="FveGjxZIz4lmQau1qFWvugfudEo="></latexit>

t�⌫ ⇠ 5

96
⇡� 8

3 ⌫�
8
3Q�1

✓
GMc

c3

◆� 5
3

The frequency of GWs coming from binary systems drifts with time
<latexit sha1_base64="e+gwMzMB3RXTWSIDZeAouIfGi/Y="></latexit>
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3 different regimes:

The search for hfGWs with resonant cavities
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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
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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

 Not a small correction but a huge effect

Paris Workshop PBH-GW

Possibilities to increase the signal:

- Coupling to different modes in the cavity

- Eccentric orbits Boost the emitted power by a factor
<latexit sha1_base64="kPPWmy2KZEqIktufD7YzdL/c3VY="></latexit>

F (e) = (1� e2)�7/2(1 +
73

24
e2 +

37

96
e4)

- Hyperbolic encounters

- Time domain analyses

« See Martin Teuscher’s talk »
J.G. Bellido et al, arXiv:1711.09702
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Thank you!
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