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About Quandela

QUANDELA COMPANY PRESENTATION 

Quandela Scientific Advisory Board

Founded in 2017
Spin off from Pascale Senellart’s group at C2N 
(CNRS & Paris-Saclay University)

Today:
140+ people, with >50 scientists and engineers
>40 scientific publications and patents

R&D Centers Production Centers

C2N - Palaiseau Massy IPVF - Palaiseau Massy
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Where AI, HPC, and Quantum meet

End-users across numerous industries have experienced our solutions:

renewed contracts+

+ +

ALREADY TESTED AND INTEGRATED BY MANY STAKEHOLDERS
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QUANDELA OVERVIEW

Leading HPC and datacentre operators have deployed our quantum systems:

Delivered system
Delivered system Delivered system

QUANTUM 
COMPUTING

ARTIFICIAL 
INTELLIGENCE

HIGH-PERFORMANCE 
COMPUTING

→ Cloud solutions
→ Unified application workflow
→ HPC system integration 

HYBRID QUANTUM-AI 
COMPUTING

Key partners have integrated our quantum solutions:

Connected to their 
Cloud Platform

On-going connexion to their 
Cloud Platform-> mid 2026

Integrated to their 
Qaptiva Solution

CUDA QUANTUM + 
NVQ Link
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We are focused on delivering cutting-
edge solutions

QUANDELA OVERVIEW

Direct Integration
into HPC environment
(resilient, low energy)

5
systems deployed 
over the past 20 months

10

months delivery time

EXISTING CUSTOMERS

Delivered 
systems

3

days installation period

2
0

23
2

0
25

Deployed in October 2025 at TGCC (France) and operated by CEA, Lucy is the most
powerful universal photonic quantum computer available in Europe.

2 qubits

6 qubits

12 qubits



5
CONFIDENTIAL - COPYRIGHT QUANDELA

OUR FULL-STACK APPROACH

We deliver HPC-ready Quantum Processor Units

Deployed in October 2025 at TGCC (France) and operated by 
CEA, Lucy is the most powerful universal photonic quantum 
computer available in Europe.

Quandela’s Quantum Processor integrated at Exaion’s datacenter 
in Sherbrooke (Canada) in 2025

Photograph of the Quantum Processor installed at OVH-Cloud 
data-center in 2023 (France)
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Photonic quantum computing companies

QUANDELA COMPANY PRESENTATION 

Psi-Quantum
USA - 2016

DV QC
SPDC sources

Xanadu
Canada - 2018

Continuous

variable QC

QuiX
Netherlands - 2019

SiN4 based

DV QC

ORCA
UK - 2020

Memory-based

QC

Quandela
France - 2017

DV QC

DV QC: discrete variable quantum computing
Information is encoded in single photons that can be in different modes (e.g. spatial or polarization)
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Not covered here: continuous variable photonic 
quantum computing

QUANDELA COMPANY PRESENTATION 

G. Breitenbach et al. Nature 387 (1997)
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Introducing myself

• Studied physics at Universite Libre de Bruxelles, Belgium

• PhD at Institute of Photonic Sciences (ICFO) in Barcelona, Spain, in quantum foundations

• Worked for a couple of years in data science and machine learning

• Joined Quandela in June 2022

• Research topics: 
• photonic quantum computing
• quantum machine learning
• machine learning for quantum
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Structure of the presentation

Experimental setup
Linear optical 
quantum computing Algorithms examples What next?

QUANDELA COMPANY PRESENTATION 
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QUANDELA COMPANY PRESENTATION 

Perceval MerLin

Photonic QML framework
PyTorch integration

Built for AI/ML practicioners

Simulation close to the hardware
Noise models
Circuit design



Experimental 
setup
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Near-term quantum processors

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Desired properties for a single photon source

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Desired properties for a single photon source

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

purity
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Desired properties for a single photon source

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

on-demand/brightness

purity
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Desired properties for a single photon source

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

indistinguishabilitypurity

on-demand/brightness
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Desired properties for a single photon source

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

indistinguishabilitypurity

on-demand/brightness
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Desired properties for a single photon source

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

indistinguishabilitypurity

Ideally: 
On-demand bright source of 
pure and indistinguishable 
single photons

on-demand/brightness
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Quantum dots as single photon sources

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

Quantum dot

GaAs

GaAs

InGaAs

3-5 nm
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Quantum dots as single photon sources

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

Quantum dot

GaAs

GaAs

InGaAs

3-5 nm
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Quantum dots as single photon sources

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

Quantum dot

GaAs

GaAs

InGaAs

3-5 nm
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Quantum dots as single photon sources

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

Quantum dot in micropillar cavity
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Near-term quantum processors

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Demultiplexer for deterministic sources

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Near-term quantum processors

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Photonic integrated chips

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

T. B. Pittman et al. Johns Hopkins APL Technical Digest 25 2 (2004)

J. Wang et al. Science 360 (2018)
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Near-term quantum processors

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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QUANDELA COMPANY PRESENTATION 

Photon detectors

Superconducting Nanowire Single Photon Detector
(SNSPD)

> 95% single photon detection 

Ideally: PNR detectors

Output states such as 0210301

Current technology: threshold detectors

Indicates click or no click

Output states such as |0110101⟩

Photon number resolution (PNR)

EXPERIMENTAL SETUP
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Near-term quantum processors

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Sources of noise

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

• Photon loss is the main source of noise

• Affects the whole circuit

• Exponential scaling with number of photons in an experiment

+ single photon purity
+ photon distinguishability
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Near-term quantum processors

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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Perceval software

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

pip install perceval-quandela

import perceval as pcvl

+ contains qiskit converter!
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Cloud computing

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP



Linear optical 
quantum computing
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What do we mean by linear optics?

QUANDELA COMPANY PRESENTATION 

LINEAR OPTICAL QUANTUM COMPUTING

• Discrete variable linear optical quantum computing (DVLOQC) uses beam splitters and 
phase shifters on an input of single photons to perform quantum computing.

• Fock state of n photons in a single mode : | ⟩𝑛

• Fock state on 𝑚 modes: | ⟩𝑛1,…,𝑛𝑚

| ⟩1,0,1,0,1,1 | ⟩1,2,0,1,0,0

Input Fock state Output Fock state

Source Detectors
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QUANDELA COMPANY PRESENTATION 

LINEAR OPTICAL QUANTUM COMPUTING

Beamsplitter Phase shifter

• Linear optical transformation on 𝑚 modes 𝑈 ∈ 𝑈 𝑚 .

• Linear optical transformations are made of beam splitters (BS) which are 𝑈(2) transformations 
(phases) and phase shifters (PS) which are 𝑈(1) transformations.

What do we mean by linear optics?
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Implementing unitary transformations

QUANDELA COMPANY PRESENTATION 

LINEAR OPTICAL QUANTUM COMPUTING

Theorem by Reck et al. : 
For any 𝑼 ∈ 𝑼 𝒎 , there exists an 𝒎-mode linear optical circuit implementing it

Scattering 𝑚 ×𝑚 unitary matrix implemented with 𝑚(𝑚 − 1)/2 beam 
splitters

M. Reck et al. Physical Review Letters 73, 58 (1994)

W. R. Clements et al. Optica 3, 12 (2016)
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QUANDELA COMPANY PRESENTATION 

ALGORITHMS DESIGN AND EXAMPLES

• The probability to measure an output state ⟩|𝑠1, … 𝑠𝑚
is given by |𝛼𝑠| 2/𝑠1!...𝑠𝑚! 𝑛1!... 𝑛𝑚!

• It can be  shown that |𝛼𝑠|2 =|𝑃𝑒𝑟(𝑈𝑆,𝑁)| 2, 𝑈𝑆,𝑁
submatrix of 𝑈 determined by 𝑆 = (𝑠1, … . , 𝑠𝑚) rows 
and N= (𝑛1, … . , 𝑛𝑚) column

• If 𝐴 is an n × 𝑛 matrix,  𝑃𝑒𝑟 𝐴 = σ𝜎∈𝑆𝑛
ς𝑖=1
𝑛 𝐴𝑖𝜎(𝑖)

• Easy rule: like the determinant but with + signs 
everywhere

• The permanent, unlike the determinant, is hard to 
compute (best classical algorithms scale as O(𝑛2𝑛))

U

Haar-random

Boson sampling
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QUANDELA COMPANY PRESENTATION 

ALGORITHMS DESIGN AND EXAMPLES

U

Haar-random

Boson sampling

• Boson sampling task: sample from the output 
probability distribution of a DVLOQC circuit

• More specifically, sample outputs S from P(S)

• With P(S) ∝ |𝑃𝑒𝑟𝑚(𝑈𝑇,𝑆)|2

• Hard to do classically, conditioned on some widely 
believed complexity theory conjectures

➢ Near term demonstration of quantum advantage
➢ Task may not be useful 
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Boson sampling

QUANDELA COMPANY PRESENTATION 

LINEAR OPTICAL QUANTUM COMPUTING

Gaussian Boson Sampling defined in continuous variable framework

Original Boson Sampling article
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Qubit and logical gates with linear optics

QUANDELA COMPANY PRESENTATION 

LINEAR OPTICAL QUANTUM COMPUTING

0 𝑞𝑢𝑏𝑖𝑡 ≔ 1, 0
Choose an encoding

0 → 0 + 1

Dual rail

One qubit gates

Beamsplitter

1 𝑞𝑢𝑏𝑖𝑡 ≔ 0, 1
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Qubit and logical gates with linear optics

QUANDELA COMPANY PRESENTATION 

LINEAR OPTICAL QUANTUM COMPUTING

0 𝑞𝑢𝑏𝑖𝑡 ≔ 1, 0
Choose an encoding

0 → 0 + 1

Dual rail

One qubit gates

Beamsplitter

1 𝑞𝑢𝑏𝑖𝑡 ≔ 0, 1

Other encodings are 
possible, like polarization
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QUANDELA COMPANY PRESENTATION 

However, some two-qubit gates cannot be achieved 
deterministically with passive linear optics

Options:
• Nonlinearities (materials unavailable)
• Post-selection (probabilistic)
• Heralding (probabilistic)
• Feedforward

Ralph, Timothy C., et al. Physical Review A 65.6 (2002): 062324.

Example: post-selected CNOT gate

LINEAR OPTICAL QUANTUM COMPUTING

Qubit and logical gates with linear optics



QUIZZ!



Algorithms design 
and examples
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Two approaches to algorithm design on linear optics
ALGORITHMS DESIGN AND EXAMPLES

Qubit-based Photon-native

Dual rail encoding

Post-selected output

00 = |1010⟩

01 = |1001⟩

11 = |0101⟩
…

|100100⟩

Input Fock state |110100⟩

Output Fock states

|111000⟩

|001200⟩
…
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Qubit-based algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

Variational Quantum Eigensolver (VQE)

VQE for H2 molecule on QPU

𝑅 = 𝑓(𝛼, 𝛽, 𝛾, 𝛿, 𝜇)
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Qubit-based algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

QLOQ encoding

Application of QLOQ to VQE on LiH molecule
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Photon-native algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

Variational quantum classifier
Classifier: ansatz and optimisation
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Photon-native algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

Solving graph problems with linear optics
Graph isomorphism: compare 

permanents of adjacency matrices

The adjacency matrix of the graph is encoded into the linear optical circuit
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Photon-native algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

Generative learning models

Error-mitigated experimental training of QCBM

Generating digits through simulations and on QPU
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Photon-native algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

Photonic parameter shift rule

https://pennylane.ai/qml/glossary/parameter_shift

Application of PPSR to QCBM model
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Photon-native algorithms examples
ALGORITHMS DESIGN AND EXAMPLES

Reinforcement learning

The agent is modelled by a graph

The agent is implemented as a linear optical circuit
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Perceval challenge
ALGORITHMS DESIGN AND EXAMPLES

All code and methods available on Github
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Upcoming work: QCNN
ALGORITHMS DESIGN AND EXAMPLES

Quantum convolutional neural network (QCNN) – D. Wang et al.

Quantum Circular 
Convolution

• Invariant under arbitrary 
translation

• Global operation

Quantum Convolution
• Invariant under stride 𝑘

translations
• Local operation

Quantum Pooling Layer
• Makes use of adaptive 

photon reinjection

Quantum Dense 
Layer

• Allows for 
interference of 
the photons

• Implemented 
using a universal 
interferometer

Amplitude 
tensor 

encoding

Image 
input
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Upcoming work: cycleGAN
ALGORITHMS DESIGN AND EXAMPLES

REAL IMAGE

ENCODER

QUANTUM ANNOTATION

DECODER

NEW IMAGE

Integration of Boson Sampling primitive improved
translation and reduced hallucinations.

Quantum transformation: no need for model training. 
It only requires source image annotation01 02
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Other research groups also active in algorithms for 
photonic devices

ALGORITHMS DESIGN AND EXAMPLES
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Other research groups also active in algorithms for 
photonic devices

ALGORITHMS DESIGN AND EXAMPLES

Quantum reservoir computing

Results reproduced on 
MerLin platform



What next?
Our roadmap
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A fault tolerant quantum computer

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

Threshold theorem:

A quantum computer with a physical error rate below a certain threshold can, through application 
of quantum error correction schemes, suppress the logical error rate to arbitrarily low levels.

In other words, quantum computers can be made fault-tolerant.
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Photonic platforms – scaling proposals

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

Measurement based quantum computing (MBQC)

Proposed by R. Raussendorf and H. J. Briegel in A One-Way Quantum Computer (2001)
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Fusion based quantum computing

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

Proposal by PsiQuantum team

Compared to MBQC it also integrates fault tolerance

Proposal comes with photonic hardware as well 
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Path for graph state generation: GHZ states

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

Generate small GHZ states
Add fusion operations
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

| ⟩↑ | ⟩𝑅 + | ⟩↓ | ⟩𝐿 Spin-photon 
entanglement

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

| ⟩↑ | ⟩𝑅 + | ⟩↓ | ⟩𝐿
Τ𝜋 2 spin-gate

| ⟩↑ + | ⟩↓

2
| ⟩𝑅 +

| ⟩↑ − | ⟩↓

2
| ⟩𝐿

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

| ⟩↑ | ⟩𝑅 + | ⟩↓ | ⟩𝐿
Τ𝜋 2 spin-gate

−𝑖| ⟩↑ | ⟩𝑉 + | ⟩↓ | ⟩𝐻
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

| ⟩↑ | ⟩𝑅 + | ⟩↓ | ⟩𝐿
Τ𝜋 2 spin-gate

−𝑖| ⟩↑ | ⟩𝑉 + | ⟩↓ | ⟩𝐻

Excitation H

−𝑖| ⟩↑ ห ⟩𝑉 | ⟩𝑅 + | ⟩↓ ห ⟩𝐻 | ⟩𝐿

…

WHAT NEXT?
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Path for graph state generation: from the source

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

General intuition:
• Strategies like FBQC can be achieved with many quantum dots
• Why not leverage those dots as carriers of quantum information?
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

General intuition:
• Strategies like FBQC can be achieved with many quantum dots
• Why not leverage those dots as carriers of quantum information?

➢ Using spins of quantum dots as qubits
➢ Using spin-entangled photon to perform 2-qubit gates
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

Emission process operator:
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

RUS gate failure DistinguishabilitySpin coherence time
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

RUS gate failure DistinguishabilitySpin coherence time

Express decoherence time 𝑇2 relative 
to time required for RUS gate 𝑡𝑅𝑈𝑆

Depends on photon loss
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

Integrating quantum error correction 
with surface code implementation

Thresholds for distinguishability, spin 
coherence time and RUS gate failure
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?

• Alternative to all-photonic and all-matter-based architectures

• Similar loss tolerance threshold to fusion-based photonic proposal

• Arbitrary physical connectivity, which implies compatibility with important 
classes of QEC codes

• Adaptable to other platforms (no need to stick to quantum-dot emitters)
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Proposal for fault tolerant architecture: SPOQC

QUANDELA COMPANY PRESENTATION 

WHAT NEXT?
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QUANDELA COMPANY PRESENTATION 

Conclusions Research directions

• More error mitigation techniques tailored to 
photonics

• Improve compilation and optimization of algorithms

• Utility and search for applications and use cases

• QML exploration and heuristics with MerLin

• Scaling and experimental teams working towards 
SPOQC

• Near term:
• Linear optics
• Boson sampling
• Variational algorithms and error mitigation 

techniques

• Long term:
• SPOQC proposal

• Mid term:
• Beyond passive linear optics: entangled input 

states, feedforward, …
• Early fault-tolerant models with SPOQC building 

blocks



QUIZZ!



Hands-on 
programming with 
Perceval and MerLin
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HANDS-ON PHOTONIC QML WITH MERLIN

Install Perceval and MerLin

Install Perceval: pip install perceval-quandela
Install MerLin: pip install merlinquantum

Find notebooks here: 
https://github.com/alexiasalavrakos/merlin_tutorials

If you wish to run the notebooks with jupyter – if not, feel free to use any IDE:
pip install notebook
jupyter notebook

Try: 
import perceval as pcvl
import merlin as ML
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Perceval software

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP

pip install perceval-quandela

import perceval as pcvl

+ contains qiskit converter!
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Cloud computing

QUANDELA COMPANY PRESENTATION 

EXPERIMENTAL SETUP
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MerLin — our first step 
toward ML frameworks 
for hybrid AI+Quantum.
Photonic focus, open design

• Develop and test quantum-enhanced ML models 
without hardware dependency

• Run everything locally or in the cloud

• Focus on cross-modality paper reproduction

1. Start Anywhere – Simulator First

• Train hybrid quantum–classical models efficiently on 
GPUs

• Use familiar PyTorch APIs

2. Train at Scale – GPU Acceleration on HPC

• Fine-tune and execute on Quandela’s photonic QPUs

• Framework evolves with new features (feedforward, 
entangled sources, SPOQC)

3. Deploy on Hardware – QPU Ready

⧉https://merlinquantum.ai
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HANDS-ON PHOTONIC QML WITH MERLIN

Differentiable Quantum Layer
… in simulation



90
CONFIDENTIAL - COPYRIGHT QUANDELA

HANDS-ON PHOTONIC QML WITH MERLIN

Quantum Layer essentials

• Data encoding
• Angle encoding
• Amplitude encoding

• Measurement strategy
• Full probability distribution as output
• Expectation per mode
• Complex amplitudes

• Computation space
• Full Fock space
• Encoded schemes

→ Allows us to choose between qubit-based or photon-native approaches
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HANDS-ON PHOTONIC QML WITH MERLIN

MerLin examples
A hybrid classifier

Linear

Linear

Quantum Layer(θ)

Linear

input_size

hidden_size
ReLU

Sigmoid

hidden_size

hidden_size

hidden_size

hidden_size

hidden_size

num_classes
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HANDS-ON PHOTONIC QML WITH MERLIN

MerLin examples
With Cross-Platform Quantum Layers

Linear

Gate-Based Quantum Linear

Photonic Quantum Layer(θ)

Linear

input_size

hidden_size
ReLU

Quantum Bridge from Hilbert to Fock space

hidden_size

hidden_size

hidden_size

num_classes

Matter qubits

Photonic qubits
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HANDS-ON PHOTONIC QML WITH MERLIN

MerLin is also a benchmarking and paper 
reproduction platform
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HANDS-ON PHOTONIC QML WITH MERLIN

MerLin is also a benchmarking and paper 
reproduction platform

You can do your own pull 
request and our team will 

review it!
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QUANDELA COMPANY PRESENTATION 

Perceval MerLin

Photonic QML framework
PyTorch integration

Built for AI/ML practicioners

Simulation close to the hardware
Noise models
Circuit design
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HANDS-ON PHOTONIC QML WITH MERLIN

Install Perceval and MerLin

Install Perceval: pip install perceval-quandela
Install MerLin: pip install merlinquantum

Find notebooks here: 
https://github.com/alexiasalavrakos/merlin_tutorials

If you wish to run the notebooks with jupyter – if not, feel free to use any IDE:
pip install notebook
jupyter notebook

Try: 
import perceval as pcvl
import merlin as ML
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HANDS-ON PHOTONIC QML WITH MERLIN

Install Perceval and MerLin

Find notebooks here: 
https://github.com/alexiasalavrakos/merlin_tutorials
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HANDS-ON PHOTONIC QML WITH MERLIN

If you have trouble with the installation…

https://colab.research.google.com/drive/1SROabiDq_k9cNOQn1QfB5wsdKC8T1pcY?usp=sharing

MerLin: https://tinyurl.com/46c9yhex

Colab file → Save a copy to Drive

Perceval: https://tinyurl.com/2zdrusj4
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Coding exercise

• Now try to classify the make_moons dataset!

• What would you change in the model definition given this dataset?

• Can you implement a “data reuploading” scheme? Does it improve the performance?
Hint: use np.hstack to reformat the data

• Feel free to play around with model structure, data encoding, measurement strategy, etc, to further 
improve performance
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