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And then there were fourteen

At the CERN Council session in
June, delegates voted unani-
mously in favour of Portugal join-
ing the Organization, just three
years after Spain became the thir-
teenth Member State. (Before
officially becoming a Member
State, Portugal has to ratify the de-
cision, but this is expected to be
accomplished quite quickly.) The
financial details of Portugal’s
accession were also agreed unani-
mously by CERN Council, and dur-
ing the next few years particle
physics research in Portugal will
be strengthened so as to obtain
maximum benefit from the work at
CERN.

After the vote, Council President
Wolfgang Kummer welcomed the
Portuguese delegation, and Anto-
nio Costa Lobo, Portugal’'s Ambas-
sador to the United Nations in
Geneva, expressed his country’s
pride and pleasure in being able to

join this prestigious scientific effort.

At the same meeting of CERN
Council, it was decided to accord
observer status at CERN to the Eu-
ropean Communities in order to
strengthen the links between
CERN and the European Commu-
nities in the field of scientific and
technical cooperation. In parallel,
CERN has also become an ob-
server at the Comité de dével-
oppement européen de la science
et de la technologie (CODEST),
which deals with the broad lines
of European scientific and techni-
cal policy.

The links between CERN and the
European Communities have so
far covered some involvement of
senior personnel and participation
in special projects, notably the
STELLA experiment for fast data
transmission using the OTS-2
communications satellite launched
in 1978.
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So begins another chapter in the
history of CERN and its Member
States. Back in 1955, there were
twelve founder members — Bel-
gium, Denmark, the Federal Re-
public of Germany, France,
Greece, Italy, the Netherlands,
Norway, Sweden, Switzerland, the
United Kingdom, and Yugoslavia.

Austria joined in 1959, followed
by Spain twe years later. For a
brief period in 1961, CERN had,
like now, fourteen Member States.
However Yugoslavia left the Orga-
nization in December of that year,
retaining the status of observer.
Turkey was also granted observer
status that year. Poland became
an observer in 1963.

Spain withdrew from CERN in
December 1968 for financial rea-
sons, leaving twelve Member
States, a situation which lasted un-
til 1982, when Spain rejoined.

In addition to newly-increased
formal membership, CERN'’s
unique facilities continue to attract
growing participation from scien-
tists in other European states, the
US, the Soviet Union, China, Is-
rael, Japan,.... a shining example
of successful and widely admired
international collaboration and sci-
entific achievement.

After CERN Council had voted unanimously
in favour of Portugal becoming the Organi-
zation’s fourteenth Member State — Antonio
Costa Lobo, Portugal’s Ambassador to the
United Nations in Geneva, flanked, left, by
Council President Wolfgang Kummer, and
Director General Herwig Schopper.

(Photo CERN 519.6.85)




Physics monitor

Cygnus signal

The advent of big underground
detectors looks to be bringing in
its wake a new branch of physics —
elementary particle astronomy.
One of its first results is confirma-
tion of an intense source of parti-
cles coming from the binary star
Cygnus X-3.

Some ten years ago, the first
formulations of ‘Grand Unified
Theories’ ambitiously tried to pull
together the new electroweak uni-
fication with the strong force bind-
ing quarks into nucleons (and in
turn into nuclei). The big spin-off
prediction from these ideas was
the instability of the proton, espe-
cially in the (in principle) easily ob-
servable decay into a positron and
a neutral pion.

To check this out, a range of big
underground experiments quickly
got off the mark, with hundreds of
metres of rock screening off
cosmic rays. With samples weigh-
ing hundreds, even thousands, of
tons, these experiments had
plenty of protons to watch.

The first big new experiment to
become fully operational was by
an Irvine/Michigan/Brookhaven
group in the Morton Salt Mine,
Ohio. Using several thousand tons
of water, this experiment should
fairly quickly have picked up signs
of proton decay if it happened at
the predicted rate. It didn't.

The negative result was under-
lined by other underground exper-
iments (NUSEX by the CERN/
Frascati/Milan/Turin group in the
Mont-Blanc road tunnel, the Japa-
nese Kamioka study, and other
projects — see April 1983 issue,
page 79). Protons just don’t decay
fast enough for the simplest Grand
Unified Theory to be right. (With
the predicted proton lifetime of
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1032 years, just one human proton
in a medium sized city should de-
cay every hour.)

If protons decay more slowly,
then the detectors have to look
harder. The main problem now is
to disentangle any signal from the
background caused by cosmic
neutrinos. During this time, the
underground detectors might well
find other things...

Cygnus X-3 was discovered in
1961. Five times brighter than the
sun, it emits radiation with a pe-
riod of 4.8 hours — too long for a
pulsar. It was quickly identified as
a binary star, emitting ultra high
energy photons as well as X-rays.

After the initial astronomical sur-
veys, cosmic ray experiments on
the earth’s surface picked up air
showers with a relatively high
muon content coming from the di-
rection of Cygnus X-3 and which

The NUSEX experiment by a CERNI/Fras-
cati/Milan/ Turin group in a gallery off the
Mont-Blanc road tunnel — an unexplained
source of particles coming from a binary
star.

oscillated in time with the X-rays.
Such a high muon flux was sur-
prising as even ultra high energy
photons crashing into the earth’s
atmosphere should be a relatively
weak source of muons. The ob-
served muon signal was more in
line with what would be expected
if the binary star also emitted
heavier primary particles.

Ultra high energy muons are
highly penetrating particles, capa-

‘ble of piercing the earth’s surface

before being absorbed, and there-
fore easily seen in the big under-
ground detectors.

Both NUSEX and the smaller
Soudan (Argonne/Minnesota/Ox-
ford) experiment in a Minnesota
mine have now identified high en-
ergy muons reaching their detec-
tors from a narrow cone around
the direction of Cygnus X-3, and
whose signal comes and goes
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every 4.8 hrs.

However the origin of these
muons is a mystery. As they are
electrically charged, they cannot
emanate directly from Cygnus X-3
(they would be bent by galactic
magnetic fields). Particles arriving
from the direction of the star have
to come from electrically neutral
radiation hitting the earth’s atmos-
phere.

Neutrons are ruled out because
they are inherently unstable and
would decay long before reaching
the earth. Photons of several 10
eV (hundreds of TeV) could pro-
duce muons capable of piercing
hundreds of metres of rock. How-
ever the measured rate of such
photons on the earth’s surface is
much lower than the level re-
quired to produce the observed
underground muon signal. An-
other possible explanation is
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muons produced by neutrinos.
This is ruled out by both experi-
ments, who observe that as their
detectors move relative to Cygnus
X-3, the muon signal is modulated
by the changing thickness of rock
the particles have to pass through.
This would not be the case for
cosmic neutrinos.

The observed angular spread of
the muons around the star’s posi-
tion is also a puzzle. Although only
a few degrees, at these energies
this implies transverse momenta
of up to 0.5 TeV, many times
higher than expected by extrapo-
lating behaviour seen under labo-
ratory conditions.

Which leaves a question mark
on the origin of the high energy
particles coming from the binary
star. Results are eagerly awaited
from other underground experi-
ments, especially the Japanese Ka-

mioka study and the Orsay/Saclay/
Ecole Polytechnique/Wuppertal
group in the Frejus tunnel linking
France and ltaly.

SYMPOSIUM
Multiparticle
dynamics

The annual International Symposia
on Multiparticle Dynamics, a tradi-
tion dating back to the 1970 meet-
ing at Paris, continue to provide a
valuable focus for current particle
physics research. This year’'s meet-
ing was held in Israel at the guest-
house of kibbutz Kiryat Anavim,
from 9-14 June. This choice set-
ting 15 kilometres northwest of
Jerusalem enabled the 110 partici-
pants from 18 countries to get ac-
qguainted with this unique form of
communal living and served as a
base for a number of exciting
tours of historical interest in the
area.

For physics, the lasting impres-
sion that one took away from the
Symposium was how well the
Standard Model is standing up to
both the experimental and theoret-
ical onslaught. As was so ably put
by Haim Harari in his summary
talk, ‘the silence of UA1 on mono-
jets made the biggest noise at the
conference.’

(Last year the big experiments at
CERN proton-antiproton Collider
reported a number of unusual
events, including the so-called
‘monojets’, — see May 1984 issue,
page 139. After the Collider experi-
ments accumulated much more

Participants at the International Symposium
on Multiparticle Dynamics, held at Kiryat
Anavim in Israel.

(Photo Tel Aviv University)
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NEWS from the Summer Conferences will appear in our next issue.

data last year, the noise seems to
be abating.)

New preliminary results coming
from the UAbL detector at the
CERN Collider caused a great stir.
The data was taken while operat-
ing the Collider in a pulsed mode
at a record collision energy of 900
GeV (see May issue, page 131).
John Rushbrooke made a beautiful
presentation of the data, stressing
the new features that are seen.
These include the fast increase of
the average number of charged
particles with energy, and viola-
tion of so-called ‘KNO’ scaling
over the collision energy range
200 to 900 GeV. A new form of
scaling manifests itself in the cen-
tral region, and there is approxi-
mate scaling in the fragmentation
(gquark interaction) region. A
search for Centauro-like events,
seen in cosmic rays and possibly
expected at these energies, turned
out to be negative. Gosta Ekspong,
also of UA5, showed that his ex-
periment’s particle multiplicity dis-
tributions could be well
parametrized by a negative binom-
ial distribution, however the un-
derlying mechanism remains a
mystery.

The session on ‘fragmentation’
models was well attended. The
three most popular schemes for
describing the release of hadrons
by quarks and gluons were each
defended by a leading protago-
nist: the case for the cluster model
by Bryan Webber, the Lund model
by Gosta Ekspong and the revised
Isajet model, including gluon ra-
diation corrections, by Frank
Paige. The first two models appear
to successfully reproduce the ex-
perimental data, while Isajet still
has problems with at least elec-
tron-positron annihilation produc-
ing three jets. Anne Kernan
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discussed evidence for the exist-
ence of the top quark based on
UA1 data. The quoted mass limits,
between 30 and 50 GeV, were de-
termined from semileptonic de-
cays of W bosons.

John Ellis held the attention of
the audience with his talk on ‘Su-
persymmetry and anything be-
yond the Standard Model in
hadron interactions,” however in
the light of the new UA1 and UA2
data presented by Peter Watkins
and Michele Livan, this lecture
took on a speculative tone.

Arnon Dar gave a fascinating
survey of Cosmic Accelerators, a
topic which seems to have be-
come an integral part of high en-
ergy physics, and a novel way of
studying reactions at ultra high
energies. Recent data measured at
the Fly’'s eye detector in Utah have
confirmed that the source of the
ultra high energy cosmic rays and
the 3K background radiation are
extragalactic and not local. The na-
ture of the ultra high energy neu-
tral particles emanating from
Cygnus X-3, and other stars (see
page 264) still remains an enigma.

Summarizing the 59 papers pre-
sented over the week, Harari
stressed the paucity of experimen-
tal clues that might suggest some-
thing beyond the Standard Model
(SM) is required. Among the phe-
nomena which cannot be accom-
modated in the SM, he mentioned
that if the universe is not baryon-
antibaryon symmetric, or that mo-
nojets exist, or CP symmetry is ad-
ditionally violated, then theoretic-
ians will have something to occupy
themselves. Until there is experi-
mental confirmation for any of the
above phenomena, Harari feels
that the smart money is on quark
substructure rather than super-
symmetry and grand unification.

The Symposium, which was un-
der the auspices of Tel Aviv Uni-
versity, was ably organized by
Jacob Grunhaus, and all the par-
ticipants owe him a vote of thanks.

From Errol Gotsman

Pions to quarks

This was the title of an interna-
tional symposium on particle
physics in the 1950s, held at Fer-
milab from 1-4 May and which at-
tracted 170 participants from ten
countries, as well as other visitors
from Fermilab and the surround-
ing area. The main sessions dealt
with new particle discoveries in
the cosmic rays; with strong,
weak, and electromagnetic interac-
tions; with accelerator and detec-

Abdus Salam addresses the International
Symposium on Particle Physics in the
1950s, held at Fermilab from 1-4 May.
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tor developments; with social,
political, and institutional dimen-
sions of particle physics in the
1950s; and with the hopes and ex-
pectations of particle physicists
during that era.

This symposium continued the
historical work begun at an earlier
symposium held at Fermilab in
May 1980, devoted to the birth of
particle physics in the 1930s and
1940s. The proceedings of that
meeting — The Birth of Particle
Physics edited by Laurie Brown
and Lillian Hoddeson — was pub-
lished by Cambridge University
Press in 1983.

More work has been needed to
unravel the history of particle
physics and bring it within reach
of scholars and the public. The
symposia identify the major con-
tributors to the field and help to
understand how the physics re-
search fits into the larger context
of science and culture. Finally the
symposia examine science from a
long range perspective, thereby
helping to guide future projects.
For example, the course of particle
physics in the fifties has important
bearings on the proposal to con-
struct a superaccelerator in the
1990s.

Such meetings are also cross-
cultural gatherings. They bring to-
gether humanists and scientists.
An important distinguishing fea-
ture of this history symposium
was that it included one or more
historians of science as speakers
at nearly every session. For exam-
ple, the opening session, intro-
duced by Leon Lederman
(Fermilab), was shared by C.N.
Yang (Stony Brook) and historian
John Heilbron (Berkeley).

The meeting covered the entire
gamut of developments in the fif-
ties. The important particle discov-
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eries in cosmic rays were
reviewed with Don Perkins (Ox-
ford) covering the emulsion work
and George Rochester (Durham)
reviewing the cloud chamber re-
sults.

The rapidly evolving concept of
strong interactions was covered
with talks by a number of distin-
guished contributors. Robert Hof-
stadter (Stanford) discussed
nucleon structure as seen with
electron scattering. Luis Alvarez
and Willy Chinowksy (Berkeley)
noted the impact of hydrogen bub-
ble chambers on progress in un-
derstanding strange particles,
while Robert Walker (Caltech) re-
viewed the pion resonances seen
in photoproduction. Jack Steinber-
ger (CERN) reminisced about parti-
cles and their properties circa
1950. Abraham Pais (Rockefeller),
an important theoretical contribu-

Arthur Roberts, one of the fathers of the
Rochester Conference series, sings his fa-
mous ballad ‘Take back your billion dollars
and let’s do physics again’.

(Photos Fermilab)

tor to the period, served as resi-
dent historian for the topic.

One of the most striking features
of the physics of the fifties was the
advent of accelerators and the in-
creasing sophistication of the de-
tectors. Peter Galison (Stanford)
acted as the history rapporteur for
the detectors while Ernest Courant
(Brookhaven) and Mathew Sands
(Santa Cruz) reviewed the acceler-
ator developments. Owen Cham-
berlain (Berkeley) knitted the two
themes together with the story of
the discovery of the antiproton at
the Bevatron.

The startling developments in
weak interactions were the subject
of another session. One question —
why parity violation was not dis-
covered earlier — was probed by
Allan Franklin (Colorado). Dick Dal-
itz (Oxford), Val Telegdi (Zurich)
and Val Fitch (Princeton) showed
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how experiments shed light on the
possibility of parity violation in
weak interactions. Fred Reines (Ir-
vine) reviewed the detection of the
neutrino. Sam Treiman (Princeton)
discussed connections between
strong and weak interactions while
French theorist Louis Michel em-
phasized the increasing signifi-
cance of symmetries and
conservation laws.

The social, political and institu-
tional dimensions of the subject
were given a substantial airing
with presentations by Helmut Re-
chenberg (Max Planck Institute),
Andrew Pickering (lllinois), Hywel
White (Brookhaven) and Robert
Seidel (Albany). Particularly inter-
esting were the evolution of CERN,
with talks by Edoardo Amaldi
(Rome) and Armin Hermann
(Stuttgart/CERN), and Japanese
particle physics as described by
Michiji Konuma (Keio).

The conference closed with an
assessment of the hopes and ex-
pectations of particle physics as
seen in the fifties with Silvan
Schweber (Brandeis) handling the
historical synthesis. E.C.G. Sudar-
shan (Texas) covered the implica-
tions of parity violation. Gerson
Goldhaber (Berkeley) recapitulated
the early work at the Bevatron.
Geoffrey Chew (Berkeley) re-
viewed particles as S-matrix poles
— the famous nuclear democracy
concept, while Yoichiro Nambu
(Chicago) discussed spontaneous
symmetry breaking, vector meson
dominance, and gauge theory.
Murray Gell-Mann (Caltech),
whose theoretical ideas helped to
shape the decade and also led to
the important subsequent develop-
ments summarized the physics of
the fifties and its interaction with
later developments.

For achievements made in parti-
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cle physics during the 1950s, six
Nobel Prizes have been awarded
to eight physicists. Most of these
were numbered among the speak-
ers, and several later Nobelists
also participated.

Social events included an eve-
ning banquet, followed by
speeches from Robert Marshak
(Virginia Polytechnic) and Abdus
Salam (Trieste). Next evening
there was an outdoor buffet and
party at the home of J.D. Bjorken.
There was an art exhibit, a talk on
Darwin by Stephen J. Gould, an
exhibit of historical pictures and
documents arranged by George
Rochester, and a rousing live per-
formance of 1950s particle physics
songs (like ‘Take Away Your Bil-
lion Dollars’) by physicist/com-
poser Arthur Roberts.

The proceedings will be pub-
lished by Cambridge University
Press. Sponsors of the Sympos-
ium included the Sloan Founda-
tion and the Argonne Universities
Association Trust Funds. ‘Pions to
Quarks’ was organized by Laurie
Brown (Northwestern), Lillian
Hoddeson (lllinois/Fermilab), and
Max Dresden of Stony Brook.

Where were you
when Kennedy was
assassinated?

The inauguration of Burt Richter
as Director of the Stanford Linear
Accelerator Center last November
coincided with the tenth anniver-
sary of the ‘November Revolution’
— the simultaneous discovery by
Sam Ting and his group at Brook-
haven and by Richter and the
Mark | collaboration working at the
SPEAR electron-positron collider at

SLAC of a new kind of particle (the
JIpsi) which did not fit in with the
established ideas of the time.

Extracts from Richter’s inaugural
address were published in our
May issue, page 144. At the same
meeting, James D. Bjorken de-
scribed the impact that the J/psi
discovery had on him, and on par-
ticle theorists in general.

‘Most high energy physicists will
probably remember where they
were when they first heard about
the psi. It was like the moon land-
ing, Pearl Harbour or the Kennedy
assassination.

| was home and it was dinner
hour. Burt Richter called me up
and told me the basic parameters
over the phone. He said three
GeV. | said three GeV per beam,
right? He said no, three GeV in the
centre of mass. | couldn’t believe
such a crazy thing was so low in
mass, was so narrow, and had
such a high peak cross-section. It
was sensational!

| went back and sat down to fin-
ish dinner. | don't remember what
we had. But my family does; it in-
cluded baked potatoes. | scooped
up an enormous spoonful of what
| thought was sour cream to put
on my baked potato. It happened
to be very sharp horseradish
sauce. | sat there with a glazed
look on my face, not responding
to anybody, eating my baked po-
tato while my family looked at me
with surprise and puzzlement.
When | finished my meal, my wife
turned to me and said in an un-
characteristic, rather quiet voice,
‘Bj, | think you had better go to the
lab now.” So, off | went.

The next memory of those days
was the electricity in the SLAC au-
ditorium on Monday morning
when the results were publicly an-
nounced. In the theory group there
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was a continuous workshop orga-
nized. Most of the theorists
worked on interpreting the data,
classifying the theories and trying
to help, in whatever way one
could, to expedite the experimen-
tal development of the subject.

| remember the cathartic nature
of the enterprise. The lines of
communication were very open.
There was little thought about the
usual kinds of priority and proprie-
tary attitudes toward ‘ownership’
of new ideas. The activity was ex-
tremely intense and very exciting.
It was this way not only at SLAC, |
am told. At many institutions it
was somewhat the same way; the
psi just electrified everybody.
There was no question that it was
important and a great turning
point right from the start.

Nevertheless, there was no in-
stant consensus about what it all
meant. Certainly, the new quan-
tum number, charm, was the lead-
ing candidate from the start. At
the time | quoted 50-50 odds that
it was charm. But 50-50 is not
good enough. One had to hack
away at all of the different hy-
potheses before being sure. The
‘hidden colour’ hypothesis was
maybe 20 per cent probable. Oth-
ers thought the psi was an elec-
troweak intermediate boson — that
was a serious proposition! This
idea didn’t take long to eliminate,
along with more bizarre ones. One
of these was that psi was a bound
state of the omega baryon with its
antiparticle. That interpretation
lasted for even less time.

Anyway, there was a long list of

theories, and it took a while to sort

through all of the new ‘back-

ground noise’ and really confirm

charm by finding the D meson

after two more years of confusion.
| think that our future will be a
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new adventure in confusion. For a
long time the evidence that can be
uncovered about nature of the
Higgs sector (the source of mass
in the electroweak sector — Ed.) is
likely to be small compared to the
number of hypotheses bandied
about upon what it really is — too
small for decisive conclusions. We
will be forced back into the mode |
remember so vividly in the 1960s
— one with a great variety of hy-
potheses, a great variety of ap-
proaches, a great uncertainty as to
which approach is going to win
and which one isn't, and a great
uncertainty as to which energy
scale is going to provide the key
to the solution. It may be as sur-
prising as in 1974, when 3 GeV
was sufficient, and when an un-
fashionable experiment at an old,

antique laboratory like Brookhaven

was a big key to the future.

So in closing, | hope that as we
look forward to these next ten
years preceding the commission-
ing of a new super-machine, they
will be just as rich and fruitful as
the last ten years have been. In or-
der to ensure that, | think we have
to protect the variety and the rich-
ness of techniques, instruments,
and experimental approaches in
order to maximize our chances for
happening upon the key to the
next revolution.’

J.D. Bjorken — sharp horseradish sauce
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Freedom for quarks In

the nucleus?

by Richard Roberts

A number of recent conferences
have highlighted how particle
physicists and nuclear physicists
are increasingly talking the same
language. Indeed a few meetings
specifically set out to cover the
common interests and aims of the
two fields (Steamboat Springs, see
September 1984 issue, page 283
and Heidelberg, see December
1984 issue, page 435). This reflects
a growing feeling that a nucleus
provides a means of testing the
way quarks are confined within
nucleons (protons and neutrons).
Surprisingly, there may be hints
that this usual severe restriction
on the quarks’ movements may be
partially lifted in a nucleus -
adding weight to current
speculations that at high densities
the quarks, instead of being locked
inside nucleons, could achieve
complete freedom.

For many purposes a nucleus is
regarded as a collection of point-
like nucleons bound by a force
which at long range is described
by the exchange of pions and at
short range by the exchange of
heavier mesons. Detailed structure
can be revealed by illuminating
the nucleus with ‘light’ (photons)
whose resolving power can be
varied by changing its wavelength.
In practice this is done by
experiments using high energy
electron or muon beams which
scatter off the nuclear target via
the exchange of a (virtual) photon.
These ‘deep inelastic’ scattering
(DIS) experiments effectively vary
the momentum of the probing
photon, and thereby its
wavelength, enabling different
levels of structure to be seen.

At very long wavelength the
nuclear structure is barely
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resolved but as the wavelength
shortens we begin to see
individual nucleons, and as the
resolution improves still further
the constituent quarks are
‘exposed’. At first it might seem
completely irrelevant that the
nucleons were bound together in a
nucleus, as our probe of the
nucleus is highlighting the quark
structure of a proton which could
just as well be done with an
isolated proton target.

But is there any way that the
nuclear environment could affect
the apparent structure of the
individual nucleon? Well firstly,
because the nucleons are jostling
one another a small distortion is
produced, but this is well
understood and easily corrected
for. The old question of whether a
nucleon bound in a nucleus is
really different from an isolated
proton lay dormant for a number
of years until 1982 at CERN when
the European Muon Collaboration
(EMC), scattering muons off iron
and off deuterium, discovered a
significant discrepancy between
the results from the two targets.
The surprise of the ‘EMC effect’, as
it came to be known, was the clear
difference between the structure of
bound and free nucleons.

One explanation was to attribute
this to the existence of ‘extra’
pions in the nucleus. Another,
more startling, suggestion was
that quarks in a nucleus actually
‘leak’ outside the confining region
normally associated with a proton.
This notion implies interesting
new phenomena, perhaps in the
shape of exotic objects (e.g. six-
quark states) or perhaps as a
precursor to complete
deconfinment of quarks at very
high densities. But first let’s ask
why the EMC effect suggests that

Particle theorist Richard Roberts of the
Rutherford Appleton Laboratory, UK, in-
creasingly talking the same language as
nuclear physicists.

quarks acquire more room to
move in the nucleus.

As we said above, DIS
experiments shooting electrons,
muons (or neutrinos) on a proton
can be regarded as probing the
quark structure of the proton via a
virtual photon (or weak force
boson) whose wavelength can be
varied to resolve various levels of
detail. We learn how the
momentum of the proton is
shared among its constituent
quarks and the results are usually
plotted as a distribution of quark
fractional momentum, x. If the
proton consisted of only three
valence quarks, we would expect
each quark distribution to be
centred around x = 1/3.

According to the standard
theory of quarks (quantum
chromodynamics-QCD), varying
the wavelength of the probing
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photon reveals the subtleties of
the interactions between quarks
and gluons. Increasing the
momentum of the photon probes
quark dynamics at smaller and
smaller distances. In this way, the
quark is discovered to have
radiated gluons which carried off
some momentum. It was
reassuring for the theory when
DIS experiments clearly showed
the mean value of x falling as the
probing wavelength was reduced.
This ‘degrading’ of the fractional
momentum distribution thus
became associated with a change
of scale — in this case the
wavelength of the resolving
photon.

Weakening the resolving power
of the photon would naturally
show the reverse trend. However
this would have to stop at some
point. The quarks are confined
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within the proton which has a
definite size (1fm or 10~ 3cm) and
this introduces an obvious cut-off
for the wavelength. Shining light
with this frequency onto the
proton would, in an oversimplified
world, reveal just the valence
quarks and nothing more. In
practice other effects complicate
the situation at these relatively
long distances but the notion of a
natural scale set by the size of the
region in which quarks are
confined is basic to the theory.
Now let’s imagine a world
where the ‘proton’ is much bigger.
Probing with wavelengths equal to
the size of this inflated proton
would, of course, show the initial
quark distribution. Reducing the
wavelength of our torch will then
expose the gluons which radiate
and cause the quarks to carry a
smaller fractional momentum. If

The European Muon Collaboration (EMC)
experiment at CERN, which discovered that
the quark content of nucleons depends on
the surrounding nuclear environment — the
‘EMC Effect'.

(Photo CERN 30.7.78)

we keep on reducing the
wavelength until we reach the size
of the real proton, the fractional
momentum carried by each quark
will now be considerably reduced.
So shining light on the real proton
and our ‘inflated’ proton with the
same wavelength would show
them to have different structures.
The fractional momentum
distribution in the inflated proton
is degraded to smaller values, and
this remains true as the wave-
length continues to decrease.

The fact that the EMC
measurements of the quark
fractional momentum distributions
for nucleons making up a heavy
nucleus differed in a very similar
way from those of a free nucleon
strongly suggested that the
confinement size for quarks in a
nucleus was indeed ‘inflated’. How
much ‘swelling’ of the nucleon is
needed to describe the EMC
effect? Taking into account that
there is another scale buried in
QCD, (the scale parameter of the
coupling constant) the answer is
around 10 per cent.

Our comparison between the
‘real’ and ‘inflated’ protons
suggested that in this simplified
picture the effective resolving
power of the photon was not the
wavelength itself but rather the
wavelength scaled by the
confinement size. If this were
correct then the mismatch in the
confinement size of quarks in the
nucleon and in the free proton
could be ‘re-scaled’ away by
simply tuning the wavelengths of
the probing photons exactly to
compensate — i.e. the resolving
powers are adjusted to be the
same again. The experiments go a
long way to supporting this idea
of re-scaling.

However this appealing
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Comparison of the nucleon quark structure
in iron and deuterium as measured in ex-
periments at CERN using muon beams
(left), and (right) in experiments at SLAC
(electron beams) and at CERN (neutrino
beams). The x variable is the fraction of the
momentum carried by the quark.

explanation of the EMC effect is
far from being the only one on the
market. Pions surely play an
important role in the nucleus and
if the nucleus contains extra pions
then they would modify the quark
structure. Some controversy
surrounds the interpretation of
experiments which attempt to
confirm the presence of extra
pions. In fact, the whole
experimental situation in nuclear
DIS experiments, now that the
initial excitement of the discovery
of the EMC effect and its
qualitative confirmation from other
groups has subsided, is rather
confusing. This situation will have
to be tidied up before detailed
testing of different mechanisms
can proceed.

Part of the satisfaction in
understanding a new phenomenon
in quark language is the
implication that QCD is relevant to
nuclear physics. The aim of recent
meetings in examining what
common ground exists between
particle and nuclear physics
reflects the fact that both fields are
using the same basic theory to
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understand the dynamics involved.
The really interesting question is
what causes quarks and gluons to
widen their confines when they
find themselves in a nucleus?
There is no shortage of
suggestions.

One very novel suggestion is
that the confinement size itself
changes with the wavelength of
the resolution. As the resolution
becomes finer and finer, the
quarks and gluons are conjectured
to tunnel further and further into
the internucleon space. Finally the
resolution would reach a critical
value where colour is conducted
over the entire nucleus, so that
quarks could roam over a region
several fermis long.

This idea seems somewhat
dramatic, but to understand
present data it is not necessary to
require more than about a 15 per
cent increase in the confinement
size in an iron nucleus. What could
produce even this modest
expansion? One clue could lie in
the variation of the confinement
size with nuclear density. A DIS
experiment at SLAC in 1983
studied the variation of the quark
x distribution for eight different
nuclei to see how the EMC effect
changed from helium to gold. The
pattern of behaviour strongly

suggested that the EMC effect
depended on the density of
nucleons in a simple way. And this
is really not so surprising. The
radius of an iron nucleus (A=56) is
about four times that of the
proton. Thus it would seem that
56 nucleons could be )
accommodated comfortably with a
little space left over. However if
we try to pack hard spheres into a
given volume even the most
efficient packing leaves 25 per cent
of the space unoccupied. Applying
this reasoning to nucleons packed
into an iron nucleus implies that
the nucleons must overlap with
each other and be deformed in
some way.

Once we accept that two
nucleons have a reasonable
chance of overlapping in a
nucleus, the possibility of quarks
occasionally extending their
wanderings to cover two nucleon
volumes seems plausible. Clearly
the more densely packed a given
nucleus, the greater the chance for
this extra quark freedom. In fact
this geometric picture gives an
excellent description of the SLAC
data on different nuclei. Some
nuclei are anomalously dense, so
measurements on these could be
expected to show extra large EMC
effect deviations.
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It seems a small step to go from
discussing two nucleons
overlapping to the dynamical
formation of six-quark objects in
the nucleus. Indeed such exotic
states were the first suggestion for
the observed distortion of quark
distributions in a heavy nucleus. It
is natural to expect each quark in
a six-quark ‘bag’ to carry a smaller
fractional momentum than in a
nucleon or three-quark bag. QCD
(in principle) allows a host of
exotic states to exist and a heavy
nucleus may turn out to have just
the right sort of environment for
this variety to breed.

There may be a different reason
for the increase in the quark’s
confinement size. At very high
temperatures (such as existed in
the early universe) or at very high
nucleon densities (such as those in
neutron stars), quarks and gluons
are supposed to become
completely deconfined. These
superhigh densities may be 10-20
times that of nuclear matter but it
is tempting to speculate that even

at the lower densities a degree of
partial deconfinement precedes a
phase transition to quark-gluon
matter. Using a model it is
possible to calculate the effective
increase in radius of the nucleon
as a function of the density of the
nucleons and obtain remarkable
agreement with the estimates
interpreted from the SLAC
experimental data. This gives
encouragement to the idea that
the nucleus — even with the
relatively modest densities it
implies — may shed light on the
dynamics of the deconfining phase
transition.

Conventionally the short range
description of the nucleon-nucleon
interaction is given by heavy
meson (rho, omega) exchange, but
there are signs that an equivalent
description can be given by the
exchange of gluons as two
nucleon bags overlap.

The temptation now is to start
from scratch again with a multi-
quark configuration whose
interactions are described by some

QCD mechanism which includes
confinement and attempt to
confront all the physics of the
nucleus with this relatively well
specified theory. The aim of this
ambitious approach is to calculate
nuclear binding energies and
excitation spectra directly in terms
of quarks and gluons. The
traditional ‘nucleon-nucleon’
potentials would then appear as
approximations. Already this
approach claims some qualitative
success — the EMC effect comes
out and quasi-nucleons emerge
with some binding between them.
Even the general properties of
conventional nuclear shell
structure look as if they can be
obtained from a model in which
the nucleus is visualised as a
system of quarks only. There is a
long way to go, but if this
approach eventually succeeds then
another big unification of physics
will have been achieved - a
common theory for the structure
of nuclei and nucleons.

Commissioning Fermilab’s antiprotons

Installation is complete for Fermi-
lab’s Antiproton Source and rapid
commissioning progress is being
made. The Fermilab Antiproton
Source is the heart of Tevatron |,
the project to achieve collisions
between protons and antiprotons
in the superconducting Energy
Doubler ring at a collision energy
of 2 TeV and a luminosity of 10%°
per cm? per sec. The system is
based on the highly successful
stochastic cooling method of Si-
mon van der Meer and his col-
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leagues at CERN, and is designed
to accumulate 10" antiprotons per
hour. The Antiproton Source is the
complex of target station, beam-
lines, and two rings, the De-
buncher and the Accumulator,
where the antiprotons are made,
‘cooled’, and stored.

Installation of equipment for the
source reached a peak level of ac-
tivity in March. Components ar-
rived daily, were installed, hooked
up, and tested in preparation for

intense commissioning activities
that started in April. The scope of
the installation effort can best be
measured by the count of 467
large multi-ton objects through
which the beam passes: bending
magnets and quadrupoles, radio-
frequency cavities, stochastic cool-
ing tanks, septa, kickers, and tar-
get station modules. In addition
thousands of cables were pulled
and correction magnets, beam di-
agnostics, and controls installed.
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Aerial view of the antiproton source area at
Fermilab just outside a sector of the Main
Ring. Below, a schematic of the set-up,
with a slightly different orientation.
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The Target Station

The Target Station consists of 13
removable steel modules each of
which serves both as a radiation
shield and a stable mounting for
target components. Antiprotons
are produced by 120 GeV protons
extracted from the Main Ring and
transported to the target station in
the proton (AP1) beamline.

Stochastic cooling is more effec-
tive if the initial beam size and
time spread are minimized. Beam
size is limited by heating in the 6
cm-long tungsten-rhenium target.
Beam has been focussed at the
target to a spot with a radius of
less than 400 microns.

The time spread is reduced to
less than one nanosecond by first
adiabatically lowering the Main
Ring r.f. voltage until the bunch
has a momentum spread of 0.03
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per cent. The r.f. voltage is then
suddenly snapped on to 4 mega-
volts and the entire bunch rotates
until the time spread is minimized
and the momentum spread is 0.04
per cent. Bunch rotation has been
successfully done in the Main
Ring.

Antiprotons are collected in a 60
milliradian cone using a pulsed
lithium lens similar to the one
used at CERN and built at Fermi-
lab to focus the incident préton
beam for antiproton accumulation.
Over the weekend of 25 April the
antiproton target station and lith-
ium lens were turned on for the
first antiproton yield measure-
ments. The lithium lens originated
from a joint project with Novosi-
birsk (see July/August 1981 issue,
page 249).

The Debuncher

The purpose of the Debuncher is
to reduce the large momentum
spread of the 8 GeV antiproton
beam by r.f. bunch rotation and
adiabatic debunching. This is the
opposite of the bunch narrowing
process which occurs in the Main
Ring prior to targetting. Debunch-
ing is done by six 53.1 MHz r.f.
cavities each developing 750 kilo-
volts. The Debuncher lies on the
outside of the tunnel and is 200
nanoseconds longer than the Ac-
cumulator because of the extra
space needed for extraction. It
contains 66 dipoles and 114 quad-
rupoles.

Commissioning (running in) of
the Debuncher is done with 8 GeV
protons delivered from the Main
Ring once every five seconds. The
commissioning process has no im-
pact on fixed target running: after
the Main Ring injects into the Tev-
atron for fixed target physics it
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continues to cycle at a five second
rate for antiproton source studies.
Protons are delivered to the De-
buncher via the AP1 and AP2
beamlines in either 10 or 80
bunches with each bunch contain-
ing approximately 10° protons.

On 21 April, 8 GeV protons were
injected into the Debuncher and
observed to complete one revolu-
tion of the ring for the first time.
Shortly thereafter, adjustments to
the injection septum produced a
circulating beam which persisted
for 30 msec (20 000 turns). Studies
continued on the evening of 22
April with the first measurement
of the tune of the Debuncher and
the capturing of the beam with the
diagnostic r.f. system. The beam
was observed to circulate for sev-
eral seconds and the closed orbit
was measured. The closed orbit
distortions were found to be less

A view inside the Fermilab Antiproton
Source during installation. The Debuncher
is on the outside of the tunnel, the Accu-
mulator on the inside.

(Photos Fermilab)

than a few millimetres.

The Debuncher ran routinely
through May. The chromaticity has
been measured, the working space
precisely mapped out, and the dis-
persion carefully determined. The
beam position monitor system has
been the primary diagnostic tool
used during commissioning to
date. Three Schottky pickups and
DC current transformers are also
being used. Two remotely con-
trolled scrapers have been used to
make emittance measurements.

By 5 May the Debuncher was
operating as a storage ring with
the injection orbit, closed orbit,
tune, aperture and chromaticity
understood and within the design
tolerances. Protons have been
stored in the Debuncher with a
measured lifetime of 83 minutes.

The problems of working with
antiprotons can be well simulated
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using secondary protons produced
in the target with 120 GeV beam
and focussed by the lithium lens.
On 27 May a secondary beam with
emittance, momentum spread and
intensity comparable to that ex-
pected for antiprotons was in-
jected into the Debuncher and
observed to coast. The bunch-ro-
tated beam from the Main Ring
was captured with the 53.1 MHz
r.f. cavities in the Debuncher and
successfully debunched. Protons
were cooled with the vertical beta-
tron Debuncher stochastic cooling
systems on 15 June.

The Accumulator

The Accumulator is a high class
storage ring designed to accept up
to 8 X 107 antiprotons from the
Debuncher as often as every two
seconds with a small vertical and
horizontal emittance and a mo-
mentum spread of 0.2 per cent. In
the Accumulator the antiprotons
are stacked in momentum space
and compressed into a high den-
sity core containing 4 X 10" anti-
protons with a momentum spread
of 0.05 per cent. The antiprotons,
travelling at 99.5 per cent of the
speed of light, are accumulated
over a period of several hours. Ul-
trahigh vacuum is required to min-
imize interaction of the circulating
beam with the outgassed mole-
cules of the chamber wall. A nomi-
nal pressure of 3 X 107" torr is
required in the beam tubes to
avoid beam intensity loss from ex-
cessive beam-gas collisions. This
pressure will be met with a combi-
nation of sublimation and sputter
ion pumps, and with well condi-
tioned chambers to reduce the
rate of gas desorption.

The main magnet system con-
sists of 30 dipoles and 84 quadru-
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poles. The Accumulator lattice has
3 high dispersion and 3 zero dis-
persion straight sections and 6 in-
dependent stochastic cooling
systems which provide horizontal
and vertical betatron and momen-
tum cooling for both the newly in-
jected batch of antiprotons (the
stack-tail) and the circulating beam
(the core). The momentum cooling
systems use pickups in high dis-
persion regions and kickers in zero
dispersion ones.

In both the Debuncher and Ac-
cumulator stochastic cooling pick-
ups are cooled to 77 K. A
superconducting notch filter re-
duces microwave power at fre-
guencies corresponding to
particles in the core, and assists in
shaping the gain vs. momentum
curve in the stack-tail system.

A major milestone was accom-
plished on 8 April as the last mag-
net was installed in the Antiproton
Source Accumulator. A vacuum in
the entire Accumulator Ring was
established on 31 May. Multiple
turns were achieved in the Accu-
mulator for the first time on 6
June, and coasting beam on the
injection orbit (in the Accumulator)
was achieved during the night of
20-21 June. The proton beam was
injected into the Accumulator
backwards through the extraction
(AP-3) line, and captured in buck-
ets phase locked to the Main Ring
r.f.

Milestones are now occurring in
rapid succession. Many dedicated
people from the entire Laboratory
are contributing to the success of
this project. These next few
months promise to be very excit-.
ing as efforts are made to bring
the Tevatron | systems into opera-
tion and start exploring the phys-
ics frontier opened by these ultra
high energy collisions.

Jim Leiss, retiring Associate Director for
High Energy and Nuclear Physics at the US
Department of Energy, was one of the
speakers at the recent Fermilab Users
Meeting.

Users Meeting

The Fermilab Users Organization
held its annual meeting at Fermi-
lab on 10-11 May. In his state of
the Laboratory report, Director
Leon Lederman emphasized the
tremendous R&D and construction
feats that have brought Bob Wil-
son’s vision of a 1 TeV supercon-
ducting synchrotron to the
successful physics seen at the
Laboratory today. The next few
years look extremely exciting for
both fixed target and collider
physics. Lederman listed the Labo-
ratory priorities as finishing con-
struction, reliability, intensity,
energy, and R&D for the proposed
US Superconducting Super Colli-
der (SSC).

Two distinguished participants
in the Washington scene who
have been very important to Fer-
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milab announced their retirement
at the meeting. Guy Stever, retir-
ing president of the Universities
Research Association Inc. govern-
ing body, reported on the activities
of URA. Much of the recent URA
effort has been directed toward
progress on the SSC. An impor-
tant step was in agreeing on a
board of overseers within URA to
concentrate on SSC decisions and
problems. Stever believes that it is
important that the project be ap-
proved soon and that broad re-
gional support be maintained for
the project even after a site has
been selected.

Jim Leiss, retiring Associate Di-
rector for High Energy and Nuclear
Physics at the US Department of
Energy, gave his views on the di-
rections needed in particle phys-
ics. The current facilities must be
exploited, there must be effective
use of foreign facilities, and others

must be convinced that there is a
real need for the SSC. Leiss also
encouraged people to think hard
about the new types of accelera-
tors which will be used in the era
beyond the SSC.

Other talks at the meeting re-
viewed the status of the machine
and the fixed and colliding beams
programme. The rich possibilities
with two major collider detectors
and an extensive fixed target pro-
gramme lead to demands for
more running time, more protons,
more equipment, and more hous-
ing. Reports from many directions
indicated progress on a number of
fronts — 1.37 X 10" protons per
56-second cycle with a 23-second
spill, increasing reliability in the
present running after a shaky start,
and even more improvements on
the user housing facilities.

An interesting talk by Erich
Bloch, the new director of the US

National Science Foundation, ad-
dressed the issue of science policy
at the NSF. After the flat funding
of the 1970s, funding for the hard
sciences has improved under the
present administration. He be-
lieves the Federal government
must face its responsibility for
basic research in a world of shift-
ing international trade patterns
and a trend toward a service econ-
omy in the US Universities are

the most important resource but
also the hardest to change. Multi-
disciplinary efforts and moderniz-
ing of the university infra-
structure can, hopefully, be cata-
lyzed by NSF. He also noted a dis-
tressing trend toward bypassing
the peer review process. Increases
in NSF funding are helping to sub-
sidize young faculty and new in-
strumentation, especially in fields
like mathematics where NSF is the
only significant source of funds.

Cornell honours McDaniel

On May 22 and 23, the Laboratory
of Nuclear Studies at Cornell held
a Symposium to honour Boyce
McDaniel, who after being Labora-
tory Director since 1967, retired
from that position on 1 July (see
July/August issue, page 241).
McDaniel led ten years of produc-
tive physics with the 12 GeV elec-
tron synchrotron, and the intense
effort that culminated in the con-
struction and successful operation
of the CESR electron-positron ring
in 1979. The Symposium was also
the occasion to celebrate the for-
tieth anniversary of the Labora-
tory. Albert Silverman was
chairman of the organizing com-
mittee.
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The four Directors of Cornell’s Laboratory
of Nuclear Studies during its forty year his-
tory: left to right and in order of seniority,
Robert F. Bacher, Robert R. Wilson, retiring
Director Boyce D. McDaniel and new Direc-
tor Karl Berkelman.
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The first day was devoted to an
overview of 40 years of research
at Cornell, including the series of
accelerators, ranging from the 1.2
MeV cyclotron built by Stanley Liv-
ingston in 1935 to the present
CESR complex, built in ‘Cornell
Style’.

Robert Bacher, Professor Emeri-
tus at Caltech, started off with the
events leading up to the formation
of the Laboratory in 1945 and his
year as its first Director before he
left to join the newly formed US
Atomic Energy Commission. The
First Twenty Years was the subject
of talks by Hans Bethe, who de-
scribed the wide range of theoreti-
cal work in quantum field theory
and nuclear and elementary parti-
cle physics that parallelled and
built upon Richard Feynman'’s epic
work on quantum electrodynamics
at Cornell, and by Robert R. Wil-
son, who gave an account of how
the ‘Cornell Style’ developed while
he was Laboratory Director and
how a ‘rebellion’ of staff members
led to the design of the 12 GeV
electron synchrotron. Richard
Feynman, now at Caltech, con-
cluded the morning session with
an entertaining account of his life
as a young professor at Cornell.

The afternoon session covered
the Second Twenty Years with Al-
bert Silverman and Kurt Gottfried
relating the exploits of the experi-
menters and the theorists, respec-
tively. Silverman reviewed
accomplishments in photo- and
electroproduction and in elucidat-
ing the properties of b (beauty)
quarks. Gottfried compared the
status of theoretical physics in
1965 and today, and showed how
work at Cornell, especially Ken-
neth Wilson’s work on the renor-
malization group and lattice gauge
theory, had contributed.
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The second morning was de-
voted to future directions in ele-
mentary particle physics. Nobel
laureate Kenneth Wilson described
the prospects for doing theoretical
work with the essentially unlimited
computer power of supercompu-
ters, for which he has been a tire-
less crusader in recent years.
(Cornell has been designated as
one of four National Supercompu-
ter Centres, with Wilson as its Di-
rector.) Karl Berkelman, the new
Laboratory Director, showed a
glimpse of how the future of ex-
perimental particle physics might
develop, although he insisted he
should not be held responsible if
events take a different turn! Or-
lando Alvarez of Berkeley de-
scribed the outlook for theory. In
the final talk, Maury Tigner gave a
whirlwind account of the many
possible directions for break-

Former Cornell and Fermilab Director Rob-
ert R. Wilson (left) and current Fermilab Di-
rector Leon Lederman give their rendition
of the song ‘Old McDaniel had a Lab".

(Photos Cornell)

throughs in the world of accelera-
tors. These are the advances that
will supply the energy needed to
push through to further frontiers.

E-I-E-I-O

Fermilab Director Leon Lederman
was suspected of being the author
of a song specially performed at a
banquet during the two-day sym-
posium in honour of retiring Cor-
nell Director Boyce McDaniel:

Old McDaniel had a Lab

E-I-E-I-O

And in the Lab he was the boss

E-I-E-I-O

With a Yes-Yes here and a No-No
there

Here a Yes, There a No, Yes you
stay, No you go

Old McDaniel had a Lab

E-I-E-I-O
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And in the Lab he had some rings

E-I-E-I-O

With an electron here and a pho-
ton there

With a Quark-Quark here and a
Quark-Quark there

Here a Quark, There a Quark,
Everywhere a Quark-Quark

Old McDaniel had a Lab

E-I-E-I-O

And in the Lab he had some
Dough (a leetle)

E-I-E-I-O

With a promise here and a prom-
ise there

And every year is a menace if

He can’t convince the NSF

With a Yes-Yes here and a No-No
there

With a Quark-Quark here and a
Quark-Quark there

Here a Quark, there a Quark,
Everywhere a Quark-Quark

Old McDaniel had a Lab

E-I-E-I-O

Old McDaniel had a Lab

E-I-E-I-O

He also had a problem too

E-I-E-I-O

Didn’t know zactly what to do

E-I-E-I-O

SSC was in a terrible state

So he took time out to ameliorate

Here some scotch, there some
beers

He ruled the Board of Overseers

With an SS No and an SS Si!

He even calmed the DOE

Here a Quark, There a Quark,

Everywhere a Quark-Quark
Old McDaniel had a Lab
E-I-E-1-O

Old McDaniel had some LABS

E-I-E-I-O

And Newman-Wilson were their
names

E-I-E-I-O

With a Tigner here and a Silver-
man there

Here a Bethe, there a Bacher

Here a Wilson, the Computer
Hacker

All to teach, all to inspire

Karl and Kurt and John DeWire

With a Gluon here and a Gluon
there

Here some glue, there some boo

E-I-E-I-O

Around the Laboratorles

SUPERCOLLIDER
Users meeting

The first US Superconducting
Super Collider (SSC) ‘Users’ Meet-
ing was held on 20-21 May on
Berkeley campus. There were 135
attendees from 57 different institu-
tions. Guyford Stever of Universi-
ties Research Association and
Boyce McDaniel from Cornell Uni-
versity and Chairman of the SSC
Board of Overseers welcomed the
participants. ‘Users’ is perhaps an
optimistic word as the SSC is not
yet authorized, but the meeting re-
flected the enthusiasm driving the
project for the world’s largest ma-
chine.

At the recent Superconducting Super Colli-
der (SSC) Users Meeting at Berkeley Dave
Cline of Wisconsin (left) greets Gil Gil-
chriese of Cornell. Although it is still only a
proposal, the SSC’s ‘users” had plenty to
discuss.
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SSC Central Design Group members (left to
right) Ron Yourd, James Sanford and Tom
Elioff take a break.

(Photos LBL)

Maury Tigner, Director of the
SSC Central Design Group, gave
the opening talk, ‘Overview of the
SSC'. Following this presentation,
John McTague spoke on ‘The
View from Washington’. Anne Ker-
nan from Riverside reported on
‘Recent Results from CERN’, and
Paul Reardon of Brookhaven
briefed the audience on the ‘Status
of the Magnet Program’.

Other speakers and their topics
included Peter Limon, SSC design
group (Accelerator Systems), lan
Hinchliffe, Berkeley (Physics at the
SSC), James Sanford, SSC design
group (Site and Conventional Fa-
cilities), Martha Krebs, Berkeley's
Associate Director for Planning
and Development (The SSC and
the Long Range Energy R&D
Study), Alex Chao, SSC design
group (Accelerator Physics Ques-
tions), Rocky Kolb (Cosmology and
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the SSC), and Gil Gilchriese (De-
tector R&D Plans).

The Meeting ended with a
Round Table Discussion with audi-
ence participation. At the start,
various aspects of community in-
volvement in the present and fu-
ture aspects of the SSC were
presented in very brief statements
by the panelists. Dave Jackson of
the design group exhorted the
users to participate now, in the
worker bee mode or in the citizen-
ambassador mode. He drew atten-
tion to an Infopack of SSC-related
materials that can assist in prepar-
ing talks or answering queries and
invited the audience to request it.

Charles Baltay, Columbia, briefly
described the origins and pur-
poses of the Summer Study, while
James Cronin, Chicago, argued for
prompt formation of a SSC Users
Organization.

Gilchriese spoke on detector
R&D needs in advance of the
Round Table. The Texas Accelera-
tor Center’s activities were de-
scribed by Peter Mcintyre who
plumped for a three-ringed SSC,
capable of simultaneous fixed-tar-
get, as well as collider, operation.
Paul Slattery, Rochester, ad-
dressed the sociology and rejuven-
ation of the field, arguing that a
place for ‘small’ experiments was
needed for graduate students to
obtain a degree in a reasonable
time. The issues of proposal ap-
proval and formation of collabora-
tions were covered by Dick Taylor,
SLAC, who drew on his experience
as a member of the LEP Commit-
tee at CERN.

The desirability of fixed-target
capability agitated a minority of _
the audience present. Other issues
of concern were the possible cen-
tralization of detector R&D efforts,
the need for more discussion and
presentation of information to the
lay public, and the big question of
site selection.

Meanwhile the SSC Central De-
sign Group has published its Site
Parameters Document to assist the
US Department of Energy in defin-
ing technical site requirements for
the mighty accelerating ring,
which could extend to 100 miles in
circumference.

The site criteria presented are
derived largely from the Reference
Designs Study (see January/Febru-
ary issue, page 3).

SERPUKHOV
Call for experiments

The new UNK accelerating/storage
complex, to supply 3 TeV maxi-
mum proton energy, is being con-
structed at the Soviet Institute for
High Energy Physics (IHEP), Serpu-
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Proposed layout of the UNK accelerator/
collider now being constructed at the So-
viet Institute for High Energy Physics, Ser-
pukhov. Protons from the existing 76 GeV
proton synchrotron will be fed into the 7
km-diameter UNK rings. Conventional mag-
nets will accelerate the protons to 600 GeV
and a superconducting ring beneath will
take them on to 3000 TeV. Fixed target ex-
periments will use extracted hadron beams
(bottom left) and neutrinos, and the use of
mugns (dotted lines) is also being consid-
ered.

khov. It will allow physicists to
carry out both fixed target and col-
liding beam experiments.

Fixed target experiments will be
carried out with hadron and neu-
trino beams, as well as the accel-
erator’s internal beam.

The hadron area will use four
secondary beams produced by
slowly extracted protons from the
main ring. The magnetic structure
of the beam channels will cater for
a variety of secondary beams —
electrons, photons, polarized pro-
tons, hyperons, neutrons, etc.
Halls will be big enough to house
two experiments on each beam
channel. The neutrino area will
have wide and narrow band
beams, tagged neutrino beams
and beam dump experiments. The
UNK project also foresees collid-
ing beam experiments (see be-
low).
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Physics will begin in 1993, and
IHEP invites all interested groups
to formulate their proposals for
UNK experiments. The following
items should be considered: the
scientific aspect of the experiment;
its apparatus and components,
and the required manufacturing
schedule (attention should be paid
to new methods and technology);
necessary resources; and require-
ments for beam and for the experi-
mental zone.

Proposals should be sent to the
IHEP directorate by 1 January 1986
for further consideration at the
IHEP Scientific Coordinating
Board.

UNK will use a tunnel 20 km
long and 5 m in diameter. Depend-
ing on the relief of the terrain, the
tunnel runs from 20 to 60 m below
ground. The IHEP 76 GeV proton
accelerator will serve as an injec-

tor for the first stage of UNK, an
accelerator with conventional
magnets and maximum energy
600 GeV. After acceleration in the
first stage, the beam will then be
transported into the second stage
beneath. The second stage mag-
nets will be superconducting, pro-
viding 3 TeV protons. Three
operational modes are foreseen:
fixed target operation at 3 TeV;
400 GeV on 3 TeV colliding
beams; and 3 TeV on 3 TeV collid-
ing beams. An additional super-
conducting storage ring will be
constructed.

The design intensity of the ac-
celerated proton beam is 6 x 10
protons per pulse with 120 s cycle
time and 40 s extraction period.

The 3 TeV accelerator will com-
prise a proton beam transport sys-
tem, hadron area, neutrino area
and an underground hall for ex-
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periments on internal targets.

A slowly extracted proton beam
will be split into two, one feeding
the neutrino area and the other
the hadron area. It is planned to
split the neutrino area beam to
provide another experimental area
(probably for muons). The beam
for the hadron area will also be
split into two before being guided
upward to the target hall.

Four beam channels will be
‘used to transport secondary
beams formed from each of the
two targets, two channels han-
dling positively charged particles,
and two handling negative parti-
cles. A proton beam could be ex-
tracted into any beam channel.
Maximum intensity on the target
will be 1.5 X 103 protons per
pulse, giving 10°-10" positive
pions per s in the momentum
range from 500-2000 GeV and 5 X
108 — 5 X 10° negative pions. Each
tunnel will lead into an experimen-
tal hall of approximately 30 x 300
m 1200 m downstream of the tar-
get.

In the neutrino area there should
be wide and narrow band beams
and prompt neutrinos (beam
dump experiments). Tagging has
been foreseen for kaon-derived
neutrinos in the narrow band
beam. The pions and kaons will
decay in a vacuum pipe some 3.7
km long and maximum diameter 4
m. After the decay path there will
come a neutrino tagging station,
500 m of steel muon shielding and
a detector for prompt and tagged
neutrinos. At 3 TeV and 3 x 10™
protons per pulse, one neutrino in-
teraction per ton is expected for a
dichromatic beam.

The accuracy of reconstructing
neutrino energy may be almost 3
per cent if a tagging system de-
tects simultaneously the muons
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and photons deriving from kaon
decays. The contribution from
background neutrinos should be
reduced by an order of magnitude.
With 10'* protons per pulse, the
number of tagged neutrino inter-
actions in 100 t of detector should
reach 104 particles per day for
muon neutrinos and 200 particles
per day.for electron neutrinos.

A straight section 60 m below
the surface will house experiments
using internal targets. This main
hall will be 60 m long with 9 m di-
ameter, with an adjacent hall 30 m
long.

For colliding beams, four
matched sections are to be used
for experiments. Two halls at a
comparatively small depth will be
excavated. The halls will be ap-
proximately 24 X 24 m, with
preassembling halls of approxi-
mately the same size. Maximum
luminosity in these intersection
points should achieve 10%2cm~2s77,

Together at Bodega Bay (California) to dis-
cuss polarized antiprotons — Simon van der
Meer of CERN (left) and Dave Jackson of
Berkeley. At another meeting at Berkeley
earlier in the year, tributes flowed on on
the occasion of Jackson’s 60th birthday
(see page 287).

WORKSHOP
Polarized antipro-

tons?

In April, 22 physicists gathered for
a long weekend of ‘brainstorming’
in the isolated village of Bodega
Bay overlooking the rugged coast-
line of north California. They were
trying to find some way to polarize
(align the spins of) antiprotons. To
attack this very difficult problem
the physicists were drawn about
equally from the fields of high en-
ergy physics, atomic physics, nu-
clear physics and accelerator
physics.

The workshop opened with lec-
tures by two experts who defined
our present knowledge of the two
fields which the workshop hoped
to unite: Willy Haeberli (Wiscon-
sin) reviewed polarized proton ion
sources and Simon van der Meer
(CERN) reviewed storage of anti-
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protons. The workshop was not
publicized in advance partly be-
cause the organizers, Owen Cham-
berlain (Berkeley) and Alan Krisch
(Michigan), were concerned that it
might be totally impractical to ob-
tain enough polarized antiprotons
to do useful high energy physics
experiments. They were also eager
to maintain a very informal atmos-
phere where people were willing
to propose ‘crazy’ ideas.

Indeed, most of the twelve ideas
which emerged were not very
practical. For example the idea of
using ‘stochastic techniques’ to
enhance the polarization of a
stored antiproton beam was dis-
patched in a short talk by Simon
van der Meer. He pointed out, per-
haps with a small smile, that it
was a fine idea except that the sig-
nal to background ratio was 10742
However there were two ideas
which emerged from the work-
shop which did seem quite prom-
ising and a third idea which might
result in some interesting atomic
physics.

The atomic physics idea started
as a plan to pass beams of posi-
trons and antiprotons together
with the same velocity into a drift
region, where they could form at-
oms of antihydrogen. One could
then polarize the antihydrogen at-
oms using the same atomic beam
techniques used in polarized pro-
ton ion sources. The formation
rates were estimated by distin-
guished atomic physicists Carson
Jeffries (Berkeley) and Daniel
Kleppner (MIT) to be about 103 per
second. This is clearly too low to
be useful for high energy accelera-
tor experiments. However no one
has ever produced one single
atom of antihydrogen, polarized or
unpolarized. With even a very
weak single beam of antihydrogen
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it would be possible to do some
very interesting experiments such
as comparing the Lamb shift for
antihydrogen with that for hydro-
gen. A number of the participants,
especially K. Imai (Kyoto) and Ar-
thur Rich (Michigan) left the work-
shop with plans to begin
antihydrogen experiments. Antihy-
drogen has also been discussed
by the LEAR Low Energy Antipro-
ton Ring community at CERN (see
June issue, page 188).

One promising idea for produc-
ing high energy antiproton beams
was presented by A. Yokosawa
(Argonne). Fermilab is now con-
structing a polarized proton beam
which will use protons captured
from hyperon decay. These pro-
tons are known to have a polariza-
tion of about 50 per cent. The
antiprotons from antihyperon de-
cay should have exactly the same
polarization. The intensity and ki-
nematics may make it difficult to
store and accelerate these polar-
ized antiprotons but it should cer-
tainly be possible to scatter them
from a polarized (or unpolarized)
proton target. :

The most promising idea for ac-
celerating polarized antiprotons
was named the ‘Spin Filter’ tech-
nique. This uses a polarized pro-
ton gas jet which is placed inside
an antiproton ring. One then accel-
erates or decelerates the antipro-
tons to some energy where the
proton-antiproton reaction rate is
different when the spins are paral-
lel and antiparallel. The antipro-
tons in one spin state are then
scattered more often and disap-
pear more quickly from the stor-
age ring. After perhaps 10 or 20
hours the remaining antiprotons
should have a significant spin po-
larization. Fortunately several
groups are already developing po-

larized atomic hydrogen jets for
various reasons. Tapio Niinikoski
(CERN) described some of these
efforts including his own at CERN
and the Michigan-MIT effort at
Brookhaven (see April 1984 issue,
page 100).

This Spin Filter technique ap-
peared practical and quite promis-
ing provided some energy is
found at which the antiproton-
proton scattering depends mark-
edly on whether the colliding par-
ticles have parallel or antiparallel
spins. There are no data on total
reaction rates (cross-sections) for
polarized antiprotons colliding
with polarized protons. Hopefully a
significant spin-dependence will
be found in the energy region be-
low 1 GeV, where the proton-pro-
ton spin dependence is so large
that some physicists feel that it in-
dicates the existence of dibaryon
resonances or bound states. A low
energy beam of antiprotons can
be polarized by elastically scatter-
ing them at certain angles. By
scattering these upon a polarized
proton target one can measure the
spin dependence of the antipro-
ton-proton total cross-section. This
measurement should be made
both with the spins parallel to the
beam direction and then trans-
verse to the beam direction. A
number of participants, especially
Willy Haeberli, Erhard Steffens
(Heidelberg) and Dave Cline (Wis-
consin), began planning such
measurements probably at LEAR
(CERN) or at Fermilab. The larger
the spin effect the easier it will be
to polarize a coasting beam of an-
tiprotons.

From Owen Chamberlain and Alan
Krisch
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A view of the 172 cm diameter inner por-
tion of the ARGUS detector around the
beam pipe of the DORIS Il electron-positron
ring at the DESY Laboratory, strung with
30.000 76-micron wires.

(Photo DESY)

DESY
Physics from ARGUS

While the first few hundred metres
of underground tunnel for the new
HERA electron-proton collider are
being drilled near the site of the
German DESY Laboratory in Ham-
burg, the two big electron-positron
storage rings DORIS Il and PETRA
provide plenty of data for further
physics results.

The performance of both ma-
chines is very stable. DORIS Il is
currently producing a mean lumi-
nosity of one event per picobarn
per day with a re-injection scheme
which only requires a few minutes
during each hour of operation. The
circulating particle bunches (corre-
sponding to a mean current of 32
mA) do not need to be dumped
before refilling the ring. The beam
energy this year is being kept
around 5.3 GeV to obtain data at
the third excitation (4S state) of
the upsilon resonance.

Under these favorable condi-
tions the ARGUS group, a collabo-
ration now including 64 physicists
from six nations, recently pro-
duced a series of interesting re-
sults. The institutions participating
in the ARGUS collaboration at
DORIS Il are (besides DESY) Dort-

mund and Heidelberg from Ger-
many, Kansas and South Carolina
(USA), Ljubljana (Yugoslavia),
Lund (Sweden), the Canadian Insti-
tute of Particle Physics, and the In-
stitute of Theoretical and
Experimental Physics of Moscow
(USSR).

One of these results involves the
decay of the neutral D meson. The
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Decay of a neutral D (charmed) meson into
a phi and a neutral kaon, mediated by ex-
change of a charged electroweak boson.
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Colour mixing?

The decay of B (beauty) me-
sons into J/psis should be
suppressed by the ‘colour’
mechanisms of quark dynam-
ics (quantum chromodynam-
ics). However the observation
of such a decay could mean
that new ‘colour mixing’ ef-
fects come into play. As well
as being seen by the ARGUS
collaboration at DESY, the
decay has also been identi-
fied by the CLEO group at
Cornell’s CESR electron-posi-
tron collider. Like DESY'’s
DORIS Il ring, CESR was also
tuned in to the fourth (4S) up-
silon.

decay channel into a (short-lived)
neutral kaon and a phi (1020) me-
son has been clearly established.
The branching ratio is found to be
about one per cent and gives di-
rect evidence for a contribution
from W (weak boson) exchange.

A particularly interesting decay
mode of the B (beauty) meson
was seen. The colour-suppressed
decay of the B into a J/psi plus an
arbitrary number of hadrons was
clearly established with a branch-
ing ratio of about 1.4 per cent.
This decay gives information of
the subtle interplay of weak and
strong interactions in heavy me-
son decay.

Many tau leptons were recorded
in the ARGUS detector. From the
study of 1500 tau decays into
three charged pions and a tau-type
neutrino, it was possible to fix a
new upper limit for the mass of
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Prototype silicon electromagnetic calorime-
ter built by a CERN/INFN Frascati/Milan/
McGillITel Aviv team. On the left are the
sandwiches of silicon and tungsten ab-
sorber. On the right are the readout elec-
tronics.

(Photo CERN 1.5.84)

the tau neutrino at 70 MeV.

High energy physics research
will continue at the DORIS Il stor-
age ring and the two groups cur-
rently working there, ARGUS and
Crystal Ball, hope to carry on their
investigations for at least another
four years.

DETECTORS
Silicon calorimeters

In the last few years, silicon detec-
tors have become an important
high energy physics tool (see
March 1982 issue, page 47), ex-
ploiting their high spatial resolu-
tion, short transit time and ability
to be used in magnetic fields and
in vacuum.

After these initial successes, at-
tention turned to their potential for
electromagnetic calorimetry (en-
ergy measurement), thanks to the

development of large active areas
with low resistivity. The character-
istics of these semiconductors (de-
pletion layer) depends on the
voltage bias supplied.

A prototype electromagnetic cal-
orimeter has been built at CERN
by a CERN/INFN Frascati/Milan/
McGill/Tel Aviv team using 12
5 X 5 cm? silicon detectors inter-
spersed every 2 radiation lengths
(fraction of a centimetre) with ura-
nium or tungsten absorber. This
shows good localization of the
showers produced by test electron
beams. The energy response of
the calorimeter is linear using
tungsten and using uranium and
using two widely different deple-
tion layers (70 and 200 microns),
and giving good energy resolu-
tion.

Thus the prototype unit gives
comparable performance to that
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obtained using more conventional
plastic scintillator or liquid argon
as active calorimeter element,
while giving the added advantages
of greater compactness and adapt-
ability to experimental conditions.

A second, larger calorimeter is
under construction by the SICAPO
(Sllicon CAlorimeter and POlarime-
ter) team (Genoa/Florence/Ham-
burg/McGill/Milan/Tel Aviv/Trieste)
at CERN.

Hans-Otto Wiister (right) at CERN with the
late Sir John Adams in 1977.

(Photo CERN 282.6.77)
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People and things

Hans-Otto Wiister

With the death on 30 June of
Hans-Otto Wiister, Director of the
JET European fusion experiment,
European science lost one of its
most influential and colourful fig-
ures.

Wiister’s long and productive ca-
reer in accelerator physics led him
to the Directorate of the German
DESY Laboratory. He joined CERN
in 1971 to take on the key role of
deputy to John Adams during the
construction of the SPS machine.
He took charge of many of the fi-
nancial and personnel aspects of
SPS management, and with the
completion of that machine, went
on to play a similar role in the
CERN Directorate.

His contribution towards the
success of the SPS construction
led to him being invited in 1978 to
become Director of Euratom’s JET

(Joint European Torus) project,
housed at Culham, the UK fusion
research centre. Under Wiister’s
leadership, JET construction was
completed and the project is
poised to make significant ad-
vances towards the goal of mas-
tering thermonuclear fusion by
plasma confinement.

He was keenly aware of the hu-
man problems of laboratory man-
agement. At one of his last visits
to CERN, for a memorial meeting
to the late Sir John Adams last
year, he said, ‘| believe the most
important and difficult task in cre-
ating a laboratory is to maintain
the spirit of collaboration and
lively discussion, and not to allow
it to separate into little compart-
ments with unassailable walls be-
tween them.” His managerial;
technical and human contributions
to Europe’s science will be sadly
missed.
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Addressing staff on a visit to CERN on 18
June is (centre) Italian Foreign Minister
Giulio Andreotti, flanked by CERN Director
General Herwig Schopper (right) and An-
tonino Zichichi.

(Photo CERN 271.6.85)

Appointments at CERN

Awards

In its June session (see also page
263), CERN Council renewed the
appointments of three members of
the Scientific Policy Committee for
three years from 1 July — J.D.
Dowell of Birmingham, C. Jarlskog
of Stockholm and G. Morpurgo of
Genoa. The Council also reap-
pointed M. Jacob as Leader of
Theoretical Physics Division for
three years from 1 July, and P. Za-
nella as Leader of the Data Han-
dling Division for three years from
1 January 1986, and extended the
appointment of J. Andersson of
Sweden as Chairman of the Fi-
nance Committee to 31 December.
M. Gigliarelli Fiumi (ltaly) was ap-
pointed Chairman of the Consulta-
tive Committee on CERN
Employment Conditions (CCEC)
until 31 December, replacing J.
WValsh (UK).
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Fermilab theoretician William A.
Bardeen has been awarded a Gug-
genheim Memorial Foundation
Fellowship for 1985.

Associate Head of Fermilab Accel-
erator Division Lee Teng has been
named a Fellow of Argonne Na-
tional Laboratory.

Tributes to J.D. Jackson

‘New Phenomena at the SPS Colli-
der — Implications for the Super-
conducting Super Collider and
Beyond’ was the title of a day and
a half meeting held at Berkeley
earlier this year which coincided

nicely with the sixtieth birthday of -

J.D. Jackson, a frequent visitor to
the CERN Theory Division and at
present Deputy Director for Opera-
tions of the Central Design Group
of the US Superconducting Super

Collider (SSC) project.

A full programme included re-
ports by J. Rohlf (UA1 experiment)
and J.R. Hansen (UA2 experiment).
Theoretical presentations were
given by I. Hinchcliffe (Berkeley),
C. Quigg (Fermilab), M. Chanowitz
(Berkeley) and R. Field (Florida).
The question ‘After SSC what?’
was discussed by a panel of R.
Schwitters (Fermilab), M.K. Gail-
lard (Berkeley), G.L. Kane (Michi-
gan) and B. Richter (Stanford).

In a talk entitled ‘proton-proton
interactions from 4 MeV to 40
TeV’, Kurt Gottfried of Cornell pro-
vided birthday reflections. He also
brought a special musical tribute
recorded by Cornell graduate stu-
dents expressing their views on
the problems in Jackson’s famous
book ‘Classical Electrodynamics’.
‘How do you solve a problem like
Maria?’ from the ‘Sound of Music’
was transformed for the occasion,
including lines like ‘How do you
solve a problem out of Jackson in
anything less than geological
time?’.

The meeting banquet provided
many more tributes to Jackson in-
cluding one from Bob Cahn of
Berkeley — ‘His leadership of the
Berkeley physics community has
kept it at the centre of exciting re-
search. His dedication to human
rights has made us proud to be
his colleagues. His example has
called from the best of all of us’.

Jacques Prentki retires

Earlier this year, theorist Jacques
Prentki retired from CERN after a
distinguished career which
spanned the whole 30-year history
of the Organization. He was one of
the founder members of the The-
ory Group, as it was then known,
and became well known for his
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important contributions to field
theory. His scientific work earned
him a Chair at the prestigious Col-
lege de France. In addition he has
played a vital role in CERN’s The-
ory Division, serving twice as its
Division Leader, the second time
from 1975-82. Over the years, he
has been the genial host to
hundreds of visitors to the corri-
dors of Theory Division, from as-
piring youngsters to distinguished
Nobel prizewinners. He was al-
ways sympathetic to their require-
ments, acting as a catalyst for the
close collaboration which is the
hallmark of the Theory Division.
During the past two years he has
been of great assistance to us in
his role as Chairman of the CERN
Courier Advisory Panel.

Intermediate Bosons in Paris

The French Physical Society held a
formal meeting in Paris to honour
the two 1984 Nobel laureates for
physics, Carlo Rubbia and Simon
van der Meer. Held at the Ministry
for Research and Technology on
15 April, it was organized under
the joint sponsorship of the Minis-
ter for Research and Technology,
Hubert Curien, the Haut Commis-
saire a I'"Energie Atomique, Jean
Teillac (former president of the
CERN Council), the Director of the
Centre National de la Recherche
Scientifique, Maurice Papon, and
of the President of the French
Physical Society, Maurice Jacob of
CERN.

The Minister gave the closing
address after the laureates had
given their talks. The ltalian Am-
bassador, Mr. Chiuderi, and the
Dutch Ambassador, Mr. Vegelin
van Claerbergen, were also pres-
ent.
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In his introduction, M. Jacob
stressed that this brilliant discov-
ery resulted from the work of large
collaborations and that this meet-
ing was also the occasion to hon-
our more specifically the fifty
French physicists from the UAT
and UA2 collaborations coming re-
spectively from Annecy (LAPP),
CERN, College de France, and Sa-
clay, and from CERN, LAL Orsay

A proud moment for Jacques Prentki (right)
when CERN Director General Herwig
Schopper introduces him to Pope John
Paul Il during the Pope’s visit to CERN in
1982.

(Photo CERN 175.6.82)

and Saclay. He also stressed that it
was a great success for the Euro-
pean collaboration in particle
physics research, an endeavour to
which the names of French physi-
cists Gregory and Lagarrigue are
closely attached.

Louis Leprince-Ringuet, speaking
a few hundred metres away from
his former laboratory at Ecole Po-
lytechnique, said some very warm
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The seventh meeting of the Japan/US
Committee on High Energy Physics was
held in May at Stanford. Seated at the
centre of the table are delegation leaders
J. Leiss of the US Department of Energy
and T. Nishikawa, Director General of the
Japanese KEK Laboratory, surrounded by
other members of the two delegations.

(Photo Stanford)

words at the opening of the meet-
ing, chaired by R. Klapisch, Chair-
man of the Organizing Committee.

David Tak Leuk Kwok

On 16 June, David Tak Leuk Kwok
of Harvard was among the 200
runners who lined up at the start
of a 16 km cross-country race at
Giron (France), near CERN. He was
not among the finishers. A few
days before, he had arrived at
CERN to begin work on the UAT
experiment. A star physics pupil,
he had won the American Physical
Society’s 1984 Apker Award for an
undergraduate student showing
great potential, the only US na-
tional prize recognizing undergrad-
uate achievement in physics. Kwok
collapsed shortly before the finish
line and died on the way to hospi-
tal.
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Brookhaven women’s scholarship

To encourage women to continue
their studies, Brookhaven Women
in Science (WIS) has established
the Renate W. Chasman Scholar-
ship. WIS will make one-time
awards of $7 000 to Long Island
women undergraduates in their
last two years, or women graduate
students who have returned to col-
lege full-time to resume their stud-
ies in the sciences or technical
fields.

The awards are named in mem-
ory of Renate W. Chasman (1932—
77), who became the only female
physicist in Brookhaven’s Acceler-
ator Department. She was chief
theorist of the group that designed
and built the 200 MeV linac injec-
tor for the AGS ring.

Contributions to the Scholarship
Fund are extremely welcome.

Please contact Brookhaven
Women in Science, PO Box 183,
Upton, New York 11973, USA.

Meetings

The second in a new series of Ac-
celerator Controls Workshops will
be held October 7-10, 1985, at Los
Alamos National Laboratory. It will
include reports from various con-
trol systems and workshop ses-
sions on particular topics. Further
information from Stan Brown, MP-
1, MS H810, Los Alamos National
Laboratory, Los Alamos, New
Mexico 87545, USA.

A new series of Winter Institutes
on Subatomic Physics is being ini-
tiated at the Chateau Lake Louise
in the Canadian Rockies. The topic
of the first meeting to be held
from 16 — 22 February 1986 is
New Frontiers in Particle Physics,
while in 1987 it will be Selected
Topics in Electroweak Interactions.

The purpose of the Lake Louise
Winter Institute is to explore re-
cent trends in particle physics in
an informal setting. There will first
be a three day school of pedagogi-
cal and review lectures by invited
experts. Speakers and topics are
to be detailed in a second an-
nouncement. Subsequently there
will be a three-day topical work-
shop with contributed presenta-
tions by participants. Application
forms and additional material
from: The Secretary, Lake Louise
Winter Institute, University of Al-
berta, Edmonton, Alberta T6G 2J1,
Canada.
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The Superconductivity Group of our Institute participates in several
international research programs, particularly for the development of
large superconducting magnets for fusion reactors.

For studies to be performed for the EURATOM Project ‘Next European
Tours (NET)" a non-permanent position is now available for a

Mechanical Engineer

Candidates should be young, flexible and have initiative. The main
activities include the development, implementation and use of
computer programs relevant to fusion technology, particularly to
magnet design (stress analysis, thermal analysis, magnetic field and
forces calculation, etc.).

Requirements:
- University degree in mechancial engineering.
- Experience with computers. Familiarity with VAX systems and
FORTRAN would be an advantage.
Knowledge of magneto-mechanics and numerical methods.
- Knowledge of German would be helpful.
Additional information can be obtained from C. Marinucci (Telephone
056/99 32 88).
Applications, containing curriculum vitae, list of publications and
references should be sent to
SIN,
Swiss Institute for Nuclear Research,
Personnel Dept.,
CH-5234 Villigen/Switzerland,
Code 503.

TRIUMF

MESON RESEARCH FACILITY

University of Alberta

Simon Fraser University
University of Victoria
University of British Columbia

Competition #491-075

R.F. CONTROL ENGINEER

TRIUMF has a vacancy for an engineer or engineering
physicist with a strong interest and demonstrated exper-
tise in high precision analog control systems, digital
control systems, low-noise electronics, and precision

electronic and r.f. measurements. Responsibilities will
include design and commissioning of a novel R.F. control
system for the cyclotron along with other tasks related to
the operation and control of the machine. The successful
candidate will acquire experience in particle beam physics
and beam loading of accelerator r.f. structures, including
feedback and feedforward techniques.

Candidates should have a degree in electrical engineering
or equivalent qualification. In addition, at least five years
solid work experience in a technological or scientific
research environment is required. Salary will depend on
qualifications and experience.

Please reply in writing before October 15, 1985,
outlining qualifications and experience to: TRIUMF
Personnel (Comp. #491), 4004 Wesbrook Mall,

Vancouver, B.C. V6T 2A3 CANADA.

We offer equal employment opportunities to
qualfied male and female applicants.
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National Synchrotron
Light Source

Postdoctoral
Research Associates

At the National Synchrotron Light Source at
Brookhaven National Laboratory there are post-
doctoral openings for individuals interested in
participating in the experimental and theoreti-
cal development of synchrotron radiation
sources, generation of XUV coherent radiation
by relativistic electron beams, and the develop-
ment of Free Electron Lasers.

The appointments will be for two years initially,
renewable.

Candidates should submit a curriculum vitae
that includes the names of three references
and publications list to: M.Q. Barton, Deputy
Department Chairman, National Synchrotron
Light Source Department, Building 725B,
Brookhaven National Laboratory, Associated
Universities, Inc., Upton, Long Island, NY 11973.
Equal Opportunity Employer m/f

|) n | BROOKHAVEN
NATIONAL LABORATORY

(I ‘I l ASSOCIATED UNIVERSITIES INC.

THE PENNSYLVANIA
STATE UNIVERSITY

Theoretical Elementary
Particle Physics

The Department of Physics is seeking candidates
for a tenure-track position of Assistant or Associ-
ate Professor in theoretical elementary particle .
physics starting in the 1985-86 or 1986-87
academic years. Candidates should have an
established record of research accomplishments
and may expect to work in conjunction with the
ongoing research effort at University Park.
Minimal requirements include a Ph.D. degree in
this field and some post-doctoral experience. A
desire and aptitude for teaching of undergradu-
ate and graduate students is essential. Send
applications, including a curriculum vitae and
names of at least four references, to

Gerald A. Smith, Head, Department of Physics,
Box X, 104 Davey Laboratory, University Park,
PA 16802, by October 15, 1985 or until a suitable
pool of applicants is identified.

An affirmative action/equal opportunity employer
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DIRECTOR OF
THE INDIANA UNIVERSITY
CYCLOTRON FACILITY

Applications are invited for the directorship of the Indiana
University Cyclotron Facility (IUCF). IUCF is a major and
growing national users’ facility for intermediate-energy nu-
clear science with light ion beams. We seek a distinguished
nuclear scientist to provide scientific leadership for the lab-
oratory and its program. The director will serve a five-year
term starting in the summer of 1986 and will receive a tenured
full professorship in the Department of Physics. The five-year
term of the directorship will see the start of experimental
work with a new electron-cooling storage ring and the de-
velopment of plans for the future growth of the facility. Salary
will be commensurate with experience and qualifications.
Applications with a complete resume, including the names
of four references, and nominations should be sent as soon
as possible, but not later than Nov. 1, 1985, to

Professor S. E. Vigdor,

Chairman, Search and Screen Committee,
Research and Graduate Development
Bryan Hall 104, Indiana University,
Bloomington, Indiana 47405.

Indiana University is an Affirmative Action/Equal Op-
portunity Employer and encourages applications from
women and minority candidates.

=111

Analyst/Programmer

The Swiss Institute for Nuclear Research computing
section has an opening for an Analyst/Programmer in
the software group to continue development and
support of a wide range of software on VAX (VMS)
and PDP (RSX) computers.

The institute has a VAX cluster central computing
facility plus many PDP-11 minicomputers used for
data acquisition, and is currently implementing new
systems on micro-VAX Il computers. Experience with
real-time systems and/or technical-scientific applica-
tions is desired.

SIN is a Swiss national facility supporting fundamen-
tal research into nuclear and particle physics and their
applications, and is located in a very pleasant, semi-
rural area approximately 40 km north-west of Zurich.

Further information can be obtained from
Mr. K. Emery or Mr. R. Kessi (Telephone 056/99 36 19).

Applications including a CV should be sent to
Swiss Institute for Nuclear Research, Personnel
Department, CH-5234 Villigen/Switzerland, Code 522.

KineticSystems Corporation
(KSC

Challenges YOU

We have positions open for:

Y DESIGN ENGINEERS
Y SALES ENGINEERS
Y MARKETING DIRECTOR

If you are presently working in a laboratory, university,
or research environment and have knowledge of CAMAC
or FASTBUS, you are of particular interest to us. KSC
uses the CAMAC and FASTBUS standards in designing
and manufacturing computer-based data acquisition
"and control systems for the scientific, aerospace/defense,
and industrial markets.

When you join KSC you will find yourself in a friendly,
stimulating, and creative environment. |If you have the
background knowledge, we will help you acquire the
training you might need to design, market, or sell KSC’s
products.

We offer you an excellent salary/benefits package.
Please send your resume in confidence to:

Laurie Pike

Administrative Vice President
KineticSystems Corporation
11 Maryknoll Drive .
Lockport, IL 60441

An Equal Opportunity Employer (M/H/F)

CERN Courier, September 1985

QUEEN MARY COLLEGE LONDON

Two posts in Experimental Particle Physics

(A) Physicist Programmer
Candidates should have a Ph.D in particle physics
or considerable relevant postgraduate computing
experience, and will be expected to take part in
the experimental programme of the group ( UAT1,
OPAL, LEAR or SNS ) and in the management of
the computer system. The particle physics
group has a networked VAX 11/750, and is
installing a Megatek interactive graphics facility.
This appointment is initially for 3 years but is
on a renewable rolling grant. The salary is on
the scale £ 8,753 to £ 11,093 per year
including London Allowance.

(B)Research Associate for OPAL
Candidates should have a Ph.D. in experimental
particle physics. The QMC group has major
responsibility for the OPAL vertex chamber, the
electromagnetic end cap calorimeter, data
acquisition and for planning and installation.
This is a 3 year appointment beginning on
1 October 1985. The salary is on the scale
£ 8,753 to £ 11,093 per year including London
Allowance.

Please contact Professor P.|.P. Kalmus, Queen Mary
College, Mile End Road, London E1 4NS, England.
Tel 019804811,Telex 839750, Telefax 019817517
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Department of Physics

The Department of Physics at Carleton University
invites applications for a tenure track appointment
(subject to budgetary approval) at the assistant
professor rank, or in exceptional cases at the
associate professor rank, starting July 1, 1986.

The department’s instructional program requires
additional expertise in digital electronics and the
use of microprocessors in the control and analysis
of experiments. Preference will be shown to candi-
dates having research experience and interests in
experimental high energy physics and, more espe-
cially, in the development and operation of in-
strumentation for high energy physics.
Applications, with curriculum vitae and the names
and addresses of three referees, should be sent by
November 15, 1985 to:

Dr. L.A. Copley

Chairman

Department of Physics

Carleton University

Ottawa, Ontario K1S 5B6
In accordance with Canadian immigration require-
ments, this advertisement is directed to Canadian
citizens and permanent residents. The position is
open to both men and women.

7~ Carleton University \

d CARLETON UNIVERSITY

%%’ Ottawa Canada

UNIVERSITY OF TORONTO

Debartment of Physics

The Department of Physics plans to make
two tenure-stream appointments in Ex-
perimental High Energy Physics within the
next few years: in anticipation, the depart-
ment invites applications from qualified can-
didates for an NSERC-University Research
Fellow to begin July 1, 1986. NSERC-
University Research Fellows must be Cana-
dian citizens or permanent residents. Fellows
carry out research, direction of graduate stu-
dents and teaching comparable to starting
assistant professors. Successful candidates
may in special circumstances be considered
directly for a tenure-stream position as assis-
tant professor.

Applications consisting of a CV, list of
publications, summary of research interests, a
detailed research proposal, and the names of
three (3) referees should be sent before
October 1, 1985 to Professor R.E. Azuma,
Chairman, Department of Physics, University
of Toronto, Toronto, Ontario, CANADA M5S
1A7.

N
\,

GAS CIRCULATOR

Brey offers a comprehensive range of magneti-
cally coupled gas circulators for handling of
radioactive gas or circulating gas in high pres-
sure systems.

QWL Large cross section. QMB Narrow cross section

High vacuum chambers, special section pipes.
Cryogenics. Engineering. Constructions in Stain-
less-steel, also AISI 316 L N, DIN 1.4429, with
low magnetic permeability, sheets and ingots,
Titanium, Hastelloy, Inconel, Copper, BeCu, etc.

Send enquiries.

é#; PRO-CU-RA

@ magnetically coupled @ maintenance free
@ no vibrations @ flow from 2 to 250 I/min
@ oilfree operation @ differential pressure 700 m bar

E.JD_I"EI_.] Vacuum Pumps

IMPIANTI S.R.L.

Via dei Guarneri 14

120 141 Milano, ltaly.

Phone 02/5390.281,/5692.122.
Cable PROCURAMA, MILANO ITALY

D-8940 Memmingen W-Germany
P.O.Box 1214 [1x] 54904 = (08331) 3046
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- MAKING LIGHT
F ONE MEGAVOLT.

@® High Voltage ® High Energy TECHNICAL CHARACTERISTICS
©® Non-inductive ® Robust Resistivity Range: 5 ohm crm to 25000 ohrm cms
® Easily Assembled Stacks Bulk Density: 2S5 0TNS PRI ER

Specific Heat: 2 joules/cc/°Crise

@ Air, Oil or SF6 Environments. Temperature Coefficient:

A comprehensive range of high transient
powered Linear Ceramic Resistors, that
make light of high voltage situations time
after time in a diverse range of applications,

Voltage Coefficient:
Maximum Energy:
Maximmum Temperature:

such as switching resistors in air, oil and Maximum Working KVrms/cm (Free Air):

SF6 EHV Circuit Breakers, Dump and

Durmmy Loads, Impulse Generator Wave

Shaping and Laser applications to name Maximum Working Impulse Voltage
butafew. kVpk/cm 1/50 microseconds (Free Air):

Size - standard discs;
(Standard Thickness: 25.4mm)

—0.05% to —0.15% per °C temperature rise,

depending on resistivity value.

Between —0.5 to — 7.5%/kV/cm depending on resistivity.
300 joules per cc (600 joules/cc infrequent)

150°C continuous (300°C infrequent)

0.87 x(p/t)°3

p =Resistivity of 25 to 2500 ohm cms

t=Time of 10 to 50 milliseconds

4.3x1'2\/Log 10p/2.54

P =Resistivity 25 to 2500 ohmcms

Diameter (mmm) 32 51 76 94 111 127 152
Volume (cc) 17 41 85 153 224 297 430

AULLEN-BRADLEY €ELECTRONICS

Edenbridge, Kent, TN8 5LY England. Tel: Edenbridge (0732) 866566. Telex: 957293

EESARLITES: & i 0 i ol i o [ e ool i B oy

MAEDRAMANIV: Allarm-Rradlayv, e




Fast Data Transfer
i via ECLbus

. High speed data transfer is simple with the ECLbus. LeCroy offers a
diverse family of FASTBUS and CAMAC modules employing the Y/
ECLbus to interconnect them. Here are a few examples of what they m s
can do for you: ‘

- Fast Data Acquisition

Our line includes an ultrafast FASTBUS Master with an R
ECLport and an extensive line of FASTBUS ADC'’s and : /
TDC's. Our ECLport-based CAMAC fast conversion e
ADC’s and Latch systems round out the line.

- Trigger Processing
Our data handler modules or our programmable
processor allow your trigger to perform calculations,
comparisons, even iterative calculations in a
few tens of usec! ‘ i1t
- Event Buffering MU
Our FASTBUS and CAMAC memories accept i
data and store variable-length records while F

reading others. We offer single and multiple
event buffers.

The ECLbus allows high speed transfer of
bits, bytes or even 32-bit words, using a
worldwide standard. Use it to interconnect
LeCroy modules for an integrated data
acquisition system-data scanner-trigger
processor which meets your needs. v
Contact your local LeCroy sales -
engineer for details.

a0 Gttt D
s : : I’llllll'

roy

= o 700 S. Main St., Spring Valley, N.Y. 10977, (914)

e 2 C};) 1 425-2000; Geneva, Switzerland, (022) 82 33 55;
o % - Heidelberg, West Germany, (06221) 49162; Les Ulis,

™ France, (6) 907.38.97; Rome ltaly, (396) 320-0646;
9 Botley, Oxford, England, (0865) 72 72 75.
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Partout ou I'cell
ne peut accéder...
Endoscopes

flexibles
a fibres de verre

pour linspection directe de corps creux
non accessibles aux yeux. g 3-14 mm,
longueurs utiles 0,5-12 m. Eclairage

de l'objet par lumiére halogéne intégrée.
Alimentation par pile et secteur.

For optical
interior inspections...

boroscopes,
fiberscopes.

| Ask for details.
',ﬂ TECHNOKONTROLL AG

A 8049 Ziirich, Imbisbiihlstr.144 Telefon 0156 56 33
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Lever, descendre, positionner, basculer,
coulisser, ouvrir, commander...

| |

T T
Enfrainement Lineardo n° 1:

@ tout faire
[ I

Les avantageux vérins électrique:
Hasler 150/151 sont de puissants
entrainements sans entretien qui
conviennent pour tous les déplace-
ments linéaires imaginables. Entrai-
nements préts a étre raccordés, de
course utile importante et de cotes
d’encombrement réduites. Un sys-
téme de construction sophistiqué
comprimant les prix;

méme dans le cas de demandes spé-
ciale‘s et de fabrications unitaires.

ue d’entraine-|
il y a 500 ans:
Machine a tailler les

Q} limes de Léonard de
; inci

Pour le constructeur: Course
jusqu’a 500 mm, poussée jusqu’a
1200 N, vitesse de levée jusqu’a
120 mm/s, 220 ou 380 Vca, protec-
tion thermique, interrupteurs de fin
de course fixes ou réglables.
Documents, expérience, choix:
021-9126 41

Bu&hofen met en moLveme

| |
Automation industrielle B AC H O F E NS A

CH-8610 Uster Ackerstrasse 42 Tel.01/944 11 11
CH-1033 Cheseaux s.L. Grands-Champs 4 Tél.021/91 26 41

Fo

r
mU/I.
6,\7,. /D/e N
aDD/iCa e,ne/.‘l/

o /,41‘/0/7 s: &

F157/1e
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ALCATEL TURBOMOLECULAR PUMPS

27 000 rpm

> 9 xigo0 99

minimum rotational speed
for maximum reliability

B Theoretical ball B Performance in any
bearings life time orientation
expectancy
LIFETIME
IN HOURS (Lp)
90000 BALL BEARINGS 08
82000
23 B Totality field
serviceable
26900 BALL 8
31000
24800 \‘\
g B 1
10000 =
T a full line of pumps ranging
i e from 80 to 400 Is-!

Alcatel Vacuum Products, Inc. Please forward more detailled information
40 Pond Park Road, South Shore on Alcatel’s Turbomolecular Vacuum Pumps [
Hingham, MA 02043, NG UN ALCATEL
Tel: 617-749-8710 VACUUM Please contact me [J

IN EUROPE: Send busi d t
PRODUCTS 5o businem cardto

CIT-Alcatel High Vacuum Division
33, rue Emeriau, 75725 Paris, Cedex 15.
France. Tel: 571.10.10
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WAVETEK’s Arbitrary Waveform Generator is the solution

This man dreams about a very
special waveform.

With Wavetek’s Arbitrary
Generators Kontron Electronic
AG presents a line of advanced,
low cost Generators for
non-standard waveforms. The
easy-to-use waveform entry &
editing system allows you to
programm an entire function
visually without ever entering an
X/Y coordinate. An optional
IEEE or RS-232 interface is
also available.

Create ybur arbitrary waveform
—it's easier as you think!

VIANEETERC Arbitrary Waveform Generator Model 75
Menu
Wavetorm Btore

<« Wavetek 75 Specifications:
@ Standard waveforms: Sine, triangle, ramp-up, ramp
down, dc, square, cosine and haversine. ® Resolution:
8192 points horizontal, 4095 points vertical. ® Sample
period: 500 nsec to 50 second ® Amplitude: 0.01V to 10V
p-pinto 50 () @ Interface: IEEE-488 and RS-232

<« Arbitrary/Function Generator Model 275
Sweep/Function Generator Model 273

EFHEB
Please ask for the datasheet.

Kontron Electronic AG Kontron Electronic AG
Electronics . Electronics

Bernerstrasse Siid 169 10, ch. des Croisettes

H ‘ ELECTRONIC XL
Telefon 01/435 4111 Téléphone 021/3315 35
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The VBF/22, VBF/23 and VBF/24 are a series of 8 pole Elliptic (Cauer)
Filters (0.001Hz-100kHz), the transfer function of which is synthesised
using state variable techniques. This design procedure ensures a low
sensitivity to long term component drift and flexibility in change of
the filter response to specific customer requirements. The extremely
high attenuation rates that can be obtained by the use of a Cauer Filter
make it ideally suited for applications requiring a high degree of
isolation between closely spaced frequencies and thus enabling
greater signal bandwidths to be used prior to the onset of aliasing
errors.

The filters are constructed using the most advanced integrated
circuits, close tolerance film resistors and carefully matched film
capacitors. This enables close phase and amplitude matching be-
tween channels which is an ever increasing requirement. The section
gains are optimised to obtain a wide low harmonic content dynamic
range and very low noise floor. (Made in England.)

G PElectronic AG

Gesellschaft fur Prozess-Automation

Bandlistrasse 29, CH-8064 Ziirich

Telefon (01) 64 45 55/56 Telex 822 382 gpel
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TREFICABLE PIRELLI

C’est une gamme
compléte d’appareillages

BTe MTe HT

e Jonctions

e Extrémites

o Matériel embrochable
pour transformateurs
et cellules

groupe appareillage
15, Boulevard des Alpes

> ) Z.A.C. Buclos Grand-Pré

e

38240 Meylan-FRANCE
Tél. : (76) 90-72-54
Télex 980195 F

J
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High
Pulse Height
Resolution P

Multiple Photoelectron
Pulse Height Distribution

SUPPLY VOLTAGE = 1500V

-

NUMBER OF COUNTS

PULSE HEIGHT

The galium-phosphide first dynode of
our R2165 provides a secondary
emission ratio of 30 at 600V. This
results in a high pulse height reso-
lution, single photon 44%.

Low dark counts, anode pulse rise
time of 2.5 ns and high counting
efficiency are added features of this
2" photomultiplier tube.

Write for samples and information.

HAMAMATSU

HAMAMATSU CORPORATION « 420 SOUTH AVENUE + MIDDLESEX, NEW JERSEY 08846 « PHONE:(201) 469-6640

CERN Courier, September 1985

International Offices in Major Countries of Europe and Asia.
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ateliers
Maitre

granits pour la métrologie

Zl. de S-Guénault
BP 144 - 91005 EVRY Cedex
Tél.: (6) 077.82.83 - Télex 691.105 F

Banc de mesure interférométrique course
25 metres (Ministéere de Iindustrie —
Service des instruments de mesure.).

FLOWMETERS

& Polytec

LASER |ECE==

for industrial applications, education
and research. Made in Europe.

Favourable prices, reliable service, short delivery. eraeus ‘
R v— —— I"I lenses, mirrors,
5058 05mW : werex Quartz giass cuvettes, hatches,

disks, prisms,
rods, tubes

type 1100

Triple prism in isotopic and homogeneous
SUPRASIL quality, deposited on the moon in
a retro-reflector-system as part of the
Apollo program.

Ask for further information

Polarized versions are also available. Typical tL]be life time:
15000 hrs.

Ask for detailed laser data sheet and price information.

Bleichistrasse 8

& Polyscience AE S60sa%ss

Oerlikonerstrasse 88
tel. 01/311 40 40
8057 Zurich
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AD2138
250KHZ 4CH ADC

T ABEREERRYR.

31, avenue Ernest-Pictet
1211 GENEVE 13 — SUISSE SWITZERLAND
ELECTRONIGUE Téléphone (022) 442940 — Télex 23359
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Ready at hand:
Measuring equipment for your
data communication links
actually carrying traffic

Our Data Measuring Case
DMS-1 offers you a tailor-made
solution to your measuring prob-
lems. The case can accommo-
date up to 5 measuring instru-
ments, ready at hand and
packed ready for use. For ana-
log and digital parameters, for
troubleshooting and mainte-
nance work on modems and
data circuits. The instruments
are equipped with accumula-
tors and can be recharged or
operated while in the case.
Handy, compact, sturdy and not
dependent upon a mains power
supply. This means that each
individual measuring instru-
ment can also be used outside
the case. A total of 15 instru-
ments are available, e.g.:

* Level generator, 20 Hz —
20 kHz.

* Level meter, 15 Hz—20 kHz.
* Data line measuring set:
Impulsive noise in accordance
with CCITT O.71 and inter-
ruptions in accordance with
CCITT O.62.

* Modem tester: Bit and block
error rate, bias and individual
distortion, time measurements.
* Interface tester for check-
ing, jumpering and simulation;
for V.24/V.28, X.20/X.21,
X.26/X.27.

* Speech attachment for dial-
up and speaking on the test
channel. Ask for information.

fia e
| Information Coupon

| Please send me
| [ Information on the DMS-1
[ Your product catalog “Data
Measuring Technology”

Name

| Company
| Street
I Town/City

3290K :

I Telephone

| Wandel & Goltermann
| (Schweiz) AG
| Postfach 254
| CH-3000 Bern 25
Tel. (031) 42.66.44
| Telex32112 wago ch

With ENI you will get the new technology:

“ENI RF-Amps push your power".

Kontron Electronic AG offers a full line of solid
state power amplifiers with outputs ranging from
milliwatts to kilowatts, covering the frequency
e . range of 10kHz to 1000MHz. Completely
T e broad-band and untuned, our highly linear Class
; A units will amplify all inputs with minimum

.

2 i - i - S
Kontron Electronic AG Kontron Electronic AG
2 g ‘ Electronics Electronics

Bernerstrasse Siid 169 10, ch. des Croisettes

o—:
S\ ELECTRONIC =& idai
Telefon 01/4354111 Téléphone 021/331535




HighGaind;-70%SER

SINGLE

PHOTOELECTRONS?

New XP2262 facilitates multiplier noise discrimination

A complete range of fast 2" PMTs for physif:s and industry
number | ulse
gl all oo | o | ) ; e “'r(‘)fna,(‘)“’
XP2262 12 2,0 3,0 | 0,50 | 0,70 250
XP2242B 6 1,6 24 - 0,70 350
XP2020 12 1,5 24 0,25 0,25 280
XP2230 12 1,6 2,7 0,35 0,60 280
High sensitivity bialkali 44 mm diameter cathode
XP2262 replaces XP2232. Other fast tubes:

*SER = Single Electron Resolution 1”7 PM2982 5" XP2041

3/4" PM1911 3" PM2312

tr =anode pulse rise time fora
delta light pulse

tw = anode pulse duration FWHM
for a delta light pulse

O =transit time spread for single
electron mode

Atge = transit time difference
centre-edge

Philips Industries
Electronic Components and
Materials Division
Eindhoven, The Netherlands

We've set the standard forover 20 years

pHiips]  Electronic
Components
and Materials

PHILIPS



Well-founded informations give
you a personal lead in any
project management. Take for
example

‘Carhon fiber
constructlnn elements

for specific use in experimental
physics, for panels, pipes,
shaped parts and combination
products.

Please request detailed infor-

mation. Mr H. Mauch will be glad
to advise you personally.

We offer a range that is based
on 25 years’ experience and
know how through successful
collaboration with field specia-
lists.

Stesalit AG
Kunststoffwerk

We provide easily built-in CH-4249 Zullwil/SO
safety in Know-how. Telefon 061/80 06 01, Telex 63182 ;

m l l: l.n B Une volonté francaise
conkLrole 0o

Zl. de St-Guénault

B.P. 144 - 91005 EVRY Cedex
Tél.: (6) 077.82.83 - Télex 691 105F

Supports et composants
optiques sur table d’expérience
en granit (CEA Limeil).
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When your research projects
call for high-speed serial
highway communication . . .

call on KSC and CAMAC

For years now scientists and researchers have been depending on
the CAMAC (IEEE-595) serial highway to provide high-speed com-
munications and control of their experiments. And they look to
KineticSystems Corporation to meet their needs for reliable serial
highway systems. The reason for this is simple.

KSC was the first to develop a complete family of products to imple-
ment the standardized CAMAC serial highway system. We also
pioneered the development of microprocessor-based controllers to
provide intelligent distributed control. Today, our line of serial !
highway products - including drivers, crate controllers, and fiber
optic adapters - is unequaled by any other manufacturer. As needs
arise, KSC is there to meet them with innovative new products.

maximize your serial highway throughput

When your application requires the extremely high data throughput
offered by the CAMAC serial highway in byte-serial mode, choose
our new 3939 U-Port Adapter module. It offers byte-serial operation
over a single optical fiber.

Features of our new 3939 U-Port Adapter include:

* Byte serial communication over a single fiber optic cable with up
to 62 crates on a serial highway system

* Full 5 megabyte operating speed for maximum serial highway
data throughput

* Distances to one kilometer between crates using low-loss fiber
optic cable

* Excellent noise immunity and high voltage isolation

* Bypass operation and external battery backup input

* Full compatability with existing byte-serial systems, including
our 2958 Byte Adapter

If your serial highway system uses KSC's 2050-2088 series of highway
drivers, choose the new 1739 U-Port Adapter. The 1739 mounts
within these drivers and offers the same transmission, distance, and
immunity benefits as the 3939 U-Port Adapter. Eliminating the need
for a CAMAC crate containing a byte adapter at the serial driver
location, the 1739 offers space-saving and cost-saving advantages.

Meeting All Your CAMAC Needs

KineticSystems Corporation

Standardized Data Acquisition and Control Systems

U.S.A. West Coast Office Europe (Service) Europe (Marketing)

11 Maryknoll Drive 39175 Liberty Street, Suite 245 3 Chemin de Tavernay. Gewerbestrasse 13

Lockport, lllinois 60441 Fremont, California 94538 1218 Geneva, Switzerland CH-4528 Zuchwil, Switzerland
Phone: {815) 838 0005 Phone: (415) 797 2351 Phone: (022)'98 44 45 Phone: (065) 25 29 25

TWX: 910 638 2831 TWX.: 910 997 0544 Telex: 28 96 22 Telex: 845/934648
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Bicron plastic scintillators rep-
resent the world's leading
technology for size, quality,
and scintillation

performance.

Bicron's total scintillation
capability provides guaran-
teed detector performance
as well as integrated plastic/
inorganic scintillator designs.

Bicron fabricates liquid scin-
tillator cell designs ranging
from simple standards to rug-
gedized, exotic geometries.

306

IC
cintillators

The organic technology
scientists count on.

Why? Because the Bicron organic products group
offers more plastic and liquid formulations than any
supplier in the world.

Because we are Bicron, scientists know that delivered
performance will meet our guarantees.

Further, they rely on us for the continuing effort to
advance the technology and to support new applica-
tions. Some of the results of that effort have been:

* The longest single cast piece of plastic scintillator
ever delivered.

¢ lon chamber-type response plastic scintillator for
dosimetry applications.

¢ Ruggedized cells for liquid scintillation experiments.
* Long decay constant plastics.
¢ Higher efficiencies for plastic neutron detectors.

¢ Wave-shifted organic scintillators and wave-shifting
light guides.

Further advancements in organic scintillation tech-
nology will come from Bicron’s unique understanding of
nuclear applications and our commitment to deliver
unmatched detector performance.

Count oniit!

Bicron Corporation
12345 Kinsman Road + Newbury, Ohio 44065
(216) 564-2251

Bicron Corporation European Office
P.O. Box 271+ 2410 AG Bodegraven - The Netherlands
311726114243
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Here is the first
modular, fullpowered

FASTBUS CRATE

Great Britain, Japan, ltaly, Canada
Messrs. Smith +Jones, Newbury/GB
Phone: 0533 703 526 : %

Switzerand

Messrs. ANTARES AG, Nussbaumen/CH
Phone: 056 823783 - Telex: 58703
Netherland, Belgium

Messrs. UNITRONICS, Nieuwegien/NL

i DR. B. STRUCK

et M B S e WS 2000 TANGSTEDT/ HAMBURG GERMANY
HAUPTSTR. 95 - TELEFON 04109/99 66/67
POSTFACH 1147 - TELEX 2180715 TEGS
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Easy to bulld up'

i i i

i i i i i il

Wlth the Wlld modular survey system.

$n

vt e

Do you ownaWild T1, T16 or
T2 optical theodolite or the new
Wild T2000 informatics theodolite?
If you do, you can use any one of
them as your foundation for the
Wild survey system!

For example, when you buy a
new DISTOMAT, the Wild modular
system guarantees its compatibility
with Wild theodolites. This is how
you can keep your surveying

equipment constantly updated at the
latest state of technology.

This gives you:

e Minimum amortization costs
because you can update your
equipment progressively

e A survey system perfectly adapted
to your specific needs

e More flexibility in your day-to-day
survey work.

For more information, we are no
further than your telex.

With Wild survey equipment

it’s easy to build up your own
system. H

G 7785

Wild Heerbrugg Ltd - 9435 Heerbrugg (Switzerland) - Telex 881 222
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ngh Technology
needs
Superconductors

— in fusion research
- in medical diagnosis
- in radioastronomy

Dr Karl-Jiirgen Best, Vacuumschmelze

The biggest radiotelescope is located at
Effelsberg, Eifel, W. Germany. One of its
highly sensitive receivers is a MASER — a

quantum mechanical amplifier. For its

operation a strong and homogeneous
maghnetic field is necessary. It is provided by
superconducting coils.

High-energy magnetic fields produced by
superconductors VACRYFLUX® also help
achieve top results in other disciplines, i.e.

in fusion research or in nuclear spin
tomography, which enables high resolution
diagnosis without X-ray examination.

® Registered trademark of VACUUMSCHMELZE GMBH

VACUUMSCHMELZE GMBH

Griiner Weg 37, D-6450 Hanau 1 Telefon: (06181) 362-1 - Telefax: (06181) 362 645 - Telex: 4 184 863
Rhenaniastr. 9/17, D-1000 Berlin 20 - Tel.: (030) 3320051 - Telefax: (030) 3320051 App.04 - Tx.: 182 815
KI-05

CERN Courier, September 1985 309



N
7

1
%//
/

The Direct Link
from the Macintosh™
to VMEbus crates

Available from:

bergoz

Crozet
01170 Gex, France
(50)41.00.89

The system was developed by CERN, Geneva, Switzerland.
CERN accepts no responsibility for the quality, design or
performance of these equipment.
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POWER ELEGTRONIC

POWER SUPPLIES:

®m currentupto 10,000 A.
B voltageup to 150 KV.
® precisionupto 10 p.p. m.

FIBER OPTIC LINKS:

B analogue signals
B digital signals

OCEM...

Via Il Agosto 1980, 11 - 40016 S. Giorgio di Piano (BO) - ITALIA
Tel. (051) 897172/892022 r.a. - Telex 510893 1.

T H E V E N E O U N | E

TRANSITION JUNCTIONS &

FOR CRYOGENIC, VACUUM, NUCLEAR AND SPACE APPLICATIONS

STAINLESS
STEEL

THEY HAVE THE TOTALLY RELIABLE BIMETALIC
Y-\ IR V-V\'[[of-Y B TRANSITION JUNCTIONS
CHARACTERISTICS FOR TUBULAR ASSEMBLIES
AS THE ALUMINUM UP TO @ 600 MM (24”)
TUBE AND CAN ALSO I RFtiR 2w

BE FABRICATED 10 M Pa

TO ANY MATERIAL
SPECIFICATIONS

0to 573K

UNDER RADIATION

* COMMISSARIAT A LENERGIE ATOMIQUE
CALL OR WRITE FOR DOCUMENTATION

THEVENET CLERJOUNIE s« DEPARTEMENT JONCTIONS TC

CONTACT: M. ARMAND PINET, CONSULTING ENGINEER
22, AVENUE FRANKLIN-ROOSEVELT = 69517 VAULX-EN-VELIN
CEDEX FRANCE s« TELEPHONE: (7) 849.54.64 « TELEX380544F
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NEW PUSH
FOR ACCELERATION
IN
PARTICLE PHYSICS

To get particles going faster, you
need to push them harder.

Thomson-CSF high power electron
tubes supply the “push” for some of
the world's largest particle
accelerators.
o CW Klystrons : up to 1 MW at
353 MHz, 50 kW at 2.45 GHz.
o Pulsed Klystrons : up to 35 MW
peak at 3 GHz, 4.5 s pulsewidth.
o High power grid tbes : up ©
1.1 MW pulsed at 140 MHz.
o Collaboration : new tubes for new
accelerators.

Thomson-CSF, helping to push
back the frontiers of particle physics.

THOMSON-CSF

DIVISION TUBES ELECTRONIQUES

38, rue Vauthier - BP 305

92102 BOULOGNE-BILLANCOURT CEDEX
FRANCE - Tél.: (1) 604.81.75.

Telex: THOMTUB 200 772 F

/\ THOMSON-CSF

ELECTRON TUBES

5413 Photo CERN

Belgique Brasil Deutschland Espana France Italia Japan Sverige United-Kingdom SA.
BRUXELLES SAO PAULO MUNCHEN MADRID BOULOGNE-BILLANCOURT  ROMA TOKYO STOCKHOLM BASINGSTOKE RUTHERFORD, NJ
Tel (32-2) 648 6485 Tel (55-11) 542 47 22 Tel (49-89) 78 79-0 Tel. (34-1) 4051615  Tel. (33-1) 604 8175 Tel. (39-6) 63902 48 Tel (81-3) 2646346  Tel (46-8) 635060 Tel (44-256) 29155  Tel (1-201) 438 23 00

Tx 2313 THBXLB  Tx:(01) 24226 TCSFBR Tx 522916 CSFD  Tx:46033 TCCE E Tx:THOMTUB 200 772 F  Tx: 620 683 THOMTE | Tx. 2324241 THCSFJ  Tx 12078 THCSFS  Tx 858865 TESAFIG  Twx 710989 7286
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The new specialist

in fast NIM lnst imen

CF 4000 CF Discriminator

® 4 channels
@ <100 ps walk
® DC coupling
® LED monitor
® 3 outputs

® low cost

CF 8000, CF Discriminator

® 8 channels

@ auto walk adj

® internal delay

@ inhibit input

® OR output

® analog SUM out

©® multiplicity out

DL 8000, Logic Delay

® 8 channels

@ more stable than cable
(<6 ps/°C)

@ adjustable in 50 ns steps up to
380 ns/channel

® FAST NIM signals

GG 8000, Gate Generator

® 8 channels ‘
©® continuously adj delay 65 ns - 12 ps
@® continuously adj width 40 ns - 12 ps
® FAST NIM signals

For more information :

JEGzG ESN

Hohenlindener StraBe 12 - D-8000 Minchen 80
Telefon 089/9 26 92-0 - Telex 528 257
(Distributed by EG + G Ortec representatives worldwide)

BARNIER

e RUBANS ADHESIFS TECHNIQUES
simple et double face (tous supports).

¢ RUBANS ADHESIFS ET ISOLANTS
pour la construction électrique et électronique.

¢ RESINES, COMPOSANTS ET ACCESSOIRES
pour cables d’énergie.

Nous avons cree des produits spéciaux pour les
différents laboratoires du C.E.R.N.

e TECHNICAL ADHESIVE TAPES
one side and two sides (all types of backing).

e ADHESIVE AND INSULATING TAPES
for electronics and electrical industries.

® RESINS (epoxy, polyurethane),
COMPONENT AND ACCESSOIRES
for electrical cables.

We have supplied special products for the various
C.E.R.N. laboratories.

B.P. 126 - 26001 F

VALENCE Cédex

& 75.44.05.00

TELEX 345942 ISOBAR VALNC

’ BARNIER

312

Durchflusswachter fiir Kiihl- und
Schmiermittelkreislaufe

¥"-2" = Q1-500 I/m,

ab NW 65 mit Gewinde- oder
Schweisstubus. Schaltpunkt reproduzierbar
einstellbar, Signallampchen, Skala.

Schaltleistung 500 V/10 A Ws
—125V/0,5 A=.
Messbereich 1:5

Contréleur de débit pour liquides
réfrigérants et lubrifiants

38"-2"=0Q1-500 I/m,

des DN 65 a visser ou a souder.
Déclenchement réglable, lampe de
signalisation, échelle.

Interrupteur 500 V/10 A CA-125 V/
0,5 A=
Etendue de mesure1:5

Informations, prospectus:

1 ,J TECHNOKONTROLL AG

8049 Ziirich, Imbisbiihlstr.144 Telefon 0156 56 33
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Cresatiwve Elesctromic Sywstems Sé CES

The first VME family especially designed for high .energy physics:
CAMALC interfaces :

This pair of msodules allow control of CAMAL hased acquisition modules
by VME based processors,

CBD B21 % drives a full CAMAC branch from a single slot VHE hoard
# aulticrate addressing facility
# front-panel interrupts with feedback indication

DMC B211  # DMA coprocessor for the CBD B210
# supports all common CAMAC DMA transfer aodes

Multicrate interconnection system :

This pair of sodules feature a vertical bus design which provides transpa-
rent and high-speed access for any CPU to any hoard within the systea.Multi
crate CPU clusters with aatrix structure may be realised with completely
transparent YME software.

VBE 8213 # controls up to 15 WME crates
L # > 3 Mbytes transfer rates on 15 meters
VBR B212  # multimaster operation
¥ gulticrate addressing facility
# completely transparent memory-mapped transfers

Display, Monitor, and Diagnostic tools :

These units grovide on-line display and diagnostic facilities altogether
with cosputer controlled monitor operation ( as a CAMAC dataway display ).

VMDIS BOO2 # complete VME display and monitor functions
¥ three different display modes
VMBIS BOOZ % same as VMDIS BOOZ but with selective trigger facilities
Single Board Computers :

CES offers two families, one based on MC 4B0D0 CPUs, one on DEC J11 CPUs.

SBC 8220  * MC 4B000 LPU,&4 Kb dual-port RAM

# 2 RE232C ports,private RAM/EPROM banks { LEP HAMAC2)
SBC 8221 % DEC J11 CPU,up to 512 Kb dual-port RAN
% up tc 128 KB EPROMS, 2 RS232C ports,LTC {preliminary}

At CES, tomorrow’s systems are available MNOW

For more information contact us, or your local CES representative:

Creative Electronic Systeas BA

70,route du Pont-Butin Case Postale 122 1213 Petit-lancy 1 Switzerland

Tel: {022} 92 57 43 Telex: 421320 CES-CH I:"M"“ H.H“m]"": svsnus
Belgiua: Canberra Positronika  Tel: (541321411 Netherlands:  Canberra Positronika  Tel: (0402414353
North Bmerica: Bytech Eng. Vancouver  Tel:{404)9B04131 Japan: Tayo Corp. Tel; (0332790771
France: INEL Tel: (319563190 North Bermany: PCP Tel: (0401802046
South Gersmany: Silena Tel: (0601554021 England: Nuclear Enterprises Tel: {073}5212121
1taly: 8ilena Tel: (02) 7490565
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WIRECHAMBER CONFERENCE

IV. International
Wire Chamber Conference

February 25-28, 1986
Topics:
Wire Chambers and Position Sensitive Detectors in High Energy and
Nuclear Physics, Astrophysics, Biology and Medicine
(Recent Trends and Alternative Techniques)

Scientific Advisory Committee: U. Amaldi, M. Atac, G. Bellini, G. Charpak, S. Denisov, G. Fluegge,
R. Leiste, S. Ozaki
Organizing Committee: W. Bartl, G. Neuhofer, M. Regler, Institut fir Hochenergiephysik der
Oesterreichischen Akademie der Wissenschaften, Nikolsdorferg. 18, A-1050 Wien, Austria

N2\
wcc MexnyHapoLHaS
KoHpepeHIMA [O

VIENNA TIPOBOJI OYHBIM

; KaMe paM
1986 el _ BEHA-1 986

®
Saes NON-EVAPORABLE SORB-AC® AND WAFER GETTER PUMPS

getters FOR HIGH AND ULTRA-HIGH VACUUM SYSTEMS

SAES GETTERS S.p.A. - VIA GALLARATE, 215 - 20151 MILANO (ITALY)
Tel. (02) 306.541/2/3 - 306.208 - 306.210 - Telex 331108

CHARACTERISTICS

High pumping speed (up to 2000 I/s) and capacity for H,
and other active gases

Operates even at room temperature

Operates in presence of intense magnetic fields

Version available which activates at bakeout temperatures
Simple insulation and electrical connection

Highly compact in terms of available pumping speed over
volume occupied

APPLICATIONS i T

Particle accelerators

Fusion machines and reactors
Tritium handling

Permanent storage of H, isotopes
Where pressures down to 10-"
torr are required

Processing pumps and H, traps
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Components or CompLeTe SoLutions oF Your PRoBLEMS
- Brown Boveri Orrers Both!

g' _— :“ ];

General view of JET, Joint European

Torus at Culham, Oxfordshire, GB. For
this test tokamak for plasma research
% BBC has delivered all toroidal field -

coils, the inner poloidal field- coils, the
g7’ four larger outer poloidal field coils as
well as the magnet core. (Photo JET).

% 0 0 : =
A/, g 4 ] Fi % P
’ _‘ i v b \ 32 :
/f'sz‘ iy -‘é ‘:l o T / N*—:. ¥ N IATE 7

Examples of BBC so|utidns for High Energy Physics and Fusion Research:

I3

CERN, European Organization for Nuclear Research, Geneva: dipole and quadrupole magnets, spectrometer magnet 3 MW, supercon-
ductor and coils for Omega spark chamber magnet. DESY, Deutsches Elektronen-Synchrotron, Hamburg: bending and quadrupole mag-
nets, exciting coils for PETRA bending magnets, super-conductor for HERA dipole magnets. Istituto Nazionale di Fisica Nucleare, Milano:
3 RF generators, 15 to 50 MHz, 90 kW. IREQ Varennes, Canada: 4 power suplies for Tokamak, 1 static bi-directional plasma start-up
switch (20 kA/15 kW). Jet Joint Undertaking, Culham GB: poloidal and toroidal field coils, magnet core for Joint European Torus, switch-
ing and regulating tetrodes COK 200-4. KFA Kernforschungsanlage Jlich, FRG: 2 neutral beam injection power supplies 55 kV, 100 A,
switching and regulating tetrode CQK 400-1. Lawrence Livermore National Laboratory, Livermore USA: 2 RF generators, 6 to 20 MHz, 1
MW, switching and regulating tetrodes COK 200-4. Max-Planck-Institut fir Plasmapyhsik, Garching/Munich: 2 RF generators, 30 to
115 MHz, 1,5 MW (tests up to 2 MW), poloidal and toroidal field coils for ASDEX and W VI, switching and regulating tetrodes, RF study
for ASDEX upgrade. Oak Ridge National Laboratory, Oak_Ridge, Tenn., USA: Superconducting toroidal field coil for Large Coil Task. Prin-
ceton Plasma Physics Laboratory, Princeton, NJ, USA: Poloidal field coils for TFTR Tokamak. SIN, Schweiz. Institut fur Nuklearforschung,
Villigen: 4 generator power supplies 16,5 kV, 80 A. Main magnets of isochron cyclotron (2000 tons), bending, quadrupole and experi-
mental magnets. Superconducting coils for muon channel and bio-medical applicator PIOTRON. Switching and regulating tetrodes for
Euratom-ENEA Rome, Euratom-CEA Fontenay-aux-Roses F, Fusion Research Center of Japan Atomic Energy Research Institute.
High power RF triodes and tetrodes for CRPP Association Euratom Suisse, Ecole Polytechnique Fédérale, Lausanne CH.

:

)

B 340 type dipole magnets for beam
transport of the Super Proton Synchro-
§ tron at CERN Geneva (Photo CERN).

Toroidal field power supply for a

Tokamak. Output current rating for

™ quasi-continuous operation 100 kA

(max. 120 kA/ 370V DC), for 10 sec/

900 sec pause. Fast high-voltage power supply in
pulse-step modulator technique.

s ; | . 5 -
Special high-vacuum tetrodes for fast ICRH-generator for plasma heating, 30
DC switching and control up to to 115 MHz, 1,5 MW, for pulses up to

170 kV, 120 A. Switching times in the 10's, equipped with BBC tetrode COK
order of ps. Integrated x-ray shield, 650-2.

SFg insulation and antiparasitic dam-

ping.

BROWN BOVERI
BBC Brown, Boveri & Company, Ltd., CH-5401 Baden/Switzerland, Dept. KLM-K31, Mr. W. Walti, Phone 056-75 43 28, Telex 55 82 30
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The world’s best power tubes
are used in the world’s most
important scientific programs.

Since 1971, when Varian EIMAC
introduced the one megawatt X-
2159/8974, we have been the
world leader in design and man-
ufacture of high power tubes for
scientific and communcation
applications.

Among the many users_ of
EIMAC tubes in high technology
fusion research, particle accel-
eration and other state-of-the-
art investigations are:

= European Organizations for .

Nuclear Research (CERN) =
Fermi National Accelerator Lab-
oratory = Stanford Linear Accel-
erator Center = Lawrence
Berkeley Laboratory = Los Ala-
mos National Laboratory
(LAMPF and FMIT programs) =

Oakridge National Laboratory =
Princeton Plasma Physics Labo-
ratory = TRIUMF Laboratory
(University of British Columbia)
= GS| Darmstadt (FRG) = Culham
Laboratory (England) = CEA
Fountenay-au-Rose (France) =
Textor-KFA Julich (FRG) = GA
Technology (Doublet-3).

Power tubes developed and
manufactured by Varian EIMAC
used in the facilities mentioned
include the 8973, 8974, X-2062K/
9009 and Y676A/9013. These
tube types will be joined by oth-
ers in development to meet new
program requirements.

More information is available,

from Varian EIMAC. Or the near-
est Varian Electron Device

Group sales office. Call or write
today.

Varian EIMAC

301 Industrial Way

San Carlos, CA 94070

415 « 592-1221

VARIAN AG
Steinhauserstrasse
CH-6300 Zug, Switzerland
Tel: (042) 23 25 75

Telex: 868-841

varian
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