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Optical quantum computing

Science 370, 1460 (2020)



Beyond photonic quantum computing

Quantum networks

Delegated, secure, distrbuted quantum computing

npj Quantum Information 3, 23 (2017)
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photons onde

✓ Polarization ✓ OAM ✓ Energy✓ Time✓ Path ✓ Photon number

Many degree of freedom to encode – hyper encoding

Discrete variables Continous variables

Different flavors of quantum light



Photonic quantum computing

• No decoherence
• Easy single qubit gates
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• Moderated cryogenic resources
• Integration, modularity
• Distributed, delegated computation

Strength:



Photonic quantum computing

H	polariza on	

Waveplate	
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Challenges:
• Efficient single photon sources
• Losses
• 2 qubits gates
  multiphoton entanglement

• No decoherence
• Easy single qubit gates

• Moderated cryogenic resources
• Integration, modularity
• Distributed, delegated computation

Strength:



Photonic quantum computing roadmap

NISQ: linear computation
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NISQ: linear computation

R. Raussendorf, D.E. Browne, H.J. Briegel
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Large scale and fault tolerance : measurement based QC
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Large scale and fault tolerance : measurement based QC

R. Raussendorf, D.E. Browne, H.J. Briegel
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NISQ Architecture

Single photon 
sources

High transmission 
optical circuit 

Quantum QuantumClassical

Single photon
 detectors



Fault Tolerant Architecture

Entangled photon 
sources

High transmission 
optical circuit

Fast reconfiguration 

Quantum QuantumClassical

Single photon
 detectors



Efficient semiconductor 
Single-photon sources



Atom – single photon emitter

Single photon source



GaAs
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20 nm

3-5nm~

Artificial semiconductor atom
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Single photon source

Optical fiber

Artificial atom
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Single photon source

mirror
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Optical fiber



Semiconductor single photon sources



14 atomic layers

16 couches atomiques

Semiconductor mirrors



mirror

Semiconductor optical cavity



Appl. Phys. Lett. 47, 1099 (1985)

Artificial atom – semiconductor quantum dot

GaAs

GaAs

20 nm

3-5nm~



Semiconductor single-photon source

mirror

Our cavity cavité

25 microns

mirror



25 µm

Single photon source
Latest record – 71% efficiency

arXiv:2311.08347



Quantum dot based of single photon sources
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Senellart & Thomas 

Nature Nanotechnology 16 (4), 367-368 (2021)

Senellart , Solomon and White,

 Nature Nanotechnology Review (2017)

Quantum dots 
SPS since 2016

Latest record – 71% brightness in fibre

arXiv:2311.08347



Quandela single photon sources



Stand alone single photon source

since 2017

Margaria et al. :2410.07760



Quandela single photon sources

Clients: 

2019

2018

2020
2020

2020-21

Clients

2024 2024



Quandela NISQ quantum computer

Nature Photonics 18 (6), 603 (2024)



18 x (λ/4 + λ/2)

Nature Photonics 18 (6), 603 (2024)

Quandela NISQ quantum computer



Quandela NISQ quantum computer : virtual tour

Nature Photonics 18 (6), 603 (2024)



• 12 x 12 fully reconfigurable universal interferometer

Quandela NISQ quantum computer : virtual tour

Nature Photonics 18 (6), 603 (2024)



https://perceval.quandela.net/

Quandela NISQ quantum computer : software stack



Quandela cloud quantum computer

Nature Photonics 18 (6), 603 (2024)



Basic quantum chemistry

Differential equation resolution

𝑅 = 𝑓(𝛼, 𝛽, 𝛾, 𝛿, 𝜇)

Nature Photonics 18 (6), 603 (2024)



Test : iris images classification

Quantum machine learning
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Confusion matrices

Nature Photonics 18 (6), 603 (2024)



Benchmarking with other online platforms (2023)
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Latest release: 
Altaïr : 8 photons in 20 modes

90 % up time, >1000 users  

https://cloud.quandela.com/



Fault Tolerant Architecture

Entangled photon 
sources

High transmission 
optical circuit

Fast reconfiguration 

Quantum QuantumClassical

Single photon
 detectors



Deterministic generation of photonic graph states

Coste et al. Nature Photonics (2023)

Huet et al. arXiv:2410.23518



Spin photon entanglement with a QD device 

➢ 1. Spin initialization 

ۧExcitation |𝐻  
= 

ۧ|𝑅  + ۧ𝑖|𝐿  

| ۧ↑

N. H. Lindner and T. Rudolph. Phys. Rev. Lett. 103, 113602 (2009)

Entanglement protocol :

Spin-photon correlation

ۧ|𝑅



Spin photon entanglement with a QD device 

➢ 2. Spin precession
𝜋

2
 spin gate 

| ۧ↑

| ۧ↑ + | ۧ↓

Entanglement protocol :

| ۧ↑ | ۧ𝑅 + | ۧ↓ | ۧ𝐿 −𝑖| ۧ↑ | ۧ𝑅 | ۧ𝑉 + | ۧ↓ | ۧ𝐿 | ۧ𝑉

Spin-photon-photon 
entanglement

𝜋

2
 spin gate 

+ Excitation 

B

B

ۧ|𝐻 Excitation

Coste et. al. Nat. Photon. 17, 582–587 (2023)

Spin-photon 
entanglement

Nathan Coste



Reconfigurable graph state generation

Huet et al. arXiv:2410.23518



Two approaches for 2D photonic graphe states

entangling gate

Guichard, Vidro et al – soon on 
arxiv

Fusion of linear clusters Remote spin entanglement



Scalable architecture - SPOQC

arXiv:2311.05605v3

• Any quantum error correcting code
• Maintains scalability for low-density parity 

check codes
• Exploits built-in non- local connectivity



CNRS team

Group retreat 2023

Group retreat 2024

 Our Collaborations:

Fabio Sciarrino (Rome)
Roberto Osellame (Milan)
Hagai Eisenberg (Jerusalem)
Alexia Auffèves (Singapour)
Christoph Simon (Calgary)
Carlos Anton (Madrid)
Andrew White (Brisbane)



Quandela teams– October 2023

R&D Centers Production Centers

C2N - Palaiseau Massy IPVF - Palaiseau Massy

New offices in 
Cambridge and Munich

100 people dedicated to QC

>60 PhDs and engineers 
in algorithms,
semiconductors, optical 
technologies 
and computer science
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