In situ amplification of spin echoes within a kinetic inductance parametric amplifier
Anders Kringhøj1, Wyatt Vine1, Arjen Vaartjes1, Mykhailo Savytskyi1, Daniel Parker1, James Slack-Smith1, Tom Day1, Thomas Schenkel2, Klaus Mølmer3, Jeffrey C. McCallum4, Brett C. Johnson5, Andrea Morello1, and Jarryd J. Pla1
1 School of Electrical Engineering and Telecommunications, UNSW Sydney, Sydney, NSW 2052, Australia. 
2Accelerator Technology and Applied Physics Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 ,USA. 
3Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, DK-2100 Copenhagen, Denmark. 4School of Physics, University of Melbourne, Melbourne, VIC 3010, Australia. 
5School of Science, RMIT University, VIC 3001, Australia
The use of superconducting microresonators together with quantum-noise-limited microwave parametric amplifiers has enhanced the sensitivity of pulsed electron spin resonance (ESR) measurements by more than four orders of magnitude [1]. So far, the microwave resonators and quantum amplifiers have been designed as separate components due to the incompatibility of conventional superconducting quantum-limited amplifiers with even moderate magnetic fields. This has produced complex spectrometers and raised technical barriers toward adoption of the technique. Here, we circumvent this issue by coupling an ensemble of spins directly to a magnetic field–resilient superconducting microwave resonator that exhibits a weak nonlinearity in the form of kinetic inductance [2]. We perform pulsed ESR measurements on a bismuth spin ensemble in silicon and use the weak nonlinearity to amplify the resulting echo signals within the same device. We demonstrate an enhancement of the signal-to-noise ratio of 7.5 at a magnetic field of 6.8 mT and 3.8 at 250mT, corresponding to a more than order of magnitude reduction in measurement times [3]. In situ amplification is demonstrated at fields up to 254 mT. 
Following this, in a second generation of devices, we have demonstrated the capability of performing amplification inside several tesla magnetic fields [4], highlighting the technique’s potential for application under more extreme ESR operating conditions. These new types of parametric amplifiers could be utilised in the amplification chain of RF-SET or gate-based dispersive readout of spin-based qubit devices, which would benefit from the device’s magnetic field compatibility and high dynamic range.
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