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E Lattice Gauge Theories (LGT) }

1) Quantum Matter and Quantum Fields

2) Local symmetries, e.g. Gauss’s law in QED
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LGT are ubiquitous theoretical framework!

ﬁs emergent theories in condenseh
matter: high-Tc superconductors,
frustrated systems, spin liquids.

/As fundamental description in\
particle physics: Standard Model
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« They are extremely demanding from a numerical point of view.

« ldeal goal for HPC and Quantum Simulation/Computation!
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2016: U(1) on
quantum computers
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Nature 534, 516-519 (2016).

Simulating Lattice Gauge Theories within Quantum Technologies
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Lattice QED in (3+1)D
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Lattice QED in (3+1)D
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Quantum Link Model
discretization of Gauge Fields
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(a) Gauge Field (b) Gauge-invariant Site
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Quantum
Simulation model

| it = 267

just for comparison, like
a spin system with s = 133



Tree Tensor Networks in 3D

Generalization of
Quantum Circuits
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Ground state properties for g2, = 0
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Local configurations of matter and gauge fields

—2m > g2/2 > 0

Charge-Crystal Phase:
particle-antiparticle dimers

gz /2> 2|m|
Vacuum phase: no particles, no
field excitations
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E Confinement Properties }

Plaquette terms Electric Field Energy
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[ Confinement Properties }

| Plaquette terms Electric Field Energy
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Vi(r)ocl/r V(r) ocr

Deconfined phase Confined phase
\

Kei-Ichi Kondo, Phys. Rev. D 58, 085013 (1998)




Confinement Properties
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Finite Density

L=4,0Q=16,p=1/4 L=8,0=128,p=1/4
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What’s next?

Quantum —
Matter Physics

« Testing and validating experimental
implementations on quantum hardware.

« Non-Abelian symmetries (QCD).

« Exploit TTN algorithms to simulate
phenomena of high-energy physics
relevance, such as real-time dynamics
and scattering.

High-Energy
Physics domain
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