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Experimental Setup

( Tl )

‘ CryOStat Cryostat internal
* Holds up to 9 liters of LHe LHe dewar, LN, < | Attenuator
 Thermal shielding by LN, & vacuum shield and thermal u|
vacuum shield
* Magnet (Prof. Budker, CASPEr) n
* Homogenous B-field along vertical axis of max. 14.1 T >
 Stray field ca. 60 mT at 20 cm above magnet > Gaseous Helium
cryostat inset
* 36 dB Gain
* 3.6 Kthermal noise 14.1 T magnet
(stray field ca. 0.06<
T at 20 cm above
* Used for cavity & antenna characterization magnet)
* Prevents cable reflections =
e Max. external B-field 0.15 T j Attenuator
* Attenuators
* Stop 300 K noise from outside \




Experimental Setup

Liquid Helium Cryostat

Vector Network Analyzer (VNA)
Used for cavity characterization

14T magnet




RF Superconductivity and magnetic fields
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e Usual superconductors often very 1 = 4 Nb,Sn cavity
susceptible to external magnetic fields ] * REBCO tape cavity
I Cu reference cavity
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RF Superconductivity and magnetic fields




Results of coated cavity

Highest Qg vs Magnetic Field
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Results of coated cavity

106 : ] . L . |‘ . ‘I . ‘I
] 4 Nb,Sn cavity
e REBCO tape cavity
Cu reference cavity
®  Supax NbN caviry
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Data taken w/o B-field

3 runs with total of 16,440sec (4.5h)

* Keeping pressure constant (+- 1Imbar)
essential to hold peak position e el 57147380109 4715407e109
1400 i width: 22757t

Histogram with bin width of average
HWHM of peaks

1000

> 15 mins over 5 bins

- Should give exclusion range of 110kHz
width with competitive limit (Q > 120k)
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GravNet: Using Axion Haloscopes for GW detection

Compact binary systems
Binary supermassive black holes
M

Primordial Black Hole merger

Axion super radiance
—

1012 10° 106 103 100 103 106 10°

Sources

Gravitational wave
frequency [Hz]

C—  f— —

Radio Pulsar  Space based Ground based

Timing arrays Interferometer Interferometer
Detectors (LISA) (LIGO/ Virgo)

)
RF resonators
(Cavity haloscopes
currently in use searching
for axions)




GravNet: Sensitivity to gravitational waves

Axions

Gravitational Waves

RF cavity in magnetic field

Resonant excitation of cavity eigenmode
Axion conversion into photon via Y
Primakoff effect T Q

Signal strength: B,

1
Psig = Kjgz
g a~yy m

a

B2 ppmV QoC?

RF cavity in magnetic field

Resonant excitation of cavity eigenmode
GW conversion into photon via g
inverse Gertsenshtein effect

Signal strength:

B(x,1t)




GravNet: Sensitivity to gravitational waves

Axions Gravitational Waves
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axion

* Preferred mode: TMg,,
* Current dependent on GW propagation direction
e Contributing effects:
* Direct conversion via Inverse Gertsenshtein effect
* Resonant deformation of cavity by GW
(Oscillating magnetic flux = excitation of EM field)

* Preferred mode: TMg,q
e Current dependent on B-field direction

e Contributing effects:
e Direct conversion via Primakoff effect




GravNet: Challenges of haloscopes for GW detection

* Many axion haloscope experiments recast axion gg,,, limits into GW strain hg limits

 Limitation on integration time often neglected

 Signals have duration of seconds (at best)
* Integrating over O(15min) of data will classify the signal as noise
 Signals are transient, not frequency stable

e Recasts must consider signal coherence time when analysing integrated data in
frequency realm (as is usual in axion searches)
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GravNet 10-1%
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GravNet s
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t-2a counting - 30ms
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* Extra: If setups are scattered globally f[Hz]
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can be extrapolated
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GravNet (visions)

* Employ single photon counting

* Reduction of necessary integration time from 1s to
30ms without significant loss in sensitivity

* Necessary for source triangulation

* Cavities at different frequencies to observe
transient signal
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GravNet (visions)

Employ single photon counting

* Reduction of necessary integration time from 1s to
30ms without significant loss in sensitivity

Necessary for source triangulation

Cavities at different frequencies to observe
transient signal

Use of neural networks searching for signal
shapes
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Conclusion

Don’t try NbN in magnetic fields

First 0.1MHz range DP limit for SUPAX soon

First axion limit later this year

Gravitational waves of PBH mergers can be detected with existing axion cavity setups

Global network of GW detectors + new analysis approach enables necessary
sensitivity with O(10ms) integration times

Interested parties for collaboration welcome to talk to us




Thank you for your attention!
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