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Measuring and entangling a single spin with single photons
This project aims at controlling the interaction between light and matter at the most fundamental quantum level:
qubits, i.e. the elementary systems of quantum physics, which can be in a superposition of two quantum states. To this
purpose, we recently developed an efficient interface between a single material qubit
(the spin of a single charge) and a single photonic qubit (the polarization of a single
photon). Our interface uses the spin qubit carried by a semiconductor hole, confined in
a nanometer-scale InAs quantum dot (QD), inside an optical microcavity. In such a
device, a photon reflected by the QD-cavity structure experiences a drasticallyenhanced rotation of its polarization, clockwise or counter-clockwise, depending on the
spin state (see figure). This allows us to play with the polarization qubit of the reflected
photons in the Poincaré sphere. In addition, we recently demonstrated the nondestructive quantum measurement of a single spin using single photons. In such
experiment every single detected photon leads to a quantum measurement back-action
on the spin qubit.
In the proposed internship/thesis offer, we want to interface spins with single photons for various applications:
- Fundamental quantum measurements. We aim at controlling the quantum back-action induced on a single
spin by a detected photon, up to the strong measurement regime and to the “quantum Zeno” effect. In this
framework the spin-photon interface is used as a quantum measurement platform, on which we can control the
way photons are “watching” the spin system.
- From spin-photon to multi-photon entanglement. We want to demonstrate a new form of spin-photon
entanglement, where the spin qubit is entangled with the polarization qubit of a single incoming/reflected
photon. By successively entangling several photons to a single spin, we will also be able to engineer highlyentangled “cluster” states which can be used for measurement-based quantum computing.
- Quantum logic gates. Finally, we plan to demonstrate deterministic spin-photon gates for quantum computing
applications. As an example, the state of a first photon can be coherently transferred to the spin quantum
memory, and retrieved at a later time using a second photon.
The proposed work is mostly experimental, involving various quantum optics experiments on single nano-objects. All
the expertise exists in the group, on the technological, experimental and theoretical aspects, to successfully lead this
project. We welcome excellent students with a solid training in quantum physics, optics and/or solid-state physics.
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