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Fusion reactor achieves tenfold increase in o>
plasma confinement time

Experimental design improved heat dissipation, reducing damage to reactor walls.

by Matthew Francis - Nov 18 2013, 11:30am PST
ENERGY  PHYSICAL SCIENCES ~ 225

The interior of the donut-shaped Experimental Advanced Superconducting Tokamak (EAST). Hydrogen plasma is
confined in this chamber by strong magnetic fields, where it fuses into heavier nuclei.
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The promise of fusion is immense. lts fuel is hydrogen plasma, made from the most abundant atom in
the Universe, and the major byproduct is helium, an inert gas. In this era with the threat of climate
change, clean alternative sources of energy are more necessary than ever. However, even after
decades of research and enormous investments of money, scientists haven't succeeded in producing a
working nuclear fusion plant. Nevertheless, many feel the potential payoff is worth continued 2 s
investment. FEATURE STORY (4 PAGES)

. " 9

For that reason, work is proceeding apace on the next generation of fusion reactors. Researchers at Review: Qualcomm S Toq
the Experimental Advanced Superconducting Tokamak (EAST) in Hefei, China, achieved a significant SmartwatCh laStS an extra,
improvement in its confinement time and the density of the plasma it held. This step is necessary to extra, extra long time
maintain the appropriate conditions for fusion as well as to reduce the damage the hot plasma causes
to the reactor walls. As described by J. Li and colleagues, the latest run at EAST achieved a plasma

pulse lasting over 30 seconds, a record achievement that simultaneously demonstrated improvements
in heat dispersal.

5+ days of battery life are great—unfortunately,
not much else about the watch is.

Nuclear fusion requires overcoming the electric repulsion between positively charged nuclei until the WATCH ARS VIDEO .
strong nuclear force exerts itself. In practice, that requires very high temperatures, which ensure that

the nuclei are moving fast enough to collide rather than repel each other. While fusion is relatively easy

on a small scale, researchers have yet to produce a reliable chain reaction that safely yields more

energy than is required to sustain it.

Ultimately the problem is one of plasma confinement: holding the nuclei within a limited space at
sufficiently high temperature. (Plasma is a gas consisting of free electrons and nuclei; at cooler
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temperatures, these particles recombine to
make neutral atoms, another reason to keep
things hot.) Hot gas expands rapidly, so
energy is required to force the plasma back
together.

Fusion requires temperatures greater than
15 million degrees Celsius; many reactors
top 100 million degrees. That's hot enough
to melt anything solid, so confinement
requires something other than a wall. Stars
have a natural plasma confinement system
in the form of gravity: their large mass
ensures high pressure and temperature in

PRACTICAL FUSION

Hydrogen is the simplest atom, consisting of one
proton and one electron. In practice, D-T fusion
reactors are common, and they use the deuterium
(D) and tritium (T) isotopes of hydrogen (with one
and two neutrons, respectively). The presence of
those neutrons lowers the energy bar to fusion.
Ramping the temperature up beyond the minimum
required for fusion, by increasing the number of
nuclei moving fast enough to overcome electric
repulsion, also helps.

the core. But that's obviously impractical for
Earth-bound scientists.

Magnetic confinement is one possible solution, and the one used by the donut-shaped reactors known
as tokamaks. (Other types of reactors and confinement exist as well.) Electrically charged particles like
deuterium nuclei can be steered by magnetic fields, so sufficiently strong fields can both heat and
contain plasma. As its name suggests, EAST utilizes superconducting magnets to increase the force it
can exert, a method also practiced to contain the protons that circulate at the Large Hadron Collider
(LHC).

When plasma is magnetically confined and heated beyond a certain limit, it transitions to a
high-confinement mode, or H-mode. In this mode, the plasma itself spontaneously generates an "edge”
that partly prevents particles from escaping, and it throtties turbulence in the hot material. This more
than doubles the time plasma can be confined. The present study achieved more than 30 seconds of a
sustained H-mode pulse, an improvement of 10 to 20 times beyond anything achieved at other
reactors. Thirty seconds may not sound like much until you realize this is plasma at more than 100
million degrees, more than five times the core temperature of the Sun.

Additionally, the authors described enhancements to the walls of the EAST reactor. When energetic
particles collide with the atoms in the reactor chamber, they can create unwanted byproducts, which in
turn may interfere with the operation of the equipment. For that reason, the improvements to EAST
were designed to dissipate the heat efficiently and to remove the helium "ash” produced by the fusion
reactions.

EAST can be thought of as a pathfinder for the larger International Thermonuclear Experimental
Reactor (ITER), slated to begin operation in 2020 with full fusion power tests in 2028. However, thanks
largely to budgetary cuts across science, the United States' long-term financial contribution to ITER is
in question, which could delay the start further. (The previous version of this post said the US had
withdrawn from the project, which was an incorrect statement.)

Nevertheless, these results are necessary but incremental steps toward reliable nuclear fusion power.
A tenfold increase in plasma confinement time is a significant accomplishment, and it came with an
improvement in heat dissipation. The slow state of progress may or may not yield ultimate results, but
the promise of clean abundant power could be a bit closer to reality.

Nature Physics, 2013. DOI: 10.1038/nphys2795 (About DOIs).
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