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• RF-Cavity haloscope in Mainz
• Started in 04/2022
• Search at 8 – 9 GHz (~ 35 µeV)
• Goal: axion search using 14T magnet, Q0 = 106

• Until now:
• Setup (✅)
• DAQ ✅
• first analysis of proof of concept data taking run ✅
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Axion detection in RF cavities

14T magnet in group of Prof. Budker
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Volume limited by:
• Magnet size
• Resonance frequency
• Tuning elements

4

from TTI [7].
In order to be able to measure the quality factor in this
configuration a switch was necessary to bypass the low noise
amplifier. The signal from the critical coupled port goes from
the switch to one port of a vector network analyser while the
weakly coupled port goes directly to the device.
The magnet bore was filled with liquid helium which has a
dielectric constant of 1.049343 at 4.2K [8]. The insertion into
a dielectric de-tunes our cavity and results in a resonance
frequency of about 8.8GHz during data-taking. Fig. 5 shows
the experimental set-up. Two cavities were installed at the
same time in the magnet bore of 54mm diameter. The bottom
cavity was the Nb3Sn coated cavity and the top one the HTS-
tape cavity. A Hall sensor was attached onto the bottom cavity
in order to align the cavity with the magnetic field.

Fig. 5: Schematics of the experimental set-up for the quality
factor measurements and axion data taking in a 11T magnetic
field at CERN.

V. RESULTS

The quality factor for each cavity was calculated from the S-
parameter measurements with a vector network analyser using
the 3dB method to determine Ql:

Ql =
f0

�f3dB
, (2)

where f0 is the frequency of the maximum amplitude and
�f3dB the bandwidth at - 3 dB. The coupling of the strongly
coupled port was determined using the reflection parameters.
During the measurement in liquid helium we observed a fast

frequency drift which interfered with the Q measurement and
suspect pressure fluctuations to be responsible for this shift.
For each measurement we recorded a frequency range of
2MHz measuring 10 001 points in this range. The frequency
sweep took about 6 seconds and the drift in the frequency
within this time is reflected by the error bars of the Q values
in Fig. 6. The magnetic field was ramped up in 1T steps with
a speed of 10A/s(about 1000 Ampere per Tesla). Afterwards
the field was kept constant for 10 minutes and the quality
factor of both cavities was measured. The results for the
Q0 of both cavities are shown in Fig. 6. The quality factor
of the HTS tape cavity remained almost constant between
60 000 and 80 000 up to 11.6T, while Nb3Sn decreased
considerably and performed worse than our copper reference
cavity above 3T.Investigations about this behaviour are
ongoing. The HTS cavity outperformed the copper cavity by
50% in quality factor and increased the sensitivity of our
axion data-taking. These physics results will be the object of
a separate publication.

Fig. 6: Results of quality factor measurements with the cavity
immersed in liquid helium.
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Depends on cavity material conductivity:
• High purity copper: ~5 ! 104

• Superconductor: difficult in high magnetic field
• Target:        106

• Demonstrated:    3 ! 105 (CAPP)
• Materials under study: Nb3Sn, YBCO, REBCO
• Planned for SUPAX:       NbN, MgB2

J. Golm et. al (RADES)
https://arxiv.org/abs/2110.01296



The Axion Setup

• 14T magnet
• Ready for operation in Q3/Q4 2023

• LHe Cryostat
• Setup in the next weeks

• Cavity & DAQ system complete and tested
• Cryo PreAmp @ 4K, 10GHz:

• Gain: 36 dB
• Noise: 3.6K (0.05 dB)
• Main Noise source of the setup
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The Dark Photon Setup

• While waiting for Magnet installation
• Setup without magnet usable for Search for 

Dark Photons (Another DM candidate)

• Delay of Cryostat
• Setup put into liquid helium (LHe) dewar

• Following results acquired this way
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Cavity Design

• Custom built cavity to fit
into cryostat, including
holding structure
• Made of high purity copper
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The Dark Photon Setup
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Real Time
Spectrum 
Analyser

Real Time Data Acquisition
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PC

Cavity

36 dB cryo Pre-Amp
4K

Room 
temp

RSA:
• 40 MHz realtime bandwidth

• (10 MHz used)
• IQ data streamed to PC

• Continuous readout

DAQ Software (C++):
• Realtime conversion to frequency

• 1 kHz readout bandwidth
• Stacking of 2 second blocks
• Storage of spectra in ROOT files

Analysis (Python):
• Alignment & integration of spectra
• RSA Gain curve elimination
• Cavity resonance curve removed by SG filter
• Analysis of residual

25 dB Pre-Amp
integrated in RSA



Gain curve of DAQ
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• Noise structure of RSA with cryo Pre-Amp
• Measured with input terminated with 50Ω
• Clear Gain curve, not Noise dominated

• 10 MHz readout window around resonance frequency
• Measurement at room temperature
• 6:40h integration time

• General structure stable but drifts slightly
• Cryo Pre-Amp does not add additional fine structure

• Gain curve consistent over various frequency 
windows 



Gaussian distribution of Noise

• If Gain curve Noise dominated à standard deviation 
• Gain curve clearly not noise dominated
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SG filter

On Gain 
curve



First preliminary physics results

• Search for Dark Photons, experimental setup in LHe dewar
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First limit on DP kinetic mixing χ! 
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Only sensitive near resonance frequency of cavity f = 8303.06 MHz 



First limit on DP kinetic mixing χ! 
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First limit on Dark Photons with a mass of 34.34 µeV in randomised polarisation 
scenario:
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Source: https://github.com/cajohare



Conclusion & Outlook

• Many thanks to RADES for their help in hardware and analysis questions
• Experiment works in principle, but much work is ahead

• Add circulator
• Test operation in B-field

• Tunable cavities
• Without need of tuning rods?

• Test cryostat operation @ T = 1.5 K
• Test performance of superconductor on Q0 with and without magnetic field
• Data run and axion limit until next PATRAS conference J
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Thank you for your attention!
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Backup: Signal injection test
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• Simulations with injecting a signal in 
shape of a dark photon

• Width according to QDM = 106

• Signal strength as expected with kinetic 
mixing from previous slide

• Signal can be seen very clearly


