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            Abstract
The observation of the quantum states of motion of a macroscopic mechanical structure remains an open challenge in quantum-state preparation and measurement. One approach that has received extensive theoretical attention1,2,3,4,5,6,7,8,9,10,11,12,13 is the integration of superconducting qubits as control and detection elements in nanoelectromechanical systems (NEMS). Here we report measurements of a NEMS resonator coupled to a superconducting qubit, a Cooper-pair box. We demonstrate that the coupling results in a dispersive shift of the nanomechanical frequency that is the mechanical analogue of the â€˜single-atom index effectâ€™14 experienced by electromagnetic resonators in cavity quantum electrodynamics. The large magnitude of the dispersive interaction allows us to perform NEMS-based spectroscopy of the superconducting qubit, and enables observation of Landauâ€“Zener interference effectsâ€”a demonstration of nanomechanical read-out of quantum interference.
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                    Figure 1: Device and measurement circuit description, and driven frequency response of the nanoresonator.
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Figure 2: Nanoresonator frequency shift as function of CPB parameters  VCPB and  Î¦/Î¦o. [image: ]


Figure 3: Spectroscopy of the CPB using the nanomechanical frequency shift as a probe.
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Figure 4: Landauâ€“Zener interferometry using the nanomechanical frequency shift as a probe.
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        Editorial Summary
Nanomechanical vibrations
Fabricating tiny mechanical structures whose vibrational motion is purely quantum mechanical is a long-standing goal in physics, both from a fundamental perspective and in view of the applications that they could potentially enable. A parallel â€” and equally important â€” goal is the development of a scheme for observing and controlling such tiny motions. LaHaye et al. have made important progress in this direction by coupling a tiny mechanical resonator to a superconducting two-level quantum system (qubit). The state of the superconducting qubit can be measured through its influence on the vibrations of the resonator. Such a coupled device configuration should ultimately enable the preparation and measurement of exotic quantum states of motion.
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