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OUTLINE

« Cryogenic amplifiers for haloscopes

« Josephson Parametric Amplifier (JPA)
« Read-out and test setup

e 2.3 GHz JPA

- 1.8 GHz JPA

« 6 GHz JPA

« Implementation to PACE experiment

e Summary
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e Conversion power (a=>yy)

- theoretical parameters
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AMPLIFIERS FOR HALOSCOPES

Cryogenic HEMT Amplifiers

Easy to operate: high bandwidth, frequency and temperature stability
Noise high above quantum limit 0.9-3.6 K for 0.6 -10 GHz
heat dissipation >10 mW

Microstrip SQUID amplifiers

Near to quantum limit noise demonstrated
Difficult to operate: frequency stability, temperature stability, heat
dissipation

Josephson Parametric Amplifiers (JPAS)

Quantum limit noise demonstrated (>6 GHz), no heat, better frequency and
temperature stability
Mostly for frequency about 10 GHz, unusual operation, limited bandwidth
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RIIKEN: 196mK @ 5.6 GHz
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JPA Read-Out Setup
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JPA Test setup
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JPA 2.3GHz
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Resonance frequency vs Flux vias
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Gain vs pump power and frequency at
fix resonance frequency

Gain vs pump power and frequency
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Gain vs pump power at different Fo?
resonance frequency
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Noise temperature measurement
Y-method implemented
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@ Raw data of noise measurements:
Power Spectrum Density vs detuning
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~= Results of noise measurements, 2.3GHz
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2.3 GHz JPA results

* Show near quantum limit noise (130-140 mK)

* Reasonable gain for noiseless amplification with HEMT
cold amplifier (>17 dB)

 |nstant bandwidth about 150-200 kHz

e Useful tunable operation frequency band about 30
MHz

e Useful for PACE experiment
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JPA 1.8GHZ
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Standard Quantum limit for
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Coupling capacitor, SQUIDs number
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1.82 GHz JPA results

e Show near quantum limit noise (250 mK)

* Reasonable gain for noiseless amplification with
HEMT cold amplifier (>17dB)

e Useful tunable operation frequency band about
10 MHz, can be improve by designh change

* |nstant bandwidth about 25 kHz @ 20dB
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JPA 6 GHz
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== JPA 6 GHz: Noise temperature, 5.8 GHz
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JPA 6 GHZ: choice of operation point: \u/-/
Gain vs Pump Power and Detuning
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6 GHz JPA results

e Show near quantum limit noise (230 mK)

* Reasonable gain for noiseless amplification with
HEMT cold amplifier (>17dB)

* Tunable operation frequency band about 1 GHz
* |nstant bandwidth about 1-1.5 MHz @ 20dB
* Very promising for PACE experiment
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ar  |mplementation 2.3 GHz JPA in PACE
 experiment

1.12 liter copper cavity

« Sapphire adjustment rod

« 8 T magnet

 Lead shield

« ~50 mK MXC temperature
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CAPP/PACE 2,3GHz JPA runs

Two run finished

Entire sensitivity level 2 KSVZ
Working on bigger cavity/higher Q
Working on analysis
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SUMNMARY

« CAPP has successfully tested JPAs for haloscope axion dark matter
experiments in three frequency range

 Near quantum limit noise characteristics were achieved

« CAPP developed experience in JPA operation in high magnetic field
environment

2.3 GHz JPA runs reliable about two month with clear operation
procedure developed, regular noise temperature check

« 6 GHz JPAs showed wideband amplification up to 1 GHz. Design of 6
GHz cavities is ongoing. New cavity expected in 1-2 months.
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