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The NIF’s lasers blast a tiny pellet containing isotopes of hydrogen to trigger fusion reactions.

FUSION RESEARCH

Laser lab shifts
focus to warheads

USignition facility will devote less time to energy research.

BY GEOFF BRUMFIEL

fter an unsuccessful campaign to
Ademonstrate the principles of a futuris-

tic fusion power plant, the world’s most
powerful laser facility is set to change course
and emphasize its nuclear weapons research.

For the past six years, scientists and engineers
at the US National Ignition Facility (NIF) have
been working flat out to focus 192 laser beams
on a gold-lined ‘hohlraum’ capsule, just a few
millimetres long, containing a pellet of hydro-
gen isotopes. As 500 terawatts of laser power
hits the capsule, it generates X-rays that blast
into the pellet, causing the atoms of deuterium
and tritium inside to fuse. The fusion converts a
tiny amount of their mass into a burst of energy
(see “The NIF’s fusion strategy’).

The goal of the National Ignition Campaign
(NIC) is reflected in its name: ‘ignition, in
which the fusion reaction generates as much
energy as the lasers supply. Success, NIF offi-
cials say, could pave the way to developing a
power plant that would implode nearly 1,000
pellets a minute (see Nature 483, 133-134;
2012). But unexpected technical problems
left the NIF well short of its goal when the

campaign finally ended in September.

Now federal officials and the US Congress
are preparing to set a new direction for
the US$3.5-billion facility at the Lawrence
Livermore National Laboratory in California. A
series of reports commissioned by the govern-
ment, Congress and the University of Califor-
nia, which administers the lab, are all due later
this month. They are expected to outline plans
to cut its time for ignition research from 80% to
50% and to give the National Nuclear Security
Administration (NNSA), which is responsible
for maintaining the US nuclear arsenal, a more
central role in determining the NIF’s priorities.
The NNSA is planning to emphasize experi-
ments that mimic conditions inside nuclear
weapons, generating data to validate the com-
puter codes used to check that the nation’s war-
heads remain viable — essential work, given the
voluntary moratorium on underground testing
that began in 1992.

Nobody has given up on ignition, declares
Donald Cook, deputy administrator for
defence programmes at the NNSA. But a new
programme for generating net energy will take
a slower, more methodical approach. “We're
now going to get right into the science of
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what issues are preventing ignition and work
through them,” he says. “But we believe that’s
going to take a fair amount of work”

Significant progress has already been made
towards ignition, according to physicist Robert
Byer at Stanford University in California, who
is leading the University of Californias review of
the NIE. “Thelaser itself has been quite remark-
able,” he says. One shot can deliver 1.85 mega-
joules of energy, roughly what the lab originally
promised. The instruments used to study the
pellet are also performing well, he says.

Yet on the basis of data obtained from the
imploding pellets, researchers think that they
are still far from reaching the conditions neces-
sary for ignition. One problem seems to be that
too much of the laser light is scattering back
out of the capsule. Another is that the pellet is
being squeezed asymmetrically, which lowers
the pressure at its centre. The asymmetry also
causes the isotopes to mix unevenly, lowering
the temperature in the pellet. “Nature pushes
back: that’s my shorthand version of what’s
going on,” Byer says.

Nature isn't the only one pushing back — the
NIF’s funders in Congress also want answers.
“We're disappointed,” says one congressional
staff member, who spoke to Nature only on
condition on anonymity. Critics say that the
lab’s enthusiastic promotion of the idea that
laser fusion could generate electrical power
led many in Congress to believe that they were
funding an energy project, when in fact laser
fusion is decades from producing electricity.
“The lab overemphasized and oversold the
energy aspect of the NIF, at the expense of
the very important and successful work it was
doing in stockpile stewardship and basic sci-
ence,” says a senior scientist familiar with the
NIF programme.

The NIF’s current director Ed Moses
bridles at accusations that ignition was over-
emphasized. “I don’t think it was oversold
or undersold. It just was” Moses insists that
“remarkable progress” has been made in the
past 16 months, since the NIF began working
with hydrogen-pellet targets. “The goal was to
do the initial exploration of the ignition con-
ditions and see where we were, which is what
weve done”

But there is likely to be less time for ignition
experiments in the coming year, says Cook.
Livermore will still control the programme’s
day-to-day operation, but the NNSA’s head-
quarters in Washington DC will set priorities
as the facility expands its stockpile stewardship
work. Already, the NIF has been able to address
crucial questions about how energy passes
from the fission stage of a nuclear weapon to
its much more powerful fusion stage. Future
research will assess the ‘boost phase’ of the
weapon — during which a small quantity of
deuterium and tritium at the centre of the first
stage is used to boost the initial fission phase
of the explosion.

The shift in priorities worries Riccardo Betti,
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a laser fusion researcher at the University of
Rochester in New York. “They have to make
sure that the ignition effort doesn’t become
subcritical,” he warns.

Keeping momentum in the ignition campaign
may be crucial, because many in Congress still
believe in the energy-research mission being
pushed by the lab. Lawmakers have man-
dated that a new plan for reaching ignition
be delivered to them by the end of the month.
Politicians are ready to accept that it may take
longer than originally stated, but they need to
see evidence that it is on course, the congres-
sional staff member says: “It can’t just be an
open-ended: ‘Just give us money, we promise
we will do good science’” And if the NIF fails
to reach its ignition goal in a few more years?
“Then we'll have to evaluate whether it's worth
continuing to fund the facility”” m SEEEDITORIALP.159

THE NIF’S FUSION STRATEGY
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As the NIF's laser beams hit the gold hohlraum capsule (1), they generate X-rays that blast the outer layer
of the pellet (2), compressing the hydrogen isotopes until they fuse (3).
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m(??le—stop shop for disease genes

NIH database integrates data from clinical genetic testing labs and literature.

BY MONYA BAKER

hen Heidi Rehm surveys a patient’s
genes and finds a variant she’s never
seen before, she improvises. First

Rehm, who directs a clinical genetics testing
laboratory at Partners HealthCare in Cam-
bridge, Massachusetts, checks through as many
as ten databases to learn whether that variant
has ever been associated with disease. Then she
may ask colleagues at other clinical sequenc-
ing laboratories whether they have seen it. But
the launch this week of a database known as
ClinVar will make her job much easier — and
allow her to ask more sophisticated questions.
Developed by the US National Institutes of
Health (NIH) National Center for Biotechnol-
ogy Information (NCBI) in Bethesda, Mary-
land, ClinVar integrates dozens of existing
databases. It also provides, for the first time,
a central place in which clinical testing labo-
ratories can deposit their data, because most
currently keep their data within the labora-
tory. By aggregating such information, Clin-
Var’s creators hope to accelerate clinicians’
understanding of the effects of variants as well
as reveal whether different laboratories are
interpreting the same variant in different ways.
“There is a growing recognition that a clini-
cal lab may see a mutation once or never, so
it’s better if all those data could be pooled,”
explains James Ostell, chief of the information
engineering branch at the NCBI and a member
of the ClinVar team. Such information could
not only help laboratories to improve quality,
it could also prompt research on new variants.

“For everybody in the field, I think there will
be a sigh of relief that this is finally happening,”
says Stephen Kingsmore, who is using whole-
genome sequencing to pin down genetic causes
of rare diseases in newborns at the Children’s
Mercy Center for Pediatric Genome Medicine
in Kansas City, Missouri. He predicts that his
team will turn to ClinVar every time it finds a
mysterious variant in a patient sample.

ClinVar was built with computational analy-
ses in mind. It uses standard nomenclature to
describe disease, is designed to allow research-
ers to incorporate the data into their own soft-
ware and supports searches for long lists of
variants. “It provides a forum that is computer

readable for people to

“I think there develop tools to find

will be asigh connections between

of relief that goeneltlics and disease,”
A stell says.

this is finally Alrea}clly contain-

happening.” ing data on 30,000
variants, ClinVar is
expected to grow quickly because of a shift
in sequencing technologies and practices.
Whereas researchers typically used to screen
DNA samples only for the presence or absence
of known mutations, it is now becoming more
common to sequence a relevant gene in its
entirety, revealing a plethora of never-before-
seen mutations that may or may not be harm-
ful. ClinVar has the capacity to hold detailed
information about variants and disease links
— although it will not hold the full-genome
data that could potentially identify a patient.
ClinVar’s success will hinge on the quantity
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and quality of the data deposited there. If the
submission processes are too onerous, then
laboratories won't participate, says David
Dimmock, who is leading a whole genome-
sequencing project at the Medical College of
Wisconsin in Milwaukee. But even if the data
in ClinVar swell, he and others worry that new
users of the database will not be sufficiently
sceptical of its contents. Existing databases
often classify a variant as pathogenic when in
factit is not, and ClinVar might compound the
problem by aggregating such mistakes, he says.

Another concern is that ClinVar could
undermine well-regarded specialist labs
that evaluate variants for particular diseases.
“There is no revenue stream to pay an expert to
review the data because you can get the data for
free in ClinVar;” says Dimmock. “This could
paradoxically be a way in which the interpreta-
tion of variants ceases”

Rehm, who is co-leading an effort to help
clinical labs to submit data to ClinVar, says that
she once shared that concern. What changed
her mind was the fact that so many of the
variants that her lab and others identify are
unique. She has collected data from more than
5,000 patients, she says, yet two-thirds of the
potentially clinically relevant variants she sees
have never turned up in her lab before, and she
often has to tell patients that their variants can-
not be interpreted. The only remedy, she says,
is for labs to share genetic information from a
much broader patient population.

Kingsmore agrees. “Patients are going to be
getting the best thinking of the community as
opposed to an individual lab.” m
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