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• New Haloscope setup 

• 14T magnet, 2K cryostat, 5cm x 20cm Volume  

• Timeseries readout, 40MHz bandwidth

14T solenoid magnet 
(existing)

8GHz cavity 
(existing)

Cryo LNA (42dB)

Cavity supportlHe Cryostat

→ to vacuum pumpHe return ←

lHe feed →
← lN2 feed

Cryo circulator

LNA (36dB)

← signal injection
→ to spectrum analyser

Cryo Attenuators

Cryo switch

• No tuning 

• No B-field: dark photon search  

• With B-field: axion search, UHFGW search! 
• Measurement run in preparation 
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• Data taking in 14T magnet

Magnet  
(warm bore)

Cryostat

Inset Top

SC cavity

Circulator + 
Preamp
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• Single channel readout  GHz  

• Readout via realtime spectrum analyser (Tektronix RSA518) 

• DAQ software (C++)  

• Realtime FFT  
• IQ data streaming to disk 

• Maximum readout bandwidth: 40MHz. Currently used: 10MHz

f0 ≈ 8.4 • Realtime temperature & pressure monitoring 

• Influx + Grafana
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• Frequency Domain analysis currently setup 

• 1s converted into freq. domain and integrated online 

• Storage currently in ROOT files 

• hdf5 as alternative format implemented as well 

• Analysis flow following Haystack analysis outlined in [https://arxiv.org/abs/1706.08388] 

• Python based analysis  / C root scripts
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https://arxiv.org/abs/1706.08388
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• NbN cavity produced and characterised • Optimised cavity for UHFGW search produced 
• To be characterised …
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• Mainz:  

• Operation of 2 Cavities @ 2K  

• Analysis of multiple data streams for time series analysis 
• Classic readout via HEMT  amplifier + RSA 

• Optimisation of cavities for UHFGW 

• Prototype cavity already produced 

• Bonn:  

• Operation of 3 Cavities @ 10mK 

• Analysis of multiple data streams for time series analysis 
• Squid based readout 

PoS(EPS-HEP2023)102
GravNet Kristof Schmieden
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Figure 3: Estimated sensitivity on the GW strain ⌘
when combining several cavity based haloscopes us-
ing the phase aligned integration (GravNet-1) and co-
incidence measurement (GravNet-2) approaches, as-
sumed 10 individual cavities. For GravNet-2 sensi-
tivities for two cavity dimensions with volumes of (a)
+ = 6 · 10�4<3 and (b) + = 0.25<3 are shown. The
figure is adapted from [11] using the expected range of
PBH merger signals sensitivity of similar experiments
as summarised in [15].

In this approach each photon is tagged with
a timestamp and coincidences between mea-
surements from several setups can be performed
trivially. The sensitivity of the coincidence
measurement is defined by the chosen coinci-
dence window, number of contributing detec-
tors and the individual detector noise rates and
single photon efficiencies. The detection effi-
ciency for a coincidence measurement is given
by ntot =

Õ
8�:

�#
8

�
n 8indiv where : is the num-

ber of required coincidences, # is the number
of detectors and nindiv = n34C�Ccoincidenceqsig is
the detection efficiency of a GW signal of a
single setup. n34C is the quantum efficiency
of the detector, �Ccoincidence is the coincidence
time window and qsig refers to the signal photon
flux. Figure 2 shows the sensitivity to a gravita-
tional wave signal in dependence of the number
of coincidences required assuming a total noise
rate of 10 Hz, 20 independent detectors and
n34C = 0.5. The coincidence window is chosen
for each point so that the rate of accidental coincidences is below one per year. This shows that a
detection efficiency of 1 can be achieved with 20 detectors for a signal photon flux of 40 Hz and
above with coincidence window of 32 ms. Hence such a system is sensitive to very short signals,
ideally suited for the hunt for PBH mergers.

The signal photon rate depends on the used cavities. Assuming a standard 5 GHz cavity with
a volume of 6 · 10�4 <3, & = 105 in a 14 T magnetic field a photon flux of 40 Hz corresponds to a
strain of 10�22. Such a basic setup yields plenty of room for improvements in particular in terms
of cavity volume, number of detectors and single detector photon efficiency. Hence sensitivities
to strains of 10�24 and smaller seem in reach. This is well within the range of strains where PBH
merging event are believed to be found, as is shown in Fig. 3 adapted from [6, 11].

4. Conclusions

While it is very challenging to increase the sensitivity of an individual cavity based UHFGW
detector, the combination of signals from many such detectors provides a new approach in increasing
the overall sensitivity. In particular when targeting fast transient signals a paradigm change towards
photon counting coincidence measurements can significantly improve the reach. There are many
advantages in combining efforts in the hunt for UHFGW in a coordinated way. One could rely
on relatively cheap, commercial magnet systems, costs would be automatically shared in a world-
wide collaboration and any R&D results can be swiftly distributed at all detector sites, to name a
few. A global network of UHFGW detectors (the GravNet initiative) [11] would exploit all those
advantages.
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[PoS(EPS-HEP2023)102]

GravNet idea: 
[arXiv:2308.11497]

http://arxiv.org/abs/2308.11497
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• Mainz:  

• Operation of 2 Cavities @ 2K  

• Analysis of multiple data streams for time series analysis 
• Classic readout via HEMT  amplifier + RSA 

• Optimisation of cavities for UHFGW 

• Prototype cavity already produced 

• Person Power: 

• Mainz: 1.5 FTE ( 1 phd Student + 0.5 PostDoc ) + engineers 

• Bonn:  2 FTE + engineers 

• Bonn:  

• Operation of 3 Cavities @ 10mK 

• Analysis of multiple data streams for time series analysis 
• Squid based readout 
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Figure 3: Estimated sensitivity on the GW strain ⌘
when combining several cavity based haloscopes us-
ing the phase aligned integration (GravNet-1) and co-
incidence measurement (GravNet-2) approaches, as-
sumed 10 individual cavities. For GravNet-2 sensi-
tivities for two cavity dimensions with volumes of (a)
+ = 6 · 10�4<3 and (b) + = 0.25<3 are shown. The
figure is adapted from [11] using the expected range of
PBH merger signals sensitivity of similar experiments
as summarised in [15].

In this approach each photon is tagged with
a timestamp and coincidences between mea-
surements from several setups can be performed
trivially. The sensitivity of the coincidence
measurement is defined by the chosen coinci-
dence window, number of contributing detec-
tors and the individual detector noise rates and
single photon efficiencies. The detection effi-
ciency for a coincidence measurement is given
by ntot =

Õ
8�:

�#
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�
n 8indiv where : is the num-

ber of required coincidences, # is the number
of detectors and nindiv = n34C�Ccoincidenceqsig is
the detection efficiency of a GW signal of a
single setup. n34C is the quantum efficiency
of the detector, �Ccoincidence is the coincidence
time window and qsig refers to the signal photon
flux. Figure 2 shows the sensitivity to a gravita-
tional wave signal in dependence of the number
of coincidences required assuming a total noise
rate of 10 Hz, 20 independent detectors and
n34C = 0.5. The coincidence window is chosen
for each point so that the rate of accidental coincidences is below one per year. This shows that a
detection efficiency of 1 can be achieved with 20 detectors for a signal photon flux of 40 Hz and
above with coincidence window of 32 ms. Hence such a system is sensitive to very short signals,
ideally suited for the hunt for PBH mergers.

The signal photon rate depends on the used cavities. Assuming a standard 5 GHz cavity with
a volume of 6 · 10�4 <3, & = 105 in a 14 T magnetic field a photon flux of 40 Hz corresponds to a
strain of 10�22. Such a basic setup yields plenty of room for improvements in particular in terms
of cavity volume, number of detectors and single detector photon efficiency. Hence sensitivities
to strains of 10�24 and smaller seem in reach. This is well within the range of strains where PBH
merging event are believed to be found, as is shown in Fig. 3 adapted from [6, 11].

4. Conclusions

While it is very challenging to increase the sensitivity of an individual cavity based UHFGW
detector, the combination of signals from many such detectors provides a new approach in increasing
the overall sensitivity. In particular when targeting fast transient signals a paradigm change towards
photon counting coincidence measurements can significantly improve the reach. There are many
advantages in combining efforts in the hunt for UHFGW in a coordinated way. One could rely
on relatively cheap, commercial magnet systems, costs would be automatically shared in a world-
wide collaboration and any R&D results can be swiftly distributed at all detector sites, to name a
few. A global network of UHFGW detectors (the GravNet initiative) [11] would exploit all those
advantages.
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• Bonn / Mainz are very much interested in contributing 

• Possible areas of contribution  

• DAQ  

• Analysis  

• Mechanical constructions (also large scale)


