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Abstract:

We report the experimental realization of a hybrid quantum circuit combining a superconducting
gubit and an ensemble of electronic spins (Fig. a). The qubit, of the transmon type, Is coherently
coupled to the spin ensemble consisting of nitrogen-vacancy (NV) centers in a diamond crystal via a
frequency-tunable superconducting resonator acting as a quantum bus [1,2]. Using this circuit, we
prepare arbitrary superpositions of the qubit states that we store into collective excitations of the
spin ensemble and retrieve back into the qubit later on (Fig. b) [3]. These results constitute a first
proof of concept of spin-ensemble based quantum memory for superconducting gubits.

We also report a state-of-the-art magnetic resonance spectrometer at millikelvin temperature based
on the superconducting quantum circuit technologies, I.e., using a Josephson parametric amplifier
[4], where 5000 spins can be detected with a signal-to-noise of 1 in a single Hahn-echo sequence.
Using the same setup we also observed spontaneous emission of spins for the first time.
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(a) Photo (top) and schematic (bottom) of the hybrid quantum circuit. A transmon qubit (red) Is
coupled to an ensemble of NV centres electron spins (pink) via a frequency tunable quantum bus
resonator (orange). (b) Modulus of the off-diagonal element ry, of the qubit density matrix as a
function of interaction time with the spin ensemble.

The oscillations show that the guantum coherence, which is initially prepared in the qubit, Is
stored/retrieved into/from the spin ensemble.
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