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High-frequency Detection of Spin Dynamics by Means of a Combined SQUID-resonator
Chiorescu, I. (NHMFL and Physics Dept. FSU); Yue, G. (NHMFL and Physics Dept. FSU) and Franco, G. (NHMFL and Physics Dept. FSU)
Introduction 

The control of quantum spins (quantum magnetic moments) in solid-state materials has direct implications at both fundamental and applied levels. Research topics, in particular quantum computing, are based on both complex control techniques and long spin coherence times to achieve intricate and robust information control. We present a method that combines the highest spin sensitivity achieved by using an on-chip SQUID detector and a multi-mode superconducting resonator. The resonator allows the excitation of spin dynamics while the SQUID will provide the readout information.
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Fig. 1 Left: SEM of a Nb chip showing the microwave circuitry (red markings) with darker grey, the SQUID lines (lightest grey and blue markings) on a silicon chip. The insert shows a magnified view of the SQUID. Right: SQUID readout as a function of injected microwave frequency. The narrow peaks indicate the location of the multi-mode resonances of the resonator.
Experimental


We fabricated a broadband waveguide (see Fig. 1) which, when shorted into the ground, has several resonant modes. The sample is made out of Nb film sputter on a silicon chip, by means of optical and electron beam lithography. Fig 1 left shows a scanning electron micrograph of the waveguide and of the SQUID (insert). The magnetic sample will be placed in the middle of the loop and the spin dynamics will be picked up as flux variations through the SQUID area. The chip is mounted on a high-frequency probe developed for a dilution fridge.
Results and Discussion


The switching probability of the SQUID is a measure of magnetic flux through SQUID loop. At fixed flux, this probability indicates effects other than flux that can excite the SQUID, such as an intense electromagnetic mode. In Fig. 1 (right) a multi-mode spectrum is observed which is planned to be used to excite spins over a large frequency range. Every mode can be used to excite spins while the SQUID is monitoring their magnetic flux. The modes can be used in either continuous wave or pulsed mode, to allow energy level determination of spin Hamiltonian as well as spin dynamics between levels. 
Conclusions

We are using the extreme sensitivity of a SQUID as flux detector combined with the versatility of a multi-mode superconducting resonator. Preliminary data suggest that the modes are strong enough to drive the spins and the SQUID is known to be extremely sensitive, therefore spin detection under microwave drive should be achieved in the near future. The results will be presented at the APS March meeting 2017. 
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