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Hybrid quantum systems combining mechanical resonators and superconducting
circuits

Summary (half a page maximum)

How can we bring a mechanical object into the quantum regime? High-Q microfabricated
resonators coupled to superconducting circuits offer a platform for sensitive force
measurements and experiments at the interface between quantum physics and gravity.

The main objective of the internship is the optical characterization of silicon-nitride
membranes and ribbons, structured or unstructured. The student will use a digital holographic
microscope to map deformations and mechanical mode shapes, and laser interferometers to
measure resonance frequencies, thermal motion and quality factors. Finite-element
simulations will help identify dissipation mechanisms and select devices.

In a second stage, selected resonators will be coupled to superconducting circuits and
measured in a dilution refrigerator near 10 mK. The student will join the Optomechanics and
Quantum Measurements team, building on our results on MHz fluxonium qubits [1],
quantum-motion measurements [2], cryogenic electromechanical transduction [3] and
phononic-crystal membranes [4]. Phononic crystals are one possible resonator geometry.

A funded PhD within ANR GRAVITATION can follow, targeting ground-state preparation of
a high-Q mechanical mode and its control at low frequency through dynamic stress tuning.
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