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Introduction 

At low temperatures, an ensemble of spins can shows interesting quantum properties when coupled to a very small number of photons. Recently, related experimental results have been reported ([1], featured in [2]), showing the existence of the strong coupling regime in such systems. In such a case, the photon interacts with all spins and for a time longer than photon lifetime in the cavity and spin’s decoherence time. The proposed use of on-chip techniques allows to create superconducting resonant cavities (low losses) which can concentrate the microwave energy in extremely small volumes. This results in an increased spin-photon coupling constant.
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Fig. 1 Bottom panel: Reflected signal at the entrance of a superconducting cavity, measured at 0.5K as a function of excitation frequency and applied field. One notes the strong perturbation due to the resonance of molecular spins. Top panel: cut at 19.854 GHz (dashed line in the bottom panel) showing the magnitude of the signal, of about 10 dB.
	Experimental


We designed Nb superconducting coplanar cavities, with a variety of coupling sizes and types. A systematic study allows us to optimize the fabrication process and the design of the cavity coupling. The cavities work well under magnetic fields as high as ~1 Tesla, as required by the large operating frequency. In exchange, we obtain more energy (and coupling) per photon. A home-made heterodyne detector, working in pulse mode, injects microwave excitation pulses to a sample placed in the middle of the cavity. The microwave excitation is reflected by the cavity if the frequency is not equal to cavity’s eigen-mode. At resonance, the power is absorbed by the cavity. At the same time, ramping the external field creates a Zeeman splitting which defines the resonance frequency of the spins. When this frequency is equal to cavity eigenmode, spins absorb the radiation and thus populate the excited level.
Results and Discussion


The bottom of Fig. 1 shows reflected power in shades of blue, when both excitation frequency and magnetic field are scanned, at 0.4K, for the V15 system.


The left and right sides of the contour plot shows the cavity eigenmode when the V15 spins S=1/2 are silent. When the external field reaches the resonant field (g-factor ~2), the cavity is strongly perturbed. The top panel shows a cut along the dashed line, to underline the size of the perturbation. The resulting linewidth is of about 50 mT.
Conclusions

We have developed an on-chip technique, based on superconducting cavities, capable of detecting spin Zeeman splitting at milliKelvin temperatures. The setup is using pulsed microwave and thus will be used to detect coherent rotation of spins under microwave drive.
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