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Conclusions & outlook

Take home messages

 Quantum Zeno effect and gauge protection: Digital vs analog
quantum simulations.
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Passive error mitigation Active correction layer
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Noisy measurements

Imperfect coupling between Does the Zeno gauge-protection
computational qubits and ancilla survive?
® Is there any advantage in DPS?
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Noisy measurements
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Towards error correction

Add bit-flip (X) error channel

p(t + At) = (1 = Lper)U(AD)p(H)UT (AL)
+perr ) UBOX,p(OX, U (A1)

Derr = bit-flip error probability per Trotter step

Passive error mitigation Active correction layer
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Towards error correction

Pure bit-flip error channel
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Towards error correction

Pure bit-flip error channel

SUCC. corr; e ...~ (.02
failed corr, =me=m p .~ 0.02 corr.
m— oXaCt

Non-correctable
double errors

Successful
correction

Bit flip + coherent error

= eXact =@ COrr.

noisy m=%e=  corr + filter.

Worse

‘ protection

ex s

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




Measurement-induced gauge protection in digital

guantum simulations

—~~ A~ Py 1 A~
p=—inlf,p]+v ) GupCy —5{G]
n

Possible implementations:
* Engineered dissipation[1]

« Random gage transformations [2]

e Continuous measurements
e (Continuous limit for DPS

Quantum Zeno transition between
protected (QZP) 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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Measurement-induced gauge protection in digital

guantum simulations
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Possible implementations:
* Engineered dissipation[1]
« Random gage transformations [2]
 Continuous measurements
e Continuous limit for DPS

Quantum Zeno transition between
protected (QZP) 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

(@)

Trotter

(b)

Continuous

"(. \"\_ V4 ‘\,.f

0 Average gauge drift common -
©  for all trajectories 9
N
z 5 10
tJ

tJ
traj. avg. === Q7P



Measurement-induced gauge protection in digital
guantum simulations
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