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Saint Paul-Lez-Durance, France

At a dusty construction site here amid 
the limestone ridges of Provence, 
workers scurry around immense 

slabs of concrete arranged in a ring like a 
modern-day Stonehenge.

It looks like the beginnings of a large 
commercial power plant, but it is not. The 

project, called ITER, is an enormous, and 
enormously complex and costly, physics 
experiment. But if it succeeds, it could 
determine the power plants of the future 
and make an invaluable contribution to 
reducing planet-warming emissions.

ITER, short for International Thermo-
nuclear Experimental Reactor (and pro-
nounced EAT-er), is being built to test a 
long-held dream: that nuclear fusion, the 

Scientists have 
embarked on a 
remarkable experiment 
in nuclear fusion, 
perhaps the power 
source of the future.
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The dinosaurs get
a new family tree
— and perhaps a
new birthplace.
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The verdict on
testosterone: limited
benefits, and some
risk, for older men.

The deadnettle is the Punxsutawney Phil of
the plant world: short of stature but stout of
heart. At the first hint of winter’s wane, its
stem rises from the ground and a green,
grasping hand of sepals unclenches to di-
vulge two silky-white petals, one of which
unfurls straight up toward the sky.

These petals frame the flower’s own
beauty: The top one stands poised over the
anthers, while the bottom one drapes the
ovaries in modesty.

I am not the only scientist to be struck by
the power and meaning of Lamium album
in bloom. A naturalist named Richard Fitter
walked the fields of Oxfordshire, England,
for more than half a century, faithfully re-
cording the first flowering dates of 385 plant

Risk, in Full Bloom
Early flowering may be a dark
portent of climate change.

CONTINUED ON PAGE D3 The flower of the deadnettle.
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ESSAY

By A. HOPE JAHREN

SAINT-PAUL-LEZ-DURANCE, FRANCE — At a
dusty construction site here amid the lime-
stone ridges of Provence, workers scurry
around immense slabs of concrete ar-
ranged in a ring like a modern-day Stone-
henge.

It looks like the beginnings of a large com-
mercial power plant, but it is not. The
project, called ITER, is an enormous, and
enormously complex and costly, physics ex-
periment. But if it succeeds, it could deter-
mine the power plants of the future and
make an invaluable contribution to reduc-
ing planet-warming emissions.

ITER, short for International Thermonu-

clear Experimental Reactor (and pro-
nounced EAT-er), is being built to test a
long-held dream: that nuclear fusion, the
atomic reaction that takes place in the sun
and in hydrogen bombs, can be controlled to
generate power.

First discussed in 1985 at a United States-
Soviet Union summit, the multinational ef-
fort, in which the European Union has a 45
percent stake and the United States, Russia,
China and three other partners 9 percent
each, has long been cited as a crucial step
toward a future of near-limitless electric
power.

ITER will produce heat, not electricity.
But if it works — if it produces more energy
than it consumes, which smaller fusion

experiments so far have not been able to do
— it could lead to plants that generate elec-
tricity without the climate-affecting carbon
emissions of fossil-fuel plants or most of the
hazards of existing nuclear reactors that
split atoms rather than join them.

Success, however, has always seemed
just a few decades away for ITER. The
project has progressed in fits and starts for
years, plagued by design and management
problems that have led to long delays and
ballooning costs.

ITER is moving ahead now, with a direc-
tor-general, Bernard Bigot, who took over
two years ago after an independent analy-
sis that was highly critical of the project. Dr. 

Central magnet induces a current 

in the plasma, which contains two 

hydrogen isotopes. Heating begins.

BLANKET  Absorbs high-energy neutrons 

produced during the fusion reaction.

The doughnut-

shaped fusion 

reactor, or 

tokamak, 

and other 

components 

are kept cool 

inside one of 

the world’s 

largest vacuum 

chambers.

External magnets confine plasma as 

radio waves and microwaves heat it 

to 150 million degrees Celsius.

When plasma is at proper temperature 

and density, isotopes collide and fuse, 

releasing high-energy neutrons.

Neutrons hit blanket, converting energy into 

heat. Helium and impurities are removed 

through diverter at bottom of chamber.

In a fusion power plant, the heat would 

be used to make steam to spin a 

turbine and generate electricity.
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A Dream Machine
By HENRY FOUNTAIN

Scientists have embarked on a remarkable experiment in nuclear fusion, perhaps the power source of the future.
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LOS ANGELES — Nine days after Nikolas
Michaud’s latest heroin relapse, the skinny
27-year-old sat on a roof deck at a new drug
rehabilitation clinic here. He picked up a
bong, filled it with a pinch of marijuana, lit
the leaves and inhaled.

All this took place in plain view of the clin-
ic’s director.

“The rules here are a little lax,” Mr.
Michaud said.

In almost any other rehab setting in the
country, smoking pot would be a major in-
fraction and a likely cause for being booted
out. But here at High Sobriety — the clinic
with a name that sounds like the title of a
Cheech and Chong comeback movie — it is 

Can Pot Ease Addiction?
Some experts believe
marijuana may help wean
patients from substance abuse.

By MATT RICHTEL

CONTINUED ON PAGE D3 Nikolas Michaud, 27, lighting a joint during treatment for heroin addiction.
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5 PERSONAL HEALTH

There’s a panacea
for poor health,
experts say, and it’s
all in your head.

4 PHYS ED 

Preventing heart
disease requires
thousands of daily
steps, experts find.



atomic reaction that takes place in the sun and 
in hydrogen bombs, can be controlled to gener-
ate power.

First discussed in 1985 at a United States-
Soviet Union summit, the multinational effort, 
in which the European Union has a 45 percent 
stake and the United States, Russia, China and 
three other partners 9 percent each, has long 
been cited as a crucial step toward a future of 
near-limitless electric power.

ITER will produce heat, not electricity. But 
if it works — if it produces more energy than it 
consumes, which smaller fusion experiments 
so far have not been able to do — it could lead 
to plants that generate electricity without the 
climate-affecting carbon emissions of fossil-
fuel plants or most of the hazards of existing 
nuclear reactors that split atoms rather than 
join them.

Success, however, has always seemed just a 
few decades away for ITER. The project has 
progressed in fits and starts for years, plagued 
by design and management problems that 
have led to long delays and ballooning costs.

ITER is moving ahead now, with a director-
general, Bernard Bigot, who took over two 
years ago after an independent analysis that 
was highly critical of the project. Dr. Bigot, 
who previously ran France’s atomic energy 
agency, has earned high marks for resolving 
management problems and developing a real-
istic schedule based more on physics and engi-
neering and less on politics.

“I do believe we are moving at full speed 
and maybe accelerating,” Dr. Bigot said in an 
interview.

The site here is now studded with tower 
cranes as crews work on the concrete struc-
tures that will support and surround the heart 
of the experiment, a doughnut-shaped cham-
ber called a tokamak. This is where the fusion 
reactions will take place, within a plasma, a 
roiling cloud of ionized atoms so hot that it can 
be contained only by extremely strong mag-
netic fields.

Pieces of the tokamak and other compo-
nents, including giant superconducting elec-
tromagnets and a structure that at approxi-
mately 100 feet in diameter and 100 feet tall 
will be the largest stainless-steel vacuum ves-
sel ever made, are being fabricated in the par-
ticipating countries. Assembly is set to begin 
next year in a giant hall erected next to the 
tokamak site.

There are major technical hurdles in a 
project where the manufacturing and con-
struction are on the scale of shipbuilding but 
the parts need to fit with the precision of a 
fine watch.

PHOTOGRAPHS BY THE ITER ORGANIZATION

Above: At the ITER 
construction site, 
immense slabs of 
concrete lie in a ring 
like a modern-day 
Stonehenge. Right: 
Bernard Bigot, the 
ITER director-general, 
previously ran France’s 
atomic energy agency.



“It’s a challenge,” said Dr. Bigot, who de-
votes much of his time to issues related to in-
tegrating parts from various countries. “We 
need to be very sensitive about quality.”

Even if the project proceeds smoothly, the 
goal of “first plasma,” using pure hydrogen 
that does not undergo fusion, would not be 
reached for another eight years. A so-called 
burning plasma, which contains a fraction 
of an ounce of fusible fuel in the form of two 
hydrogen isotopes, deuterium and tritium, 
and can be sustained for perhaps six or seven 
minutes and release large amounts of energy, 
would not be achieved until 2035 at the earliest.

That is a half century after the subject of 
cooperating on a fusion project came up at a 
meeting in Geneva between President Ronald 
Reagan and the Soviet leader Mikhail S. Gor-
bachev. A functional commercial fusion power 
plant would be even further down the road.

“Fusion is very hard,” said Riccardo Betti, a 
researcher at the University of Rochester who 
has followed the ITER project for years. “Plas-
ma is not your friend. It tries to do everything 
it can to really displease you.”

Fusion is also very expensive. ITER esti-
mates the cost of design and construction at 
about 20 billion euros (currently about $22 bil-
lion). But the actual cost of components may 
be higher in some of the participating coun-
tries, like the United States, because of high la-
bor costs. The eventual total United States con-
tribution, which includes an enormous central 
electromagnet capable, it is said, of lifting an 
aircraft carrier, has been estimated at about 
$4 billion.

Despite the recent progress there are still 
plenty of doubts about ITER, especially in the 
United States, which left the project for five 
years at the turn of the century and where 
funding through the Energy Department has 
long been a political football.

The department confirmed its support for 
ITER in a report last year and Congress ap-
proved $115 million for it. It is unclear, though, 
how the project will fare in the Trump adminis-
tration, which has proposed a cut of roughly 20 
percent to the department’s Office of Science, 
which funds basic research including ITER. (The 
department also funds another long-troubled fu-
sion project, which uses lasers, at Lawrence 
Livermore National Laboratory in California.)

Dr. Bigot met with the new energy secre-
tary, Rick Perry, last week in Washington, and 
said he found Mr. Perry “very open to listen-
ing” about ITER and its long-term goals. “But 
he has to make some short-term choices” with 
his budget, Dr. Bigot said.

Energy Department press aides did not re-
spond to requests for comment.

Some in Congress, including Senator Lamar 
Alexander, Republican of Tennessee, while 
lauding Dr. Bigot’s efforts, argue that the proj-
ect already consumes too much of the Energy 
Department’s basic research budget of about 
$5 billion.

“I remain concerned that continuing to sup-
port the ITER project would come at the ex-
pense of other Office of Science priorities that 
the Department of Energy has said are more 
important — and that I consider more impor-
tant,” Mr. Alexander said in a statement.

THE ITER ORGANIZATION

Pillars at the ITER 
Cryoplant in Provencal



While it is not clear what would happen 
to the project if the United States with-
drew, Dr. Bigot argues that it is in every 
participating country’s interest to see it 
through. “You have a chance to know if 
fusion works or not,” he said. “If you miss 
this chance, maybe it will never come 
again.”

But even scientists who support ITER 
are concerned about the impact it has on 
other research.

“People around the country who work 
on projects that are the scientific basis 
for fusion are worried that they’re in a 
no-win situation,” said William Dorland, 
a physicist at the University of Maryland 
who is chairman of the plasma science 
committee of the National Academy of 
Sciences. “If ITER goes forward, it might 
eat up all the money. If it doesn’t expand 
and the U.S. pulls out, it may pull down a 
lot of good science in the downdraft.”

In the ITER tokamak, deuterium and 
tritium nuclei will fuse to form helium, 
losing a small amount of mass that is 
converted into a huge amount of energy. 
Most of the energy will be carried away 
by neutrons, which will escape the plas-
ma and strike the walls of the tokamak, 
producing heat.

In a fusion power plant, that heat would 
be used to make steam to turn a turbine 
to generate electricity, much as existing 
power plants do using other sources of 
heat, like burning coal. ITER’s heat will 
be dissipated through cooling towers.

There is no risk of a runaway reaction and 
meltdown as with nuclear fission and, while 
radioactive waste is produced, it is not near-
ly as long-lived as the spent fuel rods and 
irradiated components of a fission reactor.

To fuse, atomic nuclei must move very 
fast — they must be extremely hot — to 
overcome natural repulsive forces and 
collide. In the sun, the extreme gravita-
tional field does much of the work. Nuclei 
need to be at a temperature of about 15 
million degrees Celsius.

In a tokamak, without such a strong 
gravitational pull, the atoms need to 
be about 10 times hotter. So enormous 
amounts of energy are required to heat 
the plasma, using pulsating magnetic 
fields and other sources like micro-
waves. Just a few feet away, on the other 
hand, the windings of the superconduct-
ing electromagnets need to be cooled to 
a few degrees above absolute zero. Need-
less to say, the material and technical 
challenges are extreme.

Although all fusion reactors to date have 
produced less energy than they use, physi-
cists are expecting that ITER will benefit 
from its larger size, and will produce about 
10 times more power than it consumes. 
But they will face many challenges, chief 
among them developing the ability to pre-
vent instabilities in the edges of the plas-
ma that can damage the experiment.

Even in its early stages of construc-
tion, the project seems overwhelmingly 
complex. Embedded in the concrete sur-
faces are thousands of steel plates. They 
seem to be scattered at random through-
out the structure, but actually are pre-
cisely located. ITER is being built to 
French nuclear plant standards, which 
prohibit drilling into concrete. So the 
plates — eventually about 80,000 of them 
— are where other components of the 
structure will be attached as construc-
tion progresses.

A mistake or two now could wreak 
havoc a few years down the road, but 
Dr. Bigot said that in this and other work 
on ITER, the key to avoiding errors was 
taking time.“People consider that it’s 
long,” he said, referring to critics of the 
project timetable. “But if you want full 
control of quality, you need time.”
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