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BOSON SAMPLING

Input 
n bosons

Sampling 
output state

propagation on m optical modes 

Can a classical computer efficiently simulate 
the distribution of  the output mode numbers?

Answer: No!

Arkhipov and Aaronson, “The computational complexity of  linear optics”, 
Proceedings of  the Royal Society (2011) 

How to achieve  
quantum supremacy? 

(Quantum advantage)



Quantum photonic integrated circuit architecture
Cavity-coupled quantum emitter

Resonator-coupled quantum memory
Superconducting single-photon detector

Parametric nonlinear source
Electro-optic modulator

Classical controls 



R: required, NA: not available, O: optional

Quantum photonic integrated circuits (qPICs) can be monolithically, hybrid or heterogeneously 
integrated and can harness the current progress of classical photonic integration platforms 

Quantum photonic integrated circuit architecture



Photonic integration platforms: technological maturity

“The potential and global outlook of  integrated photonics for quantum technologies”  
Emanuele Pelucchi, Giorgos Fagas, Igor Aharonovich, Dirk Englund, Eden Figueroa, Qihuang Gong, Hübel Hannes, Jin Liu , Chao-Yang Lu, Nobuyuki 
Matsuda, Jian-Wei Pan, Florian Schreck, Fabio Sciarrino, Christine Silberhorn, Jianwei Wang and Klaus D. Jöns  (Nature Physics Review, in press)

D: development stage 
E: early/explorative stage 
NA: not available 
P: proof-of-principle stage

Overview of  several photonic integration platforms 
categorized by their level of  technological maturity 



➢Femtosecond pulse tightly focused in a glass 

➢Combination of  multiphoton absorption 
and avalanche ionization induces permanent 
and localized refractive index increase in 
transparent materials 

➢Waveguides are fabricated in the bulk of  the 
substrate by translation of  the sample at 
constant velocity with respect to the laser 
beam, along the desired path.

Femtosecond laser writing 



Boson Sampling: 
Universal programmable device

DISCRETE-
COMPONENTS LAYOUT

• 6-mode universal photonic integrated chip 
• 33 heaters  
• Experiment ongoing



• 32 modes linear interferometer 
• 16 heaters on the top surface 
• 6 modes 1D fan-in (FI) and input fiber array 

(FA) 
• 32 modes 2D rectangular fan-out (FO) and 2D-

fiber array

3D continuously coupled integrated 
photonic device

Hoch, et al., npj Quantum Information 8, 55 (2022)
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• Nat. Photon. 8 
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Scattershot  
Boson Sampling

Reconfigurable circuits

Boson Sampling: the concept 
Aaronson & Arkhipov (2011)

• Nat. Photon. 11 
• Nat. Photon. 12 
• Phys. Rev. Lett. 118 
• Phys. Rev. Lett. 118

State-of-art on Boson Sampling

• Science 339 
• Science 339 
• Nat. Photon. 7 
• Nat. Photon. 7

• Science 349 
• Sci. Adv. 1 
• Phys. Rev. X 5

• Nat. Commun. 7

Bright-source  
Boson Sampling 

based on Quantum Dot

2018

• Phys. Rev. Lett. 120 
• Phys. Rev. Lett. 121



Standard Boson 
Sampling

Scattershot Boson 
Sampling

Gaussian Boson 
Sampling

Increasing sample rate

Variants of  Boson Sampling
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Paesani et al. Nat. Phys 15, 925–929 (2019)

Wang et al. Phys. Rev. Lett. 123, 250503 (2019)

Antón et al. Optica 6, 1471-1477 (2019)

Zhong et al. Science 370, 6523 (2020)

2020
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Arrazola et al. Nature 591, 54–60 (2021)

2022

Hoch et al. npj Quantum Inf. 8, 55 (2022)

Zhong et al. Phys. Rev. Lett. 127, 180502 (2021)

State-of-art on Boson Sampling

On chip Boson Sampling

Quantum dot based Boson 
Sampling

3D-Boson Sampling

On chip Gaussian 
Boson Sampling

Quantum 
Advantage 

Via Gaussian  
Boson Sampling



- 50 input single-mode squeezed states 
- 100-mode ultraslow-loss interferometer 
- 100 high efficiency single-photon detectors

JIUZHANG

Gaussian Boson Sampling

Zhong et al. Science 370, 6523 (2020)



Gaussian Boson Sampling



Challenges on Boson Sampling and variants

Technological challenges: 
- Single photon sources 
- Manipulation on a chip 
- Large arrays of  single photon detectors

Open questions: 
- Variant schemes 
- Applications: how to exploit it within 

hybrid algorithms? 
-  How noise and imperfections affect the 
hardness claim? 
-  How to certify the well functioning of  Boson 
Sampling?

TARGETS: 
More photons 

More optical modes 
Alternative schemes



For proving quantum advantage For solving computational problems

For quantum simulation

Boson Sampling: 
potential applications 



Hybrid integrated platform
Merging in the same platform: 

- quantum dot based sources 
- integrated reconfigurable photonics



Hybrid integrated platform

Experimental SetupThe GHZ Circuit
Path-encoded 4-qubit GHZ states 

Probabilistic generator 
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Roadmap for integrated quantum photonics 

“The potential and global outlook of  integrated photonics for quantum technologies”  

Emanuele Pelucchi, Giorgos Fagas, Igor Aharonovich, Dirk Englund, Eden Figueroa, Qihuang Gong, Hübel 
Hannes, Jin Liu , Chao-Yang Lu, Nobuyuki Matsuda, Jian-Wei Pan, Florian Schreck, Fabio Sciarrino, 
Christine Silberhorn, Jianwei Wang and Klaus D. Jöns, Nature Reviews Physics 4, 194-208 (2022)


