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Rese demonstrates 'hybrid’ logic gate as work
towards quantum computer continues

December 16 2015

Just over a year ago, the UK government announced an investment of
£270m over five years to help get quantum technology out of
laboratories and into the marketplace.

Oxford was chosen to lead one of four EPSRC-funded 'Hubs' looking at
different aspects of quantum technology - in Oxford's case, shaping the
future of quantum networking and computing, towards the ultimate goal
of developing a functioning quantum computer.

Since then, the Networked Quantum Information Technologies (NQIT -
pronounced 'N-kit') Hub, based at Oxford but involving nearly 30
academic and industrial partners, has been focusing on developing
quantum technologies that could dwarf the processing power of today's
supercomputers.

A new paper by Oxford researchers, published in the journal Nature,
demonstrates how the work of the Hub is progressing.

Professor David Lucas of Oxford's Department of Physics, co-leader,
with Professor Andrew Steane, of the ion trap quantum computing
group, explains: "The development of a "quantum computer" is one of
the outstanding technological challenges of the 21st century. A quantum
computer is a machine that processes information according to the rules
of quantum physics, which govern the behaviour of microscopic
particles at the scale of atoms and smaller.
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'An important point is that it is not merely a different technology for
computing in the same way our everyday computers work; it is at a very
fundamental level a different way of processing information. It turns out
that this quantum-mechanical way of manipulating information gives
quantum computers the ability to solve certain problems far more
efficiently than any conceivable conventional computer. One such
problem is related to breaking secure codes, while another is searching
large data sets. Quantum computers are naturally well-suited to
simulating other quantum systems, which may help, for example, our
understanding of complex molecules relevant to chemistry and biology.'

One of the leading technologies for building a quantum computer is
trapped atomic ions, and a principal goal of the NQIT project is to
develop the constituent elements of a quantum computer based on these
ions.

Professor Lucas says: 'Each trapped ion (a single atom, with one electron
removed) is used to represent one "quantum bit" of information. The
quantum states of the ions are controlled with laser pulses of precise
frequency and duration. Two different species of ion are needed in the
computer: one to store information (a "memory qubit") and one to link
different parts of the computer together via photons (an "interface
qubit").’

The Nature paper, whose lead author is Magdalen College Junior
Research Fellow Chris Ballance, demonstrates the all-important quantum
'logic gate' between two different species of ion - in this case two
isotopes of calcium, the abundant isotope calcium-40 and the rare
isotope calcium-43.

Professor Lucas says: "The Oxford team has previously shown that
calcium-43 makes the best single-qubit memory ever demonstrated,

across all physical systems, while the calcium-40 ion has a simpler
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structure which is well-suited for use as an "interface qubit". The logic
gate, which was first demonstrated for same-species ions at NIST
Boulder (USA) in 2003, allows quantum information to be transferred
from one qubit to another; in the present work, the qubits reside in the
two different isotopes, stored in the same ion trap. The Oxford work was
the first to demonstrate that this type of logic gate is possible with the
demanding precision necessary to build a quantum computer.

'In a nice piece of "spin-off science" from this technological
achievement, we were able to perform a "Bell test", by first using the
high-precision logic gate to generate an entangled state of the two
different-species ions, then manipulating and measuring them
independently. This is a test which probes the non-local nature of
quantum mechanics; that is, the fact that an entangled state of two
separated particles has properties that cannot be mimicked by a classical
system. This was the first time such a test had been performed on two
different species of atom separated by many times the atomic size.'

While Professor Lucas cautions that the so-called 'locality loophole' is
still present in this experiment, there is no doubt the work is an
important contribution to the growing body of research exploring the
physics of entanglement. He says: "The significance of the work for
trapped-ion quantum computing is that we show that quantum logic gates
between different isotopic species are possible, can be driven by a
relatively simple laser system, and can work with precision beyond the
so-called "fault-tolerant threshold" precision of approximately 99% - the
precision necessary to implement the techniques of quantum error

correction, without which a quantum computer of useful size cannot be
built.'

In the long term, it is likely that different atomic elements will be
required, rather than different isotopes. In closely related work published
in the same issue of Nature, by Ting Rei Tan et al, the NIST Ion Storage
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group has demonstrated a different type of quantum logic gate using ions
of two different elements (beryllium and magnesium).

More information: Hybrid quantum logic and a test of Bell's
inequality using two different atomic isotopes,
nature.com/articles/doi:10.1038/nature 16184
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