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Qudit devices

• ℤ𝑁 / better approximations to 𝑈 1 ⇒ QED

• Continuous nonabelian groups 𝑆𝑈(𝑁) ⇒ QCD.

• Finite nonabelian groups 𝐷𝑁 ⇒ nonabelian 
topological order and anyons, topological 
quantum computation.



Local symmetry 
𝑈 1 : 𝛁 ⋅ 𝑬 = −𝜌

Lattice ⇒ σ𝑘 𝐸𝐫+𝐞𝑘
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Gauge group 𝐺
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† 𝑔 = 𝐻 ∀𝐫 ∈ ℤ𝑑 , ∀𝑔 ∈ 𝐺
Extensive number of symmetries
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• Coupling with classical noisy fields* ⇒ engineered dissipation
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trajectories

Dynamical post-selection: warmup on ℤ2
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Dynamical post-selection: warmup on ℤ2
Trotterized evolution
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in an ancillary qubit

• Requires 𝑂(𝑁) ancilla qubits
• No reset of |𝑎⟩
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Equation for the density matrix in the “continuous time limit”
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Time between measurements



Measurement-induced gauge protection in digital 
quantum simulations
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Possible implementations:
• Engineered dissipation [1]
• Random gage transformations [2] 
• Continuous measurements
• Continuous limit for DPS

[1] Stanningel et al. PRL 112 (2014)
[2] Lamm et al. arxiv:2005.12688
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Nonabelian LGT: benchmark on 𝐷3

𝑫𝟑 gauge symmetry group
• Smallest discrete nonabelian group ⇒ “fits” Ca trapped ion qudit 

platform*.
• Topological order and universal anyons

2+1 dimensional square lattice , pure gauge:

෡𝐻0 = −
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𝑝
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𝑗 ෡𝑈𝑝3

𝑗† ෡𝑈𝑝4

𝑗†
+ ෡𝐻𝐸

෡𝐻𝐵 , ෡𝐻𝐸 ≠ 0 
෡𝐻𝐵

෡𝐻𝐸

෡Θ𝒗,𝑔

*Ringbauer et al, Nat Phys 18 (2022)
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𝑒−𝑖 ෡𝐻𝐸Δ𝑡

𝑒−𝑖 ෡𝐻𝐵Δ𝑡

෡𝐻𝐵

Qudit implementations

Controlled-multiplication [2]

[2] González-Cuadra et al. PRL 129 (2022)
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𝐷3 post-Processed Symmetry Verification (PSV)

Π𝑠 = projector on gauge-symmetric sector

𝜌 = density matrix after noisy evolution

𝜌𝑠 =
Π𝑠𝜌Π𝑠

Tr[Π𝑠𝜌]

Symmetry-projected expectation value of gauge-invariant observable 

Tr 𝑂𝜌𝑠 =
Tr 𝑂Π𝑠𝜌Π𝑠

Tr Π𝑠𝜌
=

Tr 𝑂𝑠𝜌

Tr[Π𝑠𝜌]
, with 𝑂𝑠 = Π𝑠𝑂Π𝑠 = Π𝑠𝑂
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• Quantum Zeno effect and gauge protection: Digital vs analog 
quantum simulations.

• Dynamical post selection: promising tool for 
qudit/nonabelian LGT.

• Extension of symmetry verification to qudit and nonabelian 
groups

• ℤ2 LGT ⇒ DPS+error correction 

What’s next?

• Measurement-induced chaos / chaos-integrability transition 
in the trajectory statistics

• Adapt to specific LGT model and hardware

• Generalize of PSV in qudits + workable approximations
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Noisy measurements
Imperfect coupling between 
computational qubits and ancilla
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Towards error correction

Successful 
correction

Non-correctable 
double errors

Pure bit-flip error channel Bit flip + coherent error

Worse 
protection

experiments

Quantum Zeno effect suppresses coherent gauge 
drift.
Conditional operations correct incoherent bit flips.



Measurement-induced gauge protection in digital 
quantum simulations
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Possible implementations:
• Engineered dissipation [1]
• Random gage transformations [2] 
• Continuous measurements
• Continuous limit for DPS

Quantum Zeno transition between 
protected (QZP) and chaotic phases

Importance of unraveling: same ensemble 
average, different stochastic trajectories

violations of gauge 
symmetries

gauge violation 
suppressed

[1] Stanningel et al. PRL 112 (2014)
[2] Lamm et al. arxiv:2005.12688
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