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The “error threshold theorem” is pivotal for fault-tolerant quantum computation and Quantum Error 
Correction (QEC), but it presumes devices only susceptible to independent stochastic noise, 
overlooking coherent noise from imperfect gate control during both code space preparation and 
stabilizer checks. We examine stability of 2D topological surface code, addressing both stochastic 
Pauli and coherent noise on multi-qubit entanglement gates during code space preparation and 
stabilizer checks. We map an error detection protocol to a 3D Z_2 lattice gauge theory linked to a 
2D lattice model, introducing a theoretical tool to study coherent errors in Quantum Error Correction 
(QEC) and threshold theorem. Our results contradict the standard belief, revealing that imperfect 
initial state preparation can surprisingly fail QEC below the theoretical threshold, culminating in a 
finite logical error rate, even in the thermodynamic limit. This leads to a novel practical error 
threshold theorem highlighting the critical impact of coherent deviations in initial code space 
preparation of QEC. 
 
In the last part of my talk, I'll discuss error mitigation and benchmarking for near-term quantum 
devices, introducing a noise-resilient design [2] and a benchmarking protocol, i.e., Channel 
Spectrum Benchmarking (CSB) [3]. Our approach identifies and mitigates noises, enhancing robust 
quantum processor development and providing critical insights into noise properties and process 
fidelity, contributing to the advancement of efficient, robust quantum computation. 
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