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Error  correction is becoming an
experimental reality [1], but it comes at the
cost of dedicating many physical qubits to
generate one ‘logical’ qubit. So what
happens if you decide to create a
machine with both error-corrected and
physical qubits to be used together? This
work [1] begins to answer this question by
considering the capabilities of a simplified
model of noisy and noiseless qubits, which is
further developed to include realistic error
correction. We find that we do indeed get
an exponential suppression of errors by
mixing the two types of qubits, as well as
the exponential increase in computational
space given by the additional qubits. This
could extend the computational reach of
smaller fault-tolerant machines.
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Figure 1: Plot showing the decay of the mean
magnitude of gradients over the depth of the
circuit (layers) as you increase the number of
‘dirty’ or physical qubits ny. This is compared to
lowering the overall error rate of the machine.
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Figure 2: Circuit diagram showing the clean and
dirty setup with gate types “a” (orange) which
are standard noisy gates on our ‘dirty’ qubits,
gate types “b" (white) which are encoded
logical gates acting on the ‘clean’ qubits, and
gate types “c” (yellow) which couple the clean
and dirty qubits.
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