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Photonic circuits

W. Bogaerts et al., Nature 586, 207 (2020)



Analogue computation Optical neural networks

Quantum simulationsUnitary operations
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Quantum walks



The quantum walk 



A few rules: 

1) Toss the coin

2) Move according to the coin state

3) Repeat



Let’s (quantum) walk!



1st time step



1st time step



1st time step



1st time step



1st time step



2nd time step



2nd time step



… and so on!



Why?

Topological simulator

Quantum search algorithm

Entanglement generator

Transport phenomena



Photonic quantum walks



Photonic quantum walks (coin)

COIN POLARIZATION



L. Sansoni et al., Phys. Rev. Lett. 108, 010502 (2012)

position modes

Photonic quantum walks (walker)

helical modes

F. Cardano et al., Sci. Adv. 1, e1500087 (2015)

K. Fenwick et al., Optica 11, 1017 (2024)

temporal modes



transverse momentum modes

A. D'Errico et al., Optica 7, 108 (2020)

Our walker



Quantizing light transverse momentum

𝐸(𝑥, 𝑦, 𝑧) = 𝐸0 𝑥, 𝑦, 𝑧 𝑒𝑖𝑘𝑧𝑧𝑒𝑖𝑘𝑥𝑥
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Quantizing light transverse momentum

𝑚 = 𝐸0 𝑥, 𝑦, 𝑧 𝑒𝑖𝑘𝑧𝑧𝑒𝑖𝑚Δ𝑘⊥𝑥 𝑚 ∈ ℤΔ𝑘⊥ =
2𝜋

Λ



Quantizing light transverse momentum

0 = 𝐸0 𝑥, 𝑦, 𝑧 𝑒𝑖𝑘𝑧𝑧 𝑚 = 0Δ𝑘⊥ =
2𝜋

Λ



Quantizing light transverse momentum

1 = 𝐸0 𝑥, 𝑦, 𝑧 𝑒𝑖𝑘𝑧𝑧𝑒+𝑖Δ𝑘⊥𝑥 𝑚 = 1Δ𝑘⊥ =
2𝜋

Λ



Quantizing light transverse momentum

−1 = 𝐸0 𝑥, 𝑦, 𝑧 𝑒𝑖𝑘𝑧𝑧𝑒−𝑖Δ𝑘⊥𝑥 𝑚 = −1Δ𝑘⊥ =
2𝜋

Λ



Light momenta Walker positions

Light positions Walker momenta

Keep in mind

Talk by Alessio D’Errico (Tomorrow, 9.30)

Talk by Farid Ghobadi (Thursday, 15:40)

Poster by Maria Gorizia Ammendola (Tomorrow, 16:00-18:00) 



Photonic implementation of the QW dynamics

optical retardation

(birefringence)
optic-axis orientation

Waveplate operator



Coin rotation

Coin-dependent translation

quarter-wave plate

g-plate



Liquid-crystal metasurfaces 

g-plate

electrically tuned



Optimizing photonic simulations

F. Di Colandrea et al., Optica 10, 324 (2023)



Standard approach

Rotation + Translation 
(or a combination of them)



Standard approach

Rotation + Translation 
(or a combination of them)

(at least) 2 optical elements 

for each time step



Standard approach

Rotation + Translation 
(or a combination of them)

(at least) 2 optical elements 

for each time step
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Position-dependent polarization rotation



Uniform polarization rotation

R. Simon & N. Mukunda, Phys. Lett. A 143, 165–169 (1990)



Non-Uniform polarization rotation



Non-Uniform polarization rotation



Ultra-long quantum walks

F. Di Colandrea et al., Optica 10, 324 (2023)



240-step quantum walk



240-step quantum walk



240-step quantum walk



m

240-step quantum walk

s = (85.8±0.5)%

F. Di Colandrea et al., Optica 10, 324 (2023)



320-step quantum walk (160+160)

F. Di Colandrea et al., Optica 10, 324 (2023)



Large-scale 2D quantum walks

M.G. Ammendola et al., arXiv:2406.08652

Advanced Photonics (in press)





5 mm
1 mm



𝜏 = 3

𝜏 = 5

𝑃exp(𝑚𝑥, 𝑚𝑦) 𝑃th(𝑚𝑥, 𝑚𝑦)



𝜏 = 10

𝜏 = 20

𝑃exp(𝑚𝑥, 𝑚𝑦) 𝑃th(𝑚𝑥, 𝑚𝑦)



Programmable photonic circuit

M.G. Ammendola et al., in preparation



Spatial Light Modulators



Results

M.G. Ammendola et al., in preparation

t

𝑚 𝑚



Conclusions



Take-home message

• Compact liquid-crystal-based photonic circuits enabling extreme quantum 

simulations
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Similarity estimator



Operator description

COIN-DEPENDENT TRANSLATION

COIN ROTATION



Orthogonality?

𝑚 𝑚′ ≠ 0



Orthogonality?

𝑚 𝑚′ ≃ 0



Liquid-crystal metasurfaces

LC patterned waveplates with electrically-tuned birefringence



Liquid-crystal metasurfaces

LC patterned waveplates with electrically-tuned birefringence



Liquid-crystal metasurfaces

LC patterned waveplates with electrically-tuned birefringence



Liquid-crystal metasurfaces

LC patterned waveplates with electrically-tuned birefringence
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