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Programmable interferometers
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• Probabilistic gates • Cluster state computation

• Boson sampling • Quantum simulator

Carolan J. et al. Science 349, 711 (2015)
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Artificial neural 
networks with 
linear optical 
interferometers
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• Solving classification problems

• Complex-valued problems

• Low energy consumption

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



Interferometers architectures
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phase layers

mixing layers



Programmable interferometer 
characterization
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PQCLab/ILOptics



Data for reconstruction
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…



Algorithm
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Robustness to phase control errors
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Simulation results
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Accuracy versus full matrices 
measurement error

Accuracy versus phases 
control error
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Issue 1: Intensity-only measurements
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Heilmann R. et al. Sci. Bull. 60, 96 (2015)



Conjugate phases trick

14Bantysh B.I. et al. Laser Phys. Lett. 21, 015203 (2023)



Issue 2: Controls cross-talk
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No cross-talk:

Linear 
cross-talk:

cross-talk matrix

Cross-talk 
compensation:

Cannot perform conjugate phases trick



Square phases trick

16

scan through currents and 
approximate pi/2-current

A B

In analogy to conjugate phases 
one finds D1 and D2

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

* Others eigenvalues phases 
give cross-talk matrix 
coefficients



Simulation results
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∝ε²

∝ε²
*phases cut-off
feature

➔ random mixing layers ➔ random k-diagonal cross-talk matrix

95th quantile of transfer matrix prediction infidelity



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


