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1. a.dget s tng% If a gadget is triggered,

then any Pauli errors can be present on its output data
qubits, It is straightforward to check mechanically that
for each CZ gate in (15), all four possible X errors, I1,
IX, XI and XX, have distinct Z syndromes, and so
can be corrected immedi t X error

ly in the q
correction, before the errors can spread. By symmetry,
the four possible Z errors have distinct syndromes. These
errors commute through (15) and are fixed by the final Z
error correction.

Similar considerations hold for each CCZ gate: the pos-
sible X and Z error components have distinet syndromes,
so an error's X component can be corrected immediately
and the Z component corrected at the end.
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2. No gadgets are triggered. If there is a single failure
in a CZ or CCZ gadget, but the gadget is not triggered,
then the error leaving the gadget is a linear combination
of the same Paulis that could result from a one-qubit X,
Y or Z fault before or after the gadget.

If the error has no X component, then as a weight-one
Z error it commutes to the end of (15), at which point Z
error correction fixes it.

If the error has X component of weight one, then
the Z component can be a permutation of any of
111.11Z,1ZZ,ZZZ on the three involved qubits (or of
11,1Z,ZZ for a CZ gadget). As we have already argued,
these Z errors have distinct X syndromes. The X error
correction immediately following the gadget will catch
and correct the error’s X component, keeping it from
spreading. The final Z error correction, alerted to the X
failure, will correct the error's Z component.
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Fault-tolerant quantum error correction code conversion

Charles D. Hill, Austin G. Fowler, David S. Wang, Lloyd C. L. Hollenberg
(Submitted on 12 Dec 2011) https://arxiv.org/abs/1112.2417

In this paper we demonstrate how data encoded in a five-qubit quantum error correction code can
be converted, fault-tolerantly, into a seven-qubit Steane code. This is achieved by progressing
through a series of codes, each of which fault-tolerantly corrects at least one error. Throughout
the conversion the encoded qubit remains protected. We found, through computational search,
that the method used to convert between codes given in this paper is optimal.
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