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1. Error-correction with superconducting qubits
In the simplest error-correction schemes the qubit state |ψ〉 = a|0〉+ b|1〉
is encoded into three qubit state a|000〉 + b|111〉 with the help of the
following protocol:
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After encoding the qubits are subject to environmental noise and can,
for example, flip their state with certain probability p.

(a) Show that by two successive measurements of the operators Z1Z2 =
σz⊗σz⊗I and Z2Z3 = I⊗σz⊗σz we can uniquely determine if any
of the qubits flipped and also what qubit flipped. What happens if
two qubits flipped at the same time?

(b) From the information of the two measurements we can correct the
state applying appropriate single-qubit operations and eliminated
the effect of bit flip on the state. Typically the measurement de-
stroys the coherence of a quantum state, why it works in this case?

(c) For what probability p the error correction improves the storage of
the state |ψ〉. Sketch the dynamics of fidelity F = 〈ψ|ρ|ψ〉 where
ρ is the density operator of the real state with (and without) error
correction.

1



(d) Measurement and the following correction of the states is technical-
ly hard for superconducting qubits. Explain why? Instead we can
decode qubits using the scheme on Fig. 2. Evaluate the state af-
ter decoding assuming no bit flips and a bit flip on qubit 1. What
operation we should apply to correct for the bit flip error?

Fig. 2
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