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The wave-particle duality of light has led to two different encodings for optical quantum information 

processing. Several approaches have emerged based either on particle-like discrete-variable states [1], e.g. 

finite-dimensional quantum systems, or on wave-like continuous-variable states [2], e.g. infinite-dimensional 

systems. Here, we demonstrate the first measurement-induced generation of hybrid entanglement between 

optical quantum bits of these different types [3], located at distant places and connected by a lossy channel.  

Qubit  Qumode 

Degree of freedom Discrete Continuous  

Hilbert space Finite dimension Infinite dimension 

Encoding Photon number  Quadrature components 

Representation Matrix density  Wigner function 

Measuring Photon counter Homodyne detector 

Features ✗    Low efficiencies 
✗    Probabilistic 
✓    Easy to process 
✓    High fidelities 

✓     High efficiencies  
✓    Deterministic 
✗     Difficult to process 
✗     Limited fidelities 

(A) Alice and Bob locally generate the required resources by using continuous-wave optical parametric oscillators operated 

below threshold [4]. A two-mode squeezer and a single-mode squeezer are used respectively on Alice's and Bob's node. A small 

fraction of Bob's squeezed vacuum is tapped (3%) and mixed at a central station to the idler beam generated by Alice. The 

resulting beam is then frequency filtered and detected by a superconducting single photon detector (SSPD). Given a detection 

event, which heralds the generation, the entangled state is characterized by two high-efficiency homodyne detections in the 

optimal temporal modes [5]. 

Beyond its fundamental significance for 

the exploration of entanglement and its 

possible instantiations, our optical circuit 

opens the promises for heterogeneous 

network implementations, where discrete 

and continuous-variable operations and 

techniques can be efficiently combined 

[2]. 

The relative phase is set to 𝜑 = 0 and the beam splitter ratio at the central station is tuned. For each generated state, the negativity 𝒩 is computed, showing the transition from separable to maximally 

entangled state and back to separable. The two extreme states result indeed from heralding events coming only from Alice's node or Bob's node. The figure in the middle provides the balanced case, which is very 

similar to the one provided in previous block (figure B)  but with an opposite phase, as can be seen in the off-diagonal terms. The two other blocks give examples of intermediate ratios, showing the building up of 

the coherences.  
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Introduction 

Measurement-induced generation of hybrid entanglement 
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(B) The relative phase is set to 𝜑 = 𝜋 and the 

beam splitter ratio in the central station is 

adjusted to generate a maximally entangled 

state. The figure gives Wigner functions 

associated with the reduced density 

matrices 𝑘 𝜌 𝑙  with 𝑘, 𝑙 ∈ {0, 1, 2}  after 

correction for detection losses (𝜂 = 85%). 

For components with 𝑘 ≠ 𝑙, the plots give the 

real part of 𝑘 𝜌 𝑙  (back corner) and the 

imaginary part of 𝑙 𝜌 𝑘  (front corner). (C) 

Wigner functions associated with the reduced 

density matrices 𝑘 𝜌 𝑙  with 𝑘, 𝑙 ∈ {+, −}, 
where  ± = ( 0 ± 1 )/ 2. A fidelity 

77 ± 3% is obtained with the target state with 

𝛼 = 0.9. 

Experimental setup 

Two-mode quantum state tomography 
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Heterogeneous network 

Transition between separability and entanglement  
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