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Abstract

Theoretical and algorithmic advances, availability of data, and computing power have opened the door to
exceptional perspectives for application of classical Machine Learning in the most diverse fields of science,
business and society at large, and notably in High Energy Physics (HEP). In particular, Machine Learning is
among the most promising approaches to analyse and understand the data the next generation HEP
detectors will produce.

Machine Learning is also a promising task for near-term quantum devices that can leverage compressed
high dimensional representations and use the stochastic nature of quantum measurements as random
source. Several architectures are being investigated. Quantum implementations of Boltzmann Machines,
classifiers or Auto-Encoders, among the most popular approaches, are being proposed for different
applications. Born machines are purely quantum models that can generate probability distributions in a
unique way, inaccessible to classical computers. One-class Support Vector Machines have proven to be
very powerful tools in anomaly detection problems.

This talk will give an overview of the current state of the art in terms of Machine Learning on quantum
computers with focus on their application to HEP.
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Abstract

Lattice gauge theories, which originated from particle physics in the context of Quantum Chromodynamics
(QCD), provide an important intellectual stimulus to further develop quantum information technologies.
While one long-term goal is the reliable quantum simulation of currently intractable aspects of QCD itself,
lattice gauge theories also play an important role in condensed matter physics and in quantum information
science. In this way, lattice gauge theories provide both motivation and a framework for interdisciplinary
research towards the development of special purpose digital and analog quantum simulators, and
ultimately of scalable universal quantum computers. In this talk, we will review recent results and new
tools from a quantum science approach to study lattice gauge theories. Two new complementary
approaches will be discussed: first, tensor network methods will be presented — a classical simulation
approach — applied to the study of lattice gauge theories together with some results on Abelian and non-
Abelian lattice gauge theories. Then, recent proposals for the implementation of lattice gauge theory
quantum simulators in different quantum hardware will be reported, e.g., trapped ions, Rydberg atoms,
and superconducting circuits. Finally, the first proof-of-principle trapped ions experimental quantum
simulations of the Schwinger model are reviewed.
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Abstract

The shortage of quantum computers, and their current state of development, constraints research in many
fields that could benefit from quantum computing. Although the work of a quantum computer can be
simulated with classical computing, personal computers take so long to run quantum experiments that
they are not very useful for the progress of research.

This talk presents an open quantum computing simulation platform that enables quantum computing
researchers to have access to high performance simulations. This platform, called QUTE, relies on a
supercomputer powerful enough to simulate general purpose quantum circuits of up to 38 qubits, and
even more under special simulations.



