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Agenda

I Some context on QML
I Attempts to unite QML and HEP
I A critical comment
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QML
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Machine Learning
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Linear models
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Kernel methods
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Kernel methods
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Deep learning
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Qcircuits as trainable, composable & differentiable models.
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Farhi & Neven 1802.06002, Schuld et al. 1804.00633



Qcircuits as trainable, composable & differentiable models.
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Guerreschi & Smelyanskiy 1701.01450, Mitarai et al. 1803.00745, Schuld et al. 1811.11184



Qcircuits as trainable, composable & differentiable models.
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pennylane.ai



We can train quantum circuits like neural nets.
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Quantum circuits are kernel methods.
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Schuld & Killoran 1803.07128, Havlicek et al. 1804.11326, Lloyd et al. 2001.03622



Quantum circuits are kernel methods.
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Quantum circuits are kernel methods.
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QML and HEP
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A flavour of current work
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Guan, Perdue, Pesah, Schuld, Terashi, Vallecorsa, Vlimant,
Quantum Machine Learning in High Energy Physics, arxiv:2005.08582



A flavour of current work

Task: Distinguish pair of photons created by Higgs decay from uncorrelated background
events
Features: 8 measurements taken on the di-photon system
Quantum technology: Quantum annealer (hardware)
Quantum algorithm: Use QUBO to find best (0/1) weights to combine 36 simple ML
models (“weak learners”)
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Mott, Job, Vlimant, Lidar, & Spiropulu (2017), Nature, 550(7676), 375-379



A flavour of current work

Task: Particle track reconstruction
Features: Locations of hits + corresponding particles (TrackML challenge)
Quantum technology: Qubit-based quantum circuits (simulator)
Quantum algorithm: Represent hits as “tree-tensor network” quantum circuit and train
gates in the network
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Tüysüz, Carminati, Demirköz, Dobos, Fracas, Novotny, ... & Vlimant (2020), arXiv:2003.08126



A flavour of current work

Task: Higgs coupling to top quark pairs (ttH)
Features: 45 input events (+ PCA)
Quantum technology: Qubit-based quantum circuits (simulator + hardware)
Quantum algorithm: Variational circuit (SVM interpretation)
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Chan, Guan, Sun, Wang, Wu, Zhou, ... & Di Meglio (2019), PoS, LeptonPhoton2019, 49



A flavour of current work

Task: Classification of signal predicted in Supersymmetry
Features: SUSY data set in the UC Irvine Machine Learning Repositiory
Quantum technology: Qubit-based quantum circuits (simulator + hardware)
Quantum algorithm: Variational circuit (NN interpretation)
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Terashi, Kaneda, Kishimoto, Saito, Sawada, & Tanaka (2020), arXiv:2002.09935



A critical comment
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Why would you use QML in HEP?

I In ca 40 years’ time you want to solve a linear algebra problem
I You have Fourier signals somewhere
I You can do information processing on your physical objects directly
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Why would you do that?
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Thank you!

www.pennylane.ai
www.xanadu.ai

@XanaduAI
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