
S T A N F O R D L I N E A R A C C E L E R A T O R C E N T E R
Winter 1997, Vol. 27, No.4



FO REW O R D

2 Burton Rich ter

FEAT U RES

4 IN TERNATIO NAL  COOPERATIO N:
THE SINE  QUA  N O N FOR THE FUTURE
OF HIGH ENERGY PHYSICS
The D OE’s new Associate Director of High
Energy and Nuclear Physics discusses the
prom ise and proble m s of in ternational
scien tific collaboration.
S. Peter Rosen

12 RETROSPECTIVES O N  IN TERNATIO NAL
COLLABORATIO N
Four different perspectives on international
collaboration in high energy physics are
presented.
Gordon Fraser
Hirotaka Sugawara
Alexander N. Skrinsky
Zhou Guang-Zhao

20 U.S. COLLABORATIO N
O N THE LHC PROJECT
A m e m ber of the U .S. collaboration, w ho has
been involved since its beginnings, discusses
t he history of the Large Hadron Collider
and its i m portance to U .S. particle physics.
George Trilling

27 T HE ATLAS IN NER DETECTOR
The U .S. leader of one of t he m ajor syste m s
describes what it is like working on t he in ner
tracking detector for the ATLAS project
at t he Large Hadron Collider.
M. G. D. Gilchriese

A PERIODICAL OF PARTICLE PHYSICS

WIN TER 1997 VOL.  27,  N UMBER 4

Editors
RENE DO NALDSO N , BILL KIRK

Contribu ting Editors
MICHAEL RIORDAN , GORDO N FRASER

JUDY JACKSO N, PEDRO WALOSCHEK

Editorial Advisory Board
GEORGE BROWN, LAN CE DIXO N

JOEL PRIMACK,  NATALIE ROE
ROBERT SIEMAN N , GEORGE TRILLIN G

KARL VAN BIBBER

Illustrations
TERRY AN DERSO N

Distribution
CRYSTAL TILGHMAN

The Bea m Line is published quar terly by
the Stanford Linear Accelerator Cen ter,
PO Box 4349, Stanford, CA 94309.
Telephone: (650) 926-2585
IN TERNET: bea mline@slac.stanford.edu
FAX: (650) 926-4500
Issues of the Bea m Line are accessible electronically on
the World Wide Web at h t tp:/ /ww w.slac.stanford.edu /
pubs/bea m line. SLAC is operated by Stanford U niversity
under con tract with the U.S. Depart m en t of Energy. The
opinions  of  the  au thors  do  not  necessarily  reflect  the
policy of the Stanford Linear Accelerator Center.

Printed on recycled paper

Fe
rm

ila
b

Vi
su

al
M

ed
ia

Se
rv

ic
es



31 THE CMS HADRO N CALORIMETER
The CMS experi m en t will use a large general
purpose detector to study proton-proton
in teractions at CER N’s Large Hadron Collider.
A major subsyste m, the hadron calori m eter,
w ill measure the energy flow in these
in teractions.
Dan Green

35 IN TERNATIO NAL COLLABORATIO N
O N LINEAR COLLIDER RESEARCH
AN D DEVELOPMEN T
Physicists around the globe are cooperating
on designs for a trillion-volt linear collider.
Gregory Loew and Michael Riordan

53 DATABASES AND IN TERNATIO NAL
COLLABORATIO N
Pat Kreitz and Michael Barnet t

DEPA RTMEN TS

43 THE U NIVERSE AT LARGE
What, and Why, Is the International
Astronomical Union?
Virginia Trim ble

55 FROM THE EDITORS’ DESK

56 CO NTRIBUTORS

60 DATES TO REMEMBER

C O N TEN TS

R
ei

da
rH

ah
n,

Fe
rm

ila
b

Vi
su

al
M

ed
ia

Se
rv

ic
es

La
w

re
nc

e
Be

rk
el

ey
N

at
io

na
lL

ab
or

at
or

y



2 WIN TER 1997

FO REW O RD

IN MA NY DIFFEREN T FIELDS,  ranging fro m as t ro-
physics to molecular biology, scient ists have pushed back the
frontiers of their research so far that im portant advances can

now occur only by making huge investments in new equipment. This
is cer tainly true of high energy physics. Having answered the “easy”
questions, we now face the really tough ones—such as why quarks
and leptons appear in three distinct families and sport the peculiar
m asses t hey bear. These are t he kinds of issues t hat t he abor tive
Superconducting Super Collider was designed to address and t hat
CERN’s Large Hadron Collider will take up early in t he next cen tury.

If we can learn one thing from the cancellation of the SSC, i t should be
that—given all the competing in terests and demands on the public treasury
that govern m ents around t he world m ust sat isfy—it is unlikely that any
single country will come up with the many billions of dollars, deutschmarks,
or yen needed for the most advanced scientific projects, unless there are im-
mediate economic benefi ts. The rewards of basic research, bot h t he knowl-
edge gained abou t N at u re and i t s i m pac ts upon fu t u re societ ies and
econom ies, are available to all. Individual govern m ents are still quite in-
terested in support ing scient ific research, but they are reluctan t to foot a
m ajori ty of  t he bill  on t heir  ow n w hen m an y ot hers will  benefi t .  T h us
scientists have to find effective ways to share t heir major costs across na-
tional bou ndaries.

Scien tific megaprojects t hat m ust be located within a single coun try,
such as fusion reactors or particle accelerators, present a particularly thorny
proble m . As we lear ned fro m t he SSC episode, suppor t was widespread
until a specific site was chosen in one particular state. How m uch more dif-
ficul t m us t i t be for govern m en ts to dip in to t heir coffers to fund large
facilities located in other coun tries? So far we have dealt wit h t his problem
in the high energy physics com m unity mainly by sharing the detector costs
while let ting the host country or region pay for the accelerator or collider.
Bu t to build the m ultibillion-dollar colliders needed in the future, we m ust
follow the lead of our European colleagues and learn how to share t hese
costs, too.
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There is anot her problem to be
faced as well—the global distri-
bu tion of t he bigges t scien t ific
projects. If it is unreasonable to
expect any single coun try or re-
gion to support such a megapro-
ject on its own, it is equally un-
reasonable to expect any country
or region always to pay for pro-

jects buil t elsewhere. This is especially a problem for high energy physics.
Inter national funding and sit ing of our largest projects are m ore difficult
t han for projects such as deep-sea drilli ng, An t arct ic research s ta t ions,
and the Space Station, which have no specific national home. We have to
look across all scientific fields—including, for example, fusion and nuclear
physics—when considering t he geographical distribu tion of gigantic facil-
ities. Only in this way will there be enough megaprojects to achieve a glob-
al balance. Physicists don’t like this “basket” approach, but politicians will
find it more acceptable.

This special issue of the Bea m Line is devoted to the question of in ter-
nat ional collaborat ion in high energy physics. It offers perspec tives and
insights on the programs in Europe, North America, and Asia. And it chron-
icles some of t he in ternational efforts curren tly under way to design and
build the next generation of particle colliders and detectors needed to st udy
physics a t t he t ril lion-volt e nergy scale. I reco m m end i t to all people
in terested in the fut ure of high energy physics.

The author and Hirotaka Sugawara,
Director General of the Japanese
High Energy Accelerator Research
Organization (KEK), at the Next
Linear Collider Test Accelerator
being built cooperatively by the
United States and Japan.
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Y ITS VERY NATURE,  physics is a science that knows no
national boundaries. Particles move according to the same laws
of motion no mat ter whet her they be located in Alaska, Africa,

or the South Pole. Quantu m mechanics is equally valid in a labora-
tory in China as i t is in Europe. Indeed we believe that the laws of
physics, those known today and those yet to be discovered, apply
throughout the Universe and govern its destiny. Thus it  is not sur-
prising that physicists come from all corners of the globe, and that
transnational in teractions and collaborations are second nature to
them.

Init ially drawn together by m utual in terest, these collabora-
tions have become more and more necessary as the experimental
tools of the field have grown in size and cost. After World War II,
for example, the nations of Western Europe recognized that in
order to play a significant role in the then burgeoning field of
nuclear physics,  they would have to pool their resources and work
together. In 1954,  they signed the convent ion creating the Conseil
Européen pour la Recherche N ucléaire (CERN),  which has since
become one of the great scien tific laboratories of the world and a
model for peaceful in ternational collaboration.

The Depart m ent of

Energy’s new Associate

Director of High Energy

and N uclear Physics

discusses the pro m ise and

proble m s of in ternational

scien tific collaboration.

B
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Individual nations in Europe did not forswear building accel-
erators entirely. France and the United Kingdom built proton
machines (see the essay by Gordon Fraser on page 12), and
Ger many the DESY electron synchrotron, but they were of m uch
lower energy than the CERN proton synchrotron. The DESY
machine was the highest energy electron machine of i ts time, and
the laboratory has been the most successful one in Europe apart
from CERN . As is always the case, friendly co mpetit ion is a spur
to excellence.

T ODAY WE ARE EMBARKIN G O N A NEW ERA
of in ternational cooperat ion, the next step beyond t he
regional cooperation of which CERN is  the  prime  example.

Until now, i t has been t he pract ice for regions such as Europe, or
super-large countries like the United States and Russia, to build
the machines that accelerate particles to higher and higher ener-
gies on their own, and for in ternational collaborations to build the
detectors t ha t are used to st udy the collisions of energetic particles
and analyze their in teractions with all kinds of targets. At
Fermilab, for example, the Tevatron was built by the United States
govern ment,  through the agency of the Depart ment of Energy, but
the two detectors, CDF and D0, were constructed with significant
contributions from Italy, France, Japan, Russia,  and other coun-
tries. Similarly, Super Kamiokande, a 50,000-ton water detector
designed to detect neutrinos from the atmosphere and the sun, and
to search for proton decay, was built by Japan with a significant
con tribu tion from American physicists. With the Large Hadron
Collider (LHC),  however,  not only the detectors but also the accel-
erator itself will be built at CERN by a supranational,  in terregional
collaborat ion.

In this respect the LHC will not only push t he energy frontier
far beyond the energy of the Tevatron, but it will also test the abil-
i ty of differen t regions of the world, in particular Europe, the United
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States, Japan, Russia, India, and other countries, to work together
in  the  creation  of  major new scientific facilit ies. Europe will still
play  the  major role,  since it  is  providing the site,  the infrastructure,
and most of the cost. Nevertheless, the United States and Japan
will be responsible for t he technically challenging magnets of the
in teraction region, a key element in t he successful u tilization of
the accelerator, and other non-members will contribute importan t
components in additional areas of the machine.

The driving forces behind this move to in terregional coopera-
tion are  twofold. As high energy physics continues i ts march
towards higher and higher energies in pursuit of the fundamen tal
structure of mat ter at smaller and smaller distances, i t m ust build
larger and larger machines at greater and greater cost over longer
and longer periods of t ime. Obviously cost and t ime are coupled;
the more adequate the money flow, the less time is needed to
complete the project. The cost has now become so large that no
single country is prepared to build a very large machine by itself
on a practical time scale. The sad his tory of the Superconducting
Super Collider (SSC) is sufficient to make the case regarding cost
alone. And the speeding up of the LHC completion schedule by
three years as a result  of non-member contributions speaks to the
issue of time. We have reached the poin t where the entire in terna-
tional com m unity of high energy physicists m ust work together to
achieve it s goals on pract ical t ime scales.

By practical t ime scale, I m ean the length of time a physicist is
prepared to invest in the building of an accelerator and the
requisi te detectors in order to perfor m significant experiments.  If
we take the typical career-span to be for ty years, including six to
seven years in graduate school, and allow about ten years after the
PhD to gain tenure, then an incoming graduate studen t has about
sixteen years in which to establish her- or himself as a physicist of
tenurable quality.  An established physicist ,  on the other hand, will
not be under the sam e time pressure, but never theless will wan t
to make as significant a contribution to the field as he or she can
within the allotted span of t ime. Students en tering the field late in
the  design and construction of the facili ty will obviously be in the
best position to benefi t from its use. Given all of these considera-
tions, I  would suggest that we should plan to construct and
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com mission new machines plus detectors within seven to ten
years—and no longer—in order to provide a real incentive to
physicists to com mit themselves to these large projects.

An important issue in the in terregional construction of acceler-
ators is going to be the actual location of a major laboratory. As
long as the site remains unchosen, all contending par tners have a
chance of gaining the prize. Once the choice is made, however,
does the support for the project by the losing partners begin to
soften? Even in large countries like the United States, this be-
comes a problem, as happened in the case of the SSC. Almost as
soon as the Texas si te was chosen, polit ical support for the project
from other contending states began to disin tegrate,  and this helped
to ter minate the project in the end. Could the same behavior
occur on the in ternat ional scene? Certainly, we hope not, and
indeed we will need to secure firm com mit ments ahead of time to
ensure that this problem does not arise.

Another important aspect is the nature of the site: do we build
upon existing facili ties, or do we start with a new “green-field”
site? Europe has concentrated most of i ts resources in one site,
namely CERN ,  and thus has a significan t infrastructure upon
which to build: the pre-accelerators and injectors, civil facilit ies,
and technical support which are so necessary to the successful
functioning of large projects. Clearly this saves a great deal in
terms  of  both  cost  and  t ime; however,  the CERN site is now at i ts
physical limit and is probably at the end of the road unless acceler-
ator technology can be greatly improved. The SSC, on the other
hand, was to be located on a green-field si te, which obviously
required the building of a total  laboratory from the bot tom up.
This adds to the cost of the project  and also to the t ime for com-
pletion; but i t does provide the opportunity to do everything at the
sta te of the art and to leave room for future extension. In other
words an existing site,  while i t  may have the infrastrucure, might
not meet all  the long-ter m requirements for a new project.

Besides the physical and tech nical aspects of a green-field sit e,
there are organizational, or, if you like, sociological issues. What
body will be responsible for t he new labora tory, and how will in-
dividual cou ntries relate to i t? How will the laboratory be gov-
erned and managed? What scient ific staff will  i t  have, and how
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will they relate to its user com m unity? Under what conditions
will users work at the facili ty: open access based on scientific
merit as envisaged in the ICFA guidelines; or “pay to play,” which
would require a contribution towards the cost of the facility and
possibly considerat ion of operat ing costs? What sta tus will em-
ployees of the in ter national laboratory have in regard to the host
country? What will be the official language of the laboratory?
Obviously there are many more questions of this nature that will
have to be answered.

At  this  t ime CERN itself is one model to follow. It has certainly
worked successfully in the physics arena and has m uch to com-
mend it .  Nevertheless,  other models should be examined, if  only
because they migh t raise important questions tha t are not readily
apparent in the CERN model.  Other fields of science—astronomy
and space, for example—use models in which use is allocated to
individual countries based upon their contribution to the con-
struction of the facili ty; each country is then free to allocate i ts
allot ment to individual scientists on the basis of scientific merit,
or other cri teria. The Megascience Foru m, an activi ty of OECD to
lay groundwork for large in ternat ional science projects in many
fields, is presently engaged in a study of all of these issues as they
relate to in ternat ional cooperation.

IN CO N TEMPLATIN G CO NSTRUCTIO N PERIODS
that are long compared to the timescale of electoral polit ics, it
is not unreasonable to ask whether the United States govern-

men t can be relied on to stay the course once the construction of
an in ter national project has begun. One cannot,  unfortunately,

Hirotaka Sugawara, Director
General of the Japanese High
Energy Accelerator Research
Organization (KEK), and John
O’Fallon, DOE’s Acting Associ-
ate Director of High Energy and
Nuclear Physics, shake hands
after signing the U.S./Japan
Agreement for Cooperation in
High Energy Physics in May
1996 at the 18th meeting of the
U.S./Japan Committee.
(Courtesy Brookhaven National
Laboratory)
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make any absolu te prediction because so many factors can change
markedly over a decade: polit ical moods shift and change, and
what may be popular today may become anathema tomorrow; the
economy may undergo significant changes for the bet ter, or for the
worse; the social climate may bring to the fore issues of great
moment that may disrupt the smooth flow of life. Barring such
dramatic events and assu ming tha t societal life will make a rela-
tively smooth progression from one epoch to another, I believe
that the United States can be relied upon as a partner provided
that three basic conditions are met.

The first is t hat the case for building the facili ty, both the scien-
tific arguments and the at tendan t benefi ts to society, m ust be
made honestly and clearly, without hype. We must not promise
the moon, ei ther scientifically or in terms of spinoffs, but we can
argue for extending the envelopes of science and technology by un-
dertaking challenges that have never been faced before. We cannot
predict the outcome, nor the benefi ts,  but history does show that
on some time scales, which may be ten years or fifty years, there
are real gains to be made in science and in tools useful to society.

An impor tant par t of this argu ment, I believe, is the benefi t to
other sciences: high energy physics has borrowed techniques from
other sciences, but in return, it has provided them with major new
tools. Synchrotron light sources, for example, are of ever growing
use in biology, chemistry, and materials science, and they are a
direct outgrowth of accelerator science pioneered by high energy
and nuclear physics.

I also believe that we m ust begin the effor t to develop suppor t
for t he project a t an early s tage, not just  wi th in  the  high  energy
physics com m unity, bu t also wit hin t he broader co m m u ni ty of
science and t he general public. Ou treach m us t be m ade to
Congressional delegations, local ci t izens, and indus try so as to
build a consensus strong enough to wit hs tand any vigorous chal-
lenges. T he A m erican poli t ical sys te m works well w hen con-
sensus exist s for a project ,  bu t i t  does not au to m atically build
one.  As  Neal  Lane,  Direc tor  of  t he  N ational Science Fou nda-
tion, has poin ted ou t, leadership fro m t he science and engineer-
ing co m m u ni ties requires a m uch m ore public and civic
persona.
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The second condition is that we m ust do, and be seen to be do-
ing, a thorough job of establishing the total project cost and funding
profile. Once we have set these parameters, we m ust live within
them, even if it means that we must do some limited descoping in
order to do so. Time, in the for m of upgrades and accelerator im-
provements, is our ultimate contingency, but we cannot afford to
give even the slightest hint, after the project has started that the
costs are about to escalate out of control. To do so would under mine
credibility and invite the same kind of assault that hit the SSC.

Finally, the project m ust be technically successful, meeting i ts
milestones as close to the planned schedule as possible. We all
know that in any major project t here will be hitches, to greater
and lesser degrees, but as long as we are open and honest about
them, and as long as we can show that we are m aking serious
efforts on the appropriate scale, I do not believe that Congress will
lose faith in us. Nat urally, an overall record of real progress helps
enor mously in this regard. T hus, I  am reasonably sure that Con-
gress will continue to support a large in ternational project as long
as we can be seen to be meeting the expectations t hat we create.

IT IS MY PERSO NAL BELIEF that in ternat ional collabora-
tion in all  aspects of high energy physics is the sine qua non for
fu ture progress in t he field. Because of the universality of

physics, such collaboration comes nat urally to physicists them-
selves, but, unfor tunately, it does not come so easily to the gov-
ern ments to whom high energy physicists m ust turn for the
resources they need. Govern ments tend naturally to think in
ter ms of national in terest, and so it becomes necessary to con-
vince them that thinking in ternationally is as m uch in the
in terest of nat ional scien tific development as it is for trade and
for defense.

It behooves us therefore to create institu tions within the in ter-
national scientific com m unity that are truly represen tative of that
com m unity and will have credibili ty with govern ments. Such
insti tu tions should have high visibili ty within the high energy
com m unity and derive their au thority by in teracting with it
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regularly on all issues of great moment. Their major roles will be
to develop a consensus for the next step in high energy physics
and can make the case effectively for new in ternational facilit ies.
They can also facili tate the early in ternational planning and join t
R&D that are keys to success.

The International Comit tee for Future Accelerators and the
In ternational Union of Pure and Applied Physics can certainly pro-
vide a basis for this activity, but they need to be significantly
enlarged and become more visible in relat ion to high energy
physics.  The Megascience Foru m is also a possible vehicle for cre-
ating and developing the needed institu tions. Other avenues
should also be explored.

In conclusion, I would like to say that in ternational cooperat ion
in high energy physics serves a deeper purpose of providing a
model for cooperat ion and reconciliat ion amongst nat ions t hat
have, at one t ime or another, been bi t ter enemies. This was one of
the motivations for the establish ment of CERN; the laboratory was
able to build upon the natural ties among physicists,  and help to
bring about reconciliation in Europe. Let us use them for a similar
purpose on a global scale.

Zhou Guangzhao, Special
Advisor, Chinese Academy of
Sciences, and the author sign
the U.S./Chinese collaboration
agreement in November 1997.



IN THE NEXT FEW PAGES we present four differen t
perspectives on in ternational collaboration in high
energy physics:

• Gordon Fraser highlights the origins of pan-
European cooperation at CERN and DESY.

• Hirotaka Sugawara frankly appraises t he
Japanese experience and plans for fu ture
colliders.

• Alexander Skrinsky reviews the increasing
reliance on in ternational exchanges in t he
Russian program.

• Zhou Guangzhao explains how in ternation-
al collaboration has been the key to China’s
em ergence as a prominent con tribu tor to
the field.

Taken together, these ar ticles show how in terna-
tional collaboration has increasingly knit the com-
m unity together. It has indeed become, in Peter
Rosen’s apt phrase, “ the sine qua non of high energy
physics.”

All four articles begin on these two pages, 12 and
13. Then they con tinue as separate colu m ns on pairs
of facing pages through page 19 (look for t he relevant
au thor’s picture at t he top of each colu m n).
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AS T HE EC H OES of
World War II died away,
physic is t s  re t urn ed  to

tradit ional research and teaching
in teres t s.  In  t he  Uni ted Sta tes,
federal scientific research expen-
dit ure had increased tenfold during
the war and main tained t his growt h
over t he nex t decade. In war-t or n
Europe,  pos t war fu nding was less
generous, but scientists—with Niels
Bo h r  i n  C ope n h age n  a s  a  fa t h er
figu re—h ad  i m m e n se  pres t ige .
Spurred by fresh cosm ic-ray discov-
eries and with s t rong polit ical and
scie n t ific m otiva t ion for par t icle
accelerators, France and the United
Ki ngdom pus hed a head wit h flag-
ship proton machines, culm inating
wit h the 3 GeV Sat urne synchrotron
in 1958 and the 8 GeV Ni mrod ma-
chine in 1963.

Postwar Europe was in transition.
The militan t national pride t hat had

Retrospectives on In ter n

Gordon Fraser, Editor, CERN Courier,
Geneva, Switzerland
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IAM WORRIED . I am wor-
ried about the fu ture of high
energy physics.  I  am worried

abou t the fu ture of in ternation-
al collaborat ion in h igh energy
physics. Paradoxically, I am also
feeling confident abou t t he fu ture.

The cost of high energy physics is
ever increasing and the only way out
is to share it among interested coun-
t ries. However, some physicists ac-
cept this idea rather reluctantly and
only when it is convenient for their
purposes. The failu re of ICFA evi-
den tly demonstrates t he unwilling-
ness of physicist s to clearly define
mechanisms to promote world-wide
collaboration.

High energy physics has a clear-
ly defined set of research tasks to pur-
sue for the next 10 to 15 years. The
most important issues in high energy
physics in the next few decades will
be to establish t he Standard Model

ational Collaboration

C HIN A’S HIG H energy
physics w as developed
wi t h t he aid of in terna-

tional collaborat ion. D uring the
1950s,  the country was a member
of the Join t Institu te  for N uclear
Research in Dubna, where Chinese
physicists worked with foreign col-
leagues and obtained many in terest-
ing resu l t s. Begi nn ing in  t he  la te
1970s, following the “Open Door”
policy established by Deng Xiaoping,
international cooperation in high en-
ergy physics en t ered a new era. In
1979 China and the United States es-
tablished t he PRC/U.S. Joint  Com-
m i t tee for  Cooperat ion on High
Energy Physics. The Chinese Acad-
emy of Sciences has since entered co-
operative agreements with high en-
ergy physics laboratories all around
t he world.  H u ndreds of  Ch in ese
physicist s, engineers, and st uden ts
have worked in t hese labs a nd

Hirotaka Sugawara, Director
General, High Energy Accelerator
Research Organization, Tsukuba,
Japan

Alexander Skrinsky, Director, The
Budker Institute of Nuclear Physics,
Novosibirsk, Russia

Zhou Guangzhao, Special Advisor,
Chinese Academy of Sciences,
Beijing, China

WORLD WAR II,  t he
Cold War, and a very
real possibil i ty of

World War III loo m ed over t he
in tellectual clim ate of t he mid-
1950s,  w h e n  t h e  fi r s t  pos t w a r
east-west  con tacts  bet ween scien-
tists began. N uclear and elemen tary
par ticle physicists played the lead-
ing role in this process. At the time
it was hardly a trivial mat ter to dis-
cuss interesting and intriguing prob-
lems in fields so close to the bomb.
But many physicists on both sides of
the  “Iron  C ur tain ”  unders tood—
perhaps bet ter t han anybody else—
t hat in ternat ional collaborat ion is
vi tally im portan t bot h for heal t hy
progress in understanding Nat ure,
and for eliminating the historical, ar-
tificial divisions, and confrontations
among the nations of the world.

Con tacts and collaboration wit h
foreign p hysicis ts beca m e par t of
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engendered two world wars had given
way to a new hu mility and a desire for

international cooperation. In 1946, Churchill spoke of
a “United States of Europe.” Under the new United Na-
tions, specialized agencies were also fostering in terna-
tional cooperation. Subnuclear physics, riding the crest
of a wave in the United States and with Europeans anx-
ious to make up lost ground, was an obvious focus. At
a 1950 general meeting in Florence of U NESCO , t he new
U nited Nat ions’ Educat ional, Scien tific  and Cult ural
Organization, Isidor Rabi was a U .S.  delegate. Recently
an ins t igator  of  t he Brook haven N at ional Labora tory
(BNL), run by a consor tiu m of East coast U .S. universi-
ties, he saw that it could serve as a role model for Europe.

But the idea of a European laboratory already had two
selfless champions—Pierre Auger, French scientist and
U NESC O’s Director of Exact and Natural Sciences, and
Italy’s Edoardo A m aldi, a for m er colleague of Enrico
Fermi. So t horoughly did they do t heir work t hat only
a few m on t hs la ter,  an a m bi t ious resolu t ion for  the
nascen t European laboratory ai med to build an accel-
erator more powerful than the Cosmotron and Bevatron
t hen under construction. As astu te diplomatic moves
m ade t he Conseil Européen pour la Recherche
N ucléaire—CERN—a reality, European accelerator ex-
per ts faced t he challenge of building a world-class ac-
celerator in Geneva. In August 1952 a small  party went
to ad m ire Brookhaven’s progress towards a successor
to the Cosmotron.

on a firm ground and t hen to find ev-
idence for or against supersym metry.

It will also be very important for non-accelerator physics
to search for a possible grand unified scale or even the
Planck scale.

We will need a linear collider to complement the LHC,
a 100 TeV scale pp collider, and perhaps a m uon collid-
er  to  complement  the pp collider; we also need several
large scale non-accelerator devices. The problem is to al-
locate t hese facili t ies in a reasonable way a m ong t he
coun tries or t he regions willing to share t he cost. Due
to current economic conditions, together wit h techno-
logical capabilities, these countries are most likely to be
in Europe, North America, or Asia. However, there is no
agreed upon mechanism by which physicists can decide
t he countries or t he regions.

My worry is not just about high energy physicists’ re-
luctance to engage in genuine inter national collabora-
tion in accelerator manage ment, bu t also abou t the at-
t i t ude of scien t is ts ou tside h igh e nergy physics.
Everywhere I hear the cry of anti-big-science mobs. High
energy physicists are par tly responsible; there has been
a lack of effort to com m unicate well wit h t heir neigh-
boring scien tists. I find in many cases well established
scien tists in ot her fields are envious of us. I believe that
good scien t is ts  are  in teres ted not  only  in  t he  success
of their own field, but also in the advancement of related
or even unrelated fields.

Anot her worry is abou t our relationship with politi-
cians and gover n m ent officials. Obviously, in de m oc-
ratic syste ms we m ust respect decisions made by our
elected representatives; it is also our task to work hard
to see t hat t hese decisions are made on t heir scientific
m erits. The sa me applies to our in teractions with offi-
cials in governmental bureaucracies. There are some in-
ternational organizations that can potentially have a real
influence on science policy, such as U NESCO and OECD;
however, both have real limitations. First, the U.S. does
not belong to U NESCO . Secondly, the OECD was first cre-
a ted to protect t he in terests of postwar western Euro-
pean nations, so European countries are over-represented
and Asian countries are under-represented for discussing
big-science mat ters.

Let me turn to the linear collider issue. In 1986 t he
Japanese high energy physics com m unity decided that
it would participate in a foreign hadron collider project

In August 1952, a visit to Brookhaven National Laboratory by a
group from an embryo CERN helped bring about the develop-
ment of the strong focusing technique which revolutionized the
design and construction of synchrotrons. Left to right are
George Collins, Chairman of BNL’s Cosmotron department; Odd
Dahl, in charge of CERN’s synchrotron project; accelerator pio-
neer Rolf Wideröe of Brown Boveri, and Frank Goward of CERN.
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daily life for Russian high energy physi-
cists and laboratories after the 1963 In-

ternat ional Accelerator Conference a t Dubna. At this
m eeting, colliding-beam activities were presen ted glob-
ally for t he firs t t i m e. And friendly collaborat ion be-

gan between the
Princeton/Stan-
ford and N ovo-
sibirsk groups.
Two years la ter
t h is rivalry led
to t he world’s
first experimen-
tal resul ts from
electron-electron
colliding bea ms
at Stanford and
Novosibirsk, fol-
lowed shortly by
the world’s first
electron-positron
experi m en ts  a t
Novosibirsk.

T h is was t he
real beginning of
t he now-do m i-
nant collider era
in particle phys-
i c s .  Wolfga ng

(Pief) Panofsky and Gersh Budker  con t ribu ted  m uch
effor t and en thusiasm to increase the scope of t his co-
operation. During the 1960s, however,  their efforts were
not com pletely successful—m ost ly because of poli t i-
cal reasons. Bu t, unfor tunately, even now, when almost
all external poli tical obstacles have disin tegrated, the
Novosibirsk-SLAC collaboration is far smaller in scale
t han t he Budker Inst it u te of N uclear Physics collabo-
ration with CERN , DESY, and KEK.  We could definitely
do m uch more together.

In 1956 the Soviet Union brought scient ists toget her
from different socialist countries by organizing the Joint
Institu te for N uclear Research at Dubna. Around 1970,
CERN and groups from its Member States m ade i mpor-
tant contributions to the Institute of High Energy Physics
at  Protvino,  si te  of  t he 70 GeV proton synchrotron—
at t hat time t he biggest accelerator in the world. Since

obtained extensive experience, mak-
ing i mportant con tribut ions to many

high energy physics projects.
Withou t successful cooperation with physicists and

laboratories in the United States, Europe, and Japan, the
Beijing Electron Positron Collider (BEPC) would not have
been built on schedule and wit hin budget. And it would
have been impossible to have reached the design lumi-
nosity so soon after com missioning i t. Physicists from
ten American institu tions have since been working on
t he Beijing Spectrometer (BES) at BEPC . This collabora-
t ion has been very successful, obtaining many i mpor-

tan t results on tau-charm physics, including a precision
measurement of the tau lepton mass and measurements
of the Ds and ψ’ m esons.

In addi t ion, C h inese high energy physicis ts have
joined in ternational collaborations on experi men ts all
over the world. Our physicists and engineers have made
i m portan t  con tribu tions to the L3, ALEPH , AMS, LVD,
and other experiments. They are also making major con-
tribu tions to the construction of the two B factories and
ot her part icle accelerators.

Beginnings of the long-term collaboration
between SLAC and the Institute of Nuclear
Physics. Gersh Budker, right, and Wolfgang
Panofsky at the INP in Novosibirsk, 1975.

Chinese physicists with U.S. collaborators working on the
Beijing spectrometer.
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While preparing for t heir visi tors,
Brookhaven physicists  ca me up wit h

the idea of strong focusing, and magnanimously shared
wit h t heir European colleagues t he insigh t t hat syn-
chrotrons could be made more powerful. CERN gratefully
took t he baton and ran wit h i t. In a star t ling de m on-
stration of what European collaboration could achieve,
CERN’s synchrotron began operations in November 1959,
several months before Brookhaven’s Alternating Gradi-
ent Synchrotron; directed by John Adams, the new CERN
m achine delivered protons at 28 GeV, then the world’s
highest energy. It was t he start of a U .S.-European t ra-
dition of close collaboration tempered by friendly rivalry.

Although the young upstar t CERN won that race, ex-
ploit ing t he new synchrotrons was a different m at ter.
Within a few years, the Brookhaven AGS produced ma-
jor discoveries—the m uon neutrino, CP violation, the
omega minus. Watching enviously from the wings, CERN
had to wait un til 1973 before its first i mportan t break-
t hrough,  the discovery of  neu tral  curren t.  Meanwhile
CERN’s next big machine, the Intersecting Storage Rings
(ISR), the first proton-proton collider, cruised into action
in 1971. Al though a t riu mph of m achine building t hat
explored promising new horizons, the initial harvests of
physics results were again disappointing.

CERN had learned its lesson for its next project, the
proton-an t iproton collider. A dist inguished tradi t ion
of machine building,  consu m mate machine expert ise
gained from the ISR, and the physics vision of Carlo Rub-
bia set the stage for the historic discovery of the W and
Z particles in 1983. Wit h Si mon van der Meer’s devel-
opm ent of stochas tic cooling, a key accelerator tech-
nique again crossed the Atlan tic, bu t this time it wen t
from east to west.

But Europe has more than the CERN string to its bow.
In parallel with in ternational efforts, its nations initially
continued their individual aspirations. Germany, a CERN
founder nation, had no national accelerator. To rebuild
a tradi tion, pioneers such as Wolfgang Paul, Wolfgang
Gen t ner, and Willibald Je n tsch ke push ed for  t he ap-
paren tly less glamorous electron synchrotron route.

In February 1964 t he ne w De u t sc hes Elek tron en
Synchrot ron—DESY—began operations in Ham burg at
6 GeV; until t he arrival of the 20 GeV Stanford linear ac-
celerator in 1966, it provided the world’s highest energy
electrons. DESY capitalized on t he trend to elect ron-

and it also would build a domestic lin-
ear collider. T he High Energy Co m-

mittee action plan, issued in 1995, states that Japan wants
to be the host country for an international linear collider
project. The Asian Com mit tee for Fut ure Accelerators
(ACFA) supports  t his  act ion plan.  There seem s to be a
growing consensus am ong Asian coun tries that  a  lin-
ear collider project is an appropria te project for Asian-
Pacific countries to participate in and t hat Japan should
take the leadership in this project.

The U.S. failed to build the SSC; a high energy physics
facility located in the U .S. is certainly needed. It is up to
the U.S. high energy physics com munity to decide which
project is the most suitable, given the presen t circum-
s tances. If a linear collider is selected, a serious con-
sultation bet ween U.S. and Japan becomes necessary.

SLAC and KEK are now working together in the R&D
effort for a linear collider within the framework of world-
wide collaboration. We are trying to strengt hen the ef-
fort of the t wo laboratories by making it m ore for mal.
This initial formal agreement will not be to make a com-
m on design, bu t to study toget her t he problems of de-
signing a linear collider, alt hough I believe that we have
to proceed with a com mon design, eventually. The Japan-
ese h igh energy co m m u ni ty decided recen t ly t ha t i t
wan ts to have m ore t i me to consider t he issue before
it makes a final decision on whether or not to proceed
to the com mon design stage.

The linac for the accelerator test facility at KEK.
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then, Russian groups have taken an in-
creasing role in experimen ts at CERN ,

Ferm ilab, and other western laboratories. A new scale
of collaboration began on the LEP collider at CERN , where
several Russian labs and groups made m ajor con tribu-
t ions to t he big L3 and DELPHI det ec tors and played
important roles in these experi ments.

After Perestroika, which brought many good and bad
things to Russian life, all
Russian science (includ-
ing high energy physics)
suffers from severe eco-
no m ic difficu l ty. (See
Sergei Kapitza’s article,
“ The Fu t ure of Science
in  Russia,”  in  the
Fall/Winter 1993 issue of
t he Beam Line, Vol. 23, No. 3.) International collabora-
tion has become essential to the survival of t he existing
Russian groups and for at tracting bright young people to
high-energy physics. Russian physicists now collaborate

O ne of  t he m ost  i m por tan t  fu nda-
m en tal research fields, high energy

physics is also Big Science, requiring large am ounts of
manpower and resources, which makes in ternational co-
operat ion essen t ial. T he world co m m unity is pooling
every possible effort to overcome the budget challenges
and making great endeavors at both the high-energy fron-
tier, with large colliders such as the LHC , and the high-
precision frontier, with high-luminosity particle facto-
ries. We are confiden t t hat in ternat ional cooperat ion
in high energy physics will be further enhanced during
t he next cen t ury. T he Chinese govern m ent has given
t his research s trong support, but as a developing coun-
try, China can allocate only limited resources to the field,
thus making international cooperation crucial. It allows
foreign physicists to do research in China, and our own
physicists to work at front ier experiments all over t he
world, following the latest developm ents.

C hinese physicis ts  are now discussing fur t her  de-
velop m en t  of  t he BEPC facilit ies to do high-precision
measuremen ts in the tau-char m energy region from 3 to
5 GeV. Such a Tau C har m Factory wi t h  a  lu m inosi ty
of 1033 cm−2sec−1 would allow very accurate measure-
m en ts of light-hadron spectroscopy, especially searches
for glueballs and quark-gluon hybrid states, as well as
searches for C P viola t ion in t au lep ton an d D meson
decays. The proposed Beijing Tau Charm Factory (BTCF)
will proceed in three steps—feasibility study, research
and developm ent, and official construction project. So
far the Chinese govern ment has supported a feasibility
study on the BTCF, which was reviewed by an interna-
tional panel at the end of 1996. Anot her possibility is for
us to upgrade BEPC in to BEPC II,  having a  lu m inosi ty
of 1032 cm−2sec−1, which would still be sufficien t to do
m ost of t he research on ligh t-hadron spectroscopy, in-
cluding t he work on glueballs and quark-gluon hybrids.
We will do R&D work for both the BTCF and BEPC II, with
a final decision to be made around the year 2000. Foreign
physicists are welcome to participate in this project; their
experience and technology will prove very useful. And
foreign con tribu t ions to t he accelera tor and detector
would help to get the project approved by t he Chinese
governmen t.

Another fruitful in ternational collaboration is taking
place in Yangbajing, Tibet, where a large air-shower ar-
ray is being bu il t a t 4300 m eters above sea level by

An international team from Japan, India, the Republic of
Korea, and Russia participate in a joint test of the prototype of
a cesium iodide electromagnetic calorimeter at the tagged
photon beam for a future KEK B factory experiment, BELLE.
This photo was taken at the Budker INP in Novosibirsk.

actively at practically all the major high energy physics
centers in the world, while foreign scientists are involved
in experimen ts at Novosibirsk and Protvino. And use is
m ade throughou t t he field of well-know n Russian in-
ven tions and developments such as electron cooling of
pro ton-an t ipro ton and heavy-ion bea m s, and h igh-
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positron colliders, first wit h DORIS,
then with PETRA. Europe’s initial wave

of postwar m achines was t he cul m ination of  nat ional
aspirat ions. To coordinate these aspirat ions wit h sci-
ence, the European Com mit tee for Future Accelerators
(ECFA) was formed during Victor Weisskopf‘s mandate as
CERN Director General from 1961–1965.

For its long-term future, CERN set its sights on a large
electron-positron collider. But fertile minds had been ex-
ploring a radically different rou te, electron-proton col-
lisions, to probe the structure of the proton in new depth.
Deft ly orchestra ted by ECFA, CERN got LEP and DESY
got HERA. In a curious twist of tradition, CERN , a proton
laboratory, had to learn how to handle electrons, while
DESY had to t ake protons on board. Bot h laboratories
t ook t he ch alle nges i n st ride,  adding new dept h to
Europe’s complementarity of particle beams.

CERN had demonstrated the effectiveness of for mal
international collaboration, wi th assured funding and
guided by vision. In CERN’s parliament, or Council, rep-
resen tat ives fro m Me m ber Sta t es vote on i m port an t
issues, such as major new scientific projects, which re-
quire prior Council approval before becoming an in te-
gral part of the ongoing program. This approved program
is then the responsibility of CERN management; CERN’s
budget, itself gover ned by a rolling plan periodically up-
dated by Council, finances this program. In this way, ap-
proved projects are administered according to their sci-
en t ific m erit and are shel tered from various poli t ical
pressures in the member States. In building HERA, DESY
had taken another approach, inviting international part-
ners to contribute to a shopping list of equipment and re-
sources in ret urn for a research in terest in t he new fa-
cility. There was more than one way of going international.

CERN had writ ten itself a long-lived research ticket
by building its LEP tunnel large enough to house a sub-
sequent proton collider, the LHC. LEP is the largest elec-
tron synchrotron ever built and may hold that record for-
ever. Crippling losses due to synchrotron radiation mean
that higher energy electron machines m ust be linear col-
liders. DESY du tifully prepared for the fu t ure, pushing
accelerator technology on several fronts. Recent achieve-
m en ts using superconducting radiofrequency cavit ies
have shown that this approach may be a prime contender
to power a large electron-posit ron linear collider to
complement  the LHC in the next century.

In ternat ional  collaborat ion,
whether in accelerator R&D , particle

research, or laboratory managemen t, is not just a mat-
ter of physics. It is a mat ter of language, beliefs, educa-
tion, and daily life. In fact, it  is a m at ter of an encoun ter
of all aspects of different cult ures. In t his respect I envy
California which is already very open, m ulti-cult ural,
and m ulti-racial. I love that aspect of Californian style;
I  want Japan to be more like that and I am glad that there
is a persistent and growing tendency in various sectors
of Japanese society to make it more open.

Damping ring in the Accelerator Test Facility at KEK.

What a physics laboratory like KEK can contribu te to
t his end is to build a project like a linear collider wit h
gen u inely in ter nat ional m anage m en t and research
progra ms, inviting people from California and t he rest
of  the U.S., from Asia, from Europe, and from all t he rest
of t he world to par t icipate in t he project . T his has to
be done in such a way that our colleagues at SLAC will
feel happy abou t i t. Things also should proceed grace-
fully. I am confiden t that it can be done. But I am wor-
ried. I am very confiden t, bu t I am also very worried.
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collaborating with Japanese physicists.
Meanwhile, Chinese and Italian physi-

cis t s are proposing a no t her cos m ic-ray experi m e n t
known as ARG O in the sam e place. Indeed, we are even
considering the possibili ty of establishing an in ter na-
tional center for cosmic-ray physics experiments at Yang-
bajing; such a center would provide an ideal site for this
kind of research, at tracting scien tists from all over the
world.

Early in the next century, Chinese physicists will con-
tinue to make their due contribution in key experiments
in o t her cou n tries. We are par t icipa t ing in t he con-
struction of both B factories and their experimen tal col-
laborations, and have joined bot h the CMS and ATLAS
collaborations at the LHC . Our participation will con-
t inue in experi m en ts at t he Tevatron and DAΦNE,  as
well as at other laboratories. Chinese accelerator physi-
cist s are in terested in collaborative R& D work on t he
technology for future linear colliders. Other physicists
are in terested in non-accelerator experimen ts such as
AMS and L3 Cosmics. The Chinese Academy of Sciences
strongly supports all these collaborations.

As a developing coun try, China’s con tribu tions to in-
ternational collaborations will however be ra ther lim-
ited during the next few decades. Therefore our physi-
cists need to concen trate their resources and manpower
on key collaborations, make good contributions to these
projects, and beco me more visible. T hey should iden-
tify certain work that can be done in China, such as pro-
duction of new materials, construction of subdetectors,
and developing software. By taking advantage of their
particular knowledge, plus the special techniques and
know-how of Chinese industries and materials sciences,
as well  as  our cheaper labor,  our physicis ts  can m ake
m ajor contributions to these collaborations.

China has taken its place in t he world in t he realm
of science and technology. We are certain that during the
next cen tury our coun try will m ake even grea ter con-
t ribu t ions  to  t he  in t ernat ional  co m m unity  of  h igh
energy physics.

precision m easurem en ts of par t icle
masses—both originated and first ap-

plied at Novosibirsk.
O ur part icipat ion in t he LHC project at CER N now

plays an especially impor tant role in the fu ture of Russ-
ian high energy physics. It is crucial for our physicists
to be fu ll par t ners in t hese fron t ier experi m en ts. Bu t
under the current circumstances in Russia, it was almost
i m possible for  our
laboratories and in-
s t i t u tes  t o  obt ain
additional funds to
con tribu te  t o  t he
LHC and participate
in design ing and
building i t s  detec-
t ors. Aided by t he
wisdo m a nd ope n-
m i n d ed n e s s  of
C ar l o  R u bb ia ,
C hris Llewellyn-
Sm it h,  and our CER N colleagues, we found m ut ually
beneficial and affordable ways to per mit t his part icipa-
tion, which is now funded equally by CERN and the Russ-
ian govern ment.

We in the Russian high-energy physics com m unity
truly believe that in ternational collaboration is the best
way to conduct our science in t he fu ture—not only for
Russia bu t for t he world in general.

A new electron cooling device for the Heavy Ion Synchrotron
being delivered to GSI in Darmstadt, Germany. The device
was developed and manufactured at the Budker INP.
(Courtesy GSI)
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T HE PUSH BY PARTICLE PHYSICISTS toward ever
higher particle beam energies is motivated by the fact
that m uch of the complexi ty observed at lower energies

may disappear when the energy becomes sufficien tly high. Thus,
while beta radioactivity and elect romagnetism have been separate-
ly known for 100 years, it is only in the last 30 years that new
accelerators have provided energies high enough to “un mask” the
fundamental relationship between the two phenomena. This is
because the basic force carriers involved in radioactivity, the W
and Z , are very massive, and can only be produced as identifiable
objects with particle beams of very high energy. By moving to yet
higher energies,  particle physicists hope to un mask many more of
Nature’s hidden secrets,  including the mechanism by which our
basic constituen ts acquire their masses.  Their aspirations are cur-
rently focused on fu ture experiments made possible by t he Large
Hadron Collider (LHC) facili ty to be built over the next eight years.

The Large Hadron Collider is a proton-proton colliding-beam
facili ty to be housed in the Large Electron Positron Collider (LEP)
tunnel  a t CERN . Its design energy is 7 TeV per beam, a figure seven
ti mes as large as t he maxim u m Tevatron beam energy and seventy
ti mes as large as t he maxim u m LEP beam energy. The enormous
energy difference between the two colliders within the same
enclosure arises fro m the fact that LEP beam energies are limited
by the huge amount of electromagnetic radiation emit ted by the
electrons traveling in circular orbits (a limitat ion t hat linear col-
liders such as the SLAC Linear Collider and the Next Linear Col-
lider are designed to avoid). Circula ting protons, by virtue of being

U.S. Collaboration on the LHC P
by GEORGE TRILLIN G

Forty-seven countries

and 299 institu tions are

part of a tea m to build

the CER N Large Hadron

Collider and its detec-

tors. This accelerator

will bring protons in to

head-on collision at

m uch higher energies

than ever achieved. A

m e m ber of the U .S. col-

laboration, w ho has

been involved since its

beginnings, discusses its

history and participation

in t his effort.
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2000 times as heavy, emit relat ively li t tle radiation; in  a  tunnel  of
fixed circu mference, their energies are only limited by the mag-
netic fields achievable in practical superconducting accelerator
magnets (8.4T for LHC).

Up to the October 1993 cancellation of the U.S. Superconduct-
ing Supercollider (SSC) project, almost all U.S. groups in terested in
pursuing physics at the “energy frontier” made accessible by the
LHC and SSC had been part icipan ts in one of two large SSC detec-
tor collaborat ions. By late 1993,  the CERN management  had
approved two largely European detector collaborations for the
LHC, ATLAS (A Toroidal LHC ApparatuS) and CMS (Compact
Muon Solenoid), to move to the preparation of technical proposals.
However t he overall LHC project had not been formally approved
by the CERN Council  because the available construction funding,
based largely on the ongoing CERN budget,  was about 25 percent
short when su m med over the proposed construction period.

In 1994 nu merous U.S.  groups, many of them previously
involved in SSC detectors, joined the ATLAS and CMS collabora-
tions to pursue the energy-frontier physics that had been their
motivating scien tific in terest. Two additional detectors are
planned for the LHC: LHC-B optimized specifically for studying the
physics of B-m eson decays, and ALICE aimed at the study of high-
energy heavy-ion collisions. Since U.S. part icipation in LHC-B and
ALICE is currently small, and not included within the signed
agreements between CERN and the U.S. funding agencies, I shall
not discuss it here.

To overcome the funding shortfall,  the CERN Director General,
Chris Llewellyn Smith, invited non-member-states (countries that

ogram
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are not CERN member-states), w hose physics com m unities had
substan tial in terest in exploit ing the LHC, to participate financial-
ly and in tellectually in the machine construction. This is a depar-
ture from tradit ion; in contrast to detector facili ties, which are
built  and funded in ternationally, accelerators are nor mally funded
by the host country or—as in the case of CERN—the host region.
The justifications for this departure, expressed from the poin t of
view of U.S. involvemen t, are the following: (1) The m ulti-billion-
dollar LHC stands at or beyond the limit of what a single region
can afford to fund. If such projects are to go forward, they need
in terregional funding support, and such support is most naturally
sought  from countries  whose  scientific  com m u nities  have  strong
in terest in these projects; (2) The large U.S. com m unity in terested
in participat ing in LHC experiments,  currently  about 600 scientists
and engineers, has a strong stake in the timely completion of the
accelerator project. U.S. participation in the machine can help
ensure this timely completion; (3) Participation in the LHC
collider effort would afford new opport unit ies for the con tinuing
development of U.S. capabili ties in the area of accelerators using
superconducting magnets.

The proposed U.S. participat ion in LHC was considered by the
1994 High Energy Physics Advisory Panel (HEPAP) Subpanel on
Vision for the Future of High-Energy Physics, under Sidney Drell’s
chairmanship, which gave a positive recom mendation. Further
action by U.S. funding agencies awaited CERN Council approval of
the LHC project, which came in December 1994. To secure this
approval, CERN managemen t presen ted a staged construction plan,
based solely on member-state contributions, that completed the
full LHC not earlier than 2008, with the expectation that, with ade-
quate non-m ember-sta te support for the machine, the staging
might be avoided, and full completion achieved by 2004 or 2005.

Discussions between the Depart ment of Energy (DOE),  the
National Science Foundation (NSF),  and the CERN leadership, rela-
tive to U.S. par ticipation in the LHC program, were initiated in
April 1995.  They culminated in the signing, on December 8, 1997,
by Energy Secretary Frederico Peña, NSF Director N eil Lane, CERN
Council President Luciano Maiani, and Director General
Llewellyn Smith of a Cooperat ion Agreemen t on the LHC

Countries Participating
in the LHC Program

Armenia
Australia
Austria
Azerbaijan Republic
Republic of Belarus
Belgium
Brazil
Bulgaria
Canada
People’s Republic of China
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Republic of Georgia
Germany
Greece
Hungary
India
Israel
Italy
Japan
Kazakhstan
Korea
Latvia
Mexico
Morocco
Netherlands
Norway
Pakistan
Poland
Portugal
Romania
Russia
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
Turkey
Ukraine
United Kingdom
United States of America
Uzbekistan
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program. More detailed accelerator and experiments protocols
were signed later in December. T hese various agreemen ts set out
the “rules” and funding levels under which the U .S. will partici-
pate in both LHC accelerator and detectors. The U.S. will com mit
$250M from DOE and $81M from NSF for the ATLAS and CMS de-
tectors, and $200M from DOE for t he LHC accelerator.  The totali ty
of NSF plus DOE detector funding is to be spli t about equally be-
tween ATLAS and CMS. The accelerator funding is to be split in to
$90M for goods and supplies from U.S. industry, and $110M for sys-
te ms and componen ts provided by three nat ional laboratories,
namely Brookhaven (BNL), Fermilab, and Lawrence Berkeley. This
accelerator collaboration is principally focused on the design, fab-
rication, and com missioning of elements for the LHC in teraction
regions.

In light of the proposed U.S. and other non-member-sta te partic-
ipation in the machine, the CERN Council, in December 1996, had
approved going forward on a non-staged LHC to be completed in
2005. Needless to say, Congressional approval of these funding
com mit ments was essential. In April, House Science Com mit tee
Chair Sensenbrenner raised a nu mber of concerns about the pro-
posed U.S.-CERN agreements.  To  satisfy  these,  and  with  the  ap-
proval of the CERN Council, the agreements were appropriately
modified. The full $35M request for DOE-supported LHC efforts  in
fiscal year 1998 has been provided.

ALTHOUGH THE U.S. HAS PREVIOUSLY participated
in detec tor projects abroad (L3, ZEUS, AMY etc.),  such in-
volvement has not yet occurred on the financial scale en-

visaged for LHC. Strong management is mandatory for the acceler-
a tor projec t an d especially for t he detec tors,  w hich involve
collaboration by large nu mbers of insti tu tions. Each detector project
has a U.S. host laboratory (Fermilab for CMS and BNL for ATLAS) with
management oversight responsibili ty given to the host lab director
or his appointed representative. Because of the close coupling of DOE
and NSF in t he detector projects, the two agencies are forming a Join t
Oversigh t Group (JOG) to oversee t he detector fabrication effor ts.
Each detector progra m will have a U.S. Project Manager reporting
to both the JOG and the host lab director.
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The physics goals of the ATLAS and CMS detector collaborations
are  similar  to  those  that  motivated  the SSC. While the design ener-
gy of 7 TeV per  bea m is  one  t h ird  of  t ha t  for  t he SSC (bu t  seven
times  that  of  the  Tevatron),  the design lu minosity of 1034 cm−2 sec−1

is ten ti mes higher. These conditions place great demands on the de-
tectors, in terms of perfor mance and survivability in a hostile radi-
ation environ ment. At full lu minosity, each crossing of two proton
bunches will produce about 20 in teractions,  and these crossings will
occur every 25 billion t h of a second. A w hole range of oppor t uni-
t ies  for  physics  discovery  will  open  up.  T hese  include  t he  Higgs
boson or bosons, new spectroscopies such as supersym metry, new
massive gauge bosons, and searches for evidence of compositeness
in what have heretofore been poin t particles. The Higgs sector is con-
nected to the fundamental issue of how all our basic particles (quarks,
leptons, and gauge bosons) acquire their masses, and what determines
t hose m asses. Recen t work has shown t ha t, if supersy m m etry is
indeed found, the LHC experiments will be capable of nu merous mea-
surements to probe its details.

Computer sim ulations of searches for these phenomena have pro-
vided guidance to the design of detector subsystems. Such sim ula-
tions, done for a sufficiently broad array of processes, give confidence
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Cutaway view of the ATLAS
detector. The inner detector,
calorimeters, and muon
detectors measure and identify
the various collision products.
Magnetic fields to deflect
charged particles are pro-
duced by a solenoid (for the
inner detector) and air-core
toroids (for the muon
detectors).(Courtesy Lawrence
Berkeley National Laboratory)
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that the ATLAS and CMS detectors can not only uncover what physi-
cists are searching for (if it is there), but also discover unexpected and
ent irely new phenomena if  that is Nature’s way.

The main features of bot h detectors include: (1) high resolu tion
and highly segmen ted electro magnetic calorimetry to allow detec-
tion of the two-photon decay of a light Higgs boson (below 120 GeV);
(2) t he abili ty to iden tify elect rons and m uons, and measure accu-
rately their charges and momen ta over a large angular range; (3) near-
ly hermetic hadronic calorimetry to measure hadronic energy flow
and detect  missing mo mentu m transverse to the beam line; (4) ca-
pability to identify the presence of a B-hadron decay through detec-
t ion  of  a  displaced  ver t ex  wi t h  h igh  posi t io n-resolu t ion  si l icon
pixel detectors; (5) operational capability, and survivability at the de-
sign lu minosity of 1034 cm−2 sec−1.

With such capabili ties,  these instruments can determine,  for each
proton-proton collision: the energies and directions of outgoing elec-
trons, muons, photons, and jets; iden tify those jets originating from
bot tom quarks; and  measure  the  total  transverse  momentu m asso-
ciated with neutrinos or other undetectable neutrals. Fur ther more
they can process enough of this informat ion sufficiently quickly to
select, for per manent recording and detailed analysis, just the one
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Cutaway view of the CMS detector. The
tracker, calorimeters (including HCAL
and ECAL), and muon chambers are the
measurement elements for the various
outgoing particles. A large solenoid coil
produces a very strong magnetic field
for charged-particle momentum
measurement.
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collision in 100 million (still about 10 even ts/second) t hat may bear
the seeds of an i mportant measurement or new discovery.

Since these detectors are intended to complement each other, their
similar design goals are accomplished in substantially different ways.
More detailed descriptions of some specific detector subsyste ms in
which U .S.  grou ps have m ajor responsibili ty are given by Gil
Gilchriese (ATLAS) and Dan Green (CMS) in the following articles
respectively.

Over the past few months, both detector collaborations have
submit ted voluminous Technical Design Reports for most of their
detector subsystems, and these have undergone painstaking
review by the LHC Com mit tee.  The U.S. groups hope to have com-
pleted their DOE/NSF baselining reviews by early 1998. The scien-
tific and technical challenges are enormous, but powerful in ter-
national teams including a strong U.S. presence are very
effectively working together to meet those challenges.  The fu ture
looks exciting.

Signing ceremony for the LHC
project on December 8, 1997, in
Washington, DC. Secretary of
Energy Federico Peña, left,
congratulates Luciano Maiani,
president of the CERN Council.
(Courtesy Department of
Energy)
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The ATLAS Inner Detector

A GENERAL DESCRIPTIO N OF THE ATLAS de-
tector is given in t he previous art icle by
George Trilling. Twenty-eight U.S. universi-

t ies and three national laboratories comprise about 20
percent of the ATLAS (A Toroidal LHC ApparatuS) col-
laboration, t he largest single national group. U.S. physicists
are involved in essent ially all aspects of the ATLAS experi-
men t, but I will only describe here one area of activity—the
inner tracking detector.

Charged-particle tracking at the Large Hadron Collider (LHC) is
the most difficul t technical challenge faced by the ATLAS and CMS
(Compact Muon Solenoid) experiments. There is now considerable
confidence that this challenge can be met by the proper mix of
technologies at an affordable cost. But a decade ago this was cer-
tainly not the general perception. I  remember clearly sit t ing
behind a Nobel-prize-winning laboratory director at t he 1986 Divi-
sion of Part icles and Fields Snow mass meeting during one of the
first presentations of studies of charged-par ticle tracking for the
Superconducting Super Collider (SSC). The then-laboratory
director wrote in his notebook: “Won’t work! Impossible!” And
this was at a modest lu minosity of 1033 cm−2 sec−1 and not the 1034

cm−2 sec−1 we will face at the LHC!  This succinct su m mary

by M. G. D. GILCHRIESE

The ATLAS experi-

m ent is being con-

structed by 1700

collaborators in
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accurately reflected t he u neasiness
of  many people  at  that  time. So what
happened to change this perception
and to give us confidence now that
even 1034 cm−2 sec−1 may not be the
ultimate limit at which charged par-
ticle tracking is possible?

The essent ial change in t he last
decade has been to realize t hat it is
possible to build tracking detec tors
wit h very, very m any independen t
elements (the ATLAS tracking system
will have over 108 su ch  ele m e n t s)
that can each have a time resolu tion
of a few nanoseconds or bet ter. And
that t his can be done for an afford-
able cost (al though just barely) and
with the ability to survive the hostile
radiation environment at the LHC.

O ur abili ty to m ake t hese op t i-
m is t ic  st a te m en ts  fol lows fro m a
decade of in tense research and de-
velopment on tracking detectors. A
focused program of detector R&D for
the SSC began i n 1986 and  shor t ly
thereafter independen t ly in Europe
for the LHC. The results of these R&D
progra m s appear t oday to be eve n
m ore successful t han t he original
proponents imagined. The design of
t he ATLAS inner  t racking detector
follows direct ly from t hese world-
wide R&D efforts.

The ATLAS In ner De tect or is
shown above. It consists of three dif-
feren t tracking technologies. At the
ou ter radii, t here are abou t 400,000
straw tube drift cells that, in addition
to t heir charged-par t icle t racki ng
function, are used to detect transi-
tion radiation X-rays from electrons
(therefore named the Transition Ra-
dia tion Tracker or TRT). At t he in-
ter mediate radii, there is a large area
(60 m2) silicon strip detector (abou t
5 m illion individual chan nels). For

historical reasons t his is called t he
Semiconductor Tracker or SC T. And
closest to the interaction point there
is abou t 2 m2 of silicon pixel detec-
tors  wi t h 1.5×108 i ndividual ele-
men ts—pixels.

T he inner most radius of each of
these types of detectors is determined
by either their abili ty to function at
the LH C lu m inosi ty  of 1034 (in t he
case of the TRT) or by their ability to
survive abou t ten years of operation
(in t he case of t he silicon-based
det ec tors). In fact , t he in ner m ost
pixel system layer, which is critical
to  th e  abil i ty  to  iden t ify  par t icles
containing the b-quark, will last only
abou t one year at 1034cm−2sec−1. It
will be replaced periodically unless a
m ore radia tion-toleran t solu t ion is
found. The outermost radius of each
type of detector is set in part by per-
formance requirements (for example,
m oment u m resolu t ion) bu t is even
more strongly influenced by the need
to keep costs wit hin affordable
bounds, not just for the inner tracking
detectors but for the entire detector.

The  com ponen ts  of  the  inner
tracking detector will be built all over
t he world and shipped to CER N for
final asse m bly and ins t alla t ion.
T here are abou t 60 differen t i ns t i-
t u t ions in volved,  w hich is  m ore
institutions than even the largest col-
labora t ion for  an opera t ing exper-
i m en t  in  t he  U ni t ed St ates. T h is
“ U nit ed N at ions” approach to
detector  design  and  cons truct ion
does h ave i ts s t rengt hs and weak-
nesses. The primary strengt h is that
t he available technical expertise is
very substan tial and it is t herefore
possible, in principle, to understand
every detail in depth. The principal,
and inevitable, weakness is that this

Forward SCT
Barrel SCT

Pixel Detectors

TRT

The ATLAS Inner Tracking Detector
(approximate length 7 meters).
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exper t ise is dispersed all over t he
planet and, as a result, it becomes dif-
fic ul t to reach decisions and to
achieve t he concen trat ion of effor t
t hat is necessary in a com plicated
and long technical project. T hat all
of this (usually) works is a reflection
of the intense desire of the physicists
in  each inst i t u t ion and cou n try  to
“ m ake i t  work ” and ul t i m ately  to
build t he best experimen t.

T he U .S. collaborators are work-
ing on all three parts of the ATLAS in-
ner t racking detector. Duke Univer-
si ty,  Indian a U niversi ty,  a nd t he
University of Pennsylvania did pio-
neering work in the developmen t of
straw tubes for the SDC detector for
t he SSC .  D u ke,  Indian a,  Ha m pton
University, Norfolk State Universi-
t y, and t he U niversi ty of Pen nsyl-
vania are now responsible for the bar-
rel par t of t he Transit io n Radia tor
Tracker and a substantial fraction of
the TRT electron ics. Modules t hat
m ake up t he barrel TRT will be as-
se mbled and tes ted by D uke, Indi-
ana, Hampton, and Norfolk and then
shipped to CER N for final assembly.
Som e of t he par ts needed for t hese
modules will be made in the United
States and others in Europe,  includ-
ing Russia. The University of Penn-
sylvania, having specialized in t he
design of in tegrated circuits and oth-
er electronics for the TRT , will fab-
ricate and test these components and
t he n  ship  t h e m  to  m od ule  asse m -
bly sites in bot h the U .S. and in Eu-
rope. This type of exchange of com-
ponents from the U.S. to Europe, and
vice versa, is typical of alm os t all
parts  of  the ATLAS detector. It is de-
ter m ined by t he availabili ty of lo-
cal expertise both within the high en-
ergy physics com m unity and within

industries in a specific coun try and
t he desire to m in i m ize costs by
realizing economies of scale.

Anot her, even more diverse, ex-
ample of this type of in terchange of
com ponen ts and expertise is in t he
fabrication of t he silicon strip mod-
ules for the Semiconductor Tracker.
A module consists of silicon detec-
tors, the in tegrated-circuit-readou t
electron ics t ha t are m ou n ted on
t hese  de tectors,  a nd t he  elect ro-
m echanical  par ts  t hat  suppor t  and
cool the module and connect it to ex-
ternal electronics. Abou t 4100 such
modules are needed, which represent
more than an order of magnitude in-
crease in scale over existing silicon
detectors. In addition, t he many in-
stitu tions involved are located from
Aust ralia to Russia, m aking i t pos-
sible to accu m ulate t he fi nancial
resources req uired bu t in so doing
creating a substan tial organizational
challenge.

T h ere  w i l l  be  sev e n region al
ce n t ers  for  asse m bly of  m odu les,
wi t h co m po n e n t s co m i ng fro m
even m ore places. T he U nited States
i s  one regional  ce n ter,  wi t h  m od-

From left to right, John Richardson,
(LBNL); Julio Bahilo-Lozano (Spain);
Leif Ericson (Sweden), and Roberto
Marchesini (Italy) are working at
Lawrence Berkeley National Laboratory
on pixel and semiconductor tracker
detector prototypes.
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u les and rela t ed electron ics being
designed, assem bled, and tested by
Lawrence Berkeley N at ional Labo-
ra tory (LBNL),  t he  U niversi t ies  of
California at  Irvine and Santa Cruz,
and  t he  U niversi t y  of  Wiscons in .
The U .S.-buil t m odules will be as-
sem bled and tested at LBNL and UC
Sa n t a Cr uz,  t hen s h ipped to Eng-
land for place m ent on a suppor t ing
s t ruc t u re. U C Irvi ne a nd Wiscon-
sin have the prim ary responsibility
fo r  t he  design  an d  fab ri ca t io n  of
electronics that reside ou tside t he
detector,  in  fact  outside  t he ATLAS
u ndergro u nd  hal l,  and  w hich  are
co n nec t ed by f ibe r  op t i cs t o t h e
SC T m odules.

The pixel system is located clos-
est to the in teraction point. There are
t wo reasons w hy silicon pixel de-
tectors are needed at t he LHC . First,
the intense radiation environ ment of
t he LH C ,  especially a t s m all radii,
damages silicon detectors. At some
point, the damage reduces the signal
induced by the passage of a charged
part icle so m uch t hat t he fast elec-
tronics used, for example by the SCT,
cannot  sense the charge wit h good
efficiency above the int rinsic noise
t hat  is  inheren t  to  the  system.  T he
trick in the case of a pixel detector is
to reduce t he noise by reducing the
inpu t capacitance seen by t he elec-
tronics,  which m eans reducing t he
size of the individual silicon sensing
areas from 12 cm × 80 microns in t he
case of t he SCT modules  to 300 mi-
crons × 50 microns in the case of the
pixel detector. As a consequence, the
pixel elect ronics m ust be m oun ted
directly on top of the silicon sensing
elements, and t hus the ATLAS pixel
detect or con tains abou t 2 m 2 of
integrated circuits, a large fraction of

the integrated circuits needed for the
whole experim en t . T he LH C in ter-
act ion rate and radia t ion environ-
m en t  are  su ch t hat C C D pixel de-
tectors, such as those so successfully
used in  the SLAC Large Detector at
the Stanford Linear Collider, cannot
be considered. The second need for
pixel detectors is driven by the high
density of tracks in hadronic jets at
t he LH C and t he desire to find par-
ticle tracks within these jets for tag-
ging particles containing the b-quark
as well as for other reasons. The enor-
mous granularity of the pixel detec-
tor, located near the interaction point
where the track density is highest,
grea t ly i m proves t he t rack finding
capability.

The U .S. institu tions working on
t he ATLAS pixel detector are LBNL,
UC Irvine, U C San ta Cruz, Univer-
si ty of New Mexico, Universi ty of
O klahom a, SU NY Alban y,  and the
University of Wisconsin. Irvine and
Wisconsin are responsible for the off-
detector electronics, which are sim-
ilar to t hose used for the SC T .  T he
ot her groups are working on al l
aspec t s of t he pixel detec t or—
integrated circuit electronics, silicon
detectors, module construction and
mechanics—and will be responsible
for delivering the forward/backward
disk elements of the pixel system for
the  experimen t.

The  cons truct ion  phase  of  t he
subele m en ts of t he ATLAS Inner
Detector  has  s tar ted.  T he TRT has
entered this phase, to be followed by
the SCT next year and then the pixel
det ector  a  year  la ter.  I t  has  taken
more than a decade of R&D involv-
ing almost  all  of  the  m ajor countries
in the high energy physics world to
get to this stage. Although the final
proof awaits the turn-on of t he LHC ,
it  appears now t hat  this  long effort
has been spectacularly successful. In
this sense, t he ATLAS inner tracking
det ector is an exam ple of t he best
of international collaboration in high
energy physics.

The essen tial change

in the last decade

has been to realize

that i t is possible

to build track ing

detectors wit h very

many independent

ele m en ts that can

each have a ti me

resolu tion of a few

nanoseconds or bet ter.

A nd that this can

be done for an

affordable cost and

with  the  abilit y

to survive the hostile

radiation environ ment

at the LHC.
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HE COMPACT MUON SOLEN OID (CMS)
collaboration consists of about 1650 high-energy
physicists from 150 institutions scat tered around
the globe whose collective goal is to take the next
discovery step at the “energy fron tier.” The U.S.

part of this collaboration, which for med in response to the
1993 demise of  the Superconducting Super Collider, includes
about 300 physicists from 40 insti tu tions. Our challenge is to
participate successfully in what are arguably the first truly
global scientific experiments.

The CMS detector is a general purpose detector. When
voyaging in to the unknown, i t is best to be ready for any-
thing. In t he case of CMS, where we do not know exactly
what we will find, we m ust be prepared by building a detec-
tor capable of measuring all the known fundamental parti-
cles to good accuracy.

The particles of mat ter are categorized as leptons and
quarks. T he fundamental force carriers are t he photon of
electromagnetism; t he weak force carriers, W and Z; and the
strong force carriers, the gluons. Quarks in teract strongly

The  CMS Hadron Calorimeter
by DAN GREEN

To be realistic today is to be a visionary—Hubert Hu mphrey
White House Conference on In ternational Cooperation

T

The CMS experi m en t will use a large general
purpose detector to study proton-proton

in teractions at CER N ’s Large Hadron Collider.
A m ajor su bsyste m , the hadron calori m eter,

w ill m easure the energy flow in these interactions.
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The objects actually observed are
not the fundamental particles them-
selves, wh ich are h idden from our
view, but “jets” of ordinary particles.
These ensembles of hadrons are emit-
ted as a tightly collimated spray with
almost the same direction and ener-
gy as the parent quark or gluon. It is
these jets which are detected in the
calori m eter subsyste m . A high-
energy jet migh t at tain an energy of
1 trillion electron volts (1 TeV). That
energy is 40 billion t hs of a calorie;
therefore, we cannot simply measure
the temperature rise in the calorime-
ter because it is infinitesimal.

The met hod we use is to convert
the energy to mass, à la Einstein, and
thus to produce many secondary par-
ticles. T hese particles, in turn, pro-
duce tert iary particles. In a fashion
analogous to t he geometric  growt h
of bacteria, the nu mber of part icles
in t he calorimeter increases rapidly
in a cascade of interactions until t he
“food”—in this case the energy need-
ed to produce new par t icles—ru ns
ou t . At t hat poi n t , m ul t ipl ica t ion
stops. The particles in turn ionize the
active detecting medium, and the re-
sul tan t rapid pulse of deposited en-
ergy is measured. Since the  nu mber
of produced particles is proportional
to t he inciden t energy, E,  w hat
amounts to counting these particles
gives us a measure of the energy.

The statistical fluctuations in the
nu mber of particles produced means
that the fractional energy error, dE/E,
is proportional to 1/√E. Note that the
performance improves with energy,
w hich explai ns w hy calori m et ry
becomes an importan t tool in high-
energy experiments. To be fair, any
nonuniformity of manufacturing or
performance has the result  that  the

and t h us evolve in to hadrons—
strongly interacting particles such as
the pion and proton. The leptons are
eit her charged or neu tral. T he neu-
tral leptons, called neutrinos, inter-

act so weak-
ly that t hey
escape direct
detection. At
every mo-
ment, for ex-
ample, bil-
lions of solar
neutrinos are
t r a v e r s i n g
our bodies
wit hou t our

notice and without causing us harm.
We infer the production of neutrinos
in a reaction by the energy that they
carry off undetected, w hich shows
up in the detector as an imbalance in
t he  m o m en t u m. Since part icle de-
tection is extremely difficult at small
angles to the incoming beams, only
the energy i mbalance t ransverse to
the beams can be measured.

The CMS detector is organized into
specialized subdetectors. I will con-
centrate on the hadron calorimeter—
referred to by George Trilling as
“nearly hermetic”—in part because
U.S. groups  have a major role in de-
signing and building it. The purpose
of this calorimeter is to measure t he
energies and directions of all strong-
ly interacting particles —the quarks
and gluons—produced in an in terac-
t ion.  T he ter m “ her m et ic” m eans
that nearly all secondary particles are
observed. If t his is true, then miss-
i ng t ransverse energy in t he fi nal
state implies the production of a non-
in teracting par ticle. T herefore, t he
detectors must be fully active, with-
out “dead” or inactive regions.

Dan Green, left, and Prof. Xuan Zhu
of the Chinese Academy of
Sciences discuss potential
collaboration on CMS between the
United States and Chinese groups.
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m ean energy measured in differen t
par ts of the detector varies. This ef-
fect causes an error, dE/E,  that goes
as a constant and thus dominates the
high-energy behavior of the detector.
It is this error that the CMS calorime-
t er group h as worked to reduce to
as low a value as possible.

T he groups w ho are working to
design and build t he C MS hadron
calori m et er (H C AL) co m e  fro m
China, Hungary, India, Italy, Russia
and D ubna m e m ber s ta tes, Spai n,
Turkey, and the United States. Over
the past four years we have formed a
tea m wit h t he goal of no t only de-
signing and building i t, bu t also in-
s talli ng i t in C MS during 2003 and
2004, and using it for physics begin-
ning in 2005. T he diversi ty and ge-
ography of t he hadro n calori m eter
groups  requires special effort to uni-
fy the team. Once the design is com-
plete, it m ust be tested in bea ms of
part icles, and the ones most acces-
sible to all t he H CAL groups are at
CERN in Geneva, Switzerland. T he
planning, execution, and analysis of
t hese t es t bea m ru ns am ou n t to a
small in ternational experiment in it-
self, a nd i t is an enviable acco m-
plish men t  tha t  t he H C AL groups
have run every year since 1994.

The calorimeter itself is deployed
i n five dis t i nc t  pieces: a barre l a t
wide angles to the inciden t bea ms;
two endcaps  at intermediate angles;
and two forward detectors at s mall
a ngles . T hese pieces are t h e re-
sponsibili ty of differen t subgroups.

T he hadron calori m eter is i m -
m ersed in a 40 k G m agnet ic  field,
which is used to deflect charged par-
t icles and t h us m easure t heir
m om en t u m in ot her C MS subsys-
tems. As a consequence, HCAL m ust

be  bui l t  of  non-
m agnet ic m ateri-
als, such as copper.
As a result of con-
cer t ed  effor ts,  t he
H CAL com m unity
has adopted many
solu t ions  in  co m-
m on such as t he
opt ics an d tra ns-
ducers in the barrel
and  the  t wo  end-
caps. Because t he
forward de t ec tor
syste m is exposed
to high radiation, it
requires differen t
solutions; however,
we have adopted a
com mon front-end
electronics and a com mon readou t
sys te m for all of H CAL w hich will
s i m plify the work of  building an d
com missioning it.

As seen above, we have achieved
an alm ost hermetic design. The ac-
t ive ele m e n t is a sci n t illa t or t ile
which e mits light in the blue. That
ligh t is absorbed and shifted to the
green by a wavelength shifting (WLS)
fiber rather than a conventional light
pipe. By using a WLS to “cool” t he
scintillator ligh t, we can reduce the
dead area dramatically, leading to the
required performance.

The search for the origin of mass,
which is the primary goal of LHC ex-
perimentation, requires the study of
rare processes. Thus, very high beam
fluxes are needed, which means that
the hadron calorim eter must endure
unprecedented radiation doses. In the
barrel and endcaps, scintillator will
con tinue to function; however, t he
forward detectors will be exposed to
up to 1 billion rads, and a differen t

The tile and wavelength-shifting fiber
active elements of the hadron

calorimeter detector for CMS. (Courtesy
Fermilab Visual Media Services)
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us toward a global co m m unity. In-
deed, the rewards go beyond science.
T he personal pleasures of m eet ing
and working together with scientists
fro m  m an y  cul t u res  m ak e  all  t h e
challenges s t i m ulat i ng and u l t i-
mately even satisfying.

technology is needed. To co m pare
i t to everyday life, we all absorb a
yearly dose of 0.2 rads fro m cosm ic
rays, and a dose of 300 rads is lethal.
Because t he dose of t he forward de-
tectors is high, their optics are made
out of pure quartz, which is also used
for reactor windows.

In t he 40 k G field of C MS,  con-
ventional t ransducers, such as pho-
tom ultiplier tubes,will not function,
so the HCAL com m unity has found
and tested ot her  tech nologies.  The
device shown on t his page is a new
hybrid com bining a nor mal photo-
cat hode with a silicon diode act ing
as t he anode.  T he result ing signals
m ust be co m pact ly processed and
sent off the HCAL detector to remote
cou n t ing roo m s. In t h is case, we
adopted the solutions of the telecom-
m unications industry and converted
the digitized signals back to light for
transmission along fiber optic cables.
These solu tions are again chosen to
main tain t he her metic character of
H CAL.

The dispersed H CAL com m unity
is doing its work more or less in con-
cert  using new comput ing and net-
working technologies such as elec-
tronic mail, teleconferencing, and the
World Wide Web. For exa m ple, we
asse m bled a 530-page Tec hn ical
Design Report using everyone’s in-
put—which is nothing unusual—but
in the process, a “virus” was picked
up. After some fran tic efforts, it  was
finally eradicated.

In t he fu t ure, global efforts will
becom e t he norm as we ask deeper
ques t ions and t h us a t t ack harder
problems. As the introductory quote
illust rates, t his is a practical fact of
our scien t ific life. It is t he science
t hat is ou r pole s tar, and i t gu ides

The CMS prototype hybrid photodetec-
tor (top) and a schematic of the pixel
readout (bottom). This device functions
in the 40 kG field of CMS where a con-
ventional phototube cannot. (Courtesy
Fermilab Visual Media Services)
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In ternational Collaboration
on Linear Collider Research
and Development

IN CE THE MID-1980s a growing in ternational collabora-
t ion of high energy physics laboratories and other insti tu tions
has been doing extensive research and development toward the

design and construction of a TeV-scale linear electron-positron collider.
The particle physics com m unity has been in terested for years in build-
ing such a collider, which would fire tiny bunches of electrons and
positrons at each other with combined energies between 0.5 and 1.5
trillion elec tron volts. This in terest in tensified wit h the recent deci-
sion by the European Laboratory for Part icle Physics (CERN) to proceed
with the Large Hadron Collider. Indeed, these two machines can m ake
highly complementary con tributions to our understanding of elemen-
tary par ticles.

Such a TeV linear collider can serve many functions. It will be a preci-
sion tool to study production and decays of the massive top quark. If t he
Higgs boson (or bosons) and supersym metric particles exist, it should be in-
stru mental in fostering their discovery and fur ther study. If t hey do not, such
a collider will allow the exploration of other mechanisms being proposed for
electroweak sym metry breaking, which is t hought to imbue elementary par-
ticles with t heir widely differing masses. These are several of t he burning
physics questions that need to be elucidated during the coming decade.

In addition, a TeV linear collider will provide exciting physics research
opportunities based on high energy electron-electron, electron-photon and
photon-photon collisions. Other applications, such as free-electron lasers for
the  s tudy of  mat ter  a t  atomic dimensions,  are  also possible.

by GREGORY LOEW & MICHAEL RIORDAN

S
Physicists around the globe are cooperating

on designs for a trillion-volt linear collider.



M OTIVATED BY the late
1980s startup of the SLAC
Linear Collider and t he

possiblity of extending this technol-
ogy to higher energies, a nucleus of
insti tu t ions began doing collabora-
tive R& D in this field. At first, this
effort was fairly infor mal, result ing
in small one-on-one join t investiga-
tions. During the 1990s, it gradually
evolved in to larger projects such as
the 300 meter Final Focus Test Beam
at t he St anford Linear Accelera tor
Cen ter. The principal goal of t his
roughly $20 m illion project was to
st udy the design and operation of a
state-of-the-art magnet array required
to generate the exceedingly narrow,
ribbon-li ke elec tron a nd posi t ron
bea m s needed a t t he i n t erac t ion
point of a TeV linear collider.

Groups from the German Electron
Synchrotron (DESY) in Hamburg; the
Max Planck Institute in Munich; the
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Linear Accelerator Laboratory (LAL)
in France; the National  Laboratory
for High En ergy Physics (KEK) in
Japan; t he Budker Ins t i t u te of  N u-
clear Physics (BIN P) in Novosibirsk,
Russia; the Fermi National Accelera-
tor Laboratory in Batavia, Illinois; and
SLAC joined forces to build this facili-
ty. The Russians fabricated almost all
of the forty precision dipole, quadru-
pole,  and sex t upole m agnets  t ha t
serve as “optical” ele ments in what
is essen t ially t he world’s  bigges t
“compound lens.” The last two quad-
rupoles, which were m an ufact ured
by Japanese indus try under t he di-
rection of KEK physicists, have pole
faces machined to micron accuracies.
DESY physicis t s supplied a high-
precision alignm ent system to guar-
antee t hat componen ts of t his com-
plex m agnet array re m ain in t heir
designated posit ions.  And KEK and
LAL built  monitors  to m easure t he
transverse di m ensions of  t he elec-
tron bunches at the focal point—one
based on Compton scat tering of pho-
tons (see photograph at left) and t he
other on  ions scat tered from gas jets.

Experi m en ts  a t SLAC have pro-
duced electron beams that are only
120 nano meters high (a typical virus
is  abou t 100 n m across),  i n good
agreement with predictions. T hat’s
an extraordinary vert ical compres-
sion factor of over 300 on the initial
50 GeV bea m supplied by t he SLAC
linear accelera tor. T his level of de-
magnification already exceeds what
is required for TeV linear colliders.
What’s  m ore,  t he Final Focus Test
Bea m has  dem ons tra ted  tha t  such
flat, narrow beams can indeed be con-
t rolled and m oni tored, w hich was
not at all obvious when this project
began construction.

Tsumoru Shintake and David Burke
with the laser beam monitor built by KEK
for the Final Focus Test Beam at SLAC.
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IN EARLY 1987, at a meeting of
t he In ternational Com mit tee on
Fu ture Accelerators (ICFA), SLAC

Director Bur ton  Rich t er  had  sug-
gested that all groups doing research
on linear colliders start working to-
get her more cohesively. In 1988 the
com munity began holding two series
of  regu lar  workshops  arou nd  the
world—one (labeled “LC”) to review
and compare t he various design al-
ternatives for a large linear collider,
and the ot her to discuss t he physics
potential of such a machine. During
LC93 at St anford, DESY, KEK,  and
SLAC exchanged an inform al me m-
orandu m of understanding to estab-
lish an in ternat ional collaborat ion
whose m ain purpose was to pursue
linear collider R& D cooperat ively.
T he collaborat ion’s pri m ary objec-
tives, according to David Burke and
Rich ter, was “ to en hance t he ex-
ch ange of  person nel  bet wee n par-
t icipat ing ins ti t u t ions,  to  prom ote
coordination in planning and sharing
of research facilities, and to provide
a mechanis m for all interested par-
ties to participate in the evaluation
of the alternative technological ap-
proaches t ha t  are presen tly being
pursued.”

That agreement established a Col-
laboration Council, whose first for-
mal meeting occurred in July 1994 at
t he European Par t icle Accelerator
Conference in London. The Council,
in t urn, set up a Technical Review
C o m m i t tee (T RC) w hose specific
charge was to examine and compare
t he various accelerator technologies
and designs t hat m igh t be sui table
for a linear collider wi t h an ini tial
center-of-mass energy of 500 GeV and
a lu m inosi ty  in  excess  of 1033cm−2

sec−1, which could be expanded to at

The diversit y of projects

and test facilities we

have created som ew hat

spon taneously t hroughout

the  world co m m unit y

is producing a broad body

of  k nowledge  that  benefi ts

all of the projects.

least 1 TeV with roughly five times
higher luminosity.

The TRC consisted of m ore than
50 scie n t is ts  fro m 17 i n s t i t u t io ns
around t he globe. Meet ing and cor-
responding over t he following year
and a half, t hey produced and pub-
lished a com prehensive R&D report
t h at  was  dis t r ib u t ed  t o  t h e  co m -
m uni ty  in January 1996. T his doc-
u m ent presen ts descript ions of all
l i near-coll ider  designs so far  pro-
posed, comparative reviews of major
subsystems, descriptions of relevan t
test facilities and experiments done
on them,  plus  t he  po ten t ial  of  t he
various designs for being upgraded
to higher energies. T he report lists
prese n t  and possible fu t u re areas
of collaborat ion. It con cludes t hat
“ the diversity of projects and test fa-
cilit ies we have created som ew hat
spontaneously throughout the world
co m m unity is a good hedge against
mistakes, and . . . i t is producing a
broad body of knowledge t hat ben-
efi ts all of the projects.” The TRC re-
port is available on the World Wide
Web at www.slac.stanford. edu/xorg/
ilc-trc/ ilc-trchom e.h t m l; essen tial

parts of it,  including progress reports
and tables of m ajor linear-collider
design parameters are updated about
twice a year.

AFTER NEARLY a decade of
in ternational collaboration
on linear collider R & D ,

w here does t he co m m u ni ty sta nd
today? Five  m ajor new tes t facili-
ties have recent ly begun operat ion.
These include two model test accel-
era tors at DESY, one eac h a t SLAC
and CERN , plus an advanced storage-
ring facility at KEK whose goal is to
s t udy t he prepara t ion of  narrow,
ribbon-like beams to be injected into
such linacs. As a resul t of t his and
other research, the stat us of the four
principal categories of linear-collider
designs (see top table on page 38) is
becoming bet ter understood.

Alt hough t he para m eters  an d
technologies of t he m ain linacs in
t hese design ca tegories differ sub-
stantially (see bot tom table on page
38),  t he m achines share many com-
mon features and problems. To reach
the desired luminosity, for example,
all approaches (excep t t he Russian
VLEPP design) accelerate many elec-
tron or  posi tron bu nches in each
pu lse of m icrowave radia t ion. Bu t
lau nc hi ng such long sequen ces of
closely spaced bunches m eans t hat
the electromagnetic fields generated
in the wake of  each bunch—its so-
called wakefields—can deflect t he
following bunches up, down, or side-
ways. T his t roubleso m e effect can
make it difficult to maintain the ex-
t re m ely narrow, fla t elec t ron a nd
positron beam s needed at the in ter-
action point to at tain high collision
rates. Thus all linear-collider designs
(except VLEPP) use techniques to
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Linear Collider World Picture

Collider “Hub” Corresponding
Design Laboratories Test Facilities

TESLA DESY TESLA Test Facility

SBLC DESY S-Band Test Facility
JLC(C) KEK Microwave Systems

JLC(X) KEK Accelerator Test Facility
NLC(X) SLAC SLC, FFTB, NLC Test Accelerator

LBNL, LLNL Relativistic Two-Accelerator Test Facility
VLEPP(J) BINP VLEPP Test Facility

CLIC CERN CLIC Test Facility

Parameters for a Linear Collider with a Total Energy of 500 GeV

TESLA SBLC JLC(C) JLC(X) NLC VLEPP CLIC

Main linac
frequency (GHz) 1.3 3 5.6 11.4 11.4 14 30

Luminosity
(cm−2s−1) × 1033 6 5.3 7.2 6.1 5.3 9.7 4.9

Beam height
at final focusa 38 30 8.6 6.2 12.2 8 10.8
(nm)

Accelerating 25 17 33 56 55 78 100
Gradient
(MV/m)

Number of 616 2517 4184 4400 3030 1400 2 drive linacs
klystrons

Number of
bunches/second 5650 16650 7200 12750 9720 300 30,000

aThe beam height given here is twice the rms vertical beam dimension σy* generally quoted
in technical literature.
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suppress these wakefields before they
cause serious damage to beam quality.

O t her feat u res co m m on to all
four design categories include parti-
cle injectors; da mping rings; align-
ment systems; ground-vibration sup-
pressors; vacuum systems; feedback,
i ns tr u m en t at ion an d con trol  sys-
t e m s; beam delivery sys t e m s; and
fi nal-focus sys t e m s—as wel l as
m uch of t he civil engineering and
electromechanical infrastructure. In
all of t hese areas, val uable cross-
fer t iliza t ion and collaborat ion oc-
cu rs  a mong  t he  various  groups,
w hic h benefi t  fro m revie ws t ha t
take place at the regularly scheduled
LC workshops.

H EAD Q UARTERED AT
DESY, the TESLA collabora-
tion involves 22 institutions

spa nn ing t he globe fro m Beijing
t hrough Warsaw and Paris  all  t he
way to Los Angeles. T his team has
designed the only machine that uses
superconducting accelera ting cavi-
ties for t he main linacs (see diagram
above). Wit h m icrowave power at
1.3 G Hz accelerat ing 5650 bunches
per  second,  i t  has  the  greatest  t ime
lag between bunches (708 nanosec-
onds), t he lowes t t ransverse wake-
fields and thus the loosest alignment
t olerances. O t her special fea t u res
include a long “dog-bone ” shaped
da m ping ring an d a posi tron-

In teraction
Point

Possible Future
Interaction

Poin t

Wiggler
Magnet

Electron
Bea m Du mp

Positron
Beam  D u m pPositron

Target

Bunch
Com pressor

Bu nch
Co mpressor

Pre-
Accelerator

Auxiliary
Positron Source

e+ e–

e–e+

Positron
Main Linac

Elect ron
Main Linac

“ Dog-bone”
Dam ping Ring

Electron
Source

Pre-
Accelerator

33 kilom eters

Layout of the proposed TESLA linear
collider, which employs superconduct-
ing accelerating cavities in both main
linacs.

production system that uses gam ma
rays generated by passing the primary
elect ron bea m t h rough a wiggler
magnet.

The new TESLA Test Facility is be-
ing asse m bled in successive s teps
through the addition of cryomodules
tha t  con tain  t he  superconduct ing
cavities. It has already generated a
125 MeV electron bea m, and in the
nex t few years i t will be ex tended
to incorporate a free-elect ron laser.
Physicists and engineers building this
test facility have so far achieved an
accelerat ing gradien t of 16 m illion
volts per meter (or 16 MV/ m) and are
m aking good progress toward t heir
design goal of 25 MV/ m. Their great-
est challenge is to develop techniques
to turn these encouraging results into
a reliable and affordable technology.

The S-band Linear Collider (SBLC)
proposed by DESY physic is ts as a
TESLA backup takes advantage of the
most widespread and proven micro-
wave technology—t he 3 GHz S-band
technology used for decades at Stan-
ford and elsewhere. Taken together,
i t s t wo “conven t ional ” lin acs are
rough ly equ ivalen t t o t en SLA C
linacs and wou ld s t re tch abou t 30
kilom eters in all.  After TESLA,  t he
SBLC has t he nex t-larges t bea m
heigh t a t t he final focus. It wou ld
operate  a t 50 microwave pulses per
second wit h 333 bunches per  pulse
spaced 6 nanoseconds apart. Because
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Next Linear Collider, or NLC , bot h
use 11.4 G Hz microwave power for
their main linacs. They have similar
pu lse repet i t ion rates, n u m bers of
bu nches per pu lse, par t icles per
bunch,  and peak lu minosit ies.  The
differen t beam heigh ts at the in ter-
act ion poin t  do not  arise fro m any
fundam en tal design differences. As
t he coopera t ion be t wee n KEK and
SLAC m at ures,  t his  and  o t her  re-
maining differences will likely shrink
—a process that has already occurred
in the design of the accelerator struc-
tu res.  The NLC curren t ly uses ac-
celera tor sec t ions in w hich t rans-
verse wak efields are det u ned a nd
damped by coupling these modes to
external m an ifolds and loads. The
latest sections of this type have been
m achi ned a t Lawre nce Liver m ore
National Laboratory (LLNL), cleaned
at SLAC , diffusion bonded in Japan,
and ret urned to SLAC for final braz-
ing. Tests of  these sections have be-
gun on the Next Linear Collider Test
Accelerator facility at SLAC (see pho-
tograph on the next page).

Microwave power for t he N LC
will be supplied by 75 m egawat t X-
band klyst rons that use perm anen t
magnets to focus the stream of low-
energy electrons traveling t hrough
each k lyst ron t ube. T his energy-
saving innovation has recen tly been
successfully t es ted a t SLAC . Si m i-
lar k lyst rons will likely be used in
the JLC(X) design. To increase t he
peak power levels, bot h m ac hines
will probably use the delay-line dis-
t rib u t ion syst e m proposed by KEK
physicists to combine the microwave
pu lses fro m several  klys tron s a nd
distribute slices of the resulting pulse
to individual accelerator sect ions.
Because m uch of t he cost of t hese

of this m ultibunch operation, its ac-
celerat ing st ruct ures have been de-
signed to de t u ne and da m p m ost
transverse wakefields by using t wo
sets of higher-order mode couplers in
each sect ion whose signals can also
be used for alignm ent purposes. Ini-
tial tolerances are about 100 microns,
and the sections m ust even tually be
aligned to  wi t hin 30 m icrons. Pro-
totypes of  t he 150 m egawat t (peak
power) klystrons needed by the SBLC
have been developed at SLAC as part
of a bilateral collaboration with DESY.

In t he origin al TR C repor t ,  t he
C -band Japan Linear Collider, or
JLC(C), was not considered in detail
because experi mental work on i t at
KEK had not yet begun. Since then an
active R&D program has been start-
ed on its microwave components, in-
cluding a 50 m egawat t klystron and
an ingenious 1.8 m accelerator struc-
ture that lets the undesirable trans-
verse wakefields leak out while keep-
i ng t he longi t udinal, accelera t i ng
m ode “ cho ked” i nside t he cavity.
T his  cho ke-m ode s tr uct ure eli m i-
nates wakefield problems and has an
align ment tolerance of 30 m icrons.
The JLC(C) beam characteristics are
similar to those of the X-band designs
(see below), except for a longer bunch
length.

The X-band Japan Linear Collider,
or JLC(X),  and  t he SLAC-designed

KEK and SLAC physicists who recently
performed experiments at KEK’s
Accelerator Test Facility.
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X-band collider designs comes in the
m anufact ure of t heir klyst rons and
t he m odu lators  t ha t  supply t he m
wit h elec trical power, there are
substan tial R&D efforts under way
to reduce these costs and at tain high
power-conversion efficiency.

The trains of electron bunches for
both machines will be generated by
laser bea m s i m pingi ng on pho to-
cathodes, and the positron bunches
by improved versions of the positron
source now used on t he SLC . After
init ial acceleration to abou t 2 GeV
by  various L-ba nd and S-band pre-
accelerators, these bu nches will be
co m pressed by a fac tor of 100 in
heigh t and 10 times in width by cir-
cula ting them for several m illisec-
onds in da mping rings. A full-scale
prototype of such a damping ring is
now being tested at KEK’s Accelerator
Test Facility (see photos on pages 16,
18 , and opposi te) w here sc ien t is ts
from Japan, Europe, and t he Uni ted
States are perfor m ing join t experi-
m en ts and making good progress.

Seven Russian insti tu tions have
been collabora t ing on t he VLEPP
design with physicists from Finland
t o Japan. T his m ach ine would ac-
celerate only a single bunch of elec-
trons or positrons in each microwave
pulse, thus eliminating the wakefield
problems of the m ultibunch designs.
Bu t VLEPP m ust achieve i ts h igh
lu m inosi ty by cra m m i ng abo u t
t wen ty t i m es m ore par t icles in to
each bunch, w hich leads to higher
backgrounds when the bunches col-
lide a t t he in teract ion poin t. Al-
t hough the VLEPP project is on hold
because of lack of fu nding, BI N P
scien tists continue to make impor-
t an t  con tr ibu tions by perfor m ing

specialized m icrowave and o t her
studies at home and abroad.

The JLC , NLC ,  and VLEPP linacs
can be upgraded in energy by in-
creasing t heir act ive lengt h and/or
adding m icrowave power. Anot her
approach to boosting the NLC ener-
gy is being explored by groups at the
Lawrence Berkeley and Liver m ore
National Laboratories; this involves
the use of a parallel 10 MeV “drive
beam ” accelerated in an induct ion
linac to generate the microwave pow-
er. If successfu l, such a t wo-bea m
technology may replace klystrons in
the next decade or two.

The CER N ,  or C o m pac t, Linear
Collider (CLIC ) involves a doze n
institutions, mainly from Europe but
also including the U.S. and Japan, that
are combining their R& D efforts on
another two-beam accelerating tech-
nology t hat has been pioneered by
CERN .  This  unique machine would
operate at the highest microwave fre-
quency, 30 GHz, and have potentially
the highest accelerating gradient. But
i t also has the strongest wakefields,
and therefore the tightest fabrication
and align m e nt tolerances, and i t
requires a  n u m ber of  in novat ions.
Accelerated by LEP-style supercon-
ducting cavities, a very intense 3 GeV

Juwen Wang, Ted Lavine, and Chris
Adolphsen with the Next Linear Collider
Test Accelerator.
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con tinue doing R&D unt il 1999 and
t hen undergo a broad review to de-
ter m ine how to proceed. Since this
t wo-beam technology offers poten-
tial accelerating gradients above 100
MV / m , a design based on i t m ay
eventually lead to a third-generation
linear collider operating at 1–3 TeV.

From all  t hese effor ts,  i t  should
be possible to draw some useful and
fairly definitive comparisons. What-
ever is learned, we hope t hat coun-
tries in terested in working on a lin-
ear electron-posi t ron collider will
even t ually join forces and ju m p on
t he  bes t  bandw agon .  In  t he  pas t ,
however, a serious obstacle to build-
ing an accelerator or collider inter-
nationally was the difficulty of agree-
ing on a single site.

T his difficu lty is not scien tific,
nor is it rooted in nationalism—or at
least it shouldn’t be. Physicists have
stood a t t he forefron t of t he global
movement toward internationalism;
they have extensive experience work-
ing toget her on co m m on project s.
T he difficu l ty  is  m ain ly  cu l t ural:
where to live, what food to eat, what
coffee shop to frequen t ,  w hat  lan-
guage to speak at the super market,
w here t he children go to school.
CER N solved t h is k no t ty proble m
many years ago, but in the midst of
a relatively homogeneous European
cult ure. T he next—and t ruly in ter-
national—leap will be substan tially
greater. Perhaps t he resolu t ion lies
in the extensive use of jet planes and
high-speed co m puter net works. To
some extent, it should be possible for
many—but not all—collaborators to
remain situated around the globe and
still make i mportan t contribu tions
to an international linear collider.

H AVI N G READ t h us far,
y o u  m a y  w e l l  w o n d e r
whether this ent ire effort is

a collaboration, or an intense global
competition. Such a reaction would
not be totally unwarranted. Although
they all share si m ilar proble ms,
TESLA ,  t he “conven tional” m icro-
wave machines, and CLIC are very dif-
feren t designs. As it seems unlikely,
and is probably undesirable, for t he
world to build more than one TeV lin-
ear collider, you may well ask, “How
will the present situation unfold?”

In attempting to answer this ques-
t ion,  we can only specu lat e.  T he
l inear-collider co m m u nity has re-
cen tly bifurcated in to two dis tinct
coalitions. KEK, SLAC , and other in-
st it u tions in terested in X-band col-
liders are gradually joining forces to
work toward a single design. DESY
and its collaborators are focusing on
t he superconduct ing TESLA ap-
proach, with SBLC as a backup. These
two coalitions intend to prepare con-
cept ual  design repor t s—i ncl uding
com plet e engineering s t udies and
cos t  est i m ates—by t he t urn of  t he
cen tu ry.  The CLIC progra m will

drive bea m i nduces m icrowave
pulses i n t ransfer  s t ruct ures t ha t
t rans m it t hese pulses over to t he
m ain linac (see illust rat ion above),
w here  t hey  boos t  bunches  of
electrons or positrons to t heir ult i-
mate energies. The challenge of man-
ufact uring t housands of  klystrons,
m odula tors and m icrowave pu lse
com pressors is replaced by the need
to develop t wo high-curren t bea ms
t ha t can genera te h igh-frequency
pulses of the required square-wave
shape.

O ne  advan tage  of  t he CLIC
sche m e is t hat most of t he co mpo-
nents can be housed in a single tun-
nel, thus lowering conventional con-
struction costs. But certain features
of  the  drive  and main beams remain
to be deter m ined—part icularly for
operation at 60 particle bunches per
microwave pulse, which is needed to
raise the lu m inosity to t he level of
t he ot her  designs.  T hese quest ions
will be examined in experi ments on
t he CLIC Test Facility, a 30 m long
accelerator that began operation a t
CERN in 1995 and is now undergoing
a major upgrade.

A section of the proposed CLIC two-
beam accelerator. An intense, low-
energy drive beam generates
microwave pulses that accelerate
electrons or positrons in the main linac.

Drive Beam



What,  and Why,  is  t he In ternat ional
Astronomical Union?
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ERATOSTHENES (something BC) is supposed to have
measured the circu mference of the earth by noting that the
sun, which cast a seven degree shadow at Alexandria, si-

m ultaneously shone straight down a vertical well at Cyrene. We
suspect he m ust have had a long-distance collaborator.* Moving
briskly through the Middle Ages and out the other end, we find
Kepler in Prague using observations by Tycho Brahe of Den mark
to trace ou t the laws of planetary motion, Galle in Berlin discover-
ing Nept une on the basis of calculations made by Leverrier in
France, and so forth.

Indeed, many of the uses and aims of astronom y absolutely demand

world-wide cooperation. Unless everybody has the same, accurate,

almanacs and clocks that keep the sa me time, you are likely to find your

ship in St. Paul’s Cathedral rather than the English Channel or your radio

telescope (and this is a real case) apparen tly in the Black Sea, rather than

Crimea. Thus astronomically-based time keeping and navigation have

long involved exchanges of observations, results of calculations, and time

signals among friendly, and someti mes unfriendly, coun tries. From a less

practical, astronomical poin t of view, if you want to catalog all the

objects of some sort in t he sky, you will need cataloguers at several lati-

t udes (owing to t he earth being round). Continuous monitoring of the

brightness of variable stars means finding collaborators at other longi-

t udes (owing to the sun, unless it is the sun you are monitoring, in which

case the ot her stars get in the way).

by VIRGINIA TRIMBLE

“. . .i t is desirable that the

nations at war with  the  Central

Powers  withdraw fro m the

existing conventions relating

to International Scientific

Associations. . .as soon as

circu m stances perm it. . .and

that new associations, deem ed

to be useful to the progress

of science and its applications,

be established without delay

by the nations at war w ith the

Central  Powers with the

even tual co-operation

of  neutral nations.”

Resolu tions of the Conference of
London, October 1918

* Just  how long a distance is  not  entirely clear, for w hile the answer they  found
is  generally regarded as having been q uite accurate, it was given in Ro m an
stadia,  and nobody knows quite how long a stadiu m was in those days.

THE U NIVERSE AT LA RGE
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Transi ts of the sun by Mercury and Venus (histori-
cally importan t in determining the size scale of the so-
lar  system), occulations of stars by planets, moons, and
asteroids (which calibrate both precise positions and pre-
cise sizes), and eclipses of the sun (wit h t heir rare op-
portunities to see the chromosphere and corona and the
gravitational deflection of light) also all require being in
m ore than one place at a t ime or having friends in dis-
tan t places. All of these activities remain t he concern of
members of the International Astronomical Union, along
with a good many others that would never have occurred
to Kepler or Galle, or perhaps even you (but keep tuned).
Contrast, by the way, the situation in physics and chem-
is try where obviously i t is often desirable to have the
same experimen t done by two independent laboratories,
exchanging information about their methods and results,
but  where there is  no need for  t he times of  the experi-
m en ts to be precisely correlated in advance.

THE CARTE DU CIEL AN D ITS CO N TEMPORARIES

The compiling of catalogues (meaning tables) and atlases
(m eaning pict ures) of stellar posit ions and brigh t ness-
es is one of the most ancient of professional astronom-
ical activities, pioneered by Hipparchus (something else
BC) and Ptolemy (moderately AD). Each was able to doc-
u ment about 1000 stars in t he part of t he sky he could
see.  Chinese astronomers in t he 12t h cent ury and the
las t of t he n aked eye observers (Tyc ho agai n,  and
Helvelius in 1660) could do no bet ter. The application of
s m all refract ing telescopes increased our reach en or-
mously,  and the 1689 and 1797 catalogues of Flamsteed
and Bradley con tained abou t 10,000 stars each.

The advent of dry photographic em ulsions toward the
end of t he 19 t h cen t ury presen t ed an oppor t u ni ty to
expand catalogues and atlases by another large factor, as
well as to improve accuracy and repeatability. And, in
Paris in 1889, a group of astronomers representing more
than a dozen countries agreed to divide the sky into zones
and produce a “map of the sky” t hat would have images
in  i t s  a t las  of  all  s tars  to 14 t h m agn i t ude (one t en-
thousandth the brigh tness of faint stars you can see from

cities) and positions in its catalogue of all stars to 12th
m agnitude. At t he urging of David Gill of the U .K. and
Ad m iral Mouchez (director of the Paris Observatory),
about 20 observatories agreed to par ticipate. This meant
t hat they would acquire iden tical telescopes (called as-
trographs), blanket their parts of t he sky with 2 degree
× 2 degree photographic plates, and undertake to publish
t heir port ions of t he atlas and catalog. Some of the ob-
servatories you have probably heard of—Green wich,
Paris,  Po tsda m, Sydney. .  .O t hers w ill be less fa m il-
iar—Hyderabad, Tacubaya, Algiers, San Fernando. . .
Potsda m happened to be t he only locat ion within t he
countries that would eventually lose World War I.

No Am erican observatories were involved, and, in
ret rospect, we were very lucky. Even withou t overlap
between the images, it takes more than 10,000 2 × 2˚ plates
to cover the sky. Most of them were even tually taken,
bu t, 35 years after t he project began, only four of the 20
zones had been completely m easured, printed, and dis-
tributed (those of Greenwich, Oxford, Perth, and the zone
Hyderabad had origi nally agreed to do, t hey took on
anot her later). The Carte du Ciel was, in retrospect, a
t arget  a t  w h ich you t hrew not  on ly m oney* bu t also
the irreplaceable time of gifted scientists.

Two other t urn-of-the-century in ternational projects
deserve men tion. Astronomers had gradually become
m ore and more in terested in how stars are distribu ted
t h rough space in our galaxy (t hen widely believed to
be t he en tire universe). T hus they had diligent ly been
counting stars as a function of apparent and real bright-
ness, color, motion on the plane of the sky, velocity along
the line of sight, and so forth, picking out whichever bits
of sky appealed to t hem . Jacobus Kapteyn of  Holland
pointed out in 1906 that everybody would get along faster
if they all looked at the same bits of sky, rather than get-
ting radial velocities for one field, colors for another, and
so fort h. He suggested abou t 200 “selected areas,” dis-
tributed so as to probe what then seemed to be the salient
features of t he galaxy, and na turally, an in ternational

*I  t hin k  t his  w as  originally a description of a golf course: 18
s m all  holes dow n w hich you throw m oney.
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com mit tee  was appoin ted (in 1910) to oversee t he co-
ordination. It included Kapteyn (succeeded in due course
by van Rhijn, a younger Dutch man), four Anglo-Saxons,
and Kust ner, director of t he Bonn Observatory. Ot her
German astronomers were among the most active in pro-
viding data per tinen t to the selected areas (w hich, in-
cidentally, are still used for studies of galactic structure).

Finally we come to the International Union for Co-
operation in Solar Research, in which George Ellery Hale
(founder of  Yerkes,  Mt.  Wilson,  and Palom ar Observa-
tories) was the pri m e m over. T hey m et at least on ce,
at Mt. Wilson in 1910, discussing, among other issues,
how to standardize measurements of solar rotation made
from different sites, so that real variations across the sun
and with ti me could be iden tified. That a strong tradi-
t ion of  in ternational  solar  astronom y had been estab-
lished is clear from the early structure of the IAU .

THE WAKE OF THE GREAT WAR
(MOSTLY POLITICAL)

George Ellery Hale was a m an not easily discouraged.
With his IUCSR dissolved by the London Conference, he
was a t t he lead in urging t he United States  to  become
one of t he founders of the International Research Coun-
cil, whose name bears a curious resemblance to that of
the National Research Cou ncil, in whose 1916 founding
he also h ad a hand. Represen ta t ives of 16 vict oriou s
nations met in Brussels in July, 1919, and adopted a set
of statu tes including the goal of “initiat ing the form a-
t ion of in ternat ional Associat ions or Unions dee m ed
to be useful to t he progress of science.”

T he organ izat ional m ee t ing for t he In ter nat ional
Astronomical Union took place a t t he sam e ti me, and
of course Hale was there. An additional 16 nat ions were
declared eligible for IRC membership over the next few
years, an important constraint on the IAU, since no coun-
try could join it, or even, initially, send people to its meet-
ings, withou t acquiring IRC membership first. T hus t he
In ternat ional  As trono m ers began as a  U n ion of  ni ne
countries at their first official General Assembly in Rome
in 1922 and had expanded to 22 by e nd of  t he second

FOUNDING MEMBERS
INTERNATIONAL RESEARCH COUNCIL

Belgium Brazil United States of America
France Greece United Kingdom of Great Britain
Italy Japan Australia
Poland Portugal Canada
Rumania Serbia New Zealand

South Africa

COUNTRIES DECLARED ELIGIBLE THROUGH 1922

China Siam Czecho-Slovakia
Chili Denmark the Argentine Republic
Spain Mexico Monoco
Norway Holland Sweden

Switzerland

FOUNDING MEMBERS OF THE IAU

Belgium Canada Great Britain
France Greece Italy
Japan Mexico United States

ADDITIONAL IAU MEMBERS TO 1925

Australia Brazil Czecho-Slovakia
Denmark Holland South Africa
Norway Poland Portugal
Roumania Spain Sweden

Switzerland
aNames of countries are as given in original IAU documents.

GA in Ca m bridge (U .K.) in 1925.  T he IRC even t ually
beca m e ICSU ,  t he In ternational Council of Scien tific
U nions,  and you m ay very well  belong indirect ly,  be-
cause both the U.S. National Acade my of Sciences and
IU PAP (t he  In t ernat ional  U n ion  of  Pure  and  Applied
Physics) are, in differen t ways, me mber organizat ions;
I am not prepared to explain exactly what they do.

Additional coun tries were declared eligible for Union
(or having already been so decided to join up) t hrough
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1939,  m ost  notably China and t he Soviet Union. Ger-
m any, Aus tr ia, H u ngary, Bu lgaria, and Turkey were
patriae non gratae until after the Second World War. The
curren t lis t of adhering coun tries s tands a t abou t 60.
Recent additions include entities that were formerly part
of the Soviet Union, Czechoslovakia, and Yugoslavia (en-
t itled to share their paren t coun tries’ m emberships as
soon as t hey join ICSU and st ar t paying IAU dues).
Expressions of in terest from Bolivia, Macedonia, and
Cen tral America were considered at the 1997 General
Assem bly in Kyoto. Depart ures from t he Union, bot h
early and recent, most often reflect non-payment of dues
for m any years, frequen t ly by s m all, poor coun tries.
Recent or threatened losses include Cuba, North Korea,
Azerbaijan, Morocco, and Uruguay. Ru m ania appar-
en tly holds a record, having been admit ted three times.
It is currently in good standing.

Traditions established early and still in effect include
cycling the t riennial meetings among as many different
countries as are willing and able to host them and choos-
ing officers and Com mission Presidents (of which more
shortly) from many and varying countries. Thus we have
m et of late in Patras (Greece), N ew Delhi, Bal t im ore,
Buenos Aires,  T he Hague,  and Kyoto,  and t he last  six
Union presiden ts have come from India (Vainu Bappu),
Aus tralia (Hanbury Brow n), Japan (Yosh ihide Kozai),
USSR/Russia (Alexander Boyarchuk), Holland (Lodewijk
Woltjer), and the U .S. (Rober t Kraft). My im mediate pre-
decessors and successors as President of Com mission 28
(Galaxies)* have bee n fro m Holland, Swit zerland,
Armenia, Italy, and Japan.

This is perhaps as good a place as any to mention that
t he IAU has never had a woman president, t hough t here
have been women members  almost  from the  beginning.
T he firs t t hree were English speaking (Margaret Har-
wood, M. A. Blagg, a nd t he redoub table Ann ie Ju m p
Cannon), though at present the French, Italian, and Latin

*If you are saying, “Oh yes. You were elected to this position
for your well-k now n work on galaxies?” you are not  the
first. In fact i t was a resul t  of  starting up a Supernova Work-
ing Group (so m ething to w hich I  have con trib u ted a bi t)
w hich ca m e under Co m m. 28 for arcane historical reasons.

Jan H. Oort, elected to the IAU in 1925, served as both general
secretary and president, and was the last person to have been
present in Rome in 1922 (though not a registered participant)
and to have attended every General Assembly thereafter,
through 1982. (Courtesy Astronomical Society of the Pacific)
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A m erican delegat ions have propor t ionately far m ore
women mem bers t han t he U .K. or t he U .S. There have
been two women who served as General Secretary and
a nu mber of fe male Com m ission Presiden ts. I believe
Com m. 28 is the first to have had three, Margaret Bur-
bidge and Vera Rubin having been among my much more
distinguished predecessors.

T he IAU differs fro m vir t ually all o t her scien t ific
unions organized under ICSU in having individual mem-
bers. The nu mbers have increased from fewer t han 200
at foundat ion to nearly 8000 aft er t he Kyoto General
Assembly, where about 700 people, most relatively young
(but including Charles H. Townes) were elected, and the
necrology included about 100 na mes.

THE WORK OF THE UNIO N—THEN

The formal structure evolved in Brussels and signed into
effect in Rome consisted of Standing Com mit tees “for
t he s t udy of  various branches of  as trono m y, encour-
agement of collective investigations, and discussion of
ques t ions requ iring in ternat ional agree m ent or s tan-
dardizat io n.” T he word in t he Fren ch version of  t he
Statutes (to this day the official text) was “Com missions,”
which even tually won ou t over Standing Com mit tees
even in English, perhaps because so many other things
were called Com mit tees (nominat ing, finance, resolu-
tions, . . . ). Each was to consist of a President and a nu m-
ber of members, originally no two from the same insti-
t ut ion. Most Com missions began wit h 5–20 members,
but, being en titled to co-opt additional members, most
grew steadily, meaning that the effective number of indi-
vidual members of the Union also grew monotonically.

Thirty com missions started out in Rome. A few, con-
nected with drafting t he statu tes and choosing t he first
cohort of officers, i m m ediately self-destructed. Solar
Radiat ion (Co m m . 10) chose alm ost i m m ediat ely to
m erge  wit h Solar Physics (Com m. 12),  leaving the set
sh ow n  in  t he  table  a t  t he  t i m e  of  t h e 1925 General
Assembly, where two more, dealing with the struct ure
of the Milky Way and diffuse m a t ter in space were
formed. Much of what the Com missions did in the early
days was not just useful but essen tial in making astro-
nomical research and publications self-consistent and
readable t h roughou t t he world.  T hat ,  on t he w hole,
astronomers have done more or less what t he IAU told
t hem to do abou t most of t hese mat ters over the in ter-
vening 70 plus years is perhaps re markable. Herewit h
some examples.

Notations (Co m m. 3): The choice of three-let ter ab-
breviations for the names of constellations, t he use of m
and M for apparent and absolu te magnitude, astronom-
ical units and parsecs as the units of distance in and out
of the solar system, and a for the se mi-m ajor axes of a
binary star orbit are decisions that still stand.

Ephe m erides  (Co m m . 4): All issuers of nat ional
al m anacs were persuaded to have t heir days s tar t a t

Colonel F. J. M. Stratton, General Secretary of the IAU before
World War II and president for the “long term” of 1938–1948.
Stratton, a founding member, was apparently the last person
who could say he had attended every general assembly. He
was instrumental in keeping some international contacts alive
during the war period when General Assemblies were
impossible and correspondence difficult. (Courtesy Royal
Astronomical Society Library, Presidential Portrait 48)



48 WIN TER 1997

COMMISSIONS THEN AND NOW

1925 1990s

1 Relativity Disbanded
3 Notation Disbanded
4 Ephemerides Ephemerides
5 Bibliography Documentation and Astronomical Data
6 Telegrams Telegrams
7 Dynamical Astronomy Celestial Mechanics
8 Meridian Astronomy Positional Astronomy
9 Astronomical Instruments Instruments & Techniques

10 Solar Photosphere (Merged with 12); reborn as Solar Activity
12 Solar Physics Solar Radiation & Structure
14 Standard Wave-lengths Atomic & Molecular Data
15 Solar Rotation Physical Study of Comets,Minor Planets, & Meteorites
16 Planets etc. (Physical) Physical Study of Planets and Satellites
17 Lunar Nomenclature (now done by working group)
18 Longitude by Wireless Disbanded
19 Variation of Latitude Rotation of the Earth
20 Minor Planets etc. (Ephemerides) Positions & Motions of Minor planets, Comets, and Satellites
21 Disbanded before 1925 Light of the Night Sky
22 Shooting Stars Meteors & Interplanetary Dust
23 Carte du Ciel Merged with 24, 1970
24 Stellar Parallax Photographic Astrometry
25 Stellar Photometry Stellar Photometry & Polarimetry
26 Double Stars Double & Multiple Stars
27 Variable Stars Variable Stars
28 Nebulae (& many name changes) Galaxies
29 Spectral Classification Stellar Spectra
30 Radial Velocities Radial Velocities
31 Time Time
32 (Selected Areas, briefly)
33 founded in 1925 Structure & Dynamics of the Galactic System
34 founded in 1925 Interstellar Matter

35 Stellar Constitution
36 Theory of Stellar Atmospheres
37 Star Clusters & Associations
38 Exchange of Astronomers
40 Radio Astronomy
41 History of Astronomy
42 Close Binary Stars
44 Astronomy from Space (absorbed 48 in 1994)
45 Stellar Classification
46 Teaching of Astronomy
47 Cosmology (founded 1970)
48 High Energy Astrophysics (founded 1970)
49 The Interplanetary Plasma & Heliosphere
50 Protection of Existing & Potential Observatory Sites
51 Bioastronomy: Search for Extraterrestrial Life
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m idnight, like t he civil day (t hough Julian days were
to continue to start at noon, a decision endorsed yet again
this year) and to adopt a standard set of positions for 1054
brigh t stars used in navigation.

Astronomical Telegrams (Com m. 6): These announced
new astronom ical discoveries, observat ions, and cal-
culations, and astronomers agreed to release things this
way first (even before the New York Ti m es).  The Bureau,
originally located in Copenhagen, is now at the Center
for Astrophysics in Cambridge, Massachuset ts. Early dis-
coveries were most often comets and asteroids and their
orbits, wi th an occasional nova. These days we get su-
pernovae, gam ma-ray bursts, gravitational lensing events,
and m uch else. Postcards are still available, but the main
distribu tion is, of course, electronic.

Standard Wavelengths (Com m. 14): This sounds silly.
Don’t  you just go into the laboratory and measure t hem
with as m uch accuracy as you need for element identi-
fication, radial velocity measurements, or whatever? No,
for several reasons. First, many strong nebular emission
lines are forbidden transit ions and cannot be measured
in the lab at all. Second, even at high spectral resolu tion,
m any stellar absorption feat ures are act ually blends of
transitions in several elemen ts. Third, even laboratory
values may disagree and must be reduced to some stan-
dard (a red cadmiu m line at 6438.4696 A in those days).

Lunar No menclature  (Com m. 17, and later co m mis-
sions and working groups on planetary nom enclature,
e tc): Every t i m e a be t ter i m age reveals a new crater,
m oon, or ot her nam able en t ity, lots of people want to
name it. Someone m ust adjudicate. Rather impressively,
cooperation in this area survived the USA and USSR both
photographing the moon up close and wan ting to name
what they saw for their own assor ted heroes.

Meridian Astrono m y (Com m. 8),  Ti m e  (Com m. 31),
Variation of Latitude (Co m m. 19)  and their successors:
T hese dealt wi t h t he long-standing proble m of estab-
lishing the variations in the rotation of the earth and the
location of its poles, which feed directly into any accurate
syste m you wan t to have ei t her for m easuring ast ro-
nomical positions or for finding yourself on t he earth’s
surface, righ t on down to the GPS.

Solar Rotation (Co m m. 15): This  was,  of  course,  the
replacement for part of Hale’s solar union.

Carte du Ciel (Com m. 23): Of the three in ternational
projects m en t ioned in t he last section, t his is the one
t he IAU embraced mostly closely, in part because only
one of t he co-operating observatories happened to be lo-
cated in a Central Powers country, but also partly because
the project had built up an enormous constituency within
the com munity. By 1925, the Com mission was discussing
what else could be done with the plates, especially their
use as the first epoch in a very-long-ter m proper motion
survey (this is just now beginning to happen). The Com-
mission finally declared itself out of existence and merged
with 24 (by then Parallax and Proper Motion) at the 1970
General Assembly in Brighton, t he first one I at tended.
IAU “adoption” of the Selected Areas program was also
discussed from the beginning, bu t postponed because
m any of the active participants were German, and t hey
opposed a structure t hat would exclude t hem from any
decision-making. The problem resolved by the fifth Gen-
eral Assembly in 1935 and Selected Areas became Com-
mission 32 (later merging wit h 33, Milky Way).

Variable Stars (Co m m. 27): T he me mbers provided a
list of s tars t hat, because of having periods very long,
very shor t ,  or  nearly co m m e nsurat e wit h 24 hours,
needed in ter nat ional a t t en t ion t o pin dow n t heir
properties. Some of the ones listed, like R CrB and SS Cyg,
are still rather a puzzle (though ast rophysically rat her
t han temporally).

THE WORK OF THE IAU—N OW

According to m y notes fro m Kyoto, t he IAU now has
39 Com missions and four independent Working Groups.
Some of t hem still deal with issues that go back to the
beginning: Planetary System Nomenclature (a working
group),  Astronomical  Telegrams (Com m. 6),  Atomic and
Molecular Data (Com m. 14, dealing with standardized
wavelengths bu t also transition probabilities and ot her
usefu l n u m bers),  Rot a t io n  of  t h e  Ear t h (Co m m. 19),
Ephe m erides (C o m m . 4),  and Docu m e nt at ion a nd
Astronomical Data (Com m. 5, which these days includes
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non-paper archiving). A few com missions still have only
20–40 m e m bers.  O t hers (i ncl uding Galaxies, Radio
Astrono my, and Astronomy from Space) exceed 600. A
good many have been renamed, and some numbers have
been recycled. But the com missions are still telling us
what to do, including, for instance, t he need for a more
accurate description of t he rotation of the earth, a stan-
dardized way of correct ing t i mes of ast ronom ical ob-
servations for effects of general relativity, and t he Julian
Day (it still starts at noon, but the Modified Julian Date
starts at midnigh t, and PLEASE be sure to tell us which
you are using!). Yet another resolution dealt with mak-
ing t he new coordi na te sys te m es tablished by t he
Hipparcos satellite nest properly wit h ground-based op-
t ical and radio coordinates. This last m at ters even for
ordinary science; if you want to know whether the radio
and optical  knots  in t he je t of a quasar are correla ted
or an ti-correlated on sub-arcsecond scales, you had bet-
ter be able to line up the t wo sets of data to 0.1 arcsec
or thereabouts.

The Union and its Com missions have, however, also
m oved strongly in three directions not envisaged by the
founders.  The first  consists  of  things about  which one
can say, wit h old Ben Fran klin, t hat if we do not hang
together, we will all hang separately. The en tities called
Protect ion of  Exis t ing and Poten t ial  Observing Si tes
(Com m. 50), Fu ture Large Scale Facilities, Encouraging
the In ternational  Development of  An tarctic  Astronomy
(Work ing Groups),  an d t he par t  of  Radio Ast rono m y
(Com m. 40) that  fights for  protected frequencies com e
under t his heading. Second, t he IAU has become m uch
more active in promoting astronomy in developing coun-
tries. It puts money into three activities along these lines:

1. Exchange of Astronomers (Com m. 38), which ad-
m inisters travel gran ts for astronomers working under
difficult circumstances to pay 3–12 month visits to larger
observatories and universi ties. A few gran ts also go to
people from prosperous places going to less prosperous
ones primarily to bring their host organizations into main
stream activities. We also send a good many free books.

2. An on-going series of both regional meetings (nor-
mally in Latin America and in the Asia-Pacific areas) and

international schools for young astronomers from regions
cen tered around t he host coun try—most recen tly Iran
and China.

3.  Teaching of Astronomy (Com m. 46) again focuses
on developing countries and has coordinated recent work-
shops for teachers in Vietnam and Central America, with
ones  in Sri Lan ka and Morocco con templated if funding
can be found. This Com mission also addresses the prob-
le m of teaching ast ronomy to in terested studen ts, un-
in terested studen ts, and the general public in developed
countries.

Third is the great increase in t he amou nt of science
presented and discussed at the General Assemblies and
at IAU-sponsored sy m posia and colloqu ia in non-GA
years.  Proposals  can co m e fro m anyone in t he as tro-
nomical com m unity, bu t m ust be endorsed and evalu-
ated by the Com m issions most relevan t to the topics.
The nu mber of proposals typically exceeds the 5–6 sym-
posia and 5–6 colloquia t hat can be funded each year
by a factor of about two. The winners have several things
in com mon. One is scientific merit. But, in addition, the
proposals m ust have broad in ternational representation
on their scientific organizing com mittees and among the
invited speakers; organizers m ust agree to use som e of
t he IAU m oney for travel grants for young astronomers
and those from less developed coun tries; and the host
coun try m ust agree to adm it part icipan ts fro m every
coun try. The sites are widely scat tered. Events sched-
u led in 1998 will occur in Canada, Spain, Ar m en ia,
France, South Africa, Mexico, China, Germany, and prob-
ably a couple of ot her places. And topics include the full
range of solar system, stars, galaxies, and the universe.

T he most recen t General Assembly in August 1997
in Kyoto had a program with six symposia of about four
days each (on topics from helioseismology to cosmolo-
gy), 23 joi n t di sc ussions of a day or so (ranging from
the New International Celestial Reference Frame to The
Megamaser-Active Galaxy Connection), brief business
m eet ings of most of t he divisions, com m issions, and
working groups, special sessions on Comet Hale-Bopp,
early resu l ts fro m t he Infrared Space Observat ory (a
largely European satellite), and some other entities whose
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acronyms I cannot decode, plus a countably infinite num-
ber of com mit tee m eetings. Maximal packing occurred
on Monday, August 25,  wit h 14 sim ultaneous activities.

About 2000 people part icipated in t hese festivi ties,
roughly 700 from the host coun try and a smaller nu m-
ber from t he U .S. (the second largest delegation). That
m ost genuinely par t icipated shows in t he n u m ber of
posters presen ted (1600 in four t hree-day shifts of 400
each) and talks (abou t 900, all t he way from hour-long
reviews of black holes at galact ic centers and convec-
tion in stars to 10-minu te news flashes on rapid evolu-
tion of a particular binary star and X-ray after-glows from
gam ma ray bursts). The American participants did t heir
fair share, but probably not more: in t he three joint dis-
cussions I participated in, t here were 5 American speak-
ers ou t of 21 (stellar evolu tion on short time scales), 3 of
20 (early results from the Hipparcos astrometric satel-
lite), and 9 of 25 (high energy transient sources).

FINAN CES

Su ms of money from the past always sound ridiculously
s m all. T he early IAU accou n ts were kept in Bri t ish
pounds (though legally assessed in French francs), so the
proper com parison is wit h t he £100 a year on which a
single wo m an could live comfor tably and “£10,000 a
Year,” t he title of a book supposed to describe riches be-
yond the dreams of middle class avarice in about 1920.
T hus i t was t hat the Union had an average annual in-
come of £1500 between 1922 and 1925, nearly all of it the
contribu tions from member coun tries.  T hese,  like the
dues for t he In ternational Research Council, were as-
sessed in proportion to the populations of the nations,
wit h cu ts at 5, 10, 15, and 20 million. The U .S. popula-
tion in 1920 was 108 million, and, in the first few years,
we con tribu ted 11 percent of the budget, while making
up 24 percent of the membership.

One aspect of t his has changed hardly at all. Ameri-
can m e m bersh ip is s t ill pre t ty close to 25 percen t of
t he  to tal; and our 1997 assessed dues are 86,400 Swiss
fran cs  in  a  to tal  of 716,280,  or 12 percen t . Expec ted
con tribu t ions are now m ore nearly propor t ional to

nu mbers of ast ronomers in t he countries than to to tal
populations, and there is some additional income from
publicat ions and ot her  sources. Sporadic special con-
t ribu t ions, prim arily from t he U .S., have added abou t
200,000 Sfr each triennium, bu t are ear marked to pay for
travel by people from the contributing country.

Where did the money go? In the early days, mostly to
subsidize the practical activities of time keeping, mon-
itoring of latitude, and so forth; to support publications;*
and to operate the office of the general secretary, who in
1923 took a 10s 8p train ride, had a £26 ls 9p part-ti me
secretary, and bought £8s 9p wort h of postage stamps.

Where does the money go? Now, very considerably
for science. In t he 1994–96 trienniu m, total ou tgo was
2,526,601 Swiss francs, somewhere between $1.6 and $2.2

*The Carte du Ciel w as a bot to m less fiscal hole for the IA U
as well as for the participating observatories, swallowing
£100 here and £47 there several t i m es a year to publish
bits and pieces of the catalog.

Lodewijk Woltjer, IAU president 1994–1997 bids farewell to
participants at the Kyoto General Assembly during the
closing ceremonies. His father, Jan Woltjer, was a found-
ing member of Commission 7 (Dynamical Astronomy)
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m illion a t any given m om en t, owing to wildly vari-
able exchange rates. Of this, 45 percent directly supported
scientific meetings involving astronomers from all over
t he world (primarily as t ravel gran ts).  Anot her 11 per-
cen t was for activities aimed specifically at developing
countries—schools, regional meetings, free copies of IAU
sy m posiu m proceedings, etc. Abou t 12 percen t was
widely scat tered over dues to ICSU and other umbrella
organizations, distribu tion of information to me mbers,
archiving, and t he t radi tional support of the telegram
bureau, variable star catalogues, and so forth, now down
to 1 percen t of expenditures. The Carte du Ciel did not
get a penny.

Finally (and quite typical for scien tific societ ies), t he
las t t h ird of the budget paid for t he secre taria t , offi-
cers’ meetings, bank charges, and such. More than half
is salaries, and, of course, t he people involved spend
nearly all t heir t i me coordinat ing ast ronom ical sym-
posia, publications, activities in developing coun tries,
and all the rest. And, for bet ter or for worse, the share of
travel gran ts going to American astronomers is, on av-
erage, slightly larger than the fraction of the income we
contribu te.

MORE ABOUT THE IAU
PAST AND PRESENT

Lankford, John 1997. American Astronomy: Community,
Careers, and Power, 1859–1940, University of
Chicago Press, notes how we benefited from not
contributing to the Carte du Ciel.

Blaauw, Adriaan 1994. History of the IAU (Dordrecht:
Kluwer), is the definitive source, especially on the
early days and on how the Union survived the very
awkward issues involving the USSR, USA, and two
Chinas during the cold war.

IAU Publications: These all appeared under the Reidel
(later Kluwer) label for many years, but will be
published by the Astronomical Society of the
Pacific beginning in 1998. Symposia are the usual
sorts of conference proceedings. Highlights in-
clude the science from the General Assemblies.
And Transactions A are triennial compilations of
the highlights of research in the fields of each of
the Commissions, assembled by the Commission
officers.
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Databases and In ternational
Collaboration

by PAT KREITZ & MICHAEL BARNETT

STUDEN TS AN D RESEARCHERS searching the SPIRES-HEP databases
or consulting the Review of Particle Physics are reaping the benefi ts of two of
the longest standing in ternational collaborations in high energy physics. For

decades, each of t hese collabora t ions has been working qu ie tly and effec tively to
provide the field with core reference tools. Toget her these grass-root effor ts produce
a comprehensive, up-to-date, and highly accurate suite of resources supporting parti-
cle physics t hat are t he envy of researchers and s t uden ts in o t her fields. T he fac t
that these tools are available free to the desktops of the worldwide particle physics
com m u nity is u nique and, in fact,  only possible through t he cost-effect ive tool of
in ternational collaboration.

The SPIRES-HEP collaboration, a joint pro-
ject between the Stanford Linear Accelerator
Cen ter (SLAC) and t he  Ger m an Deu tsches
Elektronen Synchrotron (DESY) libraries with
significant assistance from the Japanese High
Energy Accelerator Research Organization
(KEK) and the Japanese Yukawa Institu te for
Theoretical Physics, Kyoto University, pro-
duces a nu mber of databases which provide
comprehensive access to the literature of high
energy physics as well as to conferences, peo-
ple, institutions, and experiments in the field.
The core database, known as SPIRES-HEP, con-
tains over 355,000 records for preprin ts, ar ti-
cles, repor ts, and t heses from 1974 to the pre-
sent. The database contains World Wide Web
links to the full text of papers when available,
with over 100,000 such links currently in the
database. These links are provided by coop-
erative efforts with the Los Alamos Electronic
Preprin t (E-Print) Archive, other laboratories,

jou rnal publishers, individual physics de-
par t ments, and experim ental groups.

Many other laboratories and physics groups
such as CERN in Switzerland, Fermilab in Illi-
nois, and the Institute of High Energy Physics
(IHEP) in Serpukhov, Russia, contribute to and
download information from the SPIRES-HEP
sys te m . T he A m erican Physical Socie ty’s
Physical Review D su pplies SLAC wit h ad-
vance links to papers accepted for publica-
tion and in ret urn downloads SPIRES-HEP ci-
tation data and links in to their system. The
LA NL E-prin t Archive has collaborated wit h
SPIRES-HEP since its inception in 1991. Links
in SPIRES-HEP are created nigh t ly to t he
preprints posted at Los Alamos National Lab-
oratory,  an d t he LA N L sys te m dow nloads
SPIRES-HEP cataloging data and citation links.
T hree  si tes,  Yu kawa Inst i t u te, DESY,  a nd
D urham (U .K.),  ru n fu ll m irror copies of
SPIRES-HEP, while IHEP runs a partial mirror
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site. Since the beginning, the SPIRES-
HEP collaborat ion and t he Part icle
Data Group have had a product ive
history of collaborative support and
develop ment.

For for ty years the Par t icle Data
Group has been an international col-
labora t ion t hat reviews par t icle
physics an d relat ed areas of as t ro-
physics and compiles and analyzes
data on par ticle proper ties. The PDG
produces  the Revie w of Part icle
Physics (RPP) and the Particle Physics
Booklet .  These are dis t r ibu ted to
30,000 physicists, teachers, students,
and other  interested people around
t he world. T he heavily used PD G
website provides access to m ost of
t he data listings and reviews.

T here are several cen ters of PDG
work including Lawrence Berkeley
N a tional  Labor tory,  CER N, KEK,
IHEP, SLAC , and INFN ,  Italy.  How-

ever, all of t he work is done in col-
laboration with over a hundred out-
standing particle physicists and astro-
physicists from throughout the world.
In addit ion t he PD G is  in  frequen t
con tact  wi th 700 leaders of particle
physics experiments. The PDG work
is the product of efforts by a large frac-
t ion of t he en t ire part icle physics
com munity. Quality is maintained in
part by yearly meet ings of an inter-
national advisory com mit tee.

Collaborative dist ribu t ion of ef-
fort has enabled t he PDG to manage
the growing body of li terature in the
field and to enhance and expand cov-
erage over t he past fif teen years,
which has seen a tripling of the num-
ber of papers added to each edition,
and a t r ip ling of the nu m ber of re-
views. T he most recen t edition had
1900 new measurements from 700 pa-
pers, in addition to the existing 14,000

Most Cited Particle Physics Publication

A search in the SPIRES-HEP database to discover how many times the various editions of the Particle Data Group’s RPP
has been cited shows that it is the most heavily cited publication in particle physics. Since 1974 the total for all editions of the
RPP is an impressive 10,123 citations. The most recent edition (below) is supplemented by web-accessible updates of the
reviews, tables, and plots and the 1997 Particle Listings.

Review of Particle Physics by the Particle Data Group, R. M. Barnett, C. D. Carone, D. E. Groom, T. G. Trippe, C. G. Wohl,
B. Armstrong, P. S. Gee, G. S. Wagman, Lawrence Berkeley National Laboratory; F. James, M. Mangano, K. Monig, L. Mon-
tanet, CERN; J. L. Feng, H. Murayama, LBNL and UC, Berkeley; J. J. Hernandez, Valencia University; A. Manohar, UC, San
Diego; M. Aguilar-Benitez, Madrid, CIEMAT, and CERN; C. Caso, Genoa University and INFN, Genoa; R. L. Crawford, Glas-
gow University; M. Roos, N. A. Tornqvist, Helsinki University; K. G. Hayes, Hillsdale College; K. Hagiwara, K. Nakamura,
M. Tanabashi, KEK; K. A. Olive, Minnesota University; K. Honscheid, Ohio State University; P. R. Burchat, Stanford Universi-
ty; R. E. Shrock, SUNY, Stony Brook; S. Eidelman, IYF, Novosibirsk; R. H. Schindler, SLAC; A. Gurtu, Tata Institute;
K. Hikasa, Tohoku University; G. Conforto, Urbino University and INFN Florence; R. L. Workman, Virginia Tech; C. Grab,
ETH, Zurich; C. Amsler, Zurich University; July 1996, 720 pp.

Formerly titled Review of Particle Properties, Published in Phys. Rev. D54, 1-720 (1996). The 1996 Review of Particle
Physics with 1997 updates is available on the web at http://pdg.lbl.gov/pdg.html.

Two popular compilations based on the SPIRES-HEP database’s citation searching feature, the “Top-Cited HEP Articles,
1998 Edition” and the “All-Time HEP Favorites: 1998 Edition” are being edited by Michael Peskin of SLAC and will soon be
available at http://www-spires.slac.stanford.edu/FIND/spires.

m easure m en ts  fro m 4000 papers.
Each new edit ion is eagerly awai t-
ed by t he par ticle physics co m m u-
nity, as evidenced by big jumps in the
usage of the PD G website.

High-energy physics’ st rong t ra-
dition of international collaboration
has been an effective model for efforts
such as SPIRES-HEP and the Particle
Data Group, enabling them to man-
age increasing work loads cost effec-
tively, take advantage of distributed,
specialized  expertise, and con tinue
to create useful and freely accessible
research support tools for the particle
physics com munity. Both of these col-
laborations are made possible not only
by the institutional com mit ments of
m any organizations but by the per-
sonal  effor t  and dedicat ion of  indi-
vidual  physicists  and suppor t  s taff
who give their time for the good of
the entire com m unity.
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FR O M  THE  EDIT O RS’ DESK

T HIS SPECIAL ISSUE of the Bea m Line is devoted
to in ternational collaboration in the field of parti-
cle physics research. It is a par t of our continuing

effort to describe new developments from around the globe,
and to hear from the people who are doing and reporting the
work. In t his regard, we want to wel-
come three new contributing editors to
our team and masthead: Judy Jackson
from Fer milab, DESY’s Pedro Walo-
schek, and Gordon Fraser, the Editor of
the CER N Courier. In addition to crafting
their own ar ticles, t hey will be on the
lookou t for contributors in t heir own
domains of t he high energy physics com-
m unity. So if you have an idea for an article and would like
som e help put ting your though ts on paper, by all means con-
tact  one  of  them (or one of us) for help or advice.

Meanw hile, we’ve also had a changing of t he guard in the
Bea m Line Editorial Advisory Board. James Bjorken, Robert
Cahn, and David Hitlin are stepping down after long and pro-
ductive tenures, to be replaced by Lance Dixon of SLAC,
George Trilling of Lawrence Berkeley National Laboratory,
and Karl van Bibber from Lawrence Liver more National
Laboratory.

It’s been a good year for the Beam Line. We expect the new
and expanded editorial team to help us keep it going.

Judy Jackson

Gordon Fraser

Pedro Waloschek
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C O N TRIBU T O RS

S. PETER ROSEN is Associa te
Director of High Energy and Nuclear
Physics for t he Depar t m en t of
Energy. He was educated at Oxford
Universi ty and ca me to t he Uni ted
States to work with the late Henry
Pri m ak off on double beta decay in
1957 as a research associate at Wash-
ington U niversi ty. After a staff po-
sit ion at the Midwestern Universi-
t ies Research Associa t ion and a
N AT O Fellowsh ip a t Oxford, he
joined the faculty of Purdue Univer-
si ty. In 1983,  he joined Los Ala m os
N a t ional Laborat ory as Associat e
Leader of T-Division for high energy
and nuclear physics, and in 1990 he
wen t to t he U niversi ty of Texas a t
Arli ngt on as Dean of Science. He
started his present position in Janu-
ary 1997.  His scien tific interests in-
clude weak interactions, sym metries,
and proper t ies of t he ne u t rinos,
especially solar neu trinos.

G ORD O N FRASER s t udied a t
London’s Im perial  College in t he
mid-1960s, when theoretical physi-
cis ts  were a t tacking spon ta neous
sym metry breaking under Tom Kib-
ble and relat ivistic SU(6) t heory un-
der Abdus Salam and Paul Matthews.
Fraser also wrote short-story fiction
and beca m e side-tracked in to jour-
nalism. He ret ur ned to physics as a
science writer, even tually transfer-
ring to CER N . He is edi t or of t he
mon t hly CER N Courier; co-au t hor,
with Egil Lillestol and Inge Sellevag,
of The Search for Infinity (New York,
Facts  on File, 1995) which has been
published in ten other languages; and
au thor of The Quark Machines (Bris-
tol, Instit ute of Physics Publishing,
1997).  He is also edit or of Part icle
Century, a collection of contributions
to be published by Ins t i t u te of
Physics Publishing later this year.

HIRO TAKA SU GAWARA is
Director General of the High Energy
Accelerator Research Organization
(KEK) in Tsukuba, Japan. He was ed-
ucated at  t he Universi ty of  Tokyo,
and prior to his appoint ment as a pro-
fessor there he held research asso-
ciate positions at Cornell University,
the University of California, Berke-
ley, and the Universi ty of Chicago.
He has also held visi ting professor-
sh ips a t N ew York U niversi ty, t he
University of Hawaii, the University
of Chicago, and École Polytechnique
in Paris.
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ALEXAN DER SKRINSKY is di-
rector of the Budker Instit ute of N u-
clear Physics Siberian Branch of the
Russian Academ y of Sciences. Pri-
or to his becoming director in 1978,
he served as deptuy director. A mem-
ber of the Russian Academ y of Sci-
ence, he is presen tly execut ive sec-
retary for N uclear and High Energy
Physics.

He has served as a past chair man
of ICFA, the International Com mit-
tee on Future Accelerators, and as a
m ember  of  the CERN Scientific Pol-
icy Council. He is preently a m em-
ber of the Extended Scientific Coun-
cil for DESY.

Skrinsky was awarded State Prizes
in 1967 and 1989. He has written over
300 publicat ions in t he field of ac-
celerator physics and technology.

ZHOU GUANGZHAO is a spe-
cial advisor to the Chinese Academy
of Sciences and served as presiden t
from 1989–1997. A theoretical nuclear
physicist, Zhou has made importan t
contributions to the theory of  weak
in teract ions. He s t udied in Beijing
under Peng Huanwu, Max Born’s first
Chinese st uden t. He also trained at
the Join t Ins t i t u te for N uclear
Researc h at  D ubna i n t he Soviet
Union.

He is vice presiden t for t he Chi-
nese People’s Association for Peace
and Disar ma ment and chair m an of
t he C hina Associat ion for Science
and Technology.

GEORGE TRILLIN G is Profes-
sor Emeritus in the Physics Depart-
ment of the University of California,
Berkeley, and a m ember of the staff
of the Lawrence Berkeley National
Laboratory. He received his BS and
PhD from Cal tech. Since his move
to Berkeley in 1960,  he has served
as Physics Depart m en t C hair m an,
Director of t he LBNL Physics Divi-
sion,  and chaired SLAC’s Scien t ific
Policy Com mit tee. He is a member
of the National Academy of Sciences
and the American Academy of Arts
and Sciences.

His research in terests have been
in high energy experimental physics,
and have included hadron reso-
nances, high energy electron-positron
annihilation, and colliding-beam ex-
periments at the highest energies. He
has recently been involved in the ne-
got ia t ions  bet ween CER N and U .S.
funding agencies relative to U .S. par-
ticipation in the Large Hadron Col-
lider project.
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DAN GREEN is a research scien-
t is t  a t Fer m i N ation al Accelerator
Laboratory and actively involved in
the CMS hadron calori meter subsys-
tem for the Large Hadron Collider at
CER N .  His i n t eres t in hadron col-
l iders can be t raced back t o his
Intersecting Storage Ring work at the
Pisa-Sto ny Brook experi m en t at
Brookhaven National Laboratory in
the 1970s. More recently he was the
leader of the D0 m uon subsyste m at
Fermilab and the calorimeter system
leader and depu ty spokesperson for
the SD C experi m en t  a t  t he Super-
conduct ing Super Collider. Follow-
ing t he  de mise  of  the SSC , he led the
for mation of  t he U .S. C MS collabo-
ration and is presently its spokesper-
son. In odd moments he has authored
a book, Lectures in Particle Physics,
and is writing another, The Physics
of Particle Detectors.

GREG ORY LOEW i s  Depu ty
Direc tor of SLAC’s Tech nical Divi-
sion and a m e m ber of  t he SLAC
Faculty. In 1958 he joined Project M,
which was later to becom e SLAC ,  to
design t he constan t-gradien t accel-
era tor s t ruct u re for t he t h ree-
kilom eter linac. Since t hen he has
had many diverse assignments at the
labora tory, in t he in ter nat ional
accelerator com m unity, and in var-
ious com m i t tees of the A m erican
Physical Society. Starting in 1994, he
led the International Linear Collider
Technical Review Com mittee which
produced the report mentioned in the
ar t icle. In 1996,  he chaired t he APS
Co m m it tee on t he In ter nat ional
Freedom of Scientists. Last October
he m et m any of h is colleagues a t
LC97 in Z ven igorod,  Russia,  a nd
chaired one of the working groups at
t h is m ost recen t in ter nat ional
elect ron-posi t ron li near collider
workshop (group pho to at  top of
page 38).

M.G.D. (“Gil”) GILCHRIESE
is  a Sen ior Physicis t a t Lawrence
Berkeley National Laboratory (LBNL).
After obtaining a PhD from Stanford
University for work at Stanford Lin-
ear Accelerator Cen ter i n 1977 ,  he
worked for one year on neu trino ex-
peri ments at Fermi National Accel-
era tor Laboratory for the Universi-
ty of Pennsylvania, and then joined
the faculty of Cornell University just
in time to experience the startup of
t he CESR facili ty and t he CLEO de-
t ector.  After  eigh t  years in snowy
Ithaca, he moved to Berkeley to work
with the SSC Central Design Group,
and then later to Texas with the SSC
Laboratory. He is curren tly the man-
ager of the Silicon Subsystem for the
U .S. ATLAS collaboration at CERN .
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VIRGINIA TRIMBLE,  one of t he Vice Presiden ts of t he In ternational
Ast rono m ical  U nion ,  an d Pas t  Presiden t  Alexa nder Boyarch u k of
Moscow m ay give the i mpression that  t he cold war is  not  quite  over,  bu t
they were in fact separated only by a table leg, not polit ical or scien t ific
issues, during the closing cere monies of t he Kyoto General Asse mbly in
August 1997.

MICHAEL RIORDAN has spent
m uch of his last twenty years writ-
ing and editing general books on sci-
ence,  technology,  and t heir  im pact
on our lives. They include The Solar
Ho m e  Book (1977), The Day Af ter
Midnight (1981), The Hunting of the
Quark (Simon & Schuster, 1987), The
Shadows of Creation (W. H. Freeman,
1991),  and Crystal Fire: The Birth of
the Information Age (W. W. Norton,
1997).

He curren tly divides his working
time between SLAC, where he serves
as Assistant to the Director and Con-
tributing Editor of the Beam Line, and
t he San ta Cruz Insti tu te of Part icle
Physics, w here he is research ing a
scholarly his tory of  t he Supercon-
ducting Super Collider. For recrea-
tion he can often be found paddling
his kayak on the waters of Monterey
Bay or  hiking near his  home in the
San ta Cruz moun tains.
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D ATES T O REMEMBER

Mar 1–7 12th Les Rencontre de Physique de la Vallee d’Aoste: Results and Perspectives in Particle
Physics, La Thuile, Aosta Valley, Italy (Giogio Bellet tini, Dipartimen to di Fisica, Universita de
Pisa, INFN , Sezione di Pisa, Italy, or chiarelli@axpia.pi.infn.it)

Mar 12–20 Joint Universities Accelerator School (JUAS 1998) on Accelerator Physics and Accelerator Tech-
nology, Archam ps, France (juas@cern.ch)

Mar 16–20 1998 American Physical Society Meeting, Los Angeles, California (www.aps.org/ meet /index.h t ml)

Mar 22–27 6th International Symposiu m on Particles, Strings, and Cosmology (PASCOS 98), Boston, Mass-
achuset ts (Donna M. Hawkins,  Depart ment of  Physics,  Northeastern University, Boston, MA
02115, or u tpal@albert.physics.neu.edu)

Mar 30–Apr 7 Spring School and Workshop on String Theory, Gauge Theory, and Quant um Gravity, Trieste,
Italy (ICTP, Box 586, I-34100 Trieste, Italy, or smr1090@ictp.trieste.it)

Apr 1–7 Tropical Workshop on Particle Physics and Cosmology, San Juan, Puerto Rico (Jose F. Nieves,
Depart ment of Physics, University of Puerto Rico, Rio Piedras, Puerto Rico 00931-3343, or
nieves@ltp.upr.clu.edu)

Apr 4–8 6th International Workshop on Deep Inelastic Scat tering and QCD (DIS 98), Brussels, Belgiu m
(DIS98, IIHE,  Pleinlaan 2, 1050 Brussels, Belgiu m, or dis98@hep.iihe.ac.be)

Apr 8–11 2nd Latin America Symposium on High-Energy Physics (SILAFAE 98), San Juan, Puerto Rico
(Jose F. Nieves, Depart men t of Physics, University of Puerto Rico, Rio Piedras, Puerto Rico
00931-3343, or nieves@ltp.upr.clu.edu)

Apr 18–21 1998 Joint APS/AAPT Meeting, Colu mbus, Ohio (www.aps.org/ meet /index.h t ml)

May 4–7 8th Beam Instrum entation Workshop (BIW 98), Stanford, California (Suzanne Barret t, SSRL,
SLAC, Box 4349, Stanford, CA 94309-0210, or biw98@slac.stanford.edu)

May 12–14 1998 Symposiu m on Radiation Measurem en ts and Applications, Ann Arbor, Michigan
(9t hSymposiu m@umich.edu)

May 18–22 Workshop on Accelerator Operations (WAO 98), Vancouver, Canada (Fred Bach, Secretary,
TRIU MF, 4004 Wesbrook Mall, Vancouver, BC, Canada V6T 2A3, or m usic@triu mf.ca)

Jun 14–21 5th International Wein Symposiu m: A Conference on Physics Beyond the Standard Model,
Santa Fe, New Mexico (WEIN 98, Mail Stop H844, Los Alam os National Laboratory,
Los Alamos, N M 87545, or wein98@lanl.gov)

Jun 22–26 6t h European Particle Accelerator Conference, Stockholm, Sweden (C. Petit-Jean-Genaz,
CERN-AC , 1211 Geneva 23, Switzerland, or christine.petit-jean@cern.ch)


