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d: Distance
fe: Erasure Fraction
P: Placements

Erasures
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The Hybrid Erasure Surface Codes
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The Hybrid Erasure Surface Codes
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Toy model: Repetition Code

D @ Q * Only two possible explanations

d: Number of data qubits
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* Logical error only when all erasure
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Toy model: Repetition Code
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Toy model: Repetition Code
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Toy model: Repetition Code

W\W

d: Number of data qubits : Number of erasure qubit errors
k: Number of erasure qubits ld Number of standard data qubit errors
d+k+1
efr = |7

* For every two erasures added, effective
distance increases by 1
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Generalizing to surface codes

X error chains Z error chains
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Generalizing to surface codes
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Heuristics #1: Impermeable walls
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Fraction: 0.5

Heuristics #2: Voracious Core -
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Heuristics #2: Voracious Core
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Optimized Placements
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Part 2: Simulations and results
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Applying to dual-rail transmons

Dual rail subspace
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Potentially higher error rate, but errors

are strongly biased towards erasures
Levine et al., “Demonstrating a Long-Coherence Dual-Rail Erasure Qubit Using Tunable Transmons”,
PRX 14, 011051 (2024)
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Why do we care about transmon count?
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Noise model

Error mechanism Standard qubit | Dual-rail erasure qubit
Initialization error P 2p
Readout error P 2p
Single-qubit (H) gate error p/10 D
Two-qubit (CX) gate error P P
Erasure check error - P
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Simulating erasures in Stim
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Effective distance
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Comparing to code-capacity model
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Scaling costs
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Summary
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Bonus slides
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