


* Probabilistic gates * Cluster state computation

|| <167 DAC TCSPC
w 1 16 channels
_m ( ) realtime correlations

164 ps channel width |\

* Boson sampling * Quantum simulator

132 x 20 V__32 x 12-bit

ffeeee

| |
BBO Lens PBS R izl I __12x !
4 140 fs |! : SPADS
Laser gog nm : : \
| 1 ‘ 6 x fibre!
: : " splitters
Photon 1 I Photon :
source | | counting ¥

Carolan J. et al. Science 349, 711 (2015)



(a) The architecture of optical neural networks
A single hidden layer

Artificial neural
% % \/% networks with
' linear optical
interferometers

hidden output

(b) Complex-valued neural network chip

Electrical control

Solving classification problems

Detector

Network input preparation (W;;,) Weight multiplication & accumulation (W) Coherent detection

Complex-valued problems

Feedback signal

i | * Low energy consumption
signal light

Amplitude & Optical -
Coherent C LX) phase  |—#| neural ggt: ecr;:: | Classical output
laser pC thodulator network processing

*

Reference light

Zhang H. et al. Nature Comm. 12, 457 (2021)



Interferometers architectures
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Robust Architecture for Programmable Universal Unitaries
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Programmable interferometer
characterization
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Fast reconstruction of programmable integrated
interferometers
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Fig. 4. An example of a partial reconstruction of the inverse matrix of the k-th mixing
layer. The dimension of the interferometer is N = 9. M = 4 matrix columns from 5 to 8 are
estimated. (a) The k-th phase layer configuration. (b) The phases of matrix A eigenvalues
are sorted on the unit circle in ascending order. The first element is considered to be the
one that is separated from the previous one by the largest distance. The first N - M =5
elements correspond to eigenvectors with indices n ¢ C. The remaining M = 4 elements
are eigenvectors with indices n € C. (c) The corresponding eigenvectors are set to be the
columns of the matrix U;l.

Algorithm 1. Mixing layers reconstruction

Measure V;, (all phase layers are disabled)

Vi 1 > The product of all currently estimated Uy
fork=1,....K-1do
U™ 1 > Initial estimation
j<0 > Current number of estimated columns

while j < Ndo
M’ = min(M,N - j)

if M’ = N then > All columns of ka' are estimated at once
©p — :—n;v";ll—’ (=10 N)

else > Only M’ columns of U ! are estimated
ene—=0(n=1,..., N)
Ojme— L (m=1,..., M)

end if

Measure V). (phases of (k  1)-th phase layer are ¢,,)

A« VrVy Vvt

Solve Aiiy = rye'®iiy foriig, ry > 0,64 € [0,21) (g=1,..., N)

Find sorting indices S using (15)

12} i IR (SN 5 55 T ()
match sorted eigenvectors of Ay

> Update M’ columns of U‘;' to

jei M
end while
Uk - IUilmll_]

if Using unitary model then
Uy « proj|Uyx] using (17)
end if
Vr « UpVr
end for
Uk « VoVy!

O PQCLab/ILOptics



Data for reconstruction
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Direct characterization of linear and quadratically nonlinear optical systems |c7 ]
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Algorithm

A R e S TR U St S

® = diag[exp(ip,)]
VO — USB V5 = USCDB
N v
Az‘/SVO_l =U5(DU5_1

|

find U from A by
diagonalization

Au =e"-u, g=1,...,.N

q q

|

continue from right to left
and find matrices of all
mixing layers



Robustness to phase control errors
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Simulation results
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Issue 1: Intensity-only measurements

i Output 1 3 - 4
(a) Beam splitter (b)(Relerg)r‘\::a) ) (C) § ;: [ (p s = -0. 160(9)n / ;, .
Output 2 TE,06l ]
ég 0.6
g Output 3 (e} § s 3 ]
S02¢ 1
: 52| (ﬁ / gt
g

g _‘2_.1.0 ( . q> 78 = 0741(8)1('

E . o8 \ \\>\
Zosf ]
Noat . 4
EO.Z = \'\t R
2 of —Fe \--1#'7 ]

0 02 04 06 08 1.0
Reference, Normalized intensity

[V and V' = diag[exp(id,)]V give the same output intensities }

Heilmann R. et al. Sci. Bull. 60, 96 (2015)
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Conjugate phases trick

Vo =DUsB Vo= 053 B o
X=VV, '=DU DU,

V. =DJU OB V. =D.U.®B S5  my X=DJYD|
5 575 » 5, ~5, ~5 * » Y = Vo[vs’]_l _ Usq)Us_l[Dsl i ot
V/=DU.®'B  Vi=DU®'B U
= \ O =argx 6 —ar + const
T D =DD n g n0 g ynO
unknown 4 2 ‘
diagonal 5' - DS’D(’)"
s [A =DVV,'=U CDI]‘IJ
matrices — &5V 5Vg — Mg 5
Bantysh B.1. et al. Laser Phys. Lett. 21, 015203 (2023) 14




Issue 2: Controls cross-talk

No cross-talk: g, = Akfz + By,

Linear g = Z Akilz-z + By
cross-talk: 7

L» cross-talk matrix

Cannot perform conjugate phases trick

 732)
Cross-talk By (Z [Al]z-kAwk)

compensation: n
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Square phases trick

In analogy to conjugate phases
one finds D1 and D2

4

X = Bop

4

*The largest eigenvalues phase
corresponds to the second
column of B

scan through currents and
approximate pi/2-current

7 V, = BA

i, = Dy BBA

* Others eigenvalues phases
give cross-talk matrix
coefficients

Detector intensity

Vo = D, B®% A

Current

16



Simulation results

=> random mixing layers => random k-diagonal cross-talk matrix

95th quantile of transfer matrix prediction infidelity
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Conclusions

The algorithm extracts both mixing layer elements and
phase layer cross-talk parameters

The algorithm does not use numerical optimization
Requires measuring the transfer matrix for 2xNxK+1
different probe currents

Waiting for experiment data

TODO: check and improve for non-linear model
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Thank you
For your attention!



Clements' architecture
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We can use the same approach
with slightly modified controls
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