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Hilbert space

A general state
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A wishlist
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ToDo List

1. How do we construct             ?
2. How do we efficiently calculate the expectation values?
3. Are those states useful?

General State Formulation



Finding an Ansatz
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Idea

Use an Ansatz with polynomially many parameters although the Hilbert space has exponentially many states

We explore only a small part of the Hilbert space

TN

Hilbert space
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Couple the gauge field to the state such that it is locally invariant under gauge transformations.
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How to compute an expectation value?
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ToDo List

1. How do we construct             ?
2. How do we efficiently calculate the observables?
3. Are those states useful?

N. Schuch, M. M. Wolf, F. Verstraete, and J. I. Cirac, Phys. Rev. Lett. 98, 140506 (2007).

Contracting PEPS is hard!



A Gauged Gaussian PEPS
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Tensor Projector

Use covariance matrices instead



Covariance Matrices
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Goal
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Covariance Matrices for GGPEPS

The Covariance Matrix



Computing the Norm
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Covariance Matrices for GGPEPS

The Norm

…
…



The MC Algorithm
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Draw a new gauge field configuration

Build the state

Calculate the acceptance probability by computing

Accept or Decline



The Variational MC Algorithm
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Estimate the energy and the gradients

Adapt the parameters

Start with a set of parameters



How to compute an expectation value?
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ToDo List

1. How do we construct             ?
2. How do we efficiently calculate the observables?
3. Are those states useful?
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GGPEPS can be contracted via covariance matrices



Let’s consider a Z2 LGT with Fermions
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Kogut Susskind Hamiltonian
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Results – 2x2 Benchmark
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Results – Monte Carlo Sampling
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Results – Resolving Phases
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Some Thoughts on Time Evolution
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Time Evolution (TDVP)

Trotterization



How do we construct               ?

Summary
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How do we efficiently calculate the expectation 
values?

Are those states useful?

GGPEPS

Covariance Matrices and Variational Monte Carlo 
Sampling

A. Kelman, U. Borla, P. Emonts, and E. Zohar, arXiv:2412.16951.
A. Kelman, U. Borla, I. Gomelski, J. Elyovich, G. Roose, P. Emonts, and E. Zohar, Phys. Rev. D 110, 054511 (2024).



What are the next steps?

Three spatial dimensions? Time Evolution?

P. Emonts and E. Zohar,. Phys. Rev. D 108, 
014514 (2023).

Non-Abelian Gauge Groups?

E. Zohar and J. I. Cirac, Phys. Rev. D 97, 034510 (2018).
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