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Major new titles in physics
from Harwood Academic

“An indispensable
reference for researchers
in particle physics”
—Physics Today

M Particle Physics and
Infroduction to Field

Theory

Revised and updaied

by 1.D. Lee, Columbia
University, USA

Volume 1in the Contemporary
Concepis in Physics saries

“This volume will serve superbly as a
comprehensive course in elementary
particle thecry at the advanced
graduate school level..The puges are
filled with his unique insights,
pedogogical clarity and thoroughness.,
The book is a treasure.”

—Nature

“Professor Lee Is one of a handful of
physicists whose discoveries, notably
parity violation, will endure. A major
work by such a man merits the aftention
of any serious student on the subject
and should be available in every
physics library.”

—The Times Higher Education
Supplement

This updated first edition incorporates
all the important discoveries made in
particle physics since 1981; these include
the newly discovered W and Z particles,
as well as the progress made in heavy
quark systems. The chapter on Outiook
for the future has also been rewrltten.

Partial Contents

The Spin-O Field « The Spin-1/2 Field »
The Feynman Diagrams « Quantum
Electrodynamics « Solutions e Particle
Physics: Order-of-Magnitude Estimations
» SU3 Symmetry » Time Reversal « Weak
and Electromagnetic Gauge Theory o
Quark-Parton Model and High-Energy
Processes » Chiral Symmetry « Outlock
1987 BAS pp.
hardcover 3-7186-0032-3 $75.00

softcover 3-7186-0033-1 $22.00
A Harwood bock

Publishers

“A classic inits
field...”

B Nonlinear

Physics: From the
Pendulum to

Turbulence and
Chaos

by R.Z. Sagdeeyv,

D.A. Usikov and

G.M. Zaslavsky

Space Research Institute,
USSR Academy of
Sciences, Moscow

Translated from the Russian by
Igor R. Sagdeev

Solid State Physics Institute,
Moscow

Volume 4 in the Contemporary
Concepts in Physics series

"The nonlinear dynamics
community would find this work
extremely valuable if not
indispensible...it is destined to
become a classic in the field.”

—Roderick Jensen, Mason
Laboratory, Yale University

This unique book gathers
together the basic ldeas of
nonlinear theory essential for qll
branches of physics, iIncluding
rmechanics of continuous media,
optics. radiophysics, solid state
physics, as well as plasma physics.
Clear and concise, It covers all
aspects of the field with

~unmatched thoroughness, and is
addressed to physicists at all
levels, from undergraduate
students upwards. It is hoped that
the book’s breadth of coverage
and fimeliness wil make it the
definitive textbook for all those
who need a comprehensive view
of nonlinear physics.

The book includes color photos,

and 2 sets of user-inferactive
software that show the evolution
of dynamic processes for several

complex mappings chosen for
their physical phenomena.

The first package is designed
for teachers and students, and
comprises six 5 1/4 inch double
sided/double density IBM XT, AT
compatible diskettes.

The second package, intended
for advanced research workers,
comprises one diskette on which is
recorded an "ATRS’ program.

Partial Contents

The Elements of Dynamics
Approximate Methods « Special
Methods ¢ Chaosin Detall «
Elements of Kinetics « Fractal
Properties of Chaos « Nenlinear
Stationary Waves « Hamiltenian
Description of Waves « Chaos in
Wave Fields » Exactly Integrable
Wave Equations « Motion of
Particles in Wave Fields e Billiards e
Nonlinear Optics « Structural
Properties of One-Dimensional
Chains « Perturbations in Kepler's
Problem ¢ Numertical Simulation

1988 456 pp. ApProX.

hardcover 3-7186-4828-8 $98.00 (tent.)
softcover 3-7 186-4829-6 $39.00 (tent.)
Student/Teacher Diskettes 3-7186-4830-X
Research Diskette 3-7186-4831-8
Complete set 3-7186-4832-6

Prices for sofhware not yet set

A Harwood set

e etk —
: 2 Enter my order for

I O Particle Physics and
Introduction to Field Theory,

| Revised and updated edition
i 0 hardeover $75.00Q softcover $22.00

: 3 Send me more information on
i Nonlinear Physics

: Payment
I {1 check d money order O Visa
I Q MasterCard QO Ametican Express

: Accountno. ........... .. .
| Expirydate . ...
FSignature. ...

FCOUNTY .o
Il Postalcode. ...,
1 Return to: STBS,

| P.O. Box 197, London WCZE 9PX, UK
or P.O. Box 786 Cooper Station,
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SF6é HIGH VOLTAGE D.C. GENERATOR"

PERFORMANCE REQUIRED-OBTAINED
1 - Voltage regulation mode

a) Adjustment of output voltage
continuous from 0,2 to 160 kV
— from less than 0,1 to 180 KV
accuracy better than + 100 V
- better than = 50 V

b) Response time constant
less than 50 ms for a step
of +16 kV (10%)
— less than 15 ms

¢) Line regulation
better than = 2x10™ for a
+ 10% variation of mains voltage
— better than + 1x10™

d) Voltage ripple less than
100 V peak-to-peak at 50% load
— less than 80 V peak-to-peak-

e) Temperature coefficient
g o .- less than 1x107%/°C

1 PASSONE-: VILLA ' — less than 1x10°%/C
j o mz.uo-iﬁfia

8 - Current regulation mode

a) Continuous adjustment of output

current, in three ranges:

1 - 0to 0,2 mA, accuracy + 2 p.A
- less than + 1.5 nA

2 - 0 to 2 mA, aceuracy + 5 pA
- less than £ 3 pA

3 -0 to 15 mA, accuracy + 50 pA
- less than + 20 pA

d) Current stability
Drift less than + 1x10® after 8 h
from 10% to 100% of nominal current
— less than + 0,5x10°

* 39 UNITS ORDERED BY CERN FOR LEP EXPERIMENT

PASSONI VILLA

IMPULSE GENERATORS e D.C. STATIC GENERATORS
TEST TRANSFORMERS e RESONANT TEST SYSTEMS
STANDARD CAPACITORS e DIVIDERS, SHUNTS AND MEASURING EQUIPMENT
BUSHINGS UP TO 1200 kV e CAPACITIVE VOLTAGE TRANSFORMERS
POWER FACTOR CAPACITORS e GRADING CAPACITORS
CAPACITORS FOR SPECIAL APPLICATIONS

PASSONI & VILLA
EXPERTS IN HIGH VOLTAGE

V.le Suzzani, 289 - 20182 Milanc (Italy)
Tel (02) 6421451 (r.a.) - 6473821 (r.a.)
Telex 330420 PASVIL T - Telefax (02) 6423488 - Telegr. PASVILLA MILANG



Physics in the fast lane

Richard Phillips Feynman 1918-1988

"What | am really trying to do is to
bring birth and clarity, which is re-
ally a half-assedly thought-out pic-
torial semi-vision kind of thing.
OK?' Thus Richard Feynman once
described his own genius.

A man who changed the way we
see the world, his characteristic ir-
reverence both for authority and
for dogma made him always seek
his own solutions to problems. No-
where was this to become more
evident than in his last major role,
serving on the US Presidential
Commission to investigate the
1986 Challenger disaster, where
his famous ice-water experiment
on the behaviour of the rubber
seals dramatically demonstrated
the inadequacies of technology
worth millions of dollars.

His unorthodox brilliance rapidly
led to graduate studies at Princeton
with J.A. Wheeler. While working
on his first assigned problems, he
also grappled with the difficulties
plaguing the ugly contemporary
formulation of quantum electrody-
namics. A PhD thesis on the classi-
cal problems of the interaction of
radiation ensued, and in 1940 at
Princeton, he was called to present
his work to an audience of ‘'mons-
ter minds’ including Einstein, Pauli,
Von Neumann and Wigner, among
others. The immature Feynman
tacked the confidence to be irrever-
ent.

His work on the quantum formu-
lation of the radiation problem was
interrupted by a call to join the Los
Alamos team, where he became a
group leader in Hans Bethe's Theo-
ry Division, working on a variety of
problems. Here his characteristic ir-
reverence bloomed, with Bethe and
Bohr being deemed ‘crazy’. How-
ever Feynman openly acknowl-
edged his own volatility, express-
ing admiration for Bethe's disci-
plined thinking.
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Turning down offers from sev-
eral other universities, he followed
Bethe to Cornell after the war. The
death of his wife and his father ini-
tially stemmed the flow of ideas,
although Bethe remarked at the
time 'Feynman depressed is a little
more cheerful than any other per-
son when exuberant’.

The famous series of confer-
ences at Shelter Island, Pocono
and Oldstone helped provide the
necessary stimulation during the
years 1947-49, and in 1949 his
classic papers provided a fresh
new template for quantum electro-
dynamics, now one of the most
precise theories ever formulated.
Feynman diagrams - his typical
way of visualizing the intricate me-
chanisms of sub-atomic physics —
were born. For this work he re-
ceived the Nobel Physics Prize,
with Julian Schwinger and Sin-itiro

{Photo Cormnell}

Tomonaga, in 1965. As Schwinger
remarked later, ‘just like today’'s
silicon chip, Feynman diagrams
brought calculations to the
masses’.

Twenty years after his landmark
contributions to quantum electro-
dynamics, his ideas on 'partons’
helped form our present picture of
the deep interior of protons and
neutrons.

His Caltech lectures were an in-
spiration to students, and in book
form 'The Feynman Lectures on
Physics’ stimulated many genera-
tions of physicists. His anecdotal
autobiography "Surely You're Jok-
ing, Mr. Feynman,” was a best sell-
er when it appeared in the US in
1985.

His ideas remain as a monument
to one of the world’s greatest intel-
lects, but the physics stage is
poorer without his flamboyance.



La chaine SERAPID:
une technlque tres évoluée

Transferts et positionnements
précis de charges de quelques
kilos a 150 tonnes

AVANTAGES SPECIAUX

P Puissance d’un vérin

¥ Souplesse d’'une chaine

P Encombrement trés réduit

¥ Fonctionnement progressif
et précis f

P Déplacement de grande
envergure

¥ Entretien negllgeable

¥ Economie

Exemple d'une réalisation SERAPID pour le LEP du
CERN

Le Crayfish {Ecrevisse) en train de déplacer sur rails une des
744 unités de sections droites composée ici d'un sextupdle (3
I"avant-plan).

Zone industrielle B.P. 15
Route de Dieppe

76660 LONDINIERES (France)
Tél.: 35938282

Télex: 770672

Téléfax: 3594 1093

Demande d'informations
0 Pniére de m'envoyer votre documentation comrplote
ZPnere de m'envayer votre document sur les SUB D

mixtes: Contacts Contacts décolletés :
on (usqua2800V),  souder, gue, coudés
confacts grands ¢ 5 et poux W Vrap}, Doraqe

(jusqu'a 40 A), contacts min. 0,5 g Au.

" COMPONAIA

HOCHBORDSTR 9, CH-8600 DUBENDORF, TELEFON 01-821 37 37, TELEX 828 484, FAX 01-821 33 50 |
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Particle detection
at the end of the earth

Setting up for science at the South Pole.

{Fhotos J.C. Perret)

During the Antarctic summer, a
team of five, led by Martin Pomer-
antz and Alan Watson, has been
installing an array of particle detec-
tors at the Amundsen-Scott base
at the South Pole. These form the
South Polar Air Shower Experiment
{SPASE), a joint project between
the Bartol Research Institute, Dela-
ware, US and Leeds University, UK.

The experiment will monitor ex-
tensive air showers from ultra high
energy (100TeV} gamma rays for
information on sources of such
gamma-rays in the southern sky.
Of particular interest are the super-
nova SN1987a and the X-ray binar-
ies Vela X-1, LMC X-4 and SMC
X-1.

Because the experiment is on
the earth’s rotational axis, candi-
date source objects which are
above the horizon can be seen at
the same zenith angle 24 hours per
day, particularly suitable for
studying transient emission. Addi-
tionally, the high altitude (2400m)
means that the particle cascade in
the atmosphere is closer to its
maximum than is the case at sea-
level.

The apparatus consists of 16
plastic scintillator detectors, each
of one square metre, arranged on a
grid with a spacing of 30m. Fast
timing between the signals from
different detectors determines the
arrival direction of the shower to
within one degree.

When the team arrived at the
Pole in November 1987, the tem-
perature was -45C, rising to a
sweltering -20C at the height of the

Antarctic summer] Installation
went according to plan and the ar-
ray recorded its first events on 22
December. It will be maintained
through the forthcoming Antarctic
winter by hardy Leeds postgrad-
uate student Nigel Smith, enduring
temperatures down to -80C.
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Apart from one mid-winter mail
drop, communication is restricted
to a link through NASA's SPAN
computer network. Some sample
data will be sent out over this link
throughout the wirter. The com-
plete dataset from the first six
weeks of exposure has been

brought back on tape and is cur-
rently being analysed. No further
tapes can be returned to the colla-
borating institutes until the first
plane after the Antarctic winter in
November 1988.

From John McMillan
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Recreating the aftermath of the Big Bang

A few microseconds after the Big
Bang, the Universe was most likely
a fiery soup of quarks and gluons —
the quark-gluon plasma, or 'quag-
ma’ — with the gluons carrying the
inter-quark ‘colour’ force. As this
cooled, quarks froze into 'colour-
less’ bricks of nuclear matter —
protons, neutrons and other
strongly interacting particles — and
have remained this way ever since.

However in the past few years,
Brookhaven and CERN began sup-
plying experiments with high ener-
gy beams of heavy nuclei. When
such heavy projectiles slam into
nuclear targets, the component
quarks might be squeezed together
and heated, breaking loase and re-
creating, fleetingly, something ap-
proaching guark-gluon plasma.

Results from these experiments
were reviewed last year at the
Quark Matter Conference at
Schloss Nordkirchen, near Dort-
mund, West Germany (see No-
vember 1987 issue, page 5), but
since then progress has been
made, particularly at CERN, in
ongoing analysis and where experi-
ments have also profited from a
run with sulphur 32 ions at 200
GeV per nucleon, supplying a re-
cord beam energy of 6400 GeV
{see December 1987 issue, page
13).

From 8-12 February, an Inter-
national Conference on Physics and
Astrophysics of Quark-Gluon Plas-
ma at the Tata Institute of Funda-
mental Research, Bombay, India,
took another look at the results
from these experiments, hoping in
particular that the increased energy
densities from the sulphur run
would have improved the chances
of seeing quark-gluon plasma ef-
fects.

Although recreating conditions
similar to those of the dawn of the
Universe, microscopic amounts of

CERN Courier, April 1988

4 Fxperiments at CERN with high energy
beams of heavy ions are playing a leading
role in the search for new kinds of matter.

¥ The sodium iodide array backed by uran-
ium calorimetry of Experiment 814 at the
Brookhaven Alternating Gradient Synchro-
tron should provide interesting informa-
tion about what happens to projectiie
nuclei after nuclear collisions, comple-
menting what is learnt from other experi-
ments about the target nuclei.
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M.G. K. Menon, Scientific Adviser to the In-
dian Prime Minister, inaugurates the Inter-
national Conference on Physics and Astro-
physics of Quark-Gluon Plasma at the Tata
institute for Fundamental Research, Bombay.
Seated, left to right, are Conference Conve-
nor Bikash Sinha, Organizing Committee
Chairman B.V. Sreekantan, Tata Institute Di-
rector Virendra Singh and Organizing Com-
mittee Secretary Santanu Pal.

guark-gluon plasma do not jump
out at the eagerly waiting experi-
menters. Instead, the signals are
subtle, requiring careful interpreta-
tion.

Summarizing the experimental
situation, Hans Gutbrod (GS| Darm-
stadt and CERN) sketched how the
Brookhaven and CERN experiments
had taken over where earlier
studies at the Berkeley Bevalac had
stopped, and gave a foretaste of
the findings to be covered in detail
in later sessions.

E.V. Shuryak of Novosibirsk re-
called that only ten years had
passed since physicists had first
imagined the existence of a quark-
gluon plasma, and paid tribute to
the experimentalists and accelera-
tor specialists who had been able
to respond so quickly, creating a
lively community of some 400 phy-
sicists.

At the outset, the experimental
pregramme had been haunted by
the uncertainty of the nuclear stop-
ping power at these unexplored
higher energies. Would a high ener-

CERN Courier, April 1988

gy beam lose a lot of its energy in
the target, or would most of it
shine through unperturbed? Shu-
ryak and subsequent speakers av-
erred that the stopping power was
good, supplying enough concentra-
tion of energy to make interesting
physics.

Shuryak drew attention to the
change of slope seen in the low
transverse momentum spectrum of
the NA3b streamer chamber ex-
periment at CERN, an effect also
singled out by conference summar-
izer Leon Van Hove of CERN, point-
ing out that nothing of the kind is
seen with proton beams.

Helmut Satz of Bielefeld and
Brookhaven described how quarks
can hreak loose in dense matter,
drawing an analogy with electro-
magnetic screening effects, and in-
dicated how computations, using
an imaginary lattice 1o overcome
calculational problems, had given

Hans Gutbrod of GSf Darmstadt and CERN
gives an overview of the current experi-
ments using heavy ion beams.

insights into the temperature de-
pendence of inter-quark forces.

With the inter-quark forces look-
ing very different inside plasma,
light quark bound states break up,
while heavier quarks may still be
able to cling together for a while.

However even if plasma is
formed, it will exist only inside a
small region and for a brief interval,
so that escaping quarks can still
bind together according to the con-
ventional rules. Thus suppression,
rather than disappearance, of the
J/psi is the clue. Satz singled out
the suppression of the J/psi reson-
ance as the most reliable, but not
the only indicator of quark-gluon
plasma.

The NA38 experiment at CERN
benefits from high intensity beams
and collects a good sample of
J/psis. A. Romana (Ecole Polytech-
niquej presented the J/psi results
seen using oxygen ion beams on
both copper and uranium targets,
providing the first giimpse of the
long-awaited suppression, 'a beau-
tiful result” according to Van Hove.




Delegates at the Tata Institute meeting.

Comparison of the copper and
uranium results is interesting.
While a J/psi spectrum has been
compiled from the latest run with
sulphur jons, it was unfortunately
100 early for Romana to make any
comment abourt the increased J/psi
suppression expected.

P. Gorodetzky of Strasbourg
looked at NA38's muon pair spec-
tra away from the J/psi area, in-
cluding those from the recent run
with sulphur ions, as a probe of
pion and kaon production.

Ming Chu of MIT and J.P. Blaizot
of Saclay showed how to extract
quark-gluon parameters from the
NA38 J/psi signals. 5. Raha of Cal-
cutta’s Saha Institute played the
heretic’s role, pointing out more
mundane explanations. After all,
experiments using particle beams
on nuclear targets had found that
the distributions of quarks and
gluons in those heavy targets look
different to those of hydrogen or

Quark-gluon piasma specialist Helmut Satz
fleft) of Bielefeld and Brookhaven with Con-
ference Convenor Bikash Sinha of Calcutta’s
Variable Energy Cyclotron Centre.
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deuterium — the "EMC Effect’. Why
not a "Hot EMC Effect’? asked
Raha.

These difficulties were under-
lined by Frank Close of Tennessee
{"quagma or quagmire?’). Although
conceding that NA38 had some-
thing interesting, Close shied away
from any definitive conclusion.

Van Hove advocated a search
for alternative explanations ¢f mod-
ified J/psi signals, predicting a
flood of papers, with the exper-
imental conditions providing plenty
of room to manoeuvre. He also
called for careful comparison of the
effects observed with different
kinds of bearms.

The success of these higher en-
ergy studies has led to a push for
heavier nuclear projectiles at CERN,
while Brookhaven is gearing up for
a wider range of beams and is hop-
ing for the RHIC relativistic heavy
ion collider to bring a new look to
the mid 1990s. Helmut Haseroth of
CERN sketched the history of ion
beams at CERN and the accom-
plishments of the GSI Darm-
stadt/Berkeley/CERN collaboration
and outlined the options for the fu-
ture. Tom Ludlam described Brook-
haven’'s plans.

Much of the Bombay meeting
was given over to detailed reports
from the other major experiments
at CERN — the WAB8O ‘Plastic Ball’
{F. Plasil of Oak Ridge and H. Gut-
brod), the NA34 'Helios” group (D.
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Rahm of Brookhaven and I. Riccatti
of Turin), and the NA3b streamer
chamber {K. Pretzl and P. Seyboth
of Munich's Max Planck Institute).

Much progress has been made in
analysing the complex data gleaned
by these studies. Broadly, most of
what happens is seen as being due
to a sum of individual nucleon inter-
actions, but this is not the whole
picture. The effective interaction
volume for sulphur 32 is not simply
twice that of oxygen 16. As well
as the interesting bump in the
transverse momentum spectrum,
NA35 explores the conditions for
pions to interfere. The angular cov-
erage of the Plastic Ball means that
it is able to look closely at the pat-
tern of emerging transverse ener-
gy. finding that the struck nucleons
are ‘'wounded’, ‘blown to pieces’,
or even "tortured’, depending on
the emotions of the speaker.
WABO also finds an interesting
correlation in the angular distribu-
tion of transverse momentum,
while NA34 reports a for-
ward/backwards asymmetry in the
production of charged particles.

Leaving aside the small-scale
production of quark-gluon plasma
in the laboratory and turning to
astrophysics, Ed Farhi of MIT
pointed out that quark matter could
be hot enough to contain strange
quarks as well as the lighter var-
iants, and looked into its implica-
tions for the early Universe and for
neutron stars, while Charles Alcock
of Livermore took a close look at
how the quark-gluon plasma of the
early Universe could have frozen
{see page 25}

In its exotic setting, the Confer-
ence reflected both the vitality of a
new field of fundamental physics,
and the enthusiasm and ability of
Indian researchers to contribute.

Report by Gordon Fraser
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India calling

As well as highlighting the latest
physics results, the Internationat
Conference on Physics and
Astrophysics of Quark-Gluon
Plasma, held at the Tata Institite
for Fundamental Research, Bom-
bay, from 8-12 February, under-
lined India’s enthusiasm for in-
creased collaboration in inter-
national physics, building on a
long tradition of visual detector
studies and currently spear-
headed by a Tata Institute teamn
providing equipment for the big
L3 experiment being built at
CERN for the LEP electron-posi-
tron collider.

Inaugurating the conference,
M.G.K. Menon, scientific adviser
to the Indian Prime Minister and
a member of the national Plan-
ning Commission, pointed out
the relevance of physics with
heavy ion beams and of quark
matter studies for Indian physi-
cists, and stressed the need for
a policy of international colfabo-
ration at large accelerator
centres.

Tata Institute Director Viren-
dra Singh emphasized the impor-
tance of the field because of its
ties with so many branches of
physics - particle, nuclear, and
statistical studies as well as
astrophysics and other areas.
With the search for quark-gluon
plasma well poised, Conference
Crganizing Committee Chairman
B.V. Sreekantan recalled the
success of the physics confer-
ence organized by Homi Bhaba

in Bombay in 1950 — before big
international particle physics
meetings had a regular schedule,
but when the subject was ripe
for progress. With names like
Blackett, Wentzel, Leprince-Rin-
guet, Bernardini, Amaldi, Rosen-
feld, Mofler, Peieris, Perrin,
Feather, Fowler and Raman pre-
sent, this hope had been ful-
filled.

After declaring that in his
view signals of the quark-gluon
plasma were not far off and with
world interest mounting, Confer-
ence Convenor Bikash Sinha of
Calcutta’s Variable Energy Cy-
clotron Centre said that India is
‘keenly aware’ of these develop-
ments. 'It is time that we partici-
pate in a meaningful way in this
great adventure.’

Important theoretical work
has been carried out in India this
decade, he pointed out, backed
by a distinguished tradition in
experimental work. ‘It is time to
break new ground,” he affirmed,
with India taking & ‘quantum
leap” forward.

The message was also ham-
mered home throughout the
week of the conference, with
delegates from abroad having
the opportunity to inspect Indian
facilities to see the progress
which has been made. (In paral-
lel, Indian scientists working
abroad who wish to return home
are invited to contact P.K. Mal-
hotra at the Tata Institute, Bom-
bay.)
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Looking for the fifth force

A few years ago, physicists were
startled by news of tiny unex-
plained effects in gravitational
measurements, heralded by some
as the harbingers of an as yet un-
seen force in Nature {see April
1986 issue, page 9). This sparked
a wave of new measurements, and
part of the 1988 Moriond Work-
shop on New and Exotic Phenom-
ena held in Les Arcs, France, from
23-30 January highlighted pro-
gress.

In his fifth force summary at the
workshop Bill Fairbank Sr. {Stan-
ford) said 'if this turns out to be
true, it is the most important thing
now going on in physics’.

Presentations included status re-
ports on new experiments and un-
published results from ongoing
studies.

Paul Boynton {Washington) pre-
sented additional evidence for a
composition-dependent force,
while another Washington group,
led by Eric Adelberger, had new
negative results. These two experi-
ments are at different sites, the
first at the base of a large cliff, the
second near a smaller hill on cam-
pus.

Boynton's experiment looks at
the way the frequency of a torsion
pendulum changes with its orienta-
tion to the cliff. However the direc-
tional effect is not perpendicular to
the cliff, and so far this is not
understood.

The Adelberger apparatus is a
four-mass torsion balance which
rotates relative to the hill. Some
improvements to lessen the sensi-
tivity to ordinary gravity gradients
have been made, and tests were
also carried out using 970kg of
lead as the source. Both Washing-
ton groups plan further improve-
ments and tests, and the Adelberg-
er group is investigating the possi-
bility of moving to the cliff site of
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fRoom for a fifth force. Strength of an addi-
tional composition-dependent force (vertical
axis) plotted against the mixing angle relat-
ing the force charge to neutron and proton
numbers. The shaded region is where the
experiments are compatible, and the rectan-
gle is the prediction of the Peccei, Sola and
Woetterich model.
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the Boynton group’s tests, or pos-
sibly to the cliff site used by Peter
Thieberger {Brookhaven). Thieberg-
er, whose floating-ball apparatus
produced positive results a year
agao, presented new results using
the Brookhaven neutrino beam
dump as a source. This negative*
result rules out any force depend-
ent on nuclear composition with a
range of less than 200m.

A new floating ball apparatus
was described by Pier Giorgio Biz-
zeti (Florence}. He reported no evi-
dence for a composition-dependent
force after the first two weeks of
running, but emphasized that the
results were very preliminary and
that a number of checks remained
to be carried out.

Preliminary results were also re-
ported by Jim Faller from a new
floating Eotvos balance setup; the
results are not yet sufficiently pre-
cise to impose new constraints on

composition-dependent forces.

The Workshop heard and dis-
cussed at length the recently an-
nounced findings from the tower
experiment of Don Eckhardt which
finds deviations from Newtonian
gravity. Measurements in a 600m
television mast are compared with
the predictions of an extensive
ground survey of gravity extending
200km from the tower base. There
is a height-dependent effect of a
few parts in ten millien, and exten-
sive discussions did not uncover
any sources of systematic error
that Eckhardt hadn't already ac-
counted for.

New measurements will retest
the gravimeter's sensitivity. The re-
sults indicate an attractive force,
but it is difficult to account for the
detailed shape of Eckhardt’s data.
His best fit suggests a non-New-
tonian attraction together with a
smaller repulsion, with the former
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having already been hilled in the
press as the Sixth Force!

Jim Thomas (Caltech) reported
new underground gravity measure-
ments in Nevada, showing discre-
pancies similar to those originally
reported by Frank Stacey {Queens-
land}. However Thomas called for
caution because of the uncertain-
ties in determining the so-called
free-air gravity gradient.

Clive Speake presented the first
results from a new experiment with
a flexure-strip common balance. To
search for any composition-
dependent force, 2.3kg carbon and
lead test masses were weighed
near a 1000kg mass with the im-
pressive precision of 10ng. Small
incremental improvements will ena-
ble Speake to put limits on short-
range weak forces dependent on
nuclear composition.

In his introductory lecture Eph-
raim Fischbach (Purdue) noted that
more than 40 experiments are
looking for the Fifth Force. Many
are near to being commissioned
and taking data. The techniques in-
clude torsion balances, free-fall ex-
periments, pumped water experi-
ments, gravity wave antennae, ice
boreholes,..........

Particle physics experiments
were covered by Richard Hughes
(Los Alamos) and Sam Aronson
(Brookhaven). Two CERN experi-
ments, NA3 1 on neutral kaons and
the experiment at the LEAR low en-
ergy antiproton ring to lock for any
proton-antiproton mass difference,
will play important roles.

The connection with astrophysi-
cal observations {especially of
eclipsing binary star systems) was
described by Cliff Burgess (McGili)

and John Moffat {Toronto).

The conflicting experimental re-
sults did not deter theorists from
putting forward candidate models.
While it is too early to discriminate
between different experimental re-
sults and candidate theories, one
clear consensus emerged from Mo-
riond: the search for subtle new
forces is a significant and rapidly
growing field of research and will
continue to have an impact on phy-
sics regardless of the cutcome of
the present controversy. Thus the
fifth force is scheduled for more
discussion at next year’'s Moriond
Workshop on New and Exotic
Phenomena.

From Sam Aronson and Ephraim
Fischbach

Around the Laboratories

STANFORD
Mark-Il rolls in

After a three-month shutdown, the
commissioning of the Stanford Li-
near Collider {SLC) began anew in
mid-January. The machine had
been turned off in early October for
the 1800-ton Mark-Il detector to
be rolled into position at the ma-
chine’s interaction point.
Meanwhile, many improvements
were made to the SLC subsys-
tems. In particular, the magnets in
the two arcs bringing the electrons
and positrons round to the collision
point were adjusted to reduce the
sensitivity of both beams to optical
mismatches between successive
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elements (see October 1987 issue,
page 23).

During most of February, the
SL.C was routinely operated with all
three bunches {positrons, electrons
and electrons for positron produc-
tion) in the linac simultaneously.
Pulses of 2x10'C electrons and
1010 positrons have been delivered
to the arcs. Both beams have been
transported through the arcs to the
final focus, validating the improve-
ments made to the arc optics dur-
ing the shutdown. The electron
{but not the positron) beam has
been successfully transmitted
through the interaction point and
into its dump.

Emittance growth of the electron
beam has proved a knotty prob-
lem. Due to small misalignments

and subtle mismatches between
machine elements, the tightly
packed electron bunches spread:
out as they zoom down the linac
and through the arc. By the time
they reach the final focus, the emit-
tance has grown fourfold, and low
energy tails of the beam are scrap-
ing beam pipes and collimators.
Whenever this occurs, a spray of
muons hits the drift chamber and
calorimeters in the Mark-1l. These
and other backgrounds have been
limiting the currents delivered to
the final focus.

At the end of February, a new
record spot size was achieved at
the interaction point, 3 microns
wide by 5 microns high. With a
special low-intensity electron beam
in the final focus {1% of nominal),

CERN Courier, April 1988



[} High speed driving of differential
multidrop bus.

[ 1 Extreme package density.

1 High speed - t;=2ns-tf=2.5ns.

[ | Reliable hybrid circuit design.

] Proven performance in high speed
data collection systems at several
nuclear research laboratories.

1 Off-the-shelf delivery.

FOR MORE DETAILS, ASK FOR ENGINEERING BULLETIN 27-0027-73.
Your Contact in the US.A.; SPECTRUM CONTROL, INC.
2185 West Eighth Street, Erie, PA 16505 U.S.A.
\ Phone (814) 455-0966. TWX 510-699-6871. FAX: (814) 455-2550.
g ‘i In Europe: SPECTRUM CONTROL GmbH, a subsidiary of Spectrum Control, Inc.
' y Hansastrasse 6, D-8540 Schwabach, West Germany
SPECTRUM CONTROL GmbH Telefon (09122) 795-0. Telex 625008. Telefax (09122) 795-58

Another example for our efficiency

Cryogenic 3-way valves

FOR HIGH ENERGY PHYSICS & HEAVY tON PHYSICS

DATA NA14 CERN

isl Colloge, ) I
1OGOCHANNELS . /
108% READOUT

Y SR |
[ VERTEXDETECTOR A K i
i

EXPERIMENT PROVEN | e e e —,

MAINTENANCE FREE | i = -

TECHNOLOGY

Tatal Depletion with over 1

voltage operation. 1
\

High Reliabitity & High.
Stnp Yield.

Sulr micron position High
Resolution.

Unbeatable two track

operation. Lacge rumber
charge tracks pér evarnt.

CUSTOM AND STANDARD DESIGNS BOTH SINGLE . -
AND ¥ARIABLE PITCH SEVIGES. VYERTEX
SINGLE SIDED & DEVELOPMENT DOUSLE SIDED ‘JoeTECTOR
STAUCTURES. s
3

DO yOU have any Valve p!’obfej ns ? OPTIMUM SIGNAL TO HOISE WiTH MIRHKSING
MULTIPARTICLE SCATTERING.
CHOICE OF TGTALLY DEPLETER DEFEGTOR

We can manage |t THICKNESSES:~ 2Ky, 300k, 4501, 600

MICHOSTAIP DETECTORS FABRICATED FROM
inch .

Efficient and reliable, since special valves
are our speciality.

— — -

uﬂba l l i R
DATAMFEHM"-AB

| ] :

WIIBORANNEI. CAPACITANGE BIVSION

I_ IIICHKNSTRIP DETEGTOFIS ]
ARE SUPPLIEDTO

PHYSICISTS .

-“““f“
iE g
&
2
z

I

!

.. hasam t
Fonni Caric t

Alfred Battig AG
CH-8400 Winterthur/Switzerland

Phone: Telex: Telefax: M mwmm
052/2527 69 896 371 valvch  052/250224 el

Puonida 22750115 &
Tk 305-0 405 e AG117

Bt
Tl 033 755253 Tetsx. 6776906

CERN Courisr, April 1988 13




the Mark-Il detector high voltages
were turned on for the first time to
begin studying backgrounds.

After a short shutdown in early
March and installation of the re-
maining final focus collimators, the
SLC commissioning began again.
Emphasis is now upon further im-
provements to the final focus op-
tics and on minimizing emittance
growth in the linac and arcs to re-
duce the Mark-il backgrounds.
These upgrades should raise beam
intensities and allow data-taking to
begin. The present schedule calls
for electron-positron collisions in-
side the detector by Easter.

DESY
Crystal Ball sees light

Back in 1960 francis Low sug-
gested measuring the lifetime of
the neutral pion through its produc-
tion in high energy photon-photon
collisions.

Only recently have first results
on this interesting ‘inverse decay’
been reported from the DORIS el-
ectron-positron storage ring at the
DESY Laboratory in Hamburg by
the Crystal Ball team. About 1200
events were collected, running with
5 GeV beams. The neutral pion life-
time, now well known through oth-
er experiments, was confirmed.

The two "nearly real’ photons
producing the neutral pion come
from electrons and positrons suf-
fering very small deflections and
exiting through the beam pipe. The

The three units of the helium refrigeration
plant for the HERA elfectron-proton coilider
at the DESY Laboratory in Hamburg have
been successtuily put into operation. Under
a special agreement, contractor Sulzer has
taken over responsibility for the initial run-
ning of the complicated plant, the largest of
its type in Europe.

14

The Mark-il detector in position at the point
where electron and positron beams will col-
fide in the 5LC Stanford Linear Collider.

{Photo Joe Faust)
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precision two photon data are used
to identify the events, separate
them from background and finally
fix the partial width for neutral pion
decay as (7.7 £ 0.5 = 0.5) eV.

Crystal Ball is well suited for
measuring reactions where only
photons are detected. About 93 %
of the solid angle is covered by
812 sodium iodide crystal counters
providing an energy resolution of
2.7% at 1 GeV. Recently results on
final states containing four and six
photons have also been presented.

The four photon system, from
decays of two neutral pions or a
neutral pion and an eta, was also
carefully analysed. The two pion
channel shows a dominant peak for
the f2{1270). An enhancement at
the mass of the fp(975) is not sta-
tistically significant. {The mass of a
single neutral pion is obtained in
the Crystal Ball detector with an ac-
curacy of between 7 and 12 MeV,
depending on the particle’s mom-
entum.)

The mass spectrum of the two
pion system was measured for the
first time down to the threshold of
270 MeV. At such low energies
the identification of two charged
pions in photon-photon collisions is
very difficult and earlier data did
not provide conclusive results.

In the six photon system, events
due to three neutral pions show the
72({1680) peak for the first time in
photeon-photon collisions. The pro-
duction rate is about one-tenth of
that of the f2{1270}. The known
decay of the ny into an f»(1270)
and a neutral pion was also ob-
served, confirming the assignment
of the resonance.

Analysis is being continued fol-
lowing Crystal Ball's return to Stan-
ford last September. Its very suc-
cessful guest performance at DESY
lasted for about five years and was
mainly concentrated on beauty
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Phaton systems produced in photon-photon
collisions, as seen by the Crystal Bali detec-
tor at the DORIS electron-positron colfider.
The peak in the middie piot corresponds to
the f2(1270) resonance, that in the lower
plot to the nw2{ 1680} resonance.

quark physics. The detector was
run at DESY by a major collabora-
tion including institutions from the
US (SLAC, Caltech, Carnegie-Mel-
lon, Harvard, Princeton and Stan-
ford), Germany (DESY, Erlangen,
Hamburg and Wuerzburg), Italy
(Florence}, the Netherlands {Nijmeg-
en) and Poland {Cracow).

HERA Progress

The first two superconducting qua-
drupole magnets produced by in-
dustry for the HERA electron-pro-
ton collider being built at DESY
have arrived and are being tested.
One is from German manufacturer
Noell (Wuerzburg) and the other
from French company Alsthom
(Belfort). About half of the 246 su-
perconducting HERA quadrupoles
are a French contribution and will
be built in France. Design and tool-
ing for the industrial production of
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The first French-built superconducting qua-
drupole arrives for HERA. Half the 246 qua-
drupoles for the 6.3 km HERA ring are being
supplied by French industry.

all these magnets were done at Sa-
clay.

These quadrupoles are of the
‘hybrid” HERA type, with the coil
supported by metal collars. A me-
chanically-independent iron yoke
surrounds the coil and is also kept
at liquid helium temperature. This
"hybrid” design saves cooling pow-
er and has several other advan-
tages. It was developed at DESY
and is now widely used for super-
conducting dipoles and guadru-
poles.

Bsam profile of negatively charged gold ions
produced by a nevr ion source at the Japa-
nese KEK Laboratory.
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KEK
New ion source

An intense source of negatively
charged heavy ions has been de-
veloped at the Japanese KEK Na-
tional Laboratory for High Energy
Physics, having produced negative
ions of gold, copper and nickel
with beam currents of 10, 8.2 and
5.5 mA respectively, almost a
hundred times higher than currents
obtained with conventional sput-
tered sources of such ions.

The ion source development
group at KEK led by Yoshiharu Mori
has been pushing towards an in-
tense negative heavy ion source in
collaboration with Gerald D. Alton
from the US Oak Ridge Laboratory.
The source is similar to the nega-
tive hydrogen ion source currently
used to supply particles for the
KEK 12 GeV proton synchrotron,
using hydrogen atoms absorbed on
a negatively biased metal surface in
a hydrogen plasma discharge con-
fined by a cusp magnetic field. Put-

ting caesium in the plasma boosts
the negative ion intensity.

Reflecting its pedigree, the
source is called BLAKE (Berkeley —
Los Alamos — KEK}. To produce
heavy ions, the hydrogen plasma
was replaced with xenon, and an
appropriate metal surface was
used.

The KEK Laboratory has plans
for a new facility providing both
protons and heavy ions (see
July/August 1987 issue, page b).

60"

50 ‘I\

with cesium

relative intensity

Faraday cup position{mV}

Spectrum of the KEK negative gold ions,
showing how the addition of cassium to the
plasma dramatically boosts the yield.

JULICH
New ion beams

Thanks to its new ion source, the
large isochronous cyclotron JULIC
of the Institute for Nuclear Physics
at the Kernforschungsanlage Jilich
{KFA) now provides experiments
with a new range of beams.

JULIC was originally designed
for the acceleration of light ions up
to 45 MeV/A from an internal
source. Since 1969 it has delivered
these beams for more than 75000
hours for experiments mainly in nu-
clear physics, but also materials
and life sciences.
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Left to right, P. Wucherer, H. Beuscher,

J. Reich and W. Brautigam with the 14 GHz
electron cyclotron resonance ion saurce for
the cyclotron at the Kernforschungsanlage
(KFA) Jitich, Germany. With its increased
range of beams, the nearly 20-year-old cy-
clotron is serving additional nuclear physics
axperiments.

The acceleration of heavier ions
was not possible for a long time
because JULIC can only accelerate
ions with charge to mass ratios
larger than 1/3, but the develop-
ment of electron cyclotron reson-
ance (ECR) sources towards the
end of the seventies opened new
possibilities. The ISIS (injektion
schwerer lonen nach EZR-Strip-
ping: injection of heavy ions after
ECR-Stripping) project therefore
started in 1982.

lts main component is a two-
stage superconducting 14 GHz ECR
source. A beam forming system
transports the beam into the me-
dian plane of the cyclotron. For the
axial injection, a new radiofrequen-
cy centre region has been de-
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signed. In the cyclotron itself, the
main task was the improvement of
the tank vacuum by an order of
magnitude to better than 5x 107
mbar by new cryopumps and by
differential pumping of the large
3.30 m diameter O-rings. At an
early stage a simpler 5 GHz ECR
source with normal coils was de-
veloped as the light ion source
(LIS). This turned out to be a most
valuable decision for day by day
operation.

The cyclotron was recommis-
sioned for experiments in March
1987 with a 403 MeV 1.4 mi-
croamp beam of nitrogen-14{6+).
Experiments have also used 0.61
microamps of 344 MeV carbon-
12(5+}, 0.13 microamps of 560

MeV nitrogen-14(7+), 0.14 mi-
croamps of 530 MeV nitrogen-
15(7+), 0.1 microamps of 535
MeV oxygen-16(7+) and 0.01 mi-
croamps of 1069 MeV sulphur-
32(14+). Argon 14+ is the heaviest
ion accelerated so far.

ISIS has thus considerably
boosted the potential of the almost
20-year-old JULIC cyclotron. With
the new beams, interactions be-
tween nuclei at the Fermi velocity
can be studied. Experiments cover
giant resonances in highly excited
nuclei, hard photons up to 100
MeV from bremsstrahiung mechan-
isms, fast nucleon and pion pro-
duction, fragmentation of light and
heavy nuclei, X-ray microstructure
of heavy elements and multinu-
cleon transfer.

For the future, site clearing has
started at Jilich for the COSY-
Jilich 2.5 GeV cooler synchrotron
{not to be confused with the COSY
compact synchrotron at the BESSY
synchrotron radiation Laboratory in
Berlin — see January/February is-
sue, page 23). The JULIC machine
will act as injector.

FERMILAB
Big new computer

With the new Central Computer
Building near completion (see CERN
Courier December 1987}, one of
the most important pieces of Fer-
milab’s Central Computing Upgrade
Project is falling into place. A con-
tract was recently signed with Sys-
temhouse, Inc. for delivery of a
new large general-purpose comput-
er system to be housed in the new
building.

It consists of an Amdahl 5830
600E with four central processors
and 192 Mbytes of main storage,
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The inner radius of Fermifab's
new Computing Certre.

40 Gbytes of disk storage, 16 con-
ventional tape drives, B cassette
tape drives, 4 impact and 4 laser
printers, Decnet and Ethernet gate-
way links, and connections for 250
terminals. May should see delivery
of an initial consignment including
two central processors with 96
Mbytes of main storage together
with most of the peripherals. Deliv-
ery of the remaining equipment will
depend on available funds.

Peter Cooper, previously at Yale,
is now Associate Head of Fermi-
lab’s Computing Department, with
primary responsibility for data ac-
quisition hardware and software.
Jack Pfister continues as Associate
Head with responsibility for central
computing, with Jeff Appel still
Head of the Department.

Homage to Bill

A Symposium at Fermilab on 8
January marked William Wallen-
meyer's move to the Presidency of
Southern Universities Research As-
sociation (SURA, the corporate arm
of the new CEBAF electron ma-
chine being built at Newport News,
Virginia) after over twenty years at
the United States Department of
Energy, most recently as the Direc-
tor for High Energy Physics, Office
of High Energy and Nuclear Phy-
SiCS.

Opening the Symposium, Fermi-
lab Director Leon Lederman re-
called the initial phases of the high
energy physics advisory panel (HE-
PAP) chartered by the Division of
Research of the US Atomic Energy
Commission in 1967, with which
Wallenmeyer was directly involved.
First HEPAP chairman was Viktor

Leon Lederman welcomes Bill Wallenmeyer
to the platform.
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Weisskopf, followed by Sidney
Drell, Jack Sandweiss, and current-
ly Francis Low. At the Symposium,
each chairman gave his own im-
pressions of the development of
high energy physics in general and
Wallenmevyer’'s role in particular.

Their consensus was that Wal-
lenmeyer’s assiducusness and
commitment had contributed great-
ly to the success of high energy
physics, a view echoed by many
others, including Sam Ting and L.
Edward Temple.

The end of the Symposium
looked to the future, with percep-
tions from what Lederman, setting
baby bottles filled with milk in front
of each speaker, called the "youn-
ger generation’. Bruce Winstein,
Mike Witherell, Ewan Patterson
and Derek Lowenstein gave their
impressions of what future acceler-
ators and instruments would need
to look like.

HEPAP Chairman Francis Low
passed out song-sheets and step-
ped to the piano to lead the singing
of an original song — "He'll Always
Be Cur Bill".

After nearly four hours of prais-
ing and pranking, Wallenmeyer
was allowed a few minutes to re-
spond.

COSMOLOGY
Baryonic bubbles

Astrophysical measurements show
that the Universe is still flying apart
{the Hubble expansion), suggesting
that it all started off with a Big
Bang. However the gravitational at-
traction between the exploding
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pieces js presumably slowing this
expansion, which will eventually
stop if there is enough matter
around for the interattractions to
be sufficiently strong.

Einstein, who formulated his the-
ory of general relativity before Hub-
ble’s measurements, realized
something had to be counteracting
gravity to keep the pieces of the
Universe apart, and put in his ‘cos-
mological constant’ by hand.

With the initial Big Bang now
providing the explosive force, this
mysterious constant has been put
on the back burner. However
another dilemma arose. Today's
abundances of light elements pro-
vide a vital clue to the formation of
the Universe, and the explanation
of the astronomical measurements
is one of the major achievements
of the Big Bang idea. However the
conventional calculations also
show that the amount of nuclear
matter formed in the wake of the
Big Bang is nowhere near enough
to apply the gravitational brakes
and halt the Big Bang explosion.

For everything to fit together
nicely, most of the Universe has to
be invisible - 90 per cent of the sky
needs to be full of mysterious "dark
matter’ supplying the additional
gravitational tug.

Thus other dark matter candi-
dates were sought, both known,
like neutrinos, and unknown —
weakly interacting massive parti-
cles {(WIMPs), axions, etc. However
new ideas now show that the di-
lemnma could be resolved without
recourse to exotic dark matter.

A major milestone in the history
of the Universe occurred a few mi-
croseconds after the Big Bang
when the seething gas of quarks
and gluons had cooled down suffi-
ciently for protons and neutrons,
built of several quarks, to ‘crystal-
lize".

One of the authors of a new
idea, Charles Alcock of Livermore,
compares this phase change to a
simple experiment possible in a
domestic freezer. Take a dilute so-
lution, preferably with a coloured
solute, like potassium permanga-
nate, and freeze it. The liquid tries
to resist, forming pockets of stron-
ger solution, producing in turn an
inhomogeneous solid.

In this picture, the cooling Uni-
verse would have produced high
density bubbles of protons and
neutrons coexisting with the re-
maining quark-gluon plasma, and
with other particles, like electrons
and positrons. With such an inher-
ent inhomogeneity, the amount of
nuclear matter can now be suffi-
cient to close the Universe, al-
though the measured level of |i-
thium-7 is not easy to fit. Other au-
thors prefer to use nuclear abun-
dances as their yardstick to infer
what could have happened after
the Big Bang.
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In the Dirac tradition

It was Paul Dirac who cast quantum
mechanics into the form we now
use, and many generations of theo-
reticians openly acknowledge his in-
fluence on their thinking.

When Dirac died in 1984,
St. John's College, Cambridge, his
base for most of his lifetime, institu-
ted an annual lecture in his memory at
Cambridge. The first lecture, in
19886, attracted two heavyweights —
Richard Feynman (see page 1) and
Steven Weinberg. Far from using the
lectures as a platform for their own
work, in the Dirac tradition they pre-
sented stimulating material on deep
underlying questions.

{The lectures — 'Elementary Parti-
cles and the Laws of Physics' by
Richard P. Feynman and Steven
Weinberg — are published by Cam-
bridge University Press.}

Richard Feynman

When | was a young man, Dirac
was my hero. He made a break-
through, a new method of doing
physics. He had the courage to
simply gquess at the form of an
equation, the equation we now call
the Dirac equation, and to try to in-
terpret it afterwards. Maxwell in his
day got his equaticns, but only in
an enormous mass of ‘gear
wheels’ and so forth.

| feel very honoured to be here.
| had to accept the invitation, after
all he was my hero all the time, and
it is kind of wonderful to find my-
self giving a lecture in his honour.

Dirac with his relativistic equa-
tion for the electron was the first
to, as he put it, wed quantum me-
chanics and relativity together. At
first he thought that the spin, or
the intrinsic angular momentum
that the equation demanded, was
the key, and that spin was the fun-
damental consequence of relativis-
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tic quantum mechanics. However,
the puzzle of negative energies that
the equation presented, when it
was solved, eventually showed
that the crucial idea necessary to
wed gquantum mechanics and relati-
vity together was the existence of
antiparticles. Once you have that
idea, you can do it for any spin, as
Pauli and Weisskopf proved, and
therefore | want to start the other
way about, and try to explain why
there must be antiparticles if you
try to put quantum mechanics with
relativity.

Working along these lines will
permit us to explain another of the
grand mysteries of the world, na-
mely the Pauli exclusion principle.
The Pauli exclusion principle says
that if you take the wavefunction
for a pair of spin one-half particles
and then interchange the two parti-

The late Richard Feynman — 'a way of
jooking at things so they appear not so
mysterious’.

cles, then to get the new wave-
function from the old you must put
in a minus sign. It is easy to de-
monstrate that if Nature was non-
relativistic, if things started out that
way then it would be that way for
all time, and so the problem would
be pushed back to Creation itself,
and God only knows how that was
done. With the existence of anti-
particles, though, pair production
of a particle with its antiparticle be-
comes possible, for example with
electrons and positrons. The mys-
tery now is, if we pair produce an
electron and a positron, why does
the new electron that has just been
made have to be antisymmetric
with respect to the electrons which
were already around ? That is, why
can't it get into the same state as
one of the others that were already
there ? Hence, the existence of par-
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ticles and antiparticles permits us
to ask a very simple question: if |
make two pairs of electrons and
positrons and | compare the ampli-
tudes for when they annihilate di-
rectly or for when they exchange
before they annihilate, why is there
a minus sign?

All these things have been sol-
ved long ago, in a beautiful way
which is simplest in the spirit of Di-
rac with lots of symbols and opera-
tors. | am going to go further back
to Maxwell’s "gear wheels” and try
to tell you as best | can a way of
looking at these things so that they
appear not so mysterious.’

Steven Weinberg

‘I am very grateful to St. John's
College and to the Cambridge Ma-
thematics Faculty for inviting me
here to speak in honour of Paul Di-
rac. | was much in awe of him
when as a student | learned of his
great achievements. Later | had the
privilege of meeting Dirac a few
times, and | still am very much in
awe of him. It's really quite a chal-
lenge to give a talk in honour of so
great a man, and in planning it | felt
that it would not be appropriate to
speak about anything less than a
great subject. | am going to jump
over all details, and speak about
what is for people working in my
own area of physics the greatest
question of all : "What are the final
laws of physics ?’

Well, not quite. Much as | would
like to honour Dirac by presenting a
transparency on which | have writ-
ten the final laws of physics, in fact
I am not going to be able to do
that. My real topic must necessarily
be more modest. It will have to be
‘What clues can we find in today’s
physics that tell us about the shape
of the final underlying theory, that
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we will discover some day in the
future ?’

First of all, let me say what |
mean by a final underlying theory.
Over the last few hundred years
scientists have forged chains of ex-
planation leading downward from
the scale of ordinary life to the in-
creasingly microscopic. So many of
the old questions — Why is the sky
blue ? Why is water wet ? and so
on — have been answered in terms
of the properties of atoms and of
light. In turn, those properties have
been explained in terms of the pro-
perties of what we call the elemen-
tary particles : guarks, leptons,
gauge bosons and a few others. At
the same time there has been a

Steven Weinberg — looking for principles
with a greater sense of inevitability.

movement toward greater simplici-
ty. It's not that the mathematics
gets easier as time passes, or that
the number of supposed elementa-
ry particles necessarily decreases
every year, but rather that the prin-
ciples become more logically cohe-
rent ; they have a greater sense of
inevitability about them. My coliea-
gue at Texas, John Wheeler, has
predicted that, when we eventually
know the final laws of physics, it
will surprise us that they weren't
obvious from the beginning.

| don't know if we will ever get
there ; in fact | am not even sure
that there is such a thing as a set
of simple, final, underlying laws of
physics. Nonetheless | am quite
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cavities, superconducting magnets for spectrometers, con-
ventional magnets for beamtransport, and other complex ex-
perimental apparatus.

CEBAF s locatedin a pieasant mid-Atlantic coastal location
near Colonial Williamsburg and lhe Chesapeake Bay. For
promptconsideration, please send résumé along with salary
history to: Employment Manager, CEBAF, 12070 Jefferson
Avenue, Newport News, VA 23606.

CEBAF

An Equal Oppoertunity Employer, M/FH/V

The Continuous Electron Beam Accelerator Facility
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sure that it is good for us to search
for them, in the same way that
Spanish explorers, whey they first
pushed northward from the central
parts of Mexico, were searching for
the seven golden cities of Cibola.
They didn’t find them, but they
found other useful things, like
Texas.

Let me also say what | don’t
mean by final, underlying, laws of
physics. | don’t mean that other
branches of physics are in danger
of being replaced by some ultimate
version of elementary particle
physics. | think the example of
thermodynamics is helpful here.
We know an awful lot about water
molecules today. Suppose that at
some time in the future we came
to know everything there is to
know about water molecules, and
that we had become so good at
computing that we had computers
that could follow the trajectory of
every molecule in a glass of water.
{Neither will probably ever happen,
but suppose they had.} Even

though we could predict how every
molecule in a glass of water would
behave, nowhere in the mountain
of computer printout would we find
the properties of water that really
interest us, properties like tempera-
ture and entropy. These properties
have to be dealt with in their own
terms, and for this we have the
science of thermodynamics, which
deals with heat without at every
step reducing it to the properties of
molecules or elementary particles.
There is no doubt today that, ul-
timately, thermodynamics is what it
is because of the properties of
matter in the very small. But we
don’t doubt today that thermody-
namics is derived in some sense
from deeper underlying principles
of physics. Yet it continues, and
will continue to go on forever, as a
science in its own right. The same
is true of other sciences that are
more lively today and in a greater
state of excitement than thermody-
namics, sciences like condensed
matter physics and the study of

chaocs. And of course it's even
more true for sciences outside the
area of physics, especially for
sciences like astronomy and biclo-
gy, for which aiso an element of
history enters.

I'm also not saying that elemen-
tary particle physics is more impor-
tant than other branches of phys-
ics. All I'm saying is that, because
of its concern with underlying laws,
elementary particle physics has a
special importance of its own, even
though it's not necessarily of great
immediate practical value. That is a
point that needs to be made from
time to time, especially when ele-
mentary particle physicists come to
the public for funds to continue
their experiments.

The realistic hope of finding a
small set of simple principles that
underlie all of physical reality dates
back only sixty years, to the ad-
vent of the great revolution in
physics which Paul Dirac put in its
final form, the revolution known as
guantum mechanics.’

People and things

On people

Julius Wess of Karisruhe and Bruno
Zumino of Berkeley receive this
vear’s Dannie Heineman Prize for
Mathematical Physics for ‘crucial
contributions to the discovery and
development of supersymmetry, a
profound extension of the notion of
space-time symmetry, that may un-
derlie unification of the fundamental
forces’. The two theorists collabo-
rated on this work in the CERN
Theory Division in 1973.
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A.H. Wapstra has been appointed
Knight of the Order of the Lion of
the Netherlands. From 1870 to
1983 he was Director of the Insti-
tute for Nuclear Physics Research
(IKO), now the Nuclear Physics Di-
vision of NIKHEF, as welf as being
Professor at Delft Technical Univer-
Sity.

Quanturn theorist John Stewart Belf
of CERN receives an honorary

D.Sc. from Queen’s University, Bel-
fast, Northern Irefand.

Physicist Bill Ash steps down as
the CERN Courier’s correspondent
at the Stanford Linear Accelerator
Center, where he took over the slot
from Lew Keller in 1984, continu-
ing the West Coast tradition of en-
lightened but refreshingly informal
despatches. He was also the first
correspondent to communicate
with us via electronic mail. His
place is taken by physicist and au-
thor Michael Riordan, whose book
‘The Hunting of the Quark” was
published by Simon and Schuster
in the US last year.
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A lecture by Denys Wilkinson, a
dinner and general festivities at
the University of Durham, UK, in
February marked the 80th birthday
of G.D. Rochester.

During the March meeting of the
German Physical Society (DPG) in
Karlsruhe the 'Physik Preis 1988’
was awarded to Alfred Petersen
for his contributions clarifying the
‘string effect’ predicted by the
Lund mode! for multihadron pro-
duction in quark-antiquark-gluon
formation processes. This work
was done for the analysis of three-
jet events produced at DESY's PE-
TRA electron positron collider. Pe-
tersen was then a member of the
JADE colfaboration and is now
working in industry.

Seth Neddermeyer 1907-1988

Seth Neddermeyer, co-discoverer
with Carl Anderson of the muon in
cosmic ray studies in 1936, died in
January. As Anderson’s first re-
search student, Neddermeyer parti-
cipated in pioneer studies using a
sophisticated counter-controlled
cloud chamber. Most of his subse-
quent career was spent at the Uni-
versity of Washington, Seattle.

Colin Fisher

Experimentalist Colin Fisher from
the UK Rutherford Appleton Labo-
ratory died tragically in February,
aged 51. A classical bubble charm-
ber physicist with a flair for innova-
tion, he helped develop the 1870s”
generation of rapid cycling cham-
bers, going on in the early 1980s
to hone the technique to a peak of
perfection with specially designed
small detectors. Subsequently he
turned his attention to newer tech-
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Strengthening scientific and technelogical
cooperation between CERN and the Com-
mission of the Furopean Communities (CEC).
CERN Director General Herwig Schopper
looks on approvingly as Karl-Heinz Narjes,
CEC Vice-President in Brussels and respons-
ible for industrial matters, information tech-
nology, science and research and the Centre

niques using scintillating fibres and
silicon microstrips in the study of
short-lived particles containing hea-
vy quarks.

Books

‘How Experiments End’ by Peter
Galison (University of Chicago
Press) traces how the pattern of
physics emerges from the laborato-
ry. By way of illustration, a sizeable
chapter deals with the fascinating
saga of the quest for the neutral
current of weak interactions, dis-
covered at CERN in 1973 by the fa-
mous neutrino experiment using
the Gargamelle bubble chamber.

Meetings

The bth Workshop on Nonlinear

commun de recherche, signs the visitors’
book during his visit to CERN in February to-
gether with Herbert Allgeier, Director in the
CEC Directorate-General for Science and
Technology.

{Photo CERN 0653.2.88)

Evolution Equations and Dynamical
Systems (NEEDS '89) will be held
in Kolymbari, near Chania, Crete,
from 2-19 July 1989. Further infor-
mation from F. Calogero, Diparti-
mento di Fisica, Universita di Roma
‘La Sapienza’, p. Aldo Moro,
00185 Rome, italy.

This year's DESY Theory Work-
shop (‘Flavor Physics’) will be held
in Hamburg from 28-30 Septem-
ber. Further information from Peter
M. Zerwas, Institute for Theoretical
Physics, RWTH-Aachen, D-5100
Aaachen, W-Germany, bitnet: ZER-
WAS at DACTHb51

In confunction with Daresbury Lab-
oratory, the CERN Accelerator
School is organizing a course on
synchrotron radiation and free elec-
tron lasers in Chester, UK, from 6-
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12 April 1989. Further information
from Mrs. S. Wartburg, CERN Ac-
celerator School, LEP Division,
CERN, 1211 Geneva 23, Switzer-
land.

The topic for this year’'s SLAC
Summer Institute is 'Probing the
Weak Interaction: CP Violation and
Rare Decays’, The dates of the In-
stitute are July 18th — 29th, 1988.
The Institute includes a 7-day Sum-
mer School and three days of topi-
cal conference. Further information
from Eileen Brennan, 551 Coordina-
tor, SLAC, Bin 62, PO Box 4349,
Stanford, CA 94308

The 1988 Summer Study on High
Energy Physics in the 1990s, spon-
sored by the Division of Particles
and Flelds of the American Physical
Society, the US Department of En-
ergy. the National Science Founda-
tion, and Universities Research As-
sociation, will be held in Snow-
mass, Colorado, from 27 June to
15 July. The aim is to examine and
evaluate the opportunities for high
energy physics in the 1990s, in-
cluding the possibilities with exist-
ing facilities, the proposed US Su-
perconducting Super Collider (§5C).
new accelerator technology, non-
accelerator experiments, special
purpose facifities, and innovations
in instrumentation and detector
technology. A sub-meeting on July
5-7 will review progress of detec-
tor research and development for
future proton-proton colliders.
Working Groups cover Astrophy-
sics/Particle Physics {J. Cronin, E.
Kolb), Electroweak Symmetry
Breaking (A. Seiden, H. Georgi),
Strong Interactions, (M. Shapiro, I.
Hinchiiffe), New Quarks, Leptons
and Gauge Bosons (C. Baltay, G.
Kane), Weak Decays (M. Witherell,
R. Peccei}, Accelerator Physics, B
Factories (R. Siemann), Large Linear
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Italian high techrology was on show at the
German DESY Laboratory in Hamburg for
one week in February, with one day given
over to a8 sympaosium "Scientific collabora-
tion between Germany and ltaly” concentrat-
ing on basic research and accelerators,
organized by DESY and the ftalian Institute
for Foreign Trade.

Colliders (R. Ruth}, SSC (A’ Chao,
R. Talman), and K Factories (M.
Craddock). Further information
from Joanne Day, Argonne Nation-
al Laboratory, Argonne, IL 60439,
US, telephone (312) 972-6181,
bitnet JSD at ANLHEP.

At the exhibition, left to right, F. Venturini of
the Italian institute for Cufture in Hamburg,
DESY Director Volker Soergei, ltalian Am-
bassador in Bonn Raniero Vanni d”Archirafi,
Antonino Zichichi, ltalian Consui General in
Hamburg G. Germarno, and organizer M. di
Capua fraom the ltalian Institute for Foreign
Trade.

Electronic Mail

The CERN Courier editorial
desk can be contacted
through electronic mail using
the EARN/BITNET communi-
cations netwark. The Editor’s
address is

COURIER@CERNVM

Contributions coming in
through electronic mail are ;
edited on the screen, and are ‘
now coded for typesetting
before being sent to the print-
er through a telephone mod-
em link, making for increased |
flexibility. !

For subscriptions (freel),
changes of address, etc.
the contact is

MONIKA@CERNVYM

Distribution in the USA, West
Germany, Italy, the UK and

China is handled from regional
centres (see page Hij.
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STAFF
PHYSICIST

Relativistic Heavy
lon Physics

The Los Alamos National Laboratory,
a worldwide leader in technologies
and scientific research, has an imme-
diate opening for a motivated profes-
sional in its Medium Energy Physics
Group. We are looking for an out-
standing candidate with research
interests in ultrarelativistic heavy ion
collisions. The successful applicant
will help define future experimental
projects and is expected to contribute
to currently approved experiments.
The Group provides opportunities to
interact with a team of 16 physicists,
4-5 postdoctoral research fellows,
and a significant technical support
group. Current research activities
cover a broad range of experimental
nuclear and particle physics at
LAMPF, IUCF, FNAL, BNL, and
CERN.

The appointment requires a Ph.D.
degree in Experimental Physics and
extensive experience in nuclear or
high energy physics research, as

evidenced by publication record, and
the demonstrated ability to pursue a
vigorous research program. Effective
interactions within large international
research groups are essential. A

knowledge of high energy physics
detector and data acquisition technol-
ogy is desirable.

For additional information contact: Dr.
Jules Sunier (MS D456), Los Alamos
National Laboratory, Los Alamos, NM
87545. (505) 667-5505.

Los Alamos National Laboratory
provides excellent compensation and
benefits. To apply, submit detailed
resume and publication record plus
three letters of reference to: Richard
0. Garcia (MS P205), Employment
Group 80073-T, Los Alamos National
Laboratory, Los Alamos, NM 87545.

Affirmative Action/
Equal Opportunity Employer

University of California

Los Alamos

(I ll I ASSOCIATED UNIVERSITIES INC.

High Energy Physics
Safety Programs,
Brookhaven National Laboratory

Position is available in the Alternating Gradient
Synchrotron Department for an individual to be
responsible for the devefopment and maintenance of
Departmental safety programs affecting the accelerator
and experimental areas. The position reports directly
to the Department Chairman.

Safety responsibilities are broad, including radiation,
electrical, and general safety and fire protection.

Physics/engineering background is necessary, and
prior experience with high energy accelerators is
desirable.

Responses should be sent to:

J. Herbert,

AGS Search Committee

Bldg. 911B, )

Brockhaven National Laboratory,
Associated Universities, Inc.

Upton, Long Island, New York 11973.

Equal opportunity Employer m/f.

l) n I BROOKHAVEN

NATIONAL LABORATORY

CORNING FRANCE

OPTICAL DIVISION DIVISION OPTIQUE

44, avenue de Valvins
77210 AVON - FRANCE
Tel.: 33-1 60725000
Telex: 690562 CORFOPH
Fax: 33-1 60725800

The worldwide specialist in glasses for Cerenkov
counters.

Le specialiste mondial des verres pour compteurs
Cerenkov.
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Yves Goldschmidt-Clermont, pictured here
{left) with King Baudouin of Belgium at CERN
in 1974, died in a skiing accident in Februa-
ry. He was one of CERN's first staff mem-
bers, joining in 1953, and retired only last
year.

Yves Goldschmidt-
Clermont

On 22 February CERN was stunned
to hear the news of Yves
Goldschmidt-Clermont’s death. It
saddened everyone, particularly the
few who worked with him from the
very beginning to set up the Labo-
ratory.

As a graduate of the Université
libre, Brussels, Yves started his
career at the Collége de France un-
der Joliot. But his real debut can be
said to date from his studies in
Bristol in that heroic age when the
pion was discovered and when he
became a faithful disciple, admirer
and friend of Beppo Occhialini.
Yves was very proud that, under
Beppo's leadership, he helped
pioneer the measurement of
masses by multiple scattering and
that the resulting pion/muon mass
ratio was much more accurate than
that generally accepted at the time.

After a period at the Laboratoire
de Bruxelles, he went to MIT in
1950. He was one of the first to
switch from cosmic ray physics to
accelerators. At the 300 MeV
synchrotron, with L. Osbhorne, he
studied neutral pion photoproduc-
tion in hydrogen in a pioneer ex-
periment using emulsions in a very
ingenious and unconventional way.

In 1953 he joined CERN, then
only on a provisional footing and
made up of scattered groups. After
some time in Zurich, he came to
Geneva when, in a hut at the air-
port, Lew Kowarski was setting up
the STS Division to make technical
and scientific equipment. This
wide-ranging and nebulous task
gradually tock the shape of building
bubble chambers "with all the trim-
mings’. It was the latter that inter-
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ested Yves Goldschmidt-Clermont.
He realized that the chambers
needed equipment to measure pho-
tographs quickly and accurately,
and computers for both measuring
and analysis, and worked full time
on CERN's analysis facilities. Under
his influence and guidance the first
instruments for measuring photo-
graphs were developed; iEP, and
finally the HPD invented by Hough
and Powell. All this within the DD
Division {formerly STS) as Deputy
Leader in {almost perfect) tune with
his friends and colleagues building
bubble chambers. (Yves knew that
perfect harmony is a trifle boring
and that some discord is often
more fruitful.}

In 1963 he changed direction to
devote himself to bubhle chamber
experiments. He concentrated on
the systematic study of strange re-
sonances using paositive kaon
beams at increasingly higher ener-
gies in ever bigger chambers. In his
last experiment at BEBC he discov-
ered an abnormal production of
soft photons. To study this he
turned his hand to electronics, and
proposed the Sophie experiment at
the Omega spectrometer. He was
working on the analysis of the re-
sults right up to his accident.

He was always active for the
general good. For many years he
coordinated CERN’s collaboration
with Soviet laboratories and from
1972 to 1981 was secretary of the
Research Board and Deputy Leader
of EP Division.

Al who knew Yves will always
remember his engaging personality.
He was above all a good physicist,
with the rare distinction of having
successfully changed disciplines,
fields and technical approaches
several times with unflagging ener-
gy despite the passing years. His
outstanding quality was his enthu-
siasm for physics, his universal cu-
riosity for other science: he taught
astronomy at the Lycée in Ferney
and lectured in physics at the Uni-
versité libre, Brussels. Sensitive
and cultured, his passion for music
was well-known. In Yves Goldsch-
midt-Clermont CERN mourns a man
of almost naive enthusiasm, shy
but courageous, who, while discre-
tion caused him to be reticent at
times, was unfailingly friendly, des-
pite the conviction of his opinions,
and who in friendship, was gene-
rous, honest and steadfast.

From his colleagues
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DIRECTOR Beim Deutschen Elektronen-Synchrotron DESY in
Hamburg werden im Rahmen eines von der Deut-

High Energy Physics Division

schen Forschungsgemeinschaft (DFG) finanzierten
Sonderprogramms unter der Leitung von Herrn
Dr. Thomas Weiland die Forschungsgebiete
Argonne National Laboratery invites inquines from distin- «Neue Methoden zur Beschleunigung gelade-

guished scientists for the position of Director of the High : :
Energy Physics Division. The Director has overall respon- ner Teilchen» und «Numerische Verfahren der

sibility for the leadership and management of the high Elektrodynamiky» erweitert.
energy physics program. This inciudes theoretical .

research, major experiments, numericat analysis, and ad- Gesucht werden:
vanced accelerator research,

Toqualif didates shoul PhD, h - 1 1
oqualify, candidates should possess a PhD, have exten Phy3|ker’ Mathematlker,
sive experience in elementary particte physics, and shall . .
have demenstrated successin initiating and leading major
projectsinthe field. Administrative experience and recog- Ingenleure Oder Informatlker
nized managerial skills are essential.
All responses will be reviewed by a Search Committee Die Vergitung erfolgt auf der Grundiage eines Pri-
Chageddtby Dr. J.D. Simpson. Credentials shoula be for- vatdienstvertrages je nach Qualifikation in Anleh-
warded [0 . - . c - R
Mr. R.A. Johns nung an dep BAT. Die Vertrage sind zeitlich befris-
R Appointment Officer tet. Die sozialen Leistungen entsprechen denen des
Box D-HEP-31247-88 offentlichen Dienstes. .
Argonne National Laboratory L ] o
9700 South Cass Avenue Schriftliche Bewerbungen mit den {iblichen Unterla-
Argonne, IL 60439 gen und Angabe von Referenzen erbitten wir an
Argonneisan Herrn Dr. Thomas Weiland
Equal Opportunity/Affirmative per Adr.

Action Employer Deutsches Elektronen-Synchrotron DESY

Notkestrasse 85, 2000 Hamburg 52

Advertisements in GERN GUUHIEH

PHYSICS DEPAHTMENT Format A4 Monthly publication
OF STANFDRD UNIVERS'TY All advertisements are published in both English and French
editions. Second language versions accepted without extra
announces an opening for the position of charge.
Cost perinsertion (Swiss Francs)
] Space Actusl size {mm) -
{page} width by height 1 3 [ 10
in Theoretical Particle PhySiCS insertion | insertions | insertions | insertions
and Quantum Field Theory i 185 x 265 1950 | 1870 { 1800 | 1700
s e e 1150 | 1080 | 1020 940
The Physics Departmemlo_f S't_anford University‘ has an opening 1, 90x 130 880 620 580 540
for a tenured faculty position in theoretical particle physics and L A S, P s
quantum field theory.
The applicants must have demonstrated ability to do significant These prices include no entitlement to special placing.
independent work and must show promise of making a major | Supplement for:
impact on the field in the years toc come. Excellence in the | — one additional colour 1500 SwF
teaching of physics at both the undergraduate and graduate — Covers:
levels is an important requirement for the position : Covers 2 and 3 [one cotour} 2000 SwF
. - - Cover 4 {one colour) 2500 SwF
Stanford University is an equal opportunity employer. We are 2 .
specially intersted in having applications frem women and mi- Publ!catlon date 1st of month of cover date:
nority persons. Closing date for )
positive films and copy 1st of month preceding cover date
Interested persons are requested to send a resume containing The cost of making films and of
curriculurm vitae, a list of publications and names of at least three translation for advertisements are
references to charged in addition.
Professor Leonard Susskind Screen (offset) 60 or 54 Swiss (150 English)

Advertisements cancelled after 1st
of month preceding cover date will
be invoiced.

These rates are effective for the year 1988.

Chairman, Theoretical Physics
Appointment Committee
Department of Physics

Stanford University

Stanford, California 94305 - 4060

USA All enquiries to:
Those wishing to draw the committee’s aitention to potential Micheline FALCIOLA / CERN COURIER - CERN
candidates are invited to write to the same address. CH-1211 Geneva 23 Switzerland

Tel. (022) 834103 Telex2 3698
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We ffave the expertisejand the know-how for high-quality plasti
seingillators. i o '
Highflight outpuit"excellent transmission and fast speed are the
mainkfeatures of our plastic scintillators. We manufacture all
fa@customers specifications. Rods, sheets, blocks and light
guidesfith polished or coated surfaces will be manufactured
withinj€lose tolerances.
1-glass-scintillators are available in special shapes and
sizes from powders for HPLC and flow cells, discs for neutron
measurements etc. Various types from low background to very
high efficiency are available.

ZINSSER
ANALYTIC ww Lta.

Howarth Road, Stafferton Way, Maidenhead, Berks. SL6 1AP
Telephone 0628/24570 - Telex 849462 M&K
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