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Description du projet de recherche doctoral (en francais ou en anglais) :
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Abstract:

Quantum optomechanics and electromechanics is a fast growing field with promising applications in
quantum information. Recently non-classical mechanical states have been realized. However, full
control of a quantum mechanical mode, which is necessary for successful quantum information
processing based on electromechanical systems, has yet to be demonstrated. This project aims to
develop a novel quantum electromechanical device capable of obtaining full quantum control of a
macroscopic mechanical resonator by integrating a phononic microcavity with a superconducting
transmon qubit. We expect to achieve a very strong qubit-phonon coupling coefficient that will
allow the realization of any quantum unitary operation on the phononic mode. This will have
important applications in quantum information and quantum sensing. In addition this project opens
the route to test the relevance of the quantum mechanics to the macroscopic world.

Objectives:

Quantum information processing with electromechanical devices requires full control over a non-
classical mechanical state.

Although non-classical mechanical states have been recently demonstrated full control over these
quantum mechanical states has yet to be achieved.

This project aims to develop a novel quantum electromechanical device, capable of obtaining full
quantum control of a macroscopic mechanical resonator, based on a phononic cavity strongly
coupled with a superconducting qubit.

This has the potential to pave the way towards successful quantum information processing based on
electromechanical systems.
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The main objectives of this project are to:
Integrate a phononic micropillar cavity with a transmon superconducting qubit.

Prepare arbitrary superpositions of phonon number states of the mechanical mode (including Fock
and Schrodinger cat states).

Realize arbitrary quantum unitary operations on the mechanical mode.

This project will be done in collaboration with Benjamin Huard and Audrey Bienfait from ENS Lyon

a
Qubit
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Figure 1: (a) Schematic of the qubit coupled to the micropillar cavity. (b) and (c) Superlattice micropillar
cavity composed by a A\/2 GaAs spacer and two Bragg mirrors (DBR) made of bilayers of AlGaAs/AlAs [8-
11]. (d) SEM image of a superlattice cavity fabricated by the INSP group [12]. (e) Optical microscope
image of a flux tunable trasmon qubit fabricated by the Lyon group.
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Merci d’enregistrer votre fichier au format PDF et de le nommer :
«ACRONYME de l'initiative/institut - AAP 2021 - NOM Porteur.euse Projet »

Fichier envoyer simultanément par e-mail a I’ED de rattachement et au programme :
cd instituts et initiatives @listes.upmc.fr avant le 20 février.
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