
MECHANICAL coupling
Best for kHz - MHz

The GW couples to a mechanical vibration 
of the cavity which generates time-
varying boundary conditions for the RF 
field. This produces an upconversion of 
the signal to a higher frequency through a 
mechanical - EM coupling.

DETECTION PRINCIPLE

SOURCESPREDICTED SENSITIVITY

DETECTION SCHEME

EXPERIMENTAL RESULTS

A way to define the sensitivity is by using the noise strain power spectral density 𝑆𝑛. This 
can be interpreted as the power spectral density (PSD) of the noise if it was mistaken for 
strain generated by a GW.
We found that the minimum detectable strain for our setup is:

There are two ways a gravitational wave (GW) can interact with a SRF cavity:

GERTSENSHTEIN effect
Best for GHz

The GW couples directly to the RF field 
inside the cavity producing an 
upconversion of the signal to a higher 
frequency.

Our focus is the kHz – MHz range, therefore our setup will be optimized to maximize 
the mechanical coupling.
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The main noise sources are:

• Mechanical 𝑆𝑚𝑒ch 𝜔𝑔  𝛤−1 ⋅ 𝑞𝑟𝑚𝑠 ⋅ 𝑄𝑚ⅇch

−
1

2 ⋅
𝜔𝑚𝑒ch

𝜔𝑔

3+𝛼

2
⋅ 𝜔𝑔

−
1

2 

• Thermal 𝑆𝑡ℎ 𝜔𝑔  
1+𝛽𝑖𝑛

𝛽ⅈ𝑛𝛽out
⋅ 𝐵𝑒𝑓𝑓 ⋅ 𝑄0

1

2 ⋅ 𝐶01
𝑚𝛤𝑚

−1 ⋅ 𝜔𝑔 − Δ𝜔  

• RF Dependent on instrumentation

𝑇 𝜔𝑔 = Δ𝜔
2
 

𝛽𝑖𝑛𝛽o𝑢𝑡
1 + 𝛽ⅈ𝑛

2
⋅
𝜔0

𝑄0
⋅ 𝑉𝑐𝑎𝑣 ⋅ 𝐵ⅇ𝑓𝑓

2 ⋅ 𝐶01
𝑚𝛤𝑚

2 ⋅ 𝑄𝐿
2

L. Fischer et al., “First characterisation of the MAGO cavity, a superconducting RF
detector for kHz-MHz gravitational waves,” Nov. 27, 2024

Many parameters play a role in both increasing the sensitivity but the noise as well:

𝑄𝐿  quality factor of the SRF cavity. Increasing this paremeter increases the 
sensitivity on resonance. 

The coupling coefficients determine the efficiency of conversion from GW to 
detectable signal, but this also means that any other source of mechanical vibration 
that excites a mechanical mode with the correct shape gets enhanced as well. 
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pump mode stores energy in the cavity. The higher the stored energy, the higher the 
sensitivity but also the noise. This quantity is also intrinsically limited by the 
superheating field of the superconductor the cavity is made of.

The couplings of the input and output ports determine the sensitivity in and out of 
resonance. A lower coupling would enhance greatly the sensitivity in a very narrow 
region around the resonances. On the other hand a larger coupling in output broadens 
the resonance peaks, increasing the sensitivity out of resonance.

• Primordial Black Holes mergers (PBH)

SQUEEZING

BACK-ACTION EVADING AMPLIFICATION 

We tested the mode rejection scheme for the input signal with a non optimized setup and
obtained a 50 dB suppression of the signal mode using a VNA.

Leveraging the symmetry 
difference in the modes we 
can achieve:

• Pump mode suppression in 
readout

• Signal mode suppression 
in input

Further improvements:

• Carrier suppression 
interferometry in readout

• Black hole superradiance

• Cosmic Gravitational Microwave Background (CGMB)

Some plausible sources of signal in the range of frequencies of our interest are:

The sensitivity required to measure the signal coming from the CGMB is still out of 
reach, but since this is a very likely signal motivated within the Standard Model, it’s 
natural to aim to detect it with future upgrades of the system.

Quantum enhancement techniques can improve the broadband sensitivity by lowering 
the noise level out of resonance.

Increase the noise in the Y 
quadrature to reduce it in 
the X quadrature.

We have to keep in mind that all these technologies require the readout 
system to be at least partially at millikelvin temperature!

The Josephson parametric amplifier (JPA) 
as non-linear element allows to realize the 
squeeze of one component with respect to 
the other.
Δ𝜔𝑠𝑞

Δ𝜔0
≃ 𝐺 = gain of the JPA denoted as SQ
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Use a second cavity or RLC circuit 
coupled to the main cavity with couplings 
𝑔 and ℎ.

Modulating 𝑔 with frequency
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𝜔Σ Modulation of coupling leads to parametric amplification ∝ 𝑔

𝜔Δ Modulation of coupling leads to back-action free amplification
(with ℎ = 𝑔)

For MAGO-like cavity it’s possible to obtain a 1 4 improvement in the sensitivity!

PACO project → MAGO

STORY OF A LONELY CAVITY
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• Quantum enhancement 
techniques to amplify and 
improve the readout

sensing with superconducting microwave cavities
High frequency gravitational wave
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The scheme shows a very simplified version of the 
drivinig / readout system we want to implement.
The first idea of this scheme was introduced by the 
PACO collaboration.
P. Bernard, et al., “The rf control and detection system for PACO the parametric converter detector,” Apr. 17, 2000

Pump mode

Suppressed signal mode
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