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Quantum Advantage 2019 superconductor chip2020 Optical setup



Quantum Computation
Quantum Advantage2020 Optical setup



Photonic Computation
Quantum Advantage



Photonic Computation
Quantum Advantage/Boson Sampling

3 photons
6 modes

2012



Photonic Computation
Quantum Advantage/Boson Sampling

20 photons
60 modes

2019



Photonic Computation
GaussianBoson Sampling

50 SMSS 
100 modes

2020



3-qubit Optical Quantum Simulation
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Time dependent Schrödinger equation:

Quantum simulation:
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D. Marcuse. Light Transmission Optics . (Van Nostrand Reinhold Company, New York, 1982).
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Quantum simulation with classical light: Analogy between the 
paraxial wave equation and 2D Schrödinger equation

Helmholtz equation



Quantum simulation with classical light: Analogy between the 
paraxial wave equation and 2D Schrödinger equation
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Quantum Harmonic Oscillator

Figure credits: 
Phil. Trans. R. Soc. A
Swings and roundabouts: optical Poincaré spheres for polarization and Gaussian beams, M. R. Dennis, M. A. Alonso, 
DOI: 10.1098/rsta.2015.0441



Quantum simulation with classical light: Analogy between the 
paraxial wave equation and 2D Schrödinger equation

Gaussian beams

Laguerre-Gaussian beams, Hermite-Gaussian 
beams and linear combinations



Quantum Simulation Using Classical Light



Emulating a quantum harmonic oscillator to study quantum 
thermodynamics



Experimental study of quantum thermodynamics using 
entangled photons



Optical integration



Spatial Light Modulator
SLM

Laser projection based on 
SLM (Holoeye Photonics AG)

HAIXIANG MA, et al. 

Vol. 42, No. 1 / January 1 2017 / Optics Letters

SLM

SLM
Mask
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Optical integration

HWP



Optical integration

HWP

Det1 : I+

Det2 : I-



Optical integration



Optical integration using reflective SLM

: I+

: I-



Optical integration using reflective SLM
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Optical integration using reflective SLM
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Optical integration using reflective SLM

: I+

: I-



Examples of optical integration

1D functions 2D functions



Optical computation of a quantum 
algorithm: Deustch-Jozsa



What about Dynamical Distance Geometry?

arXiv:2105.12118v1 [cs.ET] 25 May 2021



Thank you!


