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INTERNATIONAL COLLABORATION vital to successful international collabo- 
rations: They are too expensive for one 
country to pursue alone, and they offer few, if J a pa n Lea rns to ACCO m m 0d ate ,, immediate technological payo, , 

Its Global Research Partners would tempt companies to hinder the free 
flow of information. 

In high-energy physics, the first signs of 

W h e n  a team of U.S. physicists led by the 
University of Hawaii's Steve Olsen signed 
on in 1983 to build an international detector 
for Japan's new electron-positron accelera- 
tor, they got a traumatic culture shock. The 
host laboratory, the National Laboratory for 
High-Energy Physics (KEK), wasn't set up to 
accommodate them: It didn't even have a 
secretary to help arrange housing or show the 
visiting researchers how to set up a bank 
account, apply for a visa, or go shopping. 
"We had no help at all from the administra- 
tion at KEK," says Kazuo Abe, a member of 
Olsen's team who is now head of the AMY 
collaboration. 

Contrast that with the accommodations 
Japan is making for foreign researchers at 
Naka, 90 minutes north of Tokyo by train, 
where one of three international facilities for 
the International Thermonuclear Experi- 
mental Reactor (ITER) is located. The Japa- 
nese home team. as it's called. has built 
homes for married couples and rented a block 
of apartments for single foreign scientists, 
who might feel more comfortable living to- 
gether. It has also provided an ombudsman to 
help make their stay a pleasant one. 

The contrast reflects Japan's acceptance 
of its growing role as a global scientific 
power. It is a role that Japan has only recently 
begun to take on: The country was unable to 
afford world-class research laboratodes until 
the mid-1970s, and only in the past decade or 
so has it begun to build up the kinds of facili- 
ties that attract large numbers of top-rate 
foreign scientists. But now that Japan is be- 
coming a full-fledged member of the interna- 
tional scientific community, it is having to 
pay more attention to integrating scientists 
from other countries. 

"The natural sciences were really created 
in Europe and the United States, and the 
center of the academic community is still in 
the West," says University of Tokyo physi- 
cist Yoji Totsuka, head of a large under- 
ground physics experiment known as Super 
Kamiokande. "By collaborating with Ameri- 
can and Euro~ean scientists. we learn how to 
work with the natural sciences. It's especially 
important for young researchers to work 
closely with good foreign scientists." 

In spite of Japan's growing hospitality, 
however, the balance of trade in scientists is 
still heavily welghted toward the United 
States and Europe. To most scientists over- 
seas, Japanese research activities are a 
"black hole," says Ray Tsuchiyama, head of 
the Tokyo office of the Massachusetts Insti- 

Catering to foreign needs. Russian physicist Yuri Gribov electron-positron collider in 
picks up daughter Ania at Naka's school for foreign kids. the world. "It produced many 

experts which we didn't have 
tute of Technology (MIT). In fields where before," says Takasaki. "We didn't have ac- 
Japan excels, such as semiconductors, mate- celerator physics, detector, or data analysis 
rials science, and mechanical engineering, capability before." And it also attracted 
Western scientists who want to keep abreast physicists from other countries who were 
of the field can benefit from collaboration. looking to work on the frontier, says Olsen. 
"On the f l i ~  side." savs Tsuchivama. "in fields Tristan also marked the start of what . , ,  , , 

like medicine, chemistry, and biology, com- 
ing to Japan and learning something is going 
to be hard. And most of the interesting re- 
search is going on in industry labsn unwilling 
to share their work. 

And the cultural and logistical barriers 
confronting foreign scientists in Japan are 
still formidable. In addition to the demands 
of learning a new language and culture, the 
declining strength of the dollar against the 
yen can make a stint in Japan uncomfortable 
and costly for Americans. "The biggest con- 
cerns are always for the family," says Aki 
Maki, director of the Washington liaison of- 
fice of the l a ~ a n  Societv for the Promotion 
of ~ c i e n c e * ( j ~ ~ ~ ) ,  whd notes that foreign 
schools are few and cultural barriers remain 
high for spouses and children. 

Moreover, researchers hoping to come to 
Japan for anything more than a short-term 
stay will find few opportunities to obtain 
semipermanent positions, says Tsuchiyama. 
"About 30% of the faculty of MIT, for in- 
stance, originally comes from another coun- 
try," says Tsuchiyama. But "you don't see 
that many blue-eyed, blond people directing 
Japanese companies or being professors in 
la~anese universities." he adds. "It's a elass 

Michael Roberts, director of international 
programs at the Department of Energy's 
(DOE'S) Office of Fusion Energy, calls an 
attempt by Japanese laboratories to be 
'Laccommodat~rs.n Half of AMY'S approxi- 
mately 60 team members were American, 
says Abe, and "lots of U.S. dollars were spent 
here. But we had no infrastructure. We 
needed permission from MITI to import the 
VAXes and Crays we needed. We needed to 
request a tax exemption." (The import re- 
strictions no longer apply.) Japan offered to 
hire foreign scientists through the JSPS fel- 
lowship program, he says, but the slots could 
never be euaranteed. 

. * 
ceiling [for outsiders]:" 
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Big physics shows the way. Two fields 

that have made the biggest strides toward 
becomixw full international  lavers are nu- .. 

clear a d  high-energy The disci- Making room. Foreign scientists are flocking 
plines share a pair of characteristics that are to KEK's new b-factory in the works. 
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Even such a simple concept as how Japan 
would be reimbursed for the money spent by 
foreign researchers had to be worked out, says 
Maki, who is a former KEK physicist. In the 
United States and Europe, he says, university 
teams working at a national laboratory typi- 
cally set up an account to handle their local 
exwnses. and the host lab collects monev 
fkm the home institution. " ~ u t  the ~a~anesk 
government organization is not allowed to 
operate in thii way," he says. "So we had to 
invent a tricky way to operate this kind of 
practice." 

Now, foreign scientists are no longer an 
oddity at KEK. "Things have changed quite a 
bit," says Abe. "The procedure to get hous- 
ing, for instance, is well defied, and we have 
a secretary who can teach them how to go to 
the bank and set up an account, or go shop- 

ping. Even the procedures for getting a visa 
are well defined." 

Similar accommodations are being made 
in an effort to make l a~an  the world center of 
nuclear fusion r&c'h, a field in which Ja- 
pan has a long history of international col- 
laboration. In 1978, Japan sent a team of 
researchers. hardware. and $70 million to 
San Diego to participate in a joint magnetic 
fusion program involving a large DOE fusion 
facility run by General Atomics. "As a mea- 
sure of its importance to them," says Roberts, 
"the Japanese turned off a domestic research 
facility and decided it was a better invest- 
ment to put their money and people into the 
existing facility here." 

That research work has steadily grown, 
and Japan is now one of four partners-with 
the United States, Russia, and Europe-in 

the ITER program, which is the first big- 
ticket scientific project in Japan that is inter- 
national by definition. ITER has three co- 
centers, in San Diego, Munich, and Naka, 
the site of Japan's major fusion research cen- 
ter run by the Japan Atomic Energy Research 
Institute (JAERI). Each co-center is staffed 
by researchers from the four countries, who 
stay fiom 2 to 6 years. ITER's designated 
design period is scheduled to end in July 
1998, and at that point, if the four partners 
decide to build a full-scale fusion machine, a 
site will be chosen. JAERI officials hope that 
Japan wins the prize. 

With that in mind, Japan has built a 
Westem-style office building in Naka. '"That 
means one office per person, even though 
they clearly don't do that in their own build- 
ings," says MITs Bruce Montgomery, a prin- 
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cipal investigator on the magnet research 
and development project for ITER. "Japa- 
nese work spaces tend to be one big room, 
without dividers, used by quite a few people." 
Even the housing built for married couples 
and families is quite generous by Japanese 
standards, he says. In addition, the town has 
opened a two-room international grade 
school for the children of foreign researchers. 
Older children, however, have no choice but 
to attend schools in Tokyo, 2 hours away. 

These features-a mixture of amenities 
and necessities-are the key to hosting suc- 
cessful international collaborations, say 
Japanese officials, who want Western scien- 
tists to feel as comfortable in Naka as they 
do in San Diego or Munich. "JAERI and 
the government of Japan know very well 
that the infrastructure in Japan to receive 
foreign researchers is still very poor," says 
Yasuhide Tajima, who now works in the 
director's office of the ITER San Diego Joint 
Research site. "If they cannot show an ability 
to accept and receive Westerners, then the 
other countries involved won't agree to build 
[ITER] in Japan." 

With the experience gained from ITER 
and Tristan, the Japanese scientific commu- 
nity believes that its hospitality will soon 
meet Westem standards. And despite the 
rising cost of big science, it will have a 
chance to prove it with several new proj- 
ects in the works. The successor to Tristan, a 
new accelerator for the study of b-mesons 
(Science, 3 June, p. 1392), will also include 
international collaborators. And the Super 
Kamiokande detector being built in a cavern 
in the small town of Kamioka will also attract 
several dozen foreign scientists. 

Further down the road is the JLC, known 
as either the Japan Linear Collider or the 
Joint Linear Collider, depending on where 
one believes it will be built and which coun- 
tries will fund it (Science, 3 June, p. 1397). 
KEK is already collaborating with scientists 
at the Stanford Linear Accelerator Center 
on joint research and development projects, 
but after the demise of the Superconducting 
Super Collider, it's difficult to imagine Japan 
taking another chance on a big-ticket, U.S.- 
based accelerator. If the JLC is built on Japa- 
nese soil, then Japan will become home for 
many of the best high-energy physicists in 
the world, and the JLC will be the mecha- 
nism for training a new generation of world- 
class Japanese physicists. 

It will also require taking another step 
down the road to accommodating the rest of 
the world. "The JLC will probably be a very 
big collaboration of many nations," says 
Takahiko Kondo, the KEK physicist who led 
the Japanese participation in the SSC. 
"Somehow we'll have to come up with a 
completely different way of doing intema- 
tional collaboration." 

-Gary Taubes 

Blazing a Collaborative Trail 
Solid-state physicist Yoshinori Tokura knows what it's like to go against the flow. 
Evew Wednesdav morning he leaves his wife and two sons at home in the western 
subuibs of T'okyo ind headsoeast and north by train, in the opposite direction to the city's 
notorious rush-hour traffic. to Tsukuba science citv. But it's not iust the commute that 
sets him apart from the average University of Tokyo professor. As a group leader at the 
Joint Research Center for Atom Technology (JRCAT) in Tsukuba, Tokura is one of 
the first national university pro- 
fessors to be part of a major proj- 
ect sponsored by the Ministry of 
International Trade and Indus- 
try (MITI). 

At 40, Tokura is the young- 
est full professor in the uni- 
versity's faculty of science and 
one of Japan's best solid-state 
physicists. In most countries 
that would be enough to secure 
the resources to run a high-pow- 
ered academic lab. But funds are 
scarce, and it's difficult to as- 
semble a large research team in 
a Japanese university. So for the 
Dast vear Tokura has worked 2 
hays a week at JRCAT, where Two worlds. Yoshinori Tokura is a full professor at the 
he directs six research scientists University of Tokyo and a team leader at MITl's Joint 
and shares in a generous Research Center for Atom Technology. 
research budget of $250 million 
to study nanotechnology and 
new materials. Asked to explain his professional double life, he laughs: "It's quite 
exce~tional." 

The son of a journalist, Tokura grew up near Kobe and attended the University of 
Tokyo, where he earned a Ph.D. in applied physics. Already well regarded as a materials 
scientist at home, his career took off in 1987 when he spent a year in California as a 
visiting scientist at IBM's Almaden research center. At Almaden he fell in with high- - ., 
temperature superconductor gurus Jerry Torrance and Stuart Parkins and was stricken 
with what he calls "high-Tc fever." Already expert in the electronic properties of 
organic materials, he quickly became familiar with metal-oxide compounds and col- 
laborated on several prominent papers in the then-red-hot field. 

After returning to the University of Tokyo in 1988, Tokura soldiered on, systemati- 
cally studying these compounds even though interest in the topic had cooled along with 
dreams of room-tem~erature su~erconductors. His work convinced him that he had 
uncovered "an abundant gold mine" of fascinating new properties in the materials, and 
lRCAT offered a more conducive atmos~here than the universitv to Dursue this new , . 
line of inquiry. Not only does he lead a larger team, but "I don't have to care about 
monev or other ~ressures" such as teaching and administrative chores, he savs. "I can 
fully injoy the basic research.'' Tokura also sees himself as a role model for other 
universitv scientists with big ideas but small grants. "There should be another ~ a t h  to 
grant moiey besides the ~ i i s t r y  of ~ducatioc" he says. 

At JRCAT Tokura is immersed in the hot field of magnetotransport phenomena, in 
which metallic oxides show changes in conductivity when subjected to low tempera- 
tures and a small magnetic field. His team, for example, has found a manganese oxide 
compound that shows a 10-orders-of-magnitude jump in conductivity under such con- 
ditions. Back at the university, in addition to teaching, he studies the basic physics 
underlying the transition of metal-oxide materials from a superconducting to an 
insulating state. 

Making the best of such a busy life, Tokura says he uses the long commute "to read 
scientific papers, or I just take a siesta." And his long hours haven't made him a stranger 
to his family: In fact, his 12-year-old son says he wants to follow his father's footsteps into 
physics. The news brings wry laughter from Tokura as he thinks about what it takes to 
pursue a dream, including the necessity at times to go against the flow. 

-A.R. 

SCIENCE VOL. 266 18 NOVEMBER 1994 1183 




