The holy grail of clean energy may still be
on its way
24 February 2020, by Matthew Hole
is a helium ion and a fast-moving neutron. Most
fusion research to date has pursued this reaction.
Deuterium-tritium fusion works best at a
temperature of about 100,000,000?. Confining a
plasma—the name for the flamelike state of matter
at such temperatures—that hot is no mean feat.
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The leading approach to harnessing fusion power is
called toroidal magnetic confinement.
Superconducting coils are used to create a field
about a million times stronger than Earth's
magnetic field to contain the plasma.

Scientists have already achieved deuterium-tritium
fusion at experiments in the US (the Tokamak
Recent reports from scientists pursuing a new kind Fusion Test Reactor) and the UK (the Joint
of nuclear fusion technology are encouraging, but European Torus). Indeed, a deuterium-tritium
we are still some distance away from the "holy grail fusion campaign will happen in the UK experiment
of clean energy."
this year.
The technology developed by Heinrich Hora and
his colleagues at the University of NSW uses
powerful lasers to fuse together hydrogen and
boron atoms, releasing high-energy particles that
can be used to generate electricity. As with other
kinds of nuclear fusion technology, however, the
difficulty is in building a machine that can reliably
initiate the reaction and harness the energy it
produces.

These experiments initiate a fusion reaction using
massive external heating, and it takes more energy
to sustain the reaction than the reaction produces
itself.

The easiest reaction to initiate in the laboratory is
the fusion of two different isotopes of hydrogen:
deuterium and tritium. The product of the reaction

The technology reported by Hora and colleagues
suggests using a laser to create a very strong
confining magnetic field, and a second laser to heat

The next phase of mainstream fusion research will
involve an experiment called ITER ("the way" in
Latin) being built in the south of France. At ITER,
the confined helium ions created by the reaction will
produce as much heating as the external heating
What is fusion?
sources. As the fast neutron carries four times as
much energy as the helium ion, the power gain is a
Fusion is the process that powers the Sun and the factor of five.
stars. It occurs when the nuclei of two atoms are
forced so close to one another that they combine
ITER is a proof of concept before the construction
into one, releasing energy in the process. If the
of a demonstration power plant.
reaction can be tamed in the laboratory, it has the
potential to deliver near-limitless baseload
What's different about using hydrogen and
electricity with virtually zero carbon emissions.
boron?
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a hydrogen-boron fuel pellet to reach the point of
fusion ignition.
When a hydrogen nucleus (a single proton) fuses
with a boron-11 nucleus, it produces three
energetic helium nuclei. Compared with the
deuterium-tritium reaction, this has the advantage
of not producing any neutrons, which are hard to
contain.
However, the hydrogen-boron reaction is much
more difficult to trigger in the first place. Hora's
solution is to use a laser to heat a small fuel pellet
to ignition temperature, and another laser to heat
up metal coils to create a magnetic field that will
contain the plasma.
The technology uses very brief laser pulses, lasting
only nanoseconds. The magnetic field required
would be extremely strong, about 1,000 times as
strong as the one used in deuterium-tritium
experiments. Researchers in Japan have already
used this technology to create a weaker magnetic
field.

conditions needed for ignition for a single
experiment. The challenges include precise
placement of the target, non-uniformity of the laser
beam, and instabilities that occur as the target
implodes.
These experiments were conducted at most twice
per day. By contrast, estimates suggest that a
power plant would require the equivalent of 10
experiments per second.
The development of fusion energy is most likely to
be realised by the mainstream international
program, with the ITER experiment at its core.
Australia has international engagement with the
ITER project in fields of theory and modelling,
materials science and technology development.
Much of this is based at the ANU in collaboration
with Australian Nuclear Science and Technology
Organisation, which is the signatory to a
cooperation agreement with ITER. That said, there
is always room for smart innovation and new
concepts, and it is wonderful to see all kinds of
investment in fusion science.

Hora and colleagues claim their process will create
an "avalanche effect" in the fuel pellet that means a This article is republished from The Conversation
lot more fusion will occur than would otherwise be under a Creative Commons license. Read the
expected. While there is experimental evidence to original article.
support some increase in fusion reaction rate by
tailoring laser beam and target, to compare with
Provided by The Conversation
deuterium-tritium reactions the avalanche effect
would need to increase the fusion reaction rate by
more than 100,000 times at 100,000,000?. There is
no experimental evidence for an increase of this
magnitude.
Where to from here?
The experiments with hydrogen and boron have
certainly produced fascinating physical results, but
projections by Hora and colleagues of a five-year
path to realising fusion power seem premature.
Others have attempted laser-triggered fusion. The
National Ignition Facility in the US, for example, has
attempted to achieve hydrogen-deuterium fusion
ignition using 192 laser beams focused on a small
target.
These experiments reached one-third of the
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