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»  The daring finale was designed to get
scientists the closest possible images and
measurements of dust, gas and plasma from a
comet. Rosetta sent back a continuous stream
of data as it drifted down at a sedate walk-
ing pace from a height of 19 kilometres onto
comet 67P’s surface; ESA broadcast the images
throughout the descent.

Holger Sierks, principal investigator for
Rosetta’s OSIRIS instrument (Optical, Spectro-
scopic, and Infrared Remote Imaging System),
showed off the final pictures. A gravel field
strewn with pebbles and boulder-like shapes
is visible in the crude, unprocessed images.
“This will keep us busy;” he said.

The craft sent its closest shot just 10 seconds
before impact, around 20 metres away from
the comet. “That image was extraordinary,”
says Stephen Lowry, a cometary scientist at the
University of Kent in Canterbury, UK, and a
member of the OSIRIS camera team.

Rosetta’s ultraviolet spectrograph, which
studies the characteristic fingerprints in
reflected light that reveal the comet’s make-up,
gathered its last data just minutes before the
crash. Alan Stern, a planetary scientist at the
Southwest Research Institute in Boulder, Colo-
rado, and principal investigator of the NASA
instrument, called the data’s 3-metre resolu-
tion “unprecedented for ultraviolet studies of
comets”

In the coming days, ESOC will use house-
keeping data to reconstruct Rosetta’s last jour-
ney. Estimates suggest that the landing was
as close as 40 metres to the target site, with
instruments sending back data well within a
minute of the crash, says Martin. “The plan

worked well until the end, really flawlessly;” he
says. Most of Rosetta’s operations and science
staff will now move on to other projects, but
Martin will remain on the mission for three
years, largely to archive data.

Rosetta’s last image of comet 67P/Churyumov-
Gerasimenko, taken from about 20 metres up.

So far, scientists have analysed only around
5% of the data that Rosetta has gathered since
it began orbiting 67P two years ago, said
André Bieler, a planetary scientist at the Uni-
versity of Berne and a member of Rosetta’s
ROSINA (Rosetta Orbiter Spectrometer for
Ion and Neutral Analysis) team, at a meeting
at ESOC on the eve of the crash. “We have col-
lected data we haven't had time to look at, but
they’re there, and they’re ready to be assem-
bled,” he said.

Rosetta has already made striking

findings, including the discovery of water
from comet 67P with a different isotopic
composition to that on Earth, as well as the
presence of molecular oxygen and nitrogen,
which points to the comet being as old as
the Solar System itself. Scientists also deter-
mined how 67P got its strange rubber-duck
shape, deducing that the head and body were
formed separately.

But many questions remain. A big chal-
lenge will be to work out how the pebbles
visible in Rosetta’s final shots were created,
says Lowry. They could have been shaped by
dust, which is tossed into the air by subli-
mating ice and then falls back to the surface.
Another tantalizing possibility is that the
pebbles are the building blocks from which
67P was originally built. If so, they might be
able to tell scientists about the origins of the
Solar System.

The Rosetta mission was the first to orbit
(rather than just visit) a comet; the first to
land a probe on a comet; and the first to con-
clude with a controlled comet crash-landing.
(In 2001, NASA’s NEAR Shoemaker mission
also crash-landed — but that was on an aster-
oid, a body that is much larger and nearer to
Earth than 67P.) “Rosetta has entered the his-
tory books once again,” said Johann-Dietrich
Worner, ESA’s director-general.

The ability to observe a cometary body
changing over time, and from such close
quarters, is likely to mean “a true revolution”
in cometary science, says Geraint Jones, a
planetary scientist at University College Lon-
don. “It’s just a wealth of data. The level of
detail is incredible,” he says. m
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NUCLEAR PHYSICS

US left with just one working
fusion reactor — for now

Design flaw may have doomed machine at Princeton Plasma Physics Lab.

BY JEFF TOLLEFSON

tough year just got tougher for US
Afusion researchers. The country’s flag-
ship experimental fusion reactor has
broken down, less than a year after complet-
ing a 4-year, US$94-million upgrade. Now
officials at the Princeton Plasma Physics Labo-
ratory (PPPL) in New Jersey are investigating
whether problems encountered during fabri-
cation of a key component caused the reactor
to fail.
Lab officials say that the machine could be
offline for up to a year. Making matters worse,

one of the other two fusion reactors funded
by the US Department of Energy (DOE) was
scheduled to shut down on 30 September. That
leaves US scientists with just one major facility
to conduct fusion experiments, at the defence
contractor General Atomics in San Diego,
California.

“It’s definitely a challenge for everybody,”
says Earl Marmar, who oversees the Alcator
C-Mod reactor at the Massachusetts Institute
of Technology in Cambridge that is shutting
down after more than two decades. “We won't
be completely without access to experimental
facilities, but it’s definitely not as good as it
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could have been for the coming year”

The upgraded Princeton reactor, called the
National Spherical Torus Experiment Upgrade
(NSTX-U), is twice as powerful as its predeces-
sor. Like other ‘tokamak’ reactors, including
the international ITER project under construc-
tion in France, the spherical machine uses
magnetic fields to confine a hydrogen plasma.
That plasma is then heated until the atoms
fuse and release energy. In theory, fusion could
power the world indefinitely — and cleanly.

The Princeton machine’s breakdown came
to light on 27 September, after PPPL director
Stewart Prager resigned. Laboratory officials
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say that the upgraded reactor started operating
atlow power in December 2015 and produced
10 weeks of high-quality data. Scientists shut it
down in July after discovering that one of the
coils that creates the electromagnetic trap was
malfunctioning.

Prager says he was thinking about stepping
down as director before the reactor coil broke.
He elected to depart now, after eight years, so
that new leadership can carry the investigation
forward and repair the machine. “It’s sort of a
normal passing of the baton,” he says.

PPPL officials initially declined to speculate
about the cause of the coil malfunction, say-
ing that an investigation is under way. But the
lab later confirmed to Nature that questions
about the strength of the copper in the faulty
coil arose, and were investigated, when the part
was being fabricated.

That fact that these concerns arose during
the tokamak upgrade suggests that a more
careful analysis could have prevented the reac-
tor failure, says Stephen Dean, president of
Fusion Power Associates, an advocacy group in
Gaithersburg, Maryland. “Mistakes like this do
sometimes get made, but with all of the experi-
ence the fusion programme has, it should not
have happened this way”

HUNTING FOR CLUES

NSTX-U programme director Jonathan
Menard says that the finished coil met the lab-
oratory’s specifications. He adds that it is not
clear whether the part’s design or the manu-
facturing process caused problems. Another
coil in the reactor, of a similar design and
fabricated from the same grade of copper, has
functioned well. The laboratory is planning to
replace it nonetheless.

A former researcher at the Princeton labora-
tory, who declined to be named because he is
not authorized to speak about the issue, says
that the copper in the faulty coil might have
been stronger than it needed to be. That would
have made it harder to bend the metal into the
desired shape. Even tiny faults in fabrication
can cause problems when energy is coursing
through the reactor, heating up the coils.

Menard says that after the coil malfunc-
tioned, X-ray analyses found structural
anomalies that may have resulted from inter-
nal melting when the reactor was operating.
PPPL scientists plan to cut the coil open for
further investigations. “We are going to have to
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The experimental fusion reactor at the Princeton Plasma Physics Laboratory is shaped like a cored apple.

wait for those results to make a more definitive
statement,” he says.

Officials aren’t sure how much it will cost to
repair the reactor, but say that it could take up
to a year to bring it back online. Because the

fusion reactor was

“.It’s nota good already scheduled to
s1tuatl.onf or halt operations in late
our scientists 2016 for six months of
to only have maintenance, the net
onemachine loss of research time
running.” may wind up being

about six months.

The breakdown’s impacts could extend
well beyond the Princeton lab. Marmar had
planned to shift people to the Princeton facility
once MIT’s Alcator reactor shut down. Now,
MIT researchers will help Princeton to restart
its reactor — and try to conduct their previ-
ously planned research by collaborating with
teams at General Atomics’ reactor and facilities
in other countries.

The DOE decided several years ago to close

the MIT reactor, but to maintain facilities in
Princeton and San Diego. The US Congress
reversed that decision once, in 2014, but the
US government’s 2016 budget assumes that the
MIT reactor will shut down.

The DOE says that the US fusion-research
programme remains on a solid footing, with
extensive international partnerships, and will
be back at full strength once the Princeton
machine returns to service. Others are con-
cerned about how researchers will cope with
only one major US reactor in operation.

Dean thinks that the agency ought to keep
Alcator C-Mod running for another year, until
the Princeton reactor is fixed. “It’s not a good
situation for our scientists to only have one
machine running;” he says.

Marmar is ready to restart the MIT reactor if
the DOE changes its mind. “The C-Mod facil-
ity is planned to be put into a safe shutdown
state,” he says, “but if desired, could be brought
back into service on short notice to support
the US and international fusion community.” m
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