
Witnessing single-photon entanglement with
continuous-variable measurements

Julien Laurat

Laboratoire Kastler Brossel, Universite P. et M. Curie, ENS and CNRS, Case 74, 4

place Jussieu, 75252 Paris Cedex 05, France

Quantum information protocols are commonly based on two kinds of encoding. Some

experiments are performed with ‘discrete-variables’, where the information is encoded

in a two dimensional Hilbert space, for instance on the presence or absence of single-

photons. Other experiments focus on the ‘continuous-variable’ approach, where the

information is encoded in an infinite-dimensional Hilbert space, for instance on the

quadrature components of light. Both encodings have advantages and drawbacks when

they come to sophisticated protocols. Mixing the two approaches has recently led to a

so-called ‘hybrid quantum information’ aiming at merging the best properties of both

[1]. After a general overview of this approach, I will focus here on a novel hybrid protocol

for witnessing single-photon entanglement using the continuous-variable toolbox.

Single-photon entangled states, i.e. states describing two optical paths sharing a

single-photon, constitute the simplest form of entanglement. Yet they provide a valuable

resource in quantum information. Specifically, they lie at the heart of quantum networks,

as they can be used for quantum teleportation, swapped and purified with linear optics.

The main drawback of such entanglement is the difficulty in measuring it. Existing

methods have at least three drawbacks: they require assumptions on the size of the

Hilbert space, they use post-selection or they need to recombine the entangled modes,

which is difficult in the context of large-scale networks.

In Ref. [2], we recently proposed and experimentally tested a hybrid entanglement

witness that avoids these drawbacks. Significantly, it uses local homodyning only and

does not rely on assumption about the Hilbert space dimension of the measured system.

We performed this demonstration using as a primary resource a high-fidelity single-

photon source recently developed in our group and based on a type-II optical parametric

oscillator [3].
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