CORRECTING
BITBY BIT

Quantum error correction could
solve the problem of decoherence,
orthe destruction of the delicate
staterequiredin quantum
computation. It works by encoding
each qubit of acomputationin
several physical qubits, so bad
qubits can be detected and
corrected. This processis only
beneficial, however, if atleast
about 10,000 operations can be
carried out per bad qubit; if qubits
go bad more frequently, the
increased computational
overhead of quantum
errorcorrection introduces more
errors than the error

correction eliminates.

Yale University physicist Steven
M. Girvin says that present-day
superconducting qubits could
perform an operationin about
10 nanoseconds, so about

100 million operations could
occurin asecond—well above
the threshold for successful
errorcorrection.

28 SCIENTIFIC AMERICAN

PHYSICS

[

Quantum Bug

QUBITS MIGHT SPONTANEOUSLY DECAY IN SECONDS BY GRAHAM P. COLLINS

omputers that exploit the weird prop-

erties of quantum mechanics could

have capabilities far exceeding those
of conventional computers for certain prob-
lems, such as breaking a widely used type of
encryption. Yet physicists must overcome a
fundamental obstacle before quantum com-
puters can become a practical reality: deco-
herence, which is the loss of the very quan-
tum properties that such computers would
rely on. Decoherence stems from the tiniest
stray interactions with the ambient environ-
ment, and thus most quantum computer de-
signs seek to isolate the sensitive working
elements from their surroundings.

Jeroen van den Brink and his colleagues
at Leiden University in the Netherlands,
however, suggest that even perfect isolation
would not keep decoherence at bay. A pro-
cess called spontaneous symmetry breaking
will ruin the delicate state required for
quantum computing. In the case of one pro-
posed device based on superconducting
quantum bits (qubits), they predict that this
new source of decoherence would degrade
the qubits after just a few seconds.

A key feature of qubits is their ability to
be in a so-called superposition; in essence,
they can be 0 and 1 simultaneously, unlike
bits in a standard computer, which must have
a definite value. A qubit in a superposition is
typically in a highly symmetrical state. For
example, in a superconducting qubit a small
electric current circulates in a loop both
clockwise and counterclockwise at the same
time. Spontaneous symmetry breaking dis-
turbs that equanimity. The process occurs
throughout physics—a ball perched on the
top of a hill, for instance, tends to roll down
one side or the other, ruining the symmetri-
cal (if unstable) state of the ball balanced at
the top. In the case of the superconducting
loop, spontaneous symmetry breaking tends
to cause the qubit to choose a definite state,
ruining the superposition.

The Leiden researchers’ result applies
only to qubits that are composed of a large
number of particles. Superconducting qubits
fit that bill, because the electric current con-
sists of many billions of electrons. The result

does not apply to qubits based on single par-
ticles, such as an ion suspended in a mag-
netic trap or a single electron in a quantum
doton a chip. Indeed, in August physicists at
the National Institute of Standards and Tech-
nology demonstrated single-ion qubits with
a coherence time of more than 10 seconds.
Not everyone agrees that the constraint
of a few seconds is a serious obstacle for su-
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SUPERCONDUCTING QUBIT (pentagonal loop at
lower right) would lose its data in seconds even if
perfectlyisolated. The upper left loop (referred to
as a SQUID) reads out the state of the qubit.

perconducting qubits. John Martinis of the
University of California at Santa Barbara
says that one second “is fine for us experi-
mentalists, since I think other physics will
limit us well before this timescale.” Accord-
ing to theorist Steven M. Girvin of Yale Uni-
versity, “if we could get a coherence time of
one second for a superconducting qubit, that
would mean that decoherence would prob-
ably not be a limitation at all.” That is be-
cause quantum error correction can over-
come decoherence once the coherence time
is long enough, Girvin argues. By running
on batches of qubits that each last for only
a second, a quantum computer as a whole
could continue working indefinitely.

So far superconducting qubits in the lab-
oratory last about 500 nanoseconds before
decoherence takes its toll. Girvin points out
that decoherence times were just nanosec-
onds a few years ago, so that 500 nanosec-
onds “represents tremendous progress.”
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