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Abstract

Decoherence-free subspace (DFS) and Quantum error-correcting codes (QECCs) provide
passive and active means, respectively, to fight noise in quantum information
processing. The former technique is suitable to correct errors with certain symmetries,
whilst the latter can correct independent errors. The concatenation of the two
techniques can be useful in universal fault-tolerant quantum computation when a
mixture of independent and correlated errors occur. We show that the concatenation of
a QECC and a DFS code naturally results in a degenerate code having both actively and
passively correcting parts, with the degeneracy impacting both parts. We find that
when correlated (resp., independent) errors are sufficiently strong, the concatenation
with the DFS (resp., QECC) as the inner code provides better performance, as quantified
by entanglement fidelity. As illustrative examples, we consider the concatenation of a
two-qubit DFS code and a three-qubit repetition code or five-qubit Knill-Laflamme code.
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