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Integrated photonic quantum platform: the overall scheme 

Source of single 
photon states

Manipulation
via integrated photonics

Single photon 
detection



Source: single photon generations via Quantum Dot

Different excitation schemes: 1) Resonant excitation 2) Phonon-assisted excitation



Interfacing deterministic sources and integrated circuits
 

Time demultiplexing

Single photon sources Integrated circuits



Integrated circuits: femtosecond-laser writing technique

• Femtosecond pulse tightly focused in a 
glass

• 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.

Path-econded circuits Polarization-econded circuits

L. Sansoni et al., Phys. Rev. Lett. 108, 010502 (2012)
A. Crespi et al., Nat. Photon. 7, 322-328 (2013) A. Crespi et al., Nat. Comm. 2, 566 (2011)

L. Corrielli et al., Nat. Comm. 5, 2549 (2014);

3D geometry

N. Spagnolo, et al., Nat. Comm. 4, 1606 (2013); A. Crespi, et al.,  Nat. Comm. 7, 10469 (2016) N. Viggianiello et al.,  New  Journal Physics (2018)



Universal discrete component layouts 

𝑈 =#
!

𝑈"#!

Universal 6-mode integrated 
photonic chips
• 6 layers of MZ
• 15 programmable phases 𝜙!
• 15 tunable beam splitter 𝜃!
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Universal 6-mode integrated photonic chips
• 6 layers of MZ
• 15 programmable phases 𝜙!
• 15 tunable beam splitter 𝜃!



8-mode Universal
 Interferometer

High-dimensional platforms and multi-photon experiment 
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On chip 2 photon quantum interference 3-photon Boson Sampling



Quantum computing in photonic platforms

Quantum 
states of light

Linear optical 
network

Single-photon
detection

Non universal schemes:
Photonic sampling machines

Harrow, A., Montanaro, A. Quantum computational 
supremacy. Nature 549, 203–209 (2017)

Universal schemes for quantum computing
 with photons

Ancillary photons

Qubit register
Knill, E., Laflamme, R. & Milburn, 

G. A scheme for efficient quantum 
computation with linear 

optics. Nature 409, 46–52 (2001)

…

…

Gate-based model

Measurement-based model

Cluster photonic states

Briegel, H., Browne, D., Dür, W. et 
al. Measurement-based quantum 

computation. Nature Phys 5, 19–26 (2009). 

Fusion-based model

Bartolucci, S., Birchall, P., Bombín, H. et 
al. Fusion-based quantum computation. 

Nat Commun 14, 912 (2023). 



Quantum computing in photonic platforms

Quantum 
states of light

Linear optical 
network

Single-photon
detection

Non universal schemes:
Photonic sampling machines

Harrow, A., Montanaro, A. Quantum computational 
supremacy. Nature 549, 203–209 (2017)

Applications:
• Demonstration of quantum advantage

HS. Zhong et al., Phys. Rev. Lett. 127, 180502 (2021)
Madsen, L.S, et al., Nature 606, 75–81 (2022).

• Algorithms for graphs and quantum simulation
 Thomas R Bromley et al 2020 Quantum Sci. Technol. 5 034010



Quantum computing in photonic platforms

Intermediate schemes:
Boson Sampling with adaptive measurements

Chabaud, Ulysse, Damian Markham, and Adel Sohbi. "Quantum machine 
learning with adaptive linear optics." Quantum 5 (2021): 496.

Applications: quantum machine learning

• Kernel estimation

• Classification

Quantum 
states of light

Linear optical 
networks

Single-photon
detection

𝑈$ 𝑈%
𝑈!

⇐ Classical 
Data 𝒑 

1
	
0
. . .

⇐|𝜓"⟩
Quantum  
encoding 

Operation activated by 
single-photon detection

Multi-photon 
state in 𝑚

mode

𝑚

𝑘

𝑈&

⇐
1
	
0
. . .

|𝜓"⟩

𝑈&… …

𝑘

𝑈'
(

… …

⇐

0
	
1
. . .

𝑝 𝑞 ⟨𝜓#|

𝑝

⇐
1
	
0
. . .

|𝜓"⟩

𝑈&… …

𝑘

𝑈(𝜃⃗)

Training set

Trained circuit

Label

…

… …



Proof-of-principle experiment on Quantum Machine Learning
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Experiment on the 6-mode 
universal device

• 𝑛=2 photons
• 𝑘=4 adaptive measurement
• 3x3 nontrivial Kernel  for states 

with the same number of detected 
photon (n=1 dual-rail qubit)
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Proof-of-principle experiment: first results

Experiment on the 6-mode 
universal device

• 𝑛=2 photons
• 𝑘=4 adaptive measurement
• 3x3 nontrivial Kernel  for states 

with the same number of detected 
photon (n=1 dual-rail qubit)

Bloch vectors of the 
three qubits

3x3 kernel

Theoretical expectations Experimental data

Quantum Technologies Labs
Roma



Design and verification of quantum softwares 

Software for quantum 
photonic platforms

Quantum Machine Learning
Randomness manipulation

Alternative scheme for quantum computing Suprano, Alessia, et al." arXiv preprint arXiv:2308.04543 (2023).

Quantum Reservoir computing

Quantum Bernoulli 
Factories

Blind quantum computing

Polacchi, Beatrice, et al. " arXiv preprint arXiv:2306.05195 (2023).

Quantum Metrology



Next steps: upgrade of the hybrid photonics platform

- more photons

- more modes

- detector with 
higher efficiencies

- higher rates

- full control on 
platform



Novel approach based on few complex metasurfaces

Di Colandrea F. et al., Ultra-long quantum walks via spin–orbit photonics. Optica 10, pp. 324-331 (2023)

240 
timesteps

320 
timesteps

320 
timesteps

Realizing complex unitaries based on the quantum walk paradigm



1) Integrated circuits 1) Angular momentum states 3) Deterministic sources

Collaborations:

Roberto Osellame

Filippo Cardano, Vincenzo D’Ambrosio,
Lorenzo Marrucci

Quantum Technologies Labs
Roma

Massimiliano Dispenza
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Full availability
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