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Fig.1| The Sycamore processor. a, Layout of processor, showing a rectangular
array of 54 qubits {grey), each connected toits four nearest neighbours with
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Photonic Computation
Quantum Advantage/Boson Sampling
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Boson Sampling on a Photonic Chip
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Fig. 1. Model of quantum boson sampling. Given
a specified initial number state IT) = IT;...Ty) and
linear transformation A, a QBSM efficiently sam-
ples from the distribution P(SIT) of possible out-
comes [S) = 1S7...5).

Fig. 2. Sche
consist of M 3 phoTons

photons into inputs i modes . 7

outcomes in which th 6 P(S'T) = |<S|ll"out>|
which was implemented on a dif
the modes i =1 and 3 and
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Photonic Computation
Quantum Advantage/Boson Sampling
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3-qubit Optical Quantum Simulation

week endin
PRL 112, 160501 (2014) PHYSICAL REVIEW LETTERS 25 APRIL. 2014

Linear-Optical Simulation of the Cooling of a Cluster-State Hamiltonian System

G.H. Aguilar,' T. Kolb,' D. Cavalcanti,” L. Aolita,” R. Chaves,* S. P. Walborn,' and P. H. Souto Ribeiro’'
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VZA+k?’A=0

Helmholtz equation

Time dependent Schrédinger equation:

Quantum simulation: 2
PN (—hz %+V(x)jl//(x,t)

ot
L Y (x, K
(WD) (—mﬁ + n(x))w<x, 2)
1
n(x) = ny — Enlxz

D. Marcuse. Light Transmission Optics . (Van Nostrand Reinhold Company, New York, 1982).




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

1 0Y(x,z) 0 2
Quantum Harmonic Oscillator 0, —\ T7rzgz T |¥(x2)

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




Laguerre-Gaussian beams, Hermite-Gaussian
beams and linear combinations
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Quantum Simulation Using Classical Light
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Experimental observation of quantum chaos
in a beam of light

Gabriela B, Lemos', Rafael M, Gomes', Stephen P. Walborn!, Paulo H. Souto Ribeiro' & Fabricio Toscano' _ Optical
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Emulating a quantum harmonic oscillator to study quantum
thermodynamics

I Phys. Commun. 2(2018) 035012 https:/ /doi.org,/10.1088,/2399-6528 /aab178

Journal of Physics Communications
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Experimental study of quantum thermodynamics using optical
vortices . OUTPUT .
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L CCéleri’® and P H Souto Ribeiro""© '
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Experimental study of quantum thermodynamics using
entangled photons

PHYSICAL REVIEW A 101, 052113 (2020)

Experimental study of the generalized Jarzynski fluctuation relation using entangled photons
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Optical integration

J. Opt. Soc. Am. A/ Vol. 31, No. 4 / April 2014

Optical integration of a real-valued function by
measurement of a Stokes parameter

G. B. Lemos,"*** P, H. Souto Ribeiro,' and S. P. Walborn'
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Laser projection based on
SLM (Holoeye Photonics AG)

/7
HAIXIANG MA, et al.
Vol. 42, No. 1 / January 1 2017 / Optics Letters




Optical integration

PBS




Optical integration

PBS




Optical integration




Optical integration

PBS

explia(x, y)]




Optical integration

E(x,y)
V2

E,(x,y) = (T Yey + ey),




Optical integration

E(x,y)
V2

E,(x,y) = (e Yey + ey),

1 4+ eta@y) 1 - etalxy)

E,(x.y) = E(x, y)(




Optical integration

E(x,y)
J/2

EO (.CU ’ y) — (e’ia(x,y) €y + eV)s
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Optical integration

. = [[ B P51 £ coslate. p)lidedy,

a(x,y) = arccos[f (x,y)],

D— f[ B, 9) 12 (@, y)dady.




Optical integration using reflective SLM

lens lens




Optical integration using reflective SLM

lens lens

E(x,y)
V2

E,(x,y) = (€@ Dep + ey),




Optical integration using reflective SLM

E(x,y)
lens lens PBS HWP 0
PBS
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Optical integration using reflective SLM

lens lens

1. = [[ 1B P51 £ coslate. p)lidrdy,
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Optical computation of a quantum
algorithm: Deustch-Jozsa

PHYSICAL REVIEW A 92, 012337 (2015)

Deterministic quantum computation with one photonic qubit

M. Hor-Meyll, D. S. Tasca, S. P. Walborn, and P. H. Souto Ribeiro”

Constant, ¢ = 0
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Constant, ¢ = =«
<ox> = - 094

Balanced, 1 pixel
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Balanced, 10 pixels
<ox> = -0.01



What about Dynamical Distance Geometry?

Solving the One-dimensional Distance Geometry Problem by Optical Computing

S.B. Hengeveld,l’ N. Rubiano da Silva,2=E| D. S. Gonga.lves,E"El P. H. Souto Ribeiro,2'|§'_-| and A. Mucherinol’m

'IRISA, University of Rennes 1, Rennes, France
?Departamento de Fisica, Universidade Federal de Santa Catarina, CEP 88040-900, Floriandplis, SC, Brazil
?Department of Mathematics, CFM, Federal University of Santa Catarina, Floriandpolis, SC, Brazil
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Input vector preparation Vector-matrix multiplication
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Phase-to-intensity
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