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Artist impression of gate operations on logical quantum bits, that are protected
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from faults by means of quantum error correction. Credit: Johannes Knünz

In modern computers, errors during processing and storage of
information have become a rarity due to high-quality fabrication.
However, for critical applications, where even single errors can have
serious effects, error correction mechanisms based on redundancy of the
processed data are still used.

Quantum computers are inherently much more susceptible to
disturbances and will thus probably always require error correction
mechanisms, because otherwise errors will propagate uncontrolled in the
system and information will be lost. Because the fundamental laws of
quantum mechanics forbid copying quantum information, redundancy
can be achieved by distributing logical quantum information into an
entangled state of several physical systems, for example multiple 
individual atoms.

The team led by Thomas Monz of the Department of Experimental
Physics at the University of Innsbruck and Markus Müller of RWTH
Aachen University and Forschungszentrum Jülich in Germany has now
succeeded for the first time in realizing a set of computational
operations on two logical quantum bits that can be used to implement
any possible operation. "For a real-world quantum computer, we need a
universal set of gates with which we can program all algorithms,"
explains Lukas Postler, an experimental physicist from Innsbruck.

Fundamental quantum operation realized

The team of researchers implemented this universal gate set on an ion
trap quantum computer featuring 16 trapped atoms. The quantum
information was stored in two logical quantum bits, each distributed over
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seven atoms.

Now, for the first time, it has been possible to implement two
computational gates on these fault-tolerant quantum bits, which are
necessary for a universal set of gates: a computational operation on two
quantum bits (a CNOT gate) and a logical T gate, which is particularly
difficult to implement on fault-tolerant quantum bits.

"T gates are very fundamental operations," explains theoretical physicist
Markus Müller. "They are particularly interesting because quantum
algorithms without T gates can be simulated relatively easily on classical
computers, negating any possible speed-up. This is no longer possible for
algorithms with T gates." The physicists demonstrated the T-gate by
preparing a special state in a logical quantum bit and teleporting it to
another quantum bit via an entangled gate operation.
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Fundamental building blocks for fault-tolerant quantum computing
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demonstrated. Credit: Uni Innsbruck/Harald Ritsch

Complexity increases, but accuracy also

In encoded logical quantum bits, the stored quantum information is
protected from errors. But this is useless without computational
operations and these operations are themselves error-prone.

The researchers have implemented operations on the logical qubits in
such a way that errors caused by the underlying physical operations can
also be detected and corrected. Thus, they have implemented the first
fault-tolerant implementation of a universal set of gates on encoded
logical quantum bits.

"The fault-tolerant implementation requires more operations than non-
fault-tolerant operations. This will introduce more errors on the scale of
single atoms, but nevertheless the experimental operations on the logical
qubits are better than non-fault-tolerant logical operations," Thomas
Monz is pleased to report. "The effort and complexity increase, but the
resulting quality is better." The researchers also checked and confirmed
their experimental results using numerical simulations on classical
computers.

The physicists have now demonstrated all the building blocks for fault-
tolerant computing on a quantum computer. The task now is to
implement these methods on larger and hence more useful quantum
computers. The methods demonstrated in Innsbruck on an ion trap
quantum computer can also be used on other architectures for quantum
computers.

The research was published in Nature.
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  More information: Philipp Schindler et al, Demonstration of fault-
tolerant universal quantum gate operations, Nature (2022). DOI:
10.1038/s41586-022-04721-1. 
www.nature.com/articles/s41586-022-04721-1

Provided by University of Innsbruck

Citation: Error-free quantum computing gets real (2022, May 25) retrieved 26 April 2024 from 
https://phys.org/news/2022-05-error-free-quantum-real.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

6/6

https://dx.doi.org/10.1038/s41586-022-04721-1
https://dx.doi.org/10.1038/s41586-022-04721-1
https://www.nature.com/articles/s41586-022-04721-1
https://phys.org/news/2022-05-error-free-quantum-real.html
http://www.tcpdf.org

