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Diluted Gd spins detected by sensitive SQUID-based resonator
Chiorescu, I., Yue, G., Franco, G. (NHMFL and Physics Dept. FSU); Chen, L. (State Key Laboratory of Functional Material for Informatics, Chinese Academy of Sciences, Shanghai)
Introduction 

Precise detection of spin resonance is of paramount importance to achieve coherent spin control in quantum computing. We present a setup for spin resonance measurements, which uses a dc-SQUID flux detector coupled to an antenna from a coplanar waveguide. We observe a resonance signal between the first and third excited states of Gd spins S = 7/2 in a CaWO4 crystal, relevant for state control in multi-level systems.
Experimental 

The SQUID and the waveguide are fabricated from 20 nm Nb thin film, allowing high magnetic field operation with the field applied parallel to the chip. The CaW04 crystal is placed on top of the chip and mounted on a sample holder attached to the mixing chamber of our dilution refrigerator. The data acquisition is performed with the microwave setup developed in our group.
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Fig. 1 Crystallographic unit cell showing the Gd ions and their Zeeman diagram. Measurements done at ~800G on excited levels (dashed line).
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Fig. 2 Amplitude of the absorbed signal showing a dip at the resonance field of the 7/2 ( 5/2.
	Results and Discussion


As detailed in [1], we diagonalized the Gd spin Hamiltonian to obtain the multi-level Zeeman diagram shown in Fig.1. The inset shows the unit cell and the Gd spin. The dashed line shows the field position of the resonance experiment. We studied an excited transition at a temperature of only 0.5 K (low Boltzmann population) to demonstrate the high sensitivity of our device. 

The experiment consists in sending a long microwave pulse with frequency 14.934 GHz through the superconducting waveguide fabricated on the Si chip. Inside an omega-loop (see [1] for experimental details) the diluted Gd sample is placed, in close proximity of a SQUID detector. The microwave pulse is absorbed by spins only at resonance. Following the microwave pulse, a current pulse is sent into the SQUID to probe its flux sensitivity and thus detect a change in magnetization due to spin flipping under microwave irradiation.


The results were highly successful showing a highly sensitive magnetic detection based on microwave absorption. Fig. 2 show the amplitude of the absorbed signal indicating a clear dip where the resonance signal is located.

 Conclusions

We present a sensitive on-chip detection scheme able to measure the first excited transition in a multi-level quantum spin system, at low temperatures. A rough estimation of the number of detected spins is ~107. This SQUID-based resonator can be used in future studies to perform gated control of spin rotations.
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