Error-tolerant quantum convolutional neural networks ‘E //A\U
for symmetry-protected topological phases i

SO s e
Phys. Rev. Research 6, 033111 (2024) /Q§>\ hjcrll;\éfrsﬁat
Petr Zapletal®*? 7, Nathan A. McMahon! and Michael J. Hartmann'!
T petr.zapletal@unibas.de m
'Department of Physics, Friedrich-Alexander University Erlangen-Niirnberg (FAU), Erlangen, Germany O  Munich

" Quantum
Valley

MARIE BUHIE

Quantum neural networks based on parametrized quantum circuits, measurements and feedforward can process quantum states produced by
quantum computers, to detect non-local quantum correlations with reduced measurement and computational efforts. Here we construct
quantum convolutional neural networks (QCNNSs) to recognize symmetry-protected topological (SPT) phases in the presence of incoherent
errors, simulating the effects of decoherence under NISQ conditions. Using matrix product state simulations, we show that the QCNN output
is robust against symmetry-preserving errors, provided that the error channel is invertible, and against symmetry-breaking errors, below a
threshold error probability. Even though the error tolerance is limited close to phase boundaries due to a diverging correlation length, the
QCNNSs can precisely determine critical values of Hamiltonian parameters. To facilitate the implementation of QCNNs, we show how to
shorten logarithmic-depth QCNNSs to a constant-depth quantum circuit and classical post-processing. The constant-depth circuit reduces
sample complexity exponentially with system size in comparison to the direct sampling of the QCNN output using local Pauli measurements.
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