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Quantum systems correct themselves

November 28 2017

Quantum devices allow us to accomplish computing and sensing tasks
that go beyond the capabilities of their classical counterparts. However,
protecting quantum information from being corrupted by errors is

difficult.

An international team of researchers from Innsbruck, Harvard,
Copenhagen and Waterloo put forward a new method to protect
quantum information stored in trapped ions. In their new proposal, the
authors use dissipation (i.e. the interaction of a quantum system with its
environment) to correct quantum states. Dissipation is typically
considered harmful, but as demonstrated by Florentin Reiter and
colleagues, it can be tweaked to work in a quantum engineer's favor.

Standard quantum error correction schemes are performed by applying a
sequence of gates in a logical quantum circuit and rely on measurements
by classical devices. The new dissipative approach does not require a
logical circuit and dispenses also with measurements. "The whole error
correcting process happens autonomously at the microscopic level, such
that quantum systems can correct themselves," said co-author Christine
Muschik, of the Department of Theoretical Physics at the University of
Innsbruck and the Institute of Quantum Optics and Quantum
Information at the Austrian Academy of Sciences.

The new approach has important practical applications for high-
precision measurements. "We showed how the new dissipative
correction mechanism can be used to enhance the precision for sensing
weak magnetic fields," Muschik said. These results open new avenues
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for improving high-precision sensing schemes with trapped ions and
constitute a stepping stone towards the paradigm of self-correcting
quantum information processing.

More information: F. Reiter et al. Dissipative quantum error
correction and application to quantum sensing with trapped ions, Nature
Communications (2017). DOI: 10.1038/s41467-017-01895-5
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