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Quantum simulations of lattice gauge theories
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Quantum simulations of lattice
gauge theories
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Quantum simulations of lattice
gauge theories
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Quantum simulations of lattice
gauge theories: time evolution
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Quantum simulations of lattice
gauge theories: time evolution
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How do we detect and suppress errors?

Abelian LGT:
* Post-selection: check if the final state satisfies local symmetries;
* Effective Hamiltonian: energy penalty
* Engineered dissipation: stochastic driving;

Non-Abelian LGT:
* Local symmetry generators do not commute
* Post-selection?



Z, LGT in one dimension and coherent error
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Measurement-induced gauge protection in digital
guantum simulations
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Equation for the density matrix in the continuous time limit
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Measurement-induced gauge protection in digital
guantum simulations

Possible implementations:
* Engineered dissipation[1]
« Random gauge transformations [2]
 Continuous measurements
‘ e Continuous limit for DPS

[1] Stanningel et al. PRL112 (2014)
[2] Lamm et al. arxiv:2005.12688



Measurement-induced gauge protection in digital
guantum simulations Quantum Ze}n\o regime

Possible implementations:
* Engineered dissipation[1]
« Random gauge transformations [2] 103
 Continuous measurements
‘ e Continuous limit for DPS
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Measurement-induced gauge protection in digital
guantum simulations Quantum Ze}n\o regime
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Measurement-induced gauge protection in digital
guantum simulations
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Measurement-induced gauge protection in digital

guantum simulations

Possible implementations:
* Engineered dissipation[1]
« Random gauge transformations [2]
 Continuous measurements
‘ e Continuous limit for DPS

Quantum Zeno transition between
protected and chaotic phases

Importance of unraveling: same ensemble
average, different stochastic trajectories

[1] Stanningel et al. PRL112 (2014)
[2] Lamm et al. arxiv:2005.12688
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Nonabelian LGT: benchmark on D4

D3 gauge symmetry group
Smallest discrete nonabelian group = “fits” Ca trapped ion qudit
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D5 Dynamical post-selection

What do we measure?

Computational basis
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D5 Dynamical post-selection

What do we measure”?
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D5 Dynamical post-selection

What do we measure? U BT
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D5 post-Processed Symmetry Verification (PSV)
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Numerical Results
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Numerical Results

Two plaquettes with PBC

dimH,,, = 6* = 1296
dimHp, s = 49

) ittty 7 Sty >1

U, Us !
d 4 o
vl UO UZ U1

Two vertices
o — nlL QL QR QR
V1,9 - @ O)g@ 2,g @ 0,g® 1,9

®
Oy, g = 071,073 407040734

Quench protocol: 27
* DPS: Each trotter . 2
4 s e Exact
step, measure one 15} 5
local charge ‘.': . R
« PSV:16independent = 4| . %1 y
observables to VI TR . I\ AV \DES
sample 05[] ¥ 2 Af ¥ A2
e ‘PSV
5 : \" 77T ~-~_Noisy
0 5 10 15 20 25
t/a
10°
10"}
1072}
-3 . ‘ ‘
10 0 0.2 04 0.6
20




Conclusions & outlook

Abelian: PhysRevB.111.094315 non-Abelian:

Two post-selection approaches general symmetries, tested for
non-Abelian systems

* Dynamical post selection
* Mid-circuit measurements —

* Entangling gates
* Measurements and reset are slow

* Post-processed symmetry verification
* “Cheap” extra circuitry -
* Exponential number of observables

https://arxiv.org/abs/2412.07844

* Optimize measurement strategies
* Local observable may not require full
gauge invariance

Identify commensurate observables
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