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Parametrized quantum circuits

‘Quantum computers to recognize patterns in large data

Promising application for nearterm quantum computers | Cost function - task specification

\Biamonte et al., Nature 549, 195 (2017)

Variational quantum algorithms

Measurement and classical optimization,
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Variational quantum algorithms
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Parametrized quantum circuits

Quantum computers to recognize patterns in large data

Cost function - task specification

\Measurement and classical optimization,

Cost function:

C = (H(a))

Quantum data:

States |y) produced by quantum
algorithms

Native (no encoding)

quantum computers

_quantum devices

Characterization tools for scalable

Robust against errors on near-term

'\

D

Cerezo et al., Nat Rev Phys 3, 625 (2021)



Quantum state tomography

+ Sample complexity ~ e’

Classical shadows: randomized measurements

 Efficient for k-local observables

_+ Sample complexity ~ e*

Few repetitions
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Data acquisition phase

Huang et al., Nat Phys 16, 1050 (2020)
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Sample complexﬂy number of state copies to determine an observable/chqracterlshc)

Quantum state tomography ‘Variational quantum eigensolver

Sample complexity ~ e” » VQA for GS of many-body Hamiltonians

Classical shadows: randomized measurements || * Quantum chemistry - fermion-to-qubit mapping

+ Efficient for k-local observables \* Sample complexity ~ N*

_+ Sample complexity ~ e* 3
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Huang et al., Nat Phys 16, 1050 (2020) Peruzzo et al. Nat Commun 5, 4213 (2014)
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Topological ordered: at zero temperature

* Non-local quantum correlations

_® Invariant under local transformations

‘Spin liquids
Kivelson et al. Nat Rev

Phys 5 368 (2023)
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Hard to simulate:
\Exponential growth of Hilbert
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Quantum computers
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Symmetry-protected and intrinsic topological order
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* Non-local quantum correlations

Topologlcal ordered: at zero temperature

_° Invariant under local transformations

Spin liquids
Kivelson et al. Nat Rev "
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Quantum computers

Symmetry protected and intrinsic topologlcal order
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Hard to simulate:
\Exponential growth of Hilbert space

Quantum phase recognition:

* Quantum state | y) —> quantum phase?

* No local order parameter

_ *Hard to measure fidelity, entanglement

Satzmger et al SC|ence
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S  neework

QCNN  convolution pooling convolutionpooling  fully Parametrized quantum circuit

B o connected .

| W Analogous to convolutional
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convolution pooling convolutionpooling fully

e Wa connected
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Variational optimization
e.g. supervised learning

Liv et al., PRL 130, 220603 (2023)




Convolution  Pooling Fully connected
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Explicit construction Cong et al.
Renormalization group

Sachdev, Quantum phase
Transitions (2011)

Quantum error correction
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See my poster in

| topological phases ~ SESSION A

Convoluhon Poollng Fully connected 1D c|us|-er-|smg model )
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PZ, Nathan McMahon, Michael Hartmann

Integrate quantum error correction

Tolerance to noise on NISQ computers

—=EX X=X X

PRResearch 6, 033111 (2024)
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"QCNN for Phase Recognltlon in2D fTrgining hybiqant-casclral
Toric code in magnetic field networks to recognize topological phases
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(Un)supervised learning
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Quantum convolutional neural networks
Integrated quantum error correction

Exponential reduction of sample complexity
Realized on 7-qubit superconducting processor

Intrinsic topological order in 2D

_Autonomous recognition of quantum phases |

convolution pooling convolutionpooling fully

connected

Topo?
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Quantum convolutional neural networks
~ Integrated quantum error correction

Exponential reduction of sample complexity
Realized on 7-qubit superconducting processor

Intrinsic topological order in 2D

convolution pooling convolutionpooling fully

connected

_Autonomous recognition of quantum phases

Outlook:
Training of QCNNs on superconducting

quanfum processors

Less-understood models:

quantum spin liquids, anyonic chains
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