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For CERN, 1989 is LEP year, with the 27-kilometre electron-positron
collider’s switchon scheduled this summer. Much of the ring is already
complete, while in the remaining sectors and the four vast underground
experimental halls final installation work pushes ahead (Photo CERN
142.1.89).
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Omega-minus plus 25 years

A quarter of a century ago, in
February 1964, the world learned
that particle physicists had found
the omega-minus particle, setting
the stage for a new era in our
understanding of the components
of the atomic nucleus.

Particle physics had hit the head-
lines before and has done so many
times since, but the dramatic di-
scovery by a Brookhaven bubble
chamber team of a particle whose
exact properties had been pre-
dicted by seemingly simple chalk-
and-blackboard arguments was es-
pecially romantic.

In the 1920s, physicists had
strived to explain all the underlying
structure of matter in terms of just
two particles, the proton — the hea-
vy constituent of the atomic nu-
cleus — and the light electrons or-
biting round the nucleus or given
off in beta decay. When the neu-
tron — the electrically neutral com-
ponent of the nucleus — was dis-
covered by James Chadwick at
~ambridge in 1932, understanding
#b0k a step backwards.

Then Werner Heisenberg
pointed out that the proton and the
neutron, apart from their electric
charge, were otherwise quite simi-
lar — both lived inside nuclei and
both weighed about 900 MeV.

Perhaps, suggested Heisenberg,
they were the two possible quan-
tum states of a single entity — the
nucleon — inhabiting some abstract
two-dimensional ‘isospace’. A new
quantity — ‘isospin’ — was intro-
duced to describe quantum sym-
metries in this space, analogous to
spin, the label that emerged from
quantum physics in ordinary space
and time.

The nucleon is an isospin doub-
let, while the pion, with three elec-
trical charge options (positive, ne-
gative and neutral), is classified as
an isospin triplet.
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The underlying mathematical
ideas were further developed in the
mid-50s by C.N. Yang and R. Mills
(and independently by R. Shaw)
who explored how the formalism
of abstract isospaces depended
also on space and time (gauge the-
ory).

At around this time, it was be-
coming clear that the subnuclear
world had many other denizens —
particles created in high energy col-
lisions but which did not normally
live inside the nucleus. Why were
there so many particles? To make
some order out of the chaos, Mur-
ray Gell-Mann and Kazuhiko Nishiji-
ma proposed a new quantum num-
ber — 'strangeness’. Some of the
particles with approximately equal
masses appeared to fall into neat
multiplets. These could be grouped
in turn into larger families, hinting
at some deeper symmetry hidden
underneath.

Many attempts were made. In
the late 50s Shoichi Sakata toyed
with the idea of explaining the rash
of particles in terms of just three —

Authors of the ‘Eightfold Way’ — Murray
Gell-Mann (right) and Yuval Ne‘eman.

(Photos Kathleen Blumenfeld)

the proton, the neutron and the
strange lambda. No real physics
followed, but the seeds of an idea
had been sown.

In 1961 Murray Gell-Mann at
Caltech and Yuval Ne’eman at Lon-
don’s Imperial College realized that
many particles could be grouped
into octets — "the eightfold way’ —
characteristic of a special form of
symmetry under three-dimensional
rotations (SU3). The symmetry
also had other multiplets but at the
time these could not be filled up
with particles.

The usefulness of the SU3 octet
pattern had been noticed before in
attempts to find write down the al-
gebra of carrier particles transmit-
ting the nuclear forces, but Gell-
Mann and Ne'eman saw that the
neat octets fitted other particles
too.

(By this time Gell-Mann was well
known in the field, having devel-
oped with Nishijima the idea of
strangeness, and with Richard
Feynman some important links in
our understanding of the weak
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nuclear force. Ne’eman, a promi-
nent Israeli army officer, had come
to London in a diplomatic role, and
put his multifarious talents to addi-
tional use in Abdus Salam’s school,
where Salam, with J.C. Ward, was
working on particle classification
schemes.)

At an international conference at
“ERN in 1962, Bernard Gregory of
france’s Ecole Polytechnique and
George Snow of Maryland summar-
ized the status of the physics of
the new strange particles. After
Snow'’s talk, Murray Gell-Mann
went to the blackboard and
pointed out the appealing regulari-
ties inside a then hypothetical
decuplet of heavier cousins of the
nucleon.

The decuplet was in the form of
a triangle drawn in a grid of isospin
and strangeness quantum num-
bers. Nine of the grid points could
be filled by known particles — a
quartet at the base, with a triplet
and a doublet above, but the apex
of the triangle was empty. Gell-
Mann predicted a new negatively-
charged particle carrying three units
of strangeness, and even gave it a
name, the omega-minus. Extrapo-
lating from the mass patterns in the
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triangle, he wrote down its mass,
heavier than any particle ever seen
before.

At Brookhaven, a new 80-inch
bubble chamber was being readied
at the Alternating Gradient Synch-
rotron (AGS). This was the highest
energy accelerator in the world at
the time and Leon Lederman, Jack
Steinberger and Mel Schwartz had
just used it to provide the world’s
first beam of neutrinos. However
when it came to finding new parti-
cles, the physicists using Luis Al-
varez’ bubble chambers at Berkeley
were still the acknowledged ex-
perts.

In December 1963, Brookhav-
en’s new bubble chamber came
into action, and a team of more
than thirty physicists took up Gell-
Mann’s challenge. In January 1964,
after looking at 50,000 photo-
graphs, they stumbled on a shot
showing a pion carrying a lot of
transverse momentum, with a
strange particle produced some di-
stance away from the primary colli-
sion. Looking closer, they spotted
the spirals of not one, but two of
the characteristic electron-positron
pairs of a high energy gamma ray
(photon). Moreover these two

The famous 1964 Brookhaven bubble cham-
ber event, showing (bottom left) the produc-
tion of an omega-minus particle and its sub-
sequent decay.

gammas pointed back to a com-
mon origin. By careful measure-
ment and calculation, the team un-
ravelled the complex series of de-
cays, finally backtracking to a parti-
cle carrying minus three units of
strangeness, and with a mass of
1686 MeV, almost right on top of
Gell-Mann’s blackboard prediction!
The commissioning of the bub-
ble chamber had not been plain
sailing. As it had only one window,
special reflectors had to be used
so that the tracks could be both il-
luminated and photographed from
the same side. Early in the run,
some of these reflective "coat han-
gers’ had come adrift and fallen on
the window. As well as obscuring
some of the field of view, these
could have damaged the window,
and with 1,000 explosive litres of
liquid hydrogen inside, the future of
the experiment hung in the balance.
After gingerly testing the chamber
with a few expansions, team leader
Ralph Shutt decided to continue.
The omega-minus showed that
SU3 symmetry was behind the
neat particle families. But why
SU3? What parentage was behind
such large families of eight and
ten? Even before the omega-minus

3



appeared, Gell-Mann, and indepen-
dently George Zweig, working at
CERN, showed how the eights and
tens followed naturally from triplets
of more basic entities — termed
‘quarks’ by Gell-Mann.

In the same way that the Per-
iodic Table of elements paved the
way for our present picture of the
atom, so Gell-Mann and Ne‘eman’s
octets had hinted that subnuclear
particles had some internal me-

chanism, at least on paper.

(As often happens in physics,
ideas born in one context can lead
to useful spinoff in another. The
gauge theory groundwork devel-
oped in parallel with isospin and
the eightfold way went on to pay
handsome dividends in the formula-
tion of the “electroweak’ unification
of the 1960s, showing how the
weak nuclear force and electro-
magnetism have a common origin.)

The complete Brookhaven 1964 bubble
chamber picture. About a quarter of the
chamber was invisible due to an illumination
problem.
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It took another ten years of pain-
staking work to find the tiny grains
of matter hidden deep inside the
nucleon and show that they be-
haved like quarks. However they
steadfastly refuse to come out into
the open, staying locked inside
their nucleon prisons. To see free
quarks, physicists probably need tg
recreate the conditions of the Big
Bang which started it all off.

World science

The World Laboratory and the
Third World Academy of Sciences
are examples of ambitious new glo-
bal ventures using the established
broad base of science and technol-
ogy in the industrialized nations as
a springboard for important pro-
jects in and among developing
countries.

Established in 1986, the World
Laboratory aims to promote truly
global, open cooperation in techni-
cal and scientific research, with

4

free circulation of information and
researchers. The bottom line is an
impressive list of ongoing multidis-
ciplinary projects, with a wide geo-
graphical spread.

Under its president Antonino
Zichichi, and with its main coord-
ination centre in Geneva and with
regional coordination centres in
Moscow and Beijing, World Lab’s
ongoing programme is grouped
into four main areas. The Archi-
medes programme covers geologi-

cal (seismology, volcanology, ..... )
and environmental (climate, pollu-
tion,.....) monitoring and modelling,
together with computer projects in
the education and health areas. The
Eloisatron basic physics pro-
gramme includes the Eloisatron
project for a multithousand GeV
proton collider, ongoing plans at
CERN'’s LEP electron-positron
collider, and the establishment in
China of Advanced Centres for
Science and Technology and for
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Erice Statement

® It is unprecedented in human history that man-

kind has accumulated such a military power
to destroy, at once, all centres of civilization
in the world and to affect some vital proper-
ties of the planet.

The danger of a nuclear holocaust is not the
unavoidable consequence of the great deve-
lopment of pure science.

In fact, Science is the study of the fundamen-
tal laws of Nature.

Technology is the study of how the power
of mankind c2n be increased.

Technology can be for peace and for war. The
ciioice between peace and war is not a scien-
tific choice. It is a cultural one: the culture
of love produces peaceful technology. The cul-
ture of hatred produces instruments of war.
Love and hatred have existed forever. In the
bronze and iron ages, notoriously pre-scienti-
fic, mankind invented and built tools for peace
and instruments of war. In the so called « mo-
dern era » it is imperative that culture of love
wins.

An enormous number of scientists share their
time between pure science research and mili-
tary applications. This is a fundamental sour-
ce for the arms race.

It is necessary that a new trend develops, in-
side the scientific community and on an inter-
national basis.

It is of vital importance to identify the basic
factors needed to start an effective process to
protect human life and culture from a third
and unprecedented catastrophic war. To ac-
complish this it is necessary to change the pea-
ce movement from a unilateral action to a truly
international one involving proposals based on
mutual and true understanding.
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Here are our proposals:

1. Scientists who wish to devote all of their
time, fully, to study theoretically or experi-
mentally the basic laws of nature, should
in no case suffer for this free choice, to do
only pure science.

2. All Governments should make every effort
to reduce or eliminate restrictions on the
free flow of information, ideas and people.
Such restrictions add to suspicion and ani-
mosity in the world.

3. All Governments should make every effort
to reduce secrecy in the technology of de-
fense. The practice of secrecy generates ha-
tred and distrust. To start a ban for mili-
tary secrecy will create greater stability than
offered by deterrence alone.

4. All Governments should continue their ac-
tion to prevent the acquisition of nuclear
weapons by additional nations or non-natio-
nal groups.

. All Governments should make every effort
to reduce their nuclear weapons stockpiles.

. All Governments should make every effort
to reduce the causes of insecurity of non-
nuclear powers.

. All Governments should make every effort
to ban all types of nuclear tests in war tech-
nology.

w

o

~

Conclusion

Those scientists — in the East and in the West
— who agree with this «Erice Statement »,
engage morally themselves to do evervthing
possible in order to make the new trend, out-
lined in the present document, to become ef-
fective all the world over and as soon as pos-
sible.

At the second Seminar on Nuclear War held
at the Centre for Scientific Culture at Erice,
Sicily, in 1982, Paul Dirac and Piotr Kapitza
(front row, left) and Antonino Zichichi
(standing) drafted the ‘Erice statement’, a
declaration of awareness and intent for
scientists to influence ongoing nuclear policy
and safeguard the future of the planet. Reci-
pients of the new Erice Prize will be nomi-
nated by the signatories of this statement.

Erice prize

The regional government of
Sicily has gecided to finance
an annual international award
recognizing eminent work in
scientific culture. Worth a
thousand million lire (more
than a million Swiss francs),
the award will be known as
the Erice Prize, underlining the
important role played by the
Centre for Scientific Culture at
Erice, near Trapani on the
north-west corner of the is-
land, established by Antonino
Zichichi 25 years ago.

Named after the famous
Italian theoretical physicist Et-
tore Majorana, this centre is
now home to over seventy
regular schools in all branches
of science, including the Se-
minar on Nuclear War, where
concerned scientists from all
over the world gather to dis-
cuss the catastrophic implica-
tions of the global nuclear ar-
senal. At the second of these
nuclear war seminars in
1982, Paul Dirac and Piotr
Kapitza (both since decea-
sed), together with Zichichi
drafted the ‘Erice statement’,
a declaration of awareness
and intent for scientists to in-
fluence ongoing nuclear policy
and safeguard the future of
the planet.

This statement, which now
has well over 10,000 signato-
ries, also led to the establish-
ment of the World Laboratory
(see accompanying article).

The new prize will be attri-
buted from nominations pro-
posed by the Erice Statement
signatories.
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Astrophysics, together with neutri-
no and cosmic ray studies at the
new ltalian Gran Sasso under-
ground Laboratory and elsewhere,
detector research and develop-
ment, and basic theory. Under the
heading ‘Improvement of Modern
Life’ comes a series of projects
aiming for advances in food tech-
nology (production, processing and
storage), medicine (15 projects),
and progress in environmental and
ecological sectors; three projects
deal with advanced technologies
such as coal slurrying and new
clean energy sources. The final de-
velopment area is the field of con-
trolled nuclear fusion.

Each of these four areas is
grouped into well defined projects,
2ach with its own clearly defined

CERN Courier, March 1989

objectives and one or more direc-
tors.

One major success is the estab-
lishment of the China Centre for
Advanced Science and Technology
under T.D. Lee, who has been very
influential in getting this project off
the ground. The aim is to provide
qualified Chinese students with
hands-on experience in new tech-
nologies, bridging the gap between
university education and the mod-
ern research environment. The first
World Lab building has recently
been completed in Beijing.

In addition to field work, World
Lab progress is regularly reviewed
at international meetings and semi-
nars.

The aim of the Third World Net-
work of Scientific Organizations

The recently completed China Centre of Ad-
vanced Science and Technology (World Lab-
oratory) in Beijing. Second from the left is
Ambassador Qian, who represents China at
the United Nations in Geneva.

(TWNSO), established last year
with its headquarters in Trieste, Ita-
ly, is to promote the role of
science and technology in develop-
ing countries. TWNSO, under the
presidency of Abdus Salam, is an
offshoot of the Third World Acad-
emy of Sciences, which has
pushed the €ause of international
scientific collaboration since its
establishment in 1983.

With support from industrialized
nations pledged and with more
prospects in the pipeline,
TWNSO’s membership includes 80
organizations drawn from 60 coun-
tries. Aims are to promote the de-
velopment and application of
science and technology both within
the Third World and through Third
World participation in international
schemes. Areas such as space
science, controlled thermonuclear
fusion, biotechnology and high
technology in general are seen as
having a potentially strong impact
on economic and social develop-
ment in Third World countries. As
well as welcoming with enthusiasm
the TWNSO cause, ministers at-
tending the inaugural meeting in
Trieste also pledged to produce re-
sults in their home countries.

In addition to a strongly regional
structure, with Asian, Arab, Afri-
can and Latin vice-presidents,
TWNSO has three project-oriented
standing committees dealing with
global projects, hazards and pro-
grammes.

Cesar Lattes of the Centro Brasiliero de Pes-
quisas Fisicas, Rio de Janeiro, addresses a
meeting of the Third World Academy of
Sciences in Trieste.



Around the Laboratories

WORKSHOP
Crystalline beams

Following pioneer work by spe-
cialists at the Soviet Novosibirsk
Laboratory some ten years ago, in-
terest developed in the possibility
of ‘freezing’ ion beams in storage
rings by pushing cooling (to
smooth out beam behaviour) to its
limits, the final goal being to lock
the ions into a neat crystal pattern.

After advances by groups work-
ing on laser cooled ions in traps,
and with several cooling rings now
in operation, a workshop on crys-
talline ion beams was organized
recently by the GSI (Darmstadt)
Laboratory and held at Wertheim in
Germany.

Some remarkable progress was
reported on the understanding of
the structure and dynamical behav-
iour of crystalline beams by mole-
cular dynamics (J.P.Schiffer and
R.W.Hasse) and analytical calcula-
tions (D.Habs). This work finds no
sharp ion energy where ordering
should start, the finite width of the
beam playing a special role.

Important effects to be taken
into account are ‘shear’ due to the
ring radius (particles on the outside
tend to be slowed down) and the
efficient control of space charge by
the focusing force. F.Mills advo-
cated that a ring using modified be-
tatron operation could be better
suited to the task than one using
alternating gradient focusing.

In the meantime, advances have
been made using ion traps with las-
er cooling. Pioneer studies with
Paul and Penning traps (H.Walther,
R.Bluemel and J.J.Bollinger,

W .M.Itano) have succeeded in
making crystals containing a up to
a hundred ions (Paul trap) or up to
2000 ions in cylindrical layers (Pen-

8

ning trap — see also following arti-
cle).

Encouraging from the Paul trap
studies is the apparent absence of
ordered state heating by the alter-
nating radiofrequency potential.
However in a disordered ‘cloud’
system a Munich group has found
strong heating due to chaotic mo-
tion.

In the field of cooling techniques,
O.Poulsen pointed out the advan-
tage of lasers over electrons in at-
taining temperatures of a fraction
of a degree millikelvin. By coupling
longitudinal and transverse optical
modes, even three-dimensional
cooling is possible. Both methods
promise high longitudinal cooling
rates, and the challenge is to accel-
erate transverse cooling and make
it equally fast. P.E.Toschek looked
at the possibilities of using nonli-
near light forces to penetrate the
microkelvin degree region.

Recent achievements of cooling
rings were surveyed by R.E.Pol-
lock, H.Poth and E.Jaeschke, while
D. Moehl of CERN looked at densi-

Participants at the recent workshop on crys-
talline beams organized by the GSI (Darm-
stadt) Laboratory and held at Wertheim,
West Germany.

ty limitations achieved in practice.
Conditions are still five to six ord-
ers of magnitude away from spatial
ordering in three dimensions.

Unfortunately nobody from No-
vosibirsk was at the meeting to
comment on Schottky signal
measurements at the NAP ring
which hint at longitudinal ordering.
Earlier results had suggested that
cooling had succeeded in destroy-
ing virtually all momentum spread
in a proton beam, so that the
stored particles look like a string of
beads (with a separation of a few
microns).

Although immediate prospects
are dim, insights can still come
from simulation studies of storage
ring lattices with discrete quadru-
poles and dipoles (I.Hofmann).
These calculations show that rings
with a low number of superperiods
are handicapped (due to coherent
resonances), and that a cooling de-
vice must follow each dipole, un-
less a shear-free ring can be de-
signed. However a longitudinal
chain of ions looks to be possible
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with existing lattices.

Another problem is how to re-
cognize any onset of crystal beam
behaviour once it happens. One
promising method is coherent Ray-
leigh scattering (R.Neumann). Co-
herent Thomson scattering might
work in principle (though technical-
ly very difficult), if the cooling elec-
tron beam carries a signature of the
ion ordering (G.Dodel). The need to
continue theoretical work on corre-
lations was also stressed (C.Toepf-
fer). ‘Conventional’ diagnostics via
the Schottky noise spectrum are
problematic due to signal distortion
and suppression for correlated par-
ticles, and it is questionable wheth-
er any ordering can be detected
this way (S.Baird). New ideas using
narrow-band pickups for 1000-
3000 GHz working as confocal op-
tical resonators (F.Caspers) placed
many wavelengths away from the
beam could be useful.

In summary, the meeting
showed that ultra high frequency
liagnostics and extensive cooling
#€xperiments at existing storage
rings need to be pushed before
longitudinal ordering can be de-
monstrated. New rings with high
symmetry, little shear and lots of
cooling are needed to grow crystal-
line beams and open up this area of
accelerator and condensed matter
physics.

From Ingo Hofmann

CERN
Low energy frontier

While CERN and other big particle
physics Laboratories look toward
higher energies to probe deeper in-
side the structure of matter (the
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TeV — 1000 GeV, or a million mil-
lion electronvolts is now a com-

monly used unit), three teams
working at CERN’s LEAR low ener-
gy antiproton ring have another ob-
jective — to look at the behaviour of
very slow antiprotons, comparing
the results with protons to check
the basic principles of the laws of
physics.

LEAR takes GeV-scale antipro-
tons down to energies of just a
few MeV. A Harvard/Mainz/Wa-
shington (PS 196) team uses the
electric and magnetic fields of a
Penning trap as supplementary par-
ticle brakes. Also playing a vital
role in this ‘cooling” process are el-
ectrons, slowed down to a fraction
of an electronvolt in the trap.
These act in turn on the antipro-
tons, cooling many of them to be-
low one electronvolt.

At high energies, CERN’s anti-
protons are regularly held for days

Foreground, the spectrometer of the
CERN/Orsay experiment at CERN’s LEAR
low energy antiproton ring preparing to
compare the masses of the proton and the
antiproton.

(Photo CERN 285.1.89).

at a time, however the risks of an-
nihilation with atoms of residual
gas increase quickly at lower ener-
gies. Nevertheless the PS 196
team manages to trap antiprotons
for up to several days — much
shorter than the ten-month world
record for a single electron, but a
great advance on the experiment’s
previous antiproton performance.
Although these energies are min-
iscule by high energy standards,
they are still equivalent to about
the temperature of the sun’s sur-
face. Initial measurements hope to
compare the proton and antiproton
masses to one part in a million, im-
proving on the best result so far,
eventually going down lower.
Elsewhere (see previous article),
other experiments using these
techniques have cooled protons
down to a fraction of an meV (mil-
lielectron volt), equivalent to cryo-
genic temperatures, while laser
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cooling methods have attained par-
ticle temperatures of just a few
millidegrees above absolute zero.

Also at LEAR, a CERN/Orsay
team is preparing to compare pro-
ton and antiproton masses down
to one part per thousand million
using a radiofrequency mass spec-
trometer and benefiting from lower
energy LEAR antiprotons.

A CERN/Italy/US team will look
at the effect of gravity on an anti-
proton beam cooled to thermal lev-
els by a series of traps, to see
whether antiprotons ‘fall" upwards!
This study opens up a new field of
study. Gravitation is universally at-
tractive — no example has yet been
found of a gravitational repulsion —
however the interaction of gravity
with antimatter is unexplored of
territory.

STANFORD
Record PEP collision
rates

With the new Stanford Linear Col-
lider SLC temporarily on hold (De-
cember 1988, page 12) for the
past few months, physics at the
Stanford Linear Accelerator Center
(SLAC) reverted to the PEP and
SPEAR electron-positron storage
rings.

With only one major experiment
(the TPC time projection chamber)
running at PEP, the six (three elec-
tron, three positron) bunches were
colliding at one point only, and the
quadrupoles used to squeeze the
colliding beams were pushed closer
together.

In early December, the peak lu-
minosity (a measure of the particle
collision rate) attained 6 x 103!
cm2 s', a PEP record. For elec-
trons and positrons, only the CESR
ring at Cornell has exceeded these
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levels. With reliable beams, PEP’s
accumulated daily collision score
reached new heights.

After tests and further installa-
tion work, the SLC resumed opera-
tion in February, with the goal of
supplying the Mark Il detector with
the first SLC Z particles — the hea-
vy (93 GeV) carriers of the electri-
cally neutral component of the
weak nuclear force. Work is also
progressing on switching tech-
niques to enable SLC and the stor-
age rings to run in parallel.

Stanford Linear Accelerator Centre (SLAC)
Director Burt Richter (hard hat No. 60) ex-
plains the new SLC Stanford Linear Collider
to Texas Senator Lloyd Bentsen (hard hat
No. 1, who was last year's Democrat Vice
Presidential candidate) and former astronaut
Sally Ride.

(Photo Edward W. Souza, Stanford News
and Publications Service)

DUBNA/SERPUKHOV
Ultrarelativistic atoms

The ultrarelativistic region where
physics has to be seen in the
framework of special relativity is
commonplace in particle physics
where beams of charged particles
are regularly accelerated to veloci-
ties approaching that of light.

In other areas of physics, such
as the interactions of neutral atoms
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(with their full complement of orbi-
tal electrons), these conditions can
be more difficult to explore.

The importance of relativity is
measured by the mass increase
(gamma) factor, which approaches
infinity as the velocity nears that of
light. Theoretical ideas say that the
collision rate between atoms would
reach a plateau starting from gam-
ma values of about 10, but even
this modest level has been difficult
to reach with beams of neutral
atoms.

One of the simplest atoms is po-
sitronium — an artificial concoction
of an electron and a positron
circling round each other. In an
experiment at the 70 GeV proton
machine at the Soviet Institute for
High Energy Physics at Serpukhov,
near Moscow, one neutral pion de-
cay per billion yielded a fast mov-
ing positronium atom, with a gam-
ma factor between 800 and 2000.

The interaction rate of these
synthetic atoms was measured by
nassing them through a carbon foil
# fraction of a micron thick. Taking
all relativistic effects into account
(under these conditions any intra-
atomic positronium clock runs
much slower than the actual flight
time through the foil), the reaction
cross-section of positronium atoms
with carbon is found to be 16(+16-
6).10°'9 cm?/atom. This does not
contradict the theoretically ex-
pected value, but also does not
rule out ultrarelativistic ionization or
excitations which could considera-
bly increase the reaction rate.

FERMILAB
20 years on

Its twentieth anniversary celebra-
tions last December gave Fermilab
an opportunity to look back to its
beginnings, look over its accom-
plishments, and look ahead to the
next two decades.

In 1963, the Ramsey Panel had
recommended the United States
Atomic Energy Commission (AEC)
to build a 200 GeV accelerator.
These were early days for particle
physics (the discovery of the muon
neutrino at Brookhaven by Leon
Lederman, Jack Steinberger, and
Melvin Schwartz was then only one
year old) but physicists were be-
coming aware of the new horizons
that higher energies could bring,
and US researchers applauded the
Ramsey Panel's idea.

Four years later, the National Ac-
celerator Laboratory/AEC Design
Study Contract was signed, ap-
pointing Robert Wilson as Director
of the new Laboratory. With the
1967 selection of the Batavia site
near Chicago, and a construction
authorization of $250 million,
ground was broken the following
year.

Under the able leadership of Ro-
bert Wilson, it took just four years
to complete the four-mile Main
Ring and ramp it to its 200 GeV
design energy. With an eye to the
future, ambitious R&D work also
began on magnets for a possible
new superconducting accelerator.
After returning $6.5 million dollars
to the United States Government,
the Laboratory was dedicated as
the Fermi National Accelerator Lab-
oratory, routinely providing 400
GeV beams.

A new laboratory energy scale

Variation of total reaction rate (cross-sec-
tion) with kinetic energy (expressed in terms
of the relativistic gamma factor) for the in-
teraction of positronium atoms with carbon,
showing the theoretical expectation (solid
line) and the data point from a Dubna/Ser-
pukhov experiment investigating an ultrarela-
tivistic region (shaded). Previous experi-
ments using hydrogen atoms were confined
to much lower velocities (arrow).
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Twenty years ago, a pristine shovel for
groundbreaking at the future Fermi National
Accelerator Laboratory was wielded by (left)
Laboratory Director Robert Wilson, and by
US Atomic Energy Commission Chairman
Glenn Seaborg.

was born when the 1000 GeV 'Te-
vatron’ was formally proposed by
Wilson in 1975, but in the environ-
mentalist climate of the time, the
name 'Energy Saver’ was adopted
for the 1977 proposal to the De-
partment of Energy (DOE). That
same year, Leon Lederman was
named Director following Wilson’s
dramatic resignation, and the dis-
covery of the upsilon particle by
Lederman’s Columbia/Fermi-
lab/Stony Brook team showed that
quarks come in at least five varie-
ties.

Construction of the Energy Saver
began in 1979, and work was well
advanced when preparations to ex-
ploit the higher energy beams were
launched with the Tevatron |
scheme in 1981 and Tevatron I
the following year.

The new Energy Saver broke the
Main Ring’s 500 GeV record in
1983 when protons were acceler-
ated to 512 GeV. In the same year,
construction of the Antiproton
Source began as part of the Teva-
tron | plan to provide the US with a
proton-antiproton collider to rival
CERN's, which had begun opera-
tions in 1981.

1984 brought Fermilab and the
world into a new higher energy do-
main with protons being acceler-
ated to 800 GeV. Less than a year
later, the new Antiproton Source
provided antiparticles for the Teva-
tron to supply 1.6 TeV collisions
for the new CDF detector. A com-
prehensive programme of fixed-tar-
get physics with the upgraded Te-
vatron |l facilities and an 800 GeV
proton beam rounded out the phy-
sics programme.

A prolific amount of fixed target
data (May 1988, page 16) and re-

The Wilson Hall high-rise — centrepiece of
Fermilab’s striking architecture.
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cord antiproton production rates
(December 1988, page 9) were
early dividends from the Tevatron
investment.

But Fermilab is more than a
world centre for high energy phy-
sics. Thanks to the vision of found-
ing director Robert Wilson, its idyl-
lic site and imaginative architecture
continually thrill and inspire visitors,
whether scientists or the curious
public. New buildings like the Muon
Laboratory and the Feynman Com-
puting Center have continued the
tradition. The unfenced 6,800 acre
site is a paradise of natural beauty
and a haven of environmental inter-
est, the scene of ambitious pro-
jects to restore the Mid-West prai-
rie to its former state, and home to
a large herd of buffalo.

The vision behind Fermilab was
captured in Director Lederman’s
testimony before a Congressional
Science and Technology Sub-Com-
mittee on Energy Development in
1984. 'High energy physics pays
Yack because it enhances our cul-
fure, contributes to human dignity,
broadens our view of the evolution
of the universe and our own posi-
tion in it. Some will tell you that so-
ciety profits because we set stan-
dards for applied science, we re-
cruit young people into science by
the seduction of neutrinos and
quarks and black holes. All this is
true, but what is also true is that
the predecessors of today’s high
energy physicists changed the
world, and there is no reason to
believe that what we do now, ab-
stract and remote as it may seem,
will not have major effects on the
lives of our children’s children.’

Upgrading

With its Tevatron collider and
fixed target programmes well
into their stride, Fermilab could
raise its sights and aim for high-
er collision rates and more in-
tense fixed target beams.

Initial work is already under-
way to revamp the linac injector
(September 1988, page 16) to
provide more protons. To furth-
er boost the collision rate,
measures include improvements
to the antiproton source and
beam cooling, stronger quadru-
poles to squeeze the colliding
beams closer together, more
stored bunches, and electrostat-
ic beam separation. In addition,
improved Tevatron cryogenics
could push operating levels high-
er and make the machine live up
to its name.

To push collider performance
still higher calls for more ambi-
tious schemes. A 20 GeV pro-
ton superbooster injecting into
the existing main ring, and a
new antiproton ‘depository’

have been looked at in some de-
tail. Even higher energies could
be reached by replacing both the
existing main ring and the super-
conducting Tevatron with higher
field superconducting magnets,
similar to those piling up for the
HERA electron-proton collider at
the German DESY Laboratory in
Hamburg.

The big advantage of a pro-
ton-antiproton (or any particle-
antiparticle) collider is that the
contrarotating beams can be
held in the same ring. However
proton antimatter is not easy to
handle, and in any push for high-
er collision rates there comes a
stage when it is more cost ef-
fective to aim instead for a two
ring solution providing proton-
proton collisions. The original
main ring could be replaced by a
smaller 150 GeV ring nearby,
leaving space above the Teva-
tron for a second superconduct-
ing ring.

Apart from particle physics, the Fermilab
site boasts other attractions.
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MEETING
Lattice 88

The forty-year dream of under-
standing the properties of the
strongly interacting particles from
first principles is now approaching
reality. Quantum chromodynamics
(QCD - the field theory of the
quark and gluon constituents of
strongly interacting particles) was
initially handicapped by the severe
limitations of the conventional (per-
turbation) approach in this picture,
but Ken Wilson’s inventions of lat-
tice gauge theory and renormaliza-
tion group methods opened new
doors, making calculations of
masses and other particle proper-
ties possible.

Lattice gauge theory became a
major industry around 1980, when
Monte Carlo methods were intro-
duced, and the first prototype cal-
culations yielded qualitatively rea-
ponable results. The promising de-

elopments over the past year
were highlighted at the 1988 Sym-
posium on Lattice Field Theory —
Lattice 88 — held at Fermilab.

Peter Hasenfratz of Bern sum-
marized recent lattice work on the
mass limits of the so-far unseen
Higgs particle (responsible for
mass in the standard electroweak
model). It has long been known
that simple Higgs theory breaks
down if the Higgs is heavier than
about 1 TeV. Recent lattice work
has even brought the limit down to
about 600 — 700 GeV and made it
more general. According to these
calculations, no Higgs below this
level means some new physics
beyond the standard model.

Julius Kuti of San Diego outlined
further lattice applications in the el-
ectroweak sector, including bounds
on the mass of the missing sixth
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("top’) quark. ldeas of a new
strongly coupled phase of quantum
electrodynamics were aired by
John Kogut of lllinois.

The calculation of particle
masses is one of the main lattice
theory goals, the contribution of iti-
nerant 'sea’ quarks being the most
difficult to include. A "quenched’
approximation with valence quarks
only, ignoring sea effects, is not
expected to give the right answer,
but it is still important to see what
happens before embarking on the
full calculation.

Progress with the quenched ap-
proximation was covered by Enzo
Marinari of Rome. High statistics
calculations by a special-purpose
computer using improved calcula-
tional methods say the proton is
about 1.4 times heavier than the
rho meson, compared to the actual
value of 1.22.

New improved algorithms were
reviewed by Don Weingarten of
IBM, Yorktown Heights, and Steph-
en Adler of the Institute for Ad-
vanced Study, Princeton. Progress
has been most spectacular in gaug-
ing the effects of sea quarks, with
new Monte Carlo algorithms being
about 10,000 times faster than
their predecessors.

Hardware too has seen compar-
able improvements. The special
purpose machines under construc-
tion at various institutions around
the world are roughly 10,000 times
more powerful than the VAXes
used for the original calculations
seven years ago. Norman Christ of
Columbia described machines ex-
isting or under construction at Co-
lumbia, IBM, Rome, Fermilab, Cal-
tech, and Tsukuba, and in industry.
Some of these borrow ideas from
the approach pioneered by the Co-
lumbia group and now in wide-
spread use for lattice calculations —
fast floating point chips on a mas-

Peter Hasenfratz — mass limits for the long-
awaited but still unseen Higgs particle.

sive parallel array of nodes.

The better understanding of
glueballs (particles containing
gluons rather than quarks) was
pointed out by Andreas Kronfeld of
Fermilab. Two years ago, confu-
sion reigned in this area and there
was no unanimity even on basic
questions. Improved methods of
calculating glueball masses have
helped to clarify the situation, the
consensus being that the spin 2,
positive parity glueball is about 1.5
times heavier than its spin zero
counterpart.

Pierre van Baal of CERN summar-
ized recent analytic work on the
spectrum of a pure glue theory. In
addition to being very beautiful,
this work has been accurately veri-
fied by Monte Carlo methods, so
increasing confidence in the numer-
ical approach.

The physics of QCD at high tem-
peratures and densities — interest-
ing for heavy ion physics, astro-
physics, and cosmology — has pro-
vided the first accurate, reliable si-
mulation result — the transition
temperature at which quarks are
unlocked from their conventional
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A.A. Migdal — putting strings on the lattice.

nucleon imprisonment. Masataka
Fukagita of Kyoto concluded that
this calculation is still in good
shape. The phase transition seems
;0 be much weaker than originally
thought, and there is some con-
troversy as to its type (weak first
order or second order). Preliminary
calculations in full QCD hint that the
transition temperature may be
around 150 MeV (about 10'2 de-
grees!). Frithjof Karsch of CERN
claimed that the simple picture of
the hot QCD plasma as an ideal gas
of quarks and gluons interacting
through small perturbations looks
good so far, though much room re-
mains for nonperturbative effects.
Input from lattice calculations
provides a useful complement to
new data, giving theorists addition-
al room to manoeuvre. These diffi-
cult calculations were described by
Claude Bernard of Santa Barbara.
The kinematic behaviour of quark
content (structure functions) and of
particle form factors was one of
the earliest successes of perturba-
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tive QCD, but prediction of the
quantities themselves requires lat-
tice calculations, reviewed by Gui-
do Martinelli of CERN. Chris Sach-
rajda of Southampton described
the painstaking analytic work be-
hind the lattice treatment of the
standard model.

The powerful simulation meth-
ods of lattice theory are useful in
other areas of physics. Jorge
Hirsch of San Diego ("What should
a lattice gauge theorist be doing in
his/her spare time?’) reviewed cur-
rent theoretical ideas on high tem-
perature superconductivity. Sasha
Migdal of the Cybernetics Council
in Moscow described progress to-
wards a lattice formulation of bos-
onic string theory, complementing
analytic work based on Polyakov’s
conformal field theory approach.
The agreement between analytic
and numerical calculations is as im-
portant in this field as for QCD.

The past year has been the most
active ever for lattice gauge theory,
but the vast increase in algorithmic
and hardware computing power of
the past seven years is not the end
of the line. Approximation schemes
show promising results, and full
calculations will not be far behind.
With unrestricted predictive power,
a full exploration of the wide open
physics territory both in and
beyond the standard model wiill
then begin in earnest.

From Paul Mackenzie

DESY
Theory with flavour

Last year, the annual Theory Work-
shop at the German DESY Labora-
tory in Hamburg had ‘Flavour Phy-
sics’ as its main theme. The sight-
ing by the UA1 experiment at

CERN'’s proton-antiproton collider
and by the ARGUS team at DESY
of "oscillations’ in the electrically
neutral B mesons carrying the
beauty quantum number, and the
measurement at CERN of a new pa-
rameter in the delicate violation of
combined particle-antiparticle and
left-right symmaetry (CP) in the de-
cays of neutral kaons (July/August
1988, page 7) have made this sub-
ject particularly topical.

Setting the tone for the meeting,
W. Schmidt-Parzefall (DESY) des-
cribed the current evidence for neu-
tral B mixing, looking also at the
possibilities for a B meson factory’
at DESY to search for additional
signs of CP violation.

In the production, spectroscopy
and decay of charm particles (R.J.
Morrison — Santa Barbara), signifi-
cant advances have been made by
new high-statistics experiments. B.
Stech (Heidelberg) showed how B
and charm decay theory was in line
with the data. Less conventionally,
his explanation of isospin selection
rules for weak kaon and hyperon
decays based on ‘diquarks’ pro-
voked some lively discussion.

Mass limits for the so-far unseen
sixth ("top’) and other heavy quarks
(J. Kuehn, MPI Munich) turned the
discussion towards an outlook for
the future. Kuehn assessed the
chances of finding the top up to 80
GeV at the CERN proton-antiproton
collider and up to 100 GeV at the
Fermilab Tevatron, going on to
look at the implications of top phy-
sics for the new electron-positron
colliders — LEP at CERN and SLC at
Stanford.

A. Ali (DESY) examined the phy-
sics of heavy quarks at the HERA
electron-proton collider being built
at DESY and underlined the poten-
tial of HERA in the search for top
and for a detailed study of B
meson oscillations. Open questions
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in B physics were also taken up by
K.R. Schubert (Karlsruhe), conclud-
ing that B factories would be very
useful, and in the case of CP violat-
ing B decays even necessary, using
as an illustration the project pro-
posed at the Swiss Paul Scherrer
Institute (PSI — July/August 1987,
page 21).

M.P. Schmidt (Yale) imagined
the detectors needed to exploit the
enormous production rate of B par-
ticles in hadron colliders, in particu-
lar at the proposed US SSC Super-
conducting Supercollider.

Looking to the other extreme of
the particle mass scale, the meet-
ing turned to the neutrinos. A sur-
vey of the numerous delicate ex-
perimental studies, particularly in
the mass and oscillation sectors by
K. Winter (CERN), was followed by
the theory viewpoint from R. Mo-
hapatra (Maryland), illustrating the
possible connection between neu-
trino mass and very high energy
physics with the help of several
models.

In a series of talks on CP viola-
tion, quark masses and flavour mix-
ing, M. Holder (Siegen) covered
new CP violation parameter
measurements of neutral kaons at
CERN and Fermilab and looked at
future experiments, such as a study
at CERN's LEAR low energy anti-
proton ring. |. Bigi (Notre Dame)
turned to CP violation in both B and
charm meson decays, estimating
the chances of seeing such effects.
Finally C. Jarlskog (Stockholm)
painted scenarios for CP violation
in the electroweak picture using
three or four quark families.

Subsequent talks concentrated
on calculating the input for a theo-
retical description of weak decays,
mass mixing and CP violation.

G. Martinelli (CERN) summarized
the status of lattice calculations,
while A. J. Buras (Munich) advo-
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At the DESY Theory Workshop — top, R.
Rueckl (left) with R. Peccei; below, E. Lohr-
mann (left) with C.A. Heusch.

CERN Courier, March 1989



CERN COURIER

A unique advertising medium for
scientific and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed
to all the major Laboratories of the world active
in this dynamic field of fundamental research, it is
compulsive reading for scientists, engineers, ad-
ministrators, information media and buyers. Written
in simple language and published simultaneously
in English and French it has become the natural
communication medium for particle physicists in
Europe, the USA, the Soviet Union, Japan—every-
where where the fundamental nature of matter is
studied.

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,

Berkeley, Brookhaven, Cornell, Fermi, Los Alamos.

and Stanford in the USA, Darmstadt, DESY and
Karlsruhe in Germany, Orsay and Saclay in France,
Frascati in Italy, Daresbury and Rutherford in the
U.K., SIN in Switzerland, Dubna and Novosibirsk
inthe USSR, KEKinJapan, TRIUMFin Canada and
Peking in China.

The annual expenditure on high energy physics
in Europe is about 1000 million Swiss francs.
The expenditure in the USA is about $ 400 million.
There is similar expenditure in the Soviet Union.

CERN COURIER is the way into all high energy
physics research Laboratories. If you have a
market in this field, there is no surer way to make
your products known than by advertising in CERN
COURIER.

All enquiries to:

Advertising Manager
Micheline Falciola
CERN COURIER
CERN

CH - 1211 GENEVA 23
Tel. (022) 834103
Telex 419 000 CER
Telefax (022) 8219 06

CERN Courier, March 1989

University of Cambridge
Department of Physics

University Assistant Lecturer in
Experimental Particle Physics

Applications are invited for the post of University Assistant Lecturer
in the High Energy Physics Group of the Cavendish Laboratory. The
research programme of the group is currently centred upon the OPAL
experiment at LEP, the UA2 experiment at the CERN proton-
antiproton collider and the development of electronic detectors for
particle physics.

It is hoped that the successful candidate will take up appointment by 1st
October 1989, or as soon as possible thereafter. The appointment is
for three years, with the possibility of reappointment for a further two
years. The statutory limit of tenure of a University Assistant
Lectureship is five years, but all holders of the office of University
Assistant Lecturer are considered for possible appointment to the
office of University Lecturer during the course of their tenure.
[ J

The pensionable scale of stipends for a University Assistant Lecturer,
not ordinarily resident in College, is £10,460, rising by seven annual
increments to £14,500.

Further information may be obtained from the Secretary of the
Appointments Committee for the Faculty of Physics and Chemistry,
Institute of Astronomy, Madingley Road, Cambridge CB3 OHA,
England, to whom applications (ten copies), including a curriculum
vitae and the names of three referees, should be sent so as to reach him
not later than 31st March 1989.
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cated an alternative perturbation
expansion approach, and A. Pich
(CERN) covered duality and quark
field theory sum rules. The isospin
1/2 selection rule was a yardstick
for reliability of the different re-
sults.

H. Harari (Weizmann Institute) in-
vestigated the hierarchy of quark
and lepton masses, paying particu-
lar attention to the neutrinos and
looking at relationships between
masses and mixing angles.

The final day of the workshop
was given over to speculations
beyond the standard model and
possible experimental tests. H.K.
Walter (PSI) surveyed worldwide
efforts to detect rare decays of
muons, pions, kaons and heavy
particles. A. Masiero (Padua)
showed how rare decays of B
mesons could be used as a litmus
test for a fourth quark family, furth-
er Higgs bosons, left-right symme-
try and supersymmetry.

Flavour dynamics in the standard
model is intimately connected with
spontaneous symmetry breaking
and the concomitant Higgs bosons,
which have so far eluded observa-
tion. However renormalization
group and lattice studies can give
limits for Higgs and other masses,
as demonstrated by R. Petronzio
(Rome). The results all say that the
standard Higgs boson should be
lighter than 1 TeV.

R. Peccei (DESY) speculated on
an exotic zoo of spin zero particles,
including leptoquarks, majorons
and cosmons.

Superstrings are a long way
from flavour physics, however
these ambitious ideas could shine
new light on many open questions.
The concepts of string theories
were introduced by H. Nicolai
(Hamburg), while H. P. Nilles (Mu-
nich) looked at the possible links
between strings and conventional
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physics.

Summarizing, H. Fritzsch (Mu-
nich) singled out the question of
particle masses in the standard
model, claiming the potential for
answering this problem to be a
good measure of theoretical phy-
sics progress.

(The Workshop organizing com-
mittee consisted of J. Bartels of
Hamburg, W. Buchmueller of Han-
nover, J. Koerner of Mainz, R.
Rueckl of DESY, B. Stech of Heidel-
berg, and P. Zerwas of Aachen as
chairman.)

From R. Rueckl

The 1988 Enrico Fermi Award of the US De-
partment of Energy goes to Richard B. Set-
low of Brookhaven (left) and Viktor Weiss-

~ kopf (right).

People and
things

Fermi Award

The 1988 Enrico Fermi Award, the
highest scientific award of the US
Department of Energy, goes to Vik-
tor Weisskopf, doyen of the parti-
cle physics community, and to Ri-
chard B. Setlaw, a biophysicist at
Brookhaven.

The career of Weisskopf, who
celebrated his 80th birthday last
year (December 1988, page 32),
spans the entire history of particle
physics, beginning in the golden
age of quantum mechanics in Eu-
rope in the 1920s. He was Director
General of CERN from 196 1-5, has
been very influential in the develop-
ment of modern US particle phy-
sics policy, and has remained a
steadfast proponent of inter-
national collaboration.

Richard Setlow is honoured ‘for
his pioneering and far-reaching
contributions to the fields of radi-
ation biophysics and molecular bi-
ology, beginning with the discovery
and conceptualization of the pro-
cesses of DNA repair that have had
an impact on research in genetics,
recombination, mutation and car-
cinogenesis’.
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ACCELERATOR SCIENTISTS AND ENGINEERS

Argonne National Laboratory will be entering the construction phase of its 7-GeV Advanced Photon Source (APS) Project. The
APS is a state-of-the-art synchrotron x-ray source optimized to produce insertion-device radiation. APS accelerator facilities
comprise a 7-GeV low-emittance positron storage ring 1100 m in circumference, a 7-GeV synchrotron, a 450-MeV positron
accumulator ring, a 450-MeV positron linac, and a 200-MeV electron linac. The challenges of building the facility offer great
potential for professional growth for scientists and engineers in the following areas:

ACCELERATOR SCIENTISTS

Several positions at various appointment levels are available for candidate with experience and interest in accelerator design,
including computer simulation of beam dynamics, calculation of coupling impedance and collective effects, particle tracking
simulation, lattice design, vacuum and surface physics, beam diagnostics, and magnetics and magnet design. Appointment
level will depend on the candidate’s experience. Entry-level or postdoctoral positions will be available.

ELECTRICAL ENGINEERS

Two senior positions are available, requiring an advanced engineering degree and at least ten years’ experience in design and
construction of large particle accelerators. Work experience in accelerator-type magnets and/or power supplies is highly
desirable. We also have several positions requiring BSEE and a minimum of five years’ experience in the following areas:
@ Design and power electronics ® Multi-kilowatt power supplies ® Low-level fast electronics @ Beam diagnostics.

MECHANICAL ENGINEERS

A senior-level position is available, requiring an advanced ME degree at least ten years’ experience in mechanical engineering
aspects, such as ultra-high vacuum and structural design, of the design and construction of large particle accelerators. We
also have several openings requiring a BSME and a minimum of five years” experience in the following areas:

® Survey and alignment techniques ® Ultra-high vacuum systems ® Mechanical design of magnets ® Shop fabrication
practices.

You will receive a competitive salary and a superior benefits package which includes medical/dental insurance, 9% contri-
bution to your retirement annuity, 24 days paid vacation, and 10 paid holidays each year. Please forward your resume in
confidence to: R.A. JOHNS, Appointment Officer ’

Box J-APS-88, Employment and Placement

ARGONNE NATIONAL LABORATORY

9700 South Cass Avenue

USA - ARGONNE IL 60439

Argonne is an equal opportunity/affirmative action employer.
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i UNIVERSITY OF SOUTH CAROLINA
n the .

Max-Planck-Institut
fir Physik und Astrophysik
Munich

Faculty Positions in
HIGH ENERGY PHYSICS

The Department of Physics at the University of

a group is pursuing the development of cryogenic
detectors for low energy neutrinos and dark matter
and is searching for an

Experimental Physicist
(Ph. D.)
to take a leading role in the group.
Experience in low temperature physics and/or par-
ticle and nuclear physics is requested. Depending
on qualification, permanent appointment on a se-

nior level is anticipated.

Applications (including curriculum vitae, list of pu-

South Carolina invites applications for two tenure-
track positions in the area of experimental high
energy physics. The positions are at the assistant
professor level although appointment at a higher
level may be considered for an exceptionally quali-
fied candidate. The South Carolina high energy
group currently pursues et e collider physics at
KEK's TRISTAN ring using the AMY detector and an
experiment on charmless two-body B’ decays at
Fermilab. The ongoing programs would welcome
new members, but candidates with other research
interests will also be considered. Applicants should
submit a curriculum vitae and publications list, a
statement of research interests, and the names of
professional references to

Prof. Frank T. Avignone, IlI,

blications, and names of two referees) should be Chairman, ]
sent as soon as possible to: Department of Physics and
Astronomy

Prof. N. Schmitz
Max-Planck-Institut

fir Physik und Astrophysik
Fiihringer Ring 6

D-8000 Miinchen 40,

Fed. Rep. of Germany

University of South Carolina
Columbia, SC 29208

The University of South Carolina is an Affirmative
Action / Equal Opportunity employer and solicits
applications especially from qualified women and
minorities.
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Waxahachie walkabout

On a recent North American trip, CERN’s
E.J.N. ('Ted’) Wilson took his camera to
Waxahachie, Texas, preferred site for the
proposed 84-kilometre US Superconducting
Supercollider ring to collide 20,000 GeV
proton beams.

ESTATE C0
AHACHE
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Directors old and new at the Joint Institute
for Nuclear Research, Dubna, near Moscow.
Left to right, new Vice-Director Alexei Sissa-
kian (USSR), former Director and now Hono-
rary Director N.N. Bogolubov, new Director
Dezso Kiss (Hungary) and new Vice-Director
Ditmar Ebert (East Germany).

Dubna Directorate changes

Following the recent senior staff re-
shuffle at the Joint Institute for Nu-
clear Research (JINR), Dubna, near
Moscow (January/February, page
29), the Committee of Plenipoten-
tiaries of the JINR Member States
at its January meeting elected a
new Directorate.

Academician Dezso Kiss (Hunga-
'y) was elected JINR Director for
three years from 1 March, with Al-
exei Sissakian (USSR) and Ditmar
Ebert (East Germany) as Vice-Direc-
tors for three years from 1 April.

Former Director N.N. Bogolubov
was named Honorary Director in
recognition of his outstanding role
in the development of the Institute,
which has eleven Member States.

On people

Francis Cole, well known in the ac-
celerator field and who has played
a major role in Fermilab documen-
tation, has left Fermilab to work on
the Loma Linda University Medical
Center proton therapy accelerator.
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W.P.Swanson 1931-1988

William P. Swanson of Berkeley's
Occupational Health Division died in
December. After twenty years as a
particle physicist, he turned his at-
tention to radiation physics and ra-
diological protection. His work at
Stanford and Berkeley created a
wealth of expertise on the radiation
environments of large accelerators,
and he was the author of the defin-
itive work ‘Radiological Aspects of
the Operation of Electron Linear
Accelerators’.

Meetings

The new Summer Nuclear Institute
at the Canadian TRIUMF Laboratory
aims to provide short nuclear phy-
sics courses at the first or second
year graduate level. This year’s In-
stitute will be held from 31 July —
11 August with core courses cov-
ering multiple scattering and the
optical potential, hypernuclear phy-
sics, relativistic nuclear physics,
and hadronic symmetries. Short
seminars will cover other topics.
Further information from Byron
Jennings, TRIUMF, 4004 Wes-
brook Mall, Vancouver BC, Canada
V6T 2A3.

Instrumentation
technology

The European Committee for
Future Accelerators (ECFA) is
organizing a study week on
the new instrumentation tech-
nology needed to exploit the
high luminosity hadron collid-
ers — such as the LHC hadron
collider in the 27 kilometre
LEP ring at CERN — now being
proposed for the next genera-
tion of particle physics re-
search. The meeting will be
held from 14-21 September
in Barcelona, Spain.

For the LHC machine itself,
R and D partnerships between
CERN and European industry
are already underway, and the
physics community is now
eager to stimulate industrial
interest in the technology for
big new detectors, with pos-
sibilities for significant spin-
off.

Key technical areas to be
covered at the meeting in-
clude semiconductor technol-
ogy, optical fibres, optoelec-
tronics, fast electronics, and
computing.

Further information from
Oscar Barbalat, Industry and
Technology Liaison Office,
CERN, 1211 Geneva 23,
Switzerland, or Markus Nord-
berg, University of Helsinki,
Otaniemi Science Park,
02150 Espoo, Finland.
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The 12th International IUPAP Con-
ference on Few Body Problems in
Physics will be held in Vancouver,
Canada, from 2-8 July. Topics will
cover nuclear, medium energy, par-
ticle and atomic physics. Further in-
formation from Terry Murphy (local
arrangements, bitnet fewbody at
triumfcl) or Harold W. Fearing (con-
ference organizer, bitnet fearing at
triumfcl), TRIUMF, 4004 Wesbrook
Mall, Vancouver, British Columbia,
Canada V6T 2A3.

20 years of the Triangle Seminar

Last year saw the 20th anniversary
of the 'Triangle Seminar’, founded
by H. Pietschmann of Vienna to sti-
mulate particle physics contact be-
tween the universities of Vienna,
Budapest and Bratislava, building
on a previous tradition of joint
Vienna/Bratislava seminars. From
its modest beginnings, it has be-
come an important east-west
bridge, attracting physicists also
from Prague, Trieste, Crakow and
Zagreb.

H. Pietschmann (left) and W. Thirring (right)
of Vienna celebrate the 20th anniversary of
the Vienna/Budapest/Bratislava ‘Triangle
Seminar” with organizer R.A. Bertimann.

(Photo Renate Bertlmann)
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ACCU-rate

Following the recommendations
of the CERN Review Committee
under Anatole Abragam, the role
of the Advisory Committee of
CERN Users (ACCU), established
in 1978, has been redefined,
making it more representative
and improving its efficiency as a
mutual consultation channel be-
tween CERN and its user com-
munities.

ACCU's task is to advise
CERN on the practical measures
and administrative arrangements
needed to complement the re-
search facilities, in particular as
regards working conditions and
technical support for outside re-
searchers working at CERN.
Each Member State is repre-
sented by one or two users re-
cognized by their appropriate
scientific organizations. In addi-
tion, there are two representa-
tives each. for users from out-
side the Member States (a
growing community at CERN)
and for CERN research staff.
While contacts between estab-

lished users and CERN are being
strengthened in the respective
countries, individual users (par-
ticularly those from outside the
Member States) are encouraged
to channel their requirements
through their ACCU representa-
tive(s):

Austria — W. Bartl,;
Belgium — C. Bricman,
Denmark — P. Hansen;
France — A. Roussarie, G. Sau-
vage; 4
Germany — M. Holder, H. Sie-
bert;
Greece — G. Theodosiou;
Italy — G. Conforto, P. Laurelli;
Netherlands — D. Toet,
Norway — E. Lillestol (Chair-
man),
Portugal — P. Bordalo;
Spain — J. Hernandez;
Sweden — P.O. Hulth;
Switzerland — J. Schacher;
United Kingdom —
P. Booth, P. Norton;
Non-Member States —
|. Galaktionov, S.L. Wu;,
CERN — C. Fabjan, P. Jenni.
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/Staff Scientists

The Advanced Light Source (ALS), a new facility based
on a third-generation electron storage ring, is currently
under construction at the Lawrence Berkeley
Laboratory. The technical components of the source
comprise a50 MeV linac, a 1.5 GeV booster synchrotron
and an electron storage ring optimized for operation
at 1.5 GeV, but capable of operation between 1.0 and
1.9 GeV. Machine commissioning will start with the
injection system (linac and booster) early in 1990.

The Exploratory Studies GrouE has two job openings
for staff scientists to work on high-level applications
programming for the commissioning and operational
phases of the project beginning October, 1989. The
incumbents will be responsible for the development
of algorithms to control the behavior of the beam in
the accelerators, to interpret the data gathered by the
diagnostic system, and to develop fault-finding proce-
dures in the event of abnormal conditions. It is planned
that the incumbents move into positions within the
accelerator operations group of the ALS.

The successful candidates will have demonstrated
experience in computer control applications and a
working knowledge of both FORTRAN and PASCAL.
(Experience with Modula-2 and C would also be
desirable). A basic knowledge of accelerator physics
and some experience in an accelerator based laborator
are required. A Ph.D. in Physics or closely related fiel(}/
is preferred.

To apply, send two copies of resume to: Lawrence

Berkeley Laboratory, Employment Office, 90-1042, #1
Cyclotron Road, Berkeley, CA 94710. Refer to JOB #
A/5076. An equal opportunity employer M/F/H.

LAWRENCE
BERKELEY
LABORATORY

BROOKHAVEN NATIONAL LABORATORY

Senior
Mechanical Engineer

Brookhaven National Laboratory, one of the nation’s leading
R&D facilities, has a challenging opportunity within our
Accelerator Development Department’s Relativistic Heavy lon
Collider design team. We require a minimum of a MS degree
and 10 years' experience, with a background in at least one
of the following: ultrahigh vacuum systems, magnet design,
fusion devices or cryogenic engineering. Experience with the
mechanical construction of particle accelerators is desirable.

Brookhaven offers a superior working environment on a
campus-like site on eastern Long Island, New York. We offer
an excellent benefits package, including 24 days annual vaca-
tion, comprehensive medical, dental and retirement plans
and relocation allowances. If you would like to explore this
opportunity, please forward your resume, responding to ad
#RHIC, including salary history and requirements, to: Nancy
L. Sobrito, Brookhaven National Laboratory, Associated
Universities, Inc., Personnel, Bldg. 185, Upton, NY 11973.
An Equal Opportunity Employer.

1) 1) ] BROOKHAVEN
(1 U 1 VATIONAL LABORATORY

ASSOCIATED UNIVERSITIES INC.

DEPUTY GROUP
LEADER

Los Alamos National Laboratory is
continually strengthening its interna-
tionally renowned position as a pio-
neering research center. Situated in
the unspoiled scenic beauty of north-
ern New Mexico, our 43 square mile
location comprises an ideal R&D
environment. With a future that's as
wide open as our skies, we can offer
you a highly challenging career
opportunity along with a superlative
lifestyle.

In this position, you will provide
leadership for the Accelerator Theory
and Simulation Group,as well as
assist in the development and exer-
cise of capabilities of Group to provide
expertise in analytic and numerical
solution of problems related to tradi-
tional linear and circular accelerator
performance, including accelerator
design and nonlinear instability analy-
sis. Develop expertise in advanced
acceleration techniques. Assist in
preparation of proposals for advanced
accelerator R&D. Assume duties of
group leader in his absence. Assist in
evaluation of performance of staff.

Demonstrated ability to lead technical
staff in development, simulation and
analysis of traditional linear and
circular accelerator theory required.
Extensive working knowledge of
accelerator theory and practice
essential as is effective oral/written
communication skills as evidenced by
technical presentations, substantial
record of publication in technical
journals and other accelerator litera-
ture. Permanent resident alien or U.S.
citizenship required. A PhD in Physics
or closely related discipline required.

Interested candidates should forward
a resume and salary history to: Shelly
Melton (MS P280), Personnel Ser-
vices Division 80896-1, Los Alamos
National Laboratory, Los Alamos, NM
87545.

Affirmative Action/Equal Opportunity
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University of California
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SCINTILLATING FIBRES?

XP4702 reads them out 64 at a time! ¢ 40 MA/W at 400 nm

. _ .
First of a new family, the XP4702 extends © 10> at 1400 V

. . t, 4.8 ns at 1400 V
PMT talents into the realm of spatial as well output segmented last dynode, 8x8 matrix of 64

as time resolution. Combined in a single independent 2.54 mm x 2.54 mm elements
- . crosstalk <<5% (scanned by 50 um light spot)

envelope, 64 ten-stage multipliers with
long-life CuBe dynodes produce an 8x8 XP4702 opens new opportunities in fibre
mosaic of discrete pixels. With uniform readout, hodoscopy, calorimetry and
channel-to-channel gain and transit-time. coarse imaging. Reference: NIM A269
The common anode supplies an (1988) 246-260.
additional Signal that can be Used Fibres courtesy of Optectron, France.

. . . . For more information contact: Philips Components,
foramplitude analysis or triggering.

Building BAF2, 5600 MD Eindhoven, The Netherlands.
Telex 35000 phtcnl/nl jeveo.
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