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We propose a new variational ansatz for the ground state preparation of the two-dimensional Z2 lattice gauge
theory in digital quantum computers. It is similar to the well known QAOA, but it contains half Trotter step of
an imaginary time propagator, which increases the fidelities reached around the phase transition of the gauge
theory. We propose a non-probabilistic implementation for this non-unitary operation. The performance of this
ansatz is demonstrated by showing its ability to approximate the critical exponents of the Z2 lattice theory apart
from the usual fidelity arguments. A lattice with the geometry of the rotated surface code is used in the
simulation in order to introduce ground state degeneracy in the topological phase for finite lattices. The proposed
ansatz is able to prepare any of the degenerated ground states.

References

[1] Luca Lumia et al. “Two-Dimensional Z2 Lattice Gauge Theory on a Near-Term Quantum Simulator: Variational
Quantum Optimization, Confinement, and Topological Order”. PRX Quantum 3 020320 (2022).

[2] John Cardy and Herbert Hamber. “Variational calculations and the nature of the phase transition in Z(2) gauge theory”.
Nuclear Physics B 170.1 (1980), pp. 79-90.

[3] Yu Tomita and Krysta M. Svore. “Low-distance surface codes under realistic quantum noise”. Phys. Rev. A 90 (2014),
p. 062320.

[4] A.Yu. Kitaev. “Fault-tolerant quantum computation by anyons”. Annals of Physics 303.1 (2003), pp. 2-30.

[5] John B. Kogut. “An introduction to lattice gauge theory and spin systems”. Rev. Mod. Phys. 51 (1979), pp. 659-713.

[6] Leo Zhou et al. “Quantum Approximate Optimization Algorithm: Performance, Mechanism, and Implementation on
Near-Term Devices”. Phys. Rev. X 10 (2020), p. 021067

[71 Julius Mildenberger. “Probing confinement in a Z2 lattice gauge theory on a quantum computer”.
arxiv:arXiv:2203.08905 [quant-ph] (2022)



