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The World’s
Biggest Calorimeters...

AMY KEK, Japan

2724 24-input preamp and LIFT™ Software Tools

ALEPH LEP/CERN,

New FASTBUS Instruments including the 1885F ADG,

L3 LEP/CERN, Europe

Large calorimeters need economic,
high performance ADC's.

LeCroy has been supplying our Series
1880 FASTBUS ADC's to fixed target
and colliding beam experiments for
over three years.Many particle physics
experiments in Japan, Europe and the
United States have instrumented or are
installing our cost effective systems.
These ADC's are part of LeCroy's
evolving family of FASTBUS data
acquisition electronics for research.

Call or write today for a complete
FASTBUS Product Summary.

700 Chestnut Ridge Road, Chestnut Ridge, NY, 10977-6499 USA Tel: (914) 578-6013
Route du Nant-d'Avril 101, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 82 33 55

CLEQ CESR/Cornell, USA

E665 FNAL, USA

«Use

The World’s
Best ADC’s

The Series 1880F ADC's feature:
e High Density: 96 chan/#1FASTBUS
e Wide Dynamic Range: to 15 bits
e High Sensitivity: 50 fC/count

e Short Conversion Time: 265 usec
» Model 2724 pre-amp compatible
e Fast Readout: 40 megabytes/sec
e Multiple Event Buffer: 8 events

e On-board Calibration: to + 1.5%
e Fast Clear: < 600 nsec

e Trigger Outputs: 24 current sums

LeCroy

Innovators in Instrumentation
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Bridging the centuries
CERN'’s LHC set to propel physics into the next millenium

Around the Laboratories

CERN: Preparing for LEP200/The first CLIC
Two scenarios for higher electron-positron collision energies

FERMILAB: Call for physics
New proposals invited for Main Injector
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SUPERCOLLIDER: Going international

KEK/NAGOYA/SLAC: Highly polarized electrons

STANFORD (SLAC): Photon theory verified after 40 years

BROOKHAVEN: HERA helps RHIC

- DESY: QCD workshop

PSl: Very slow polarized muons

GANIL: INDRA and the hot nuclei

CERN Accelerator School
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Physics monitor

Against the grain
Explaining the higgs patrticle

New computing techniques for physics research

Elastic scattering: How goes the Odderon ?

RICH people: Exploiting Cherenkov radiation

Industry and spinoff

CERN: ESPRIT de corps
European programmes for applied data processing

People and things

Cover photograph: When high energy particles travel through a transparent
substance faster than the ‘allowed’ velocity of light, so-called Cherenkov radiation
is emitted at an angle depending on the particle velocity, in much the same as a
shock wave accompanies supersonic aircraft. Knowing the momentum of the
particle by magnetic tracking, and measuring the Cherenkov angle of the emitted
photons, the mass can be measured in a momentum range where no other
technique is so useful. Recent advances in this Ring Imaging Cherenkov (RICH)
approach are described on page 22.
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More high-energy physics
in

Journal of Physics G:
Nuclear and Particle

Physics

@® Increased commitment to high-
energy particle physics

@® Expanded Editorial Board

@® Introduction of an Advisory
Committee °

C J Batty (Rutherford Appleton) - J Cronin (Chicago) - C Detraz
(GANIL) - M B Green (London| - M Gyulassy (Lawrence Berkeley) -
W D Hamilton (Sussex) - O Hansen (Frankfurt) - J M Irvine
(Manchester) - B K Jain (BARC) - | Lovas (Budapest) - G Munzenberg
(GSI) - W von Oertzen (Berlin) - R D Peccei (UCLA) - J D Walecka
(CEBAF) - C Wilkin (London)

@® plus a new series of topical reviews

Cosmic strings, inflationary universe models and the formation of
structure by R H Brandenberger (Brown)

Recent developments in string theory by P Ginsparg (Harvard)

Finite temperature field theory by J | Kapusta (Minnesota) and P V
Landshoff (Cambridge)

New particles in strong fields? by A Schafer (Caltech)

A new radioactivity by A Sandulescu (Bucharest)

SPECIAL REDUCED SUBSCRIPTION
offered to members of any European
Physical Society.

For further details and your FREE
specimen copy, write to

Journals Marketing Department
IOP Publishing Ltd

Techno House, Redcliffe Way
Bristol BS1 6NX, UK
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SCINTILLATING FIBRES?

XP4702 reads them out 64 at a time!

First of a new family, the XP4702 extends
PMT talents into the realm of spatial as well
as time resolution. Combined in a single
envelope, 64 ten-stage multipliers with
long-life CuBe dynodes produce an 8x8
mosaic of discrete pixels. With uniform
channel-to-channel gain and transit-time.
The common anode supplies an
additional signal that can be used
for amplitude analysis or triggering.

Sk, (A) 40 mA/W at 400 nm

G " 10%at 1400 V

t, 4.8 ns at 1400 V

output segmented last dynode, 8x8 matrix of 64
independent 2.54 mm x 2.54 mm elements

crosstalk <(5% (scanned by 50 um light spot)

XP4702 opens new opportunities in fibre
readout, hodoscopy, calorimetry and
coarse imaging. Reference: NIM A269
(1988) 246-260.

Fibres courtesy of Optectron, France.

For more information contact: Philips Components,
Building BAF2, 5600 MD Eindhoven, The Netherlands.
Telex 35000 phtcnl/nl jeveo.

STILLSETTING THE STANDARD




CAMBRIDGE=

Now in paperback

Speakable and Unspeakable

in Quantum Mechanics

Collected Papers in Quantum Philosophy
J. S. BELL

John Bell is one of the leading expositors and interpreters
of modern quantum theory. This book contains all of his
published and unpublished papers on the conceptual and
philosophical problems of quantum mechanics. These have
been reset, the references put in order, and minor
corrections made.

212 pp. 1988 0 521 36869 3 Pb £8.95 net

Now in paperback

Path Integral Methods in
Quantum Field Theory

R. J. RIVERS

This book is a concise graduate-level introduction to
analytic functional methods in quantum field theory. After
introducing the basic mathematical background, the author
goes on to study the varied applications and consequences
of the formalism.
Cambridge Monograpbs on Mathematical Physics

339 pp. 1988 0 521 36870 7 Pb £15.00 net

Now in paperback

Group Structure of Gauge

Theories
LOCHLAINN O’RAIFEARTAIGH

‘Altogether, the book is a welcome addition to the
literature in this field, by a real expert, and will repay the
closest study. It is especially an excellent book for graduate .
students in physics.’ Science
Cambridge Monographs on Mathematical Physics

172 pp. 1988 0 521 34785 8 Pb £9.95 net

Kinetic Theory in the
Expanding Universe

JEREMY BERNSTEIN

This is a self-contained exposition of the applications of
kinetic theory to basic problems in modern cosmology,
such as the role of stable and unstable massive neutrinos
and the theory of cosmological helium production. The
book begins with a brief survey of the necessary relativity,
cosmodynamics and kinetic theory, before going on to
discuss specific problems.
Cambridge Monographs on Mathematical Physics

149 pp. 1988 0 521 36050 1 %£22.50 net

Differential Geometry, Gauge

Theories, and Gravity
M. GOCKELER and T. SCHUCKER

A self-contained but concise introduction to modern
differential geometry for graduate students and researchers
in applied mathematics or theoretical physics working in
field theory, particle physics or general relativity.
Cambridge Monographs on Mathematical Physics

248 pp. 1988 0 521 32960 4 £30.00 net

For further information please write to Jacqueline
Arthurs at the address below.

Cambridge University Press
The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU

\

ROTA MAG 2000
débitmeétre
électromagnétique

Ean

O version compacte

O choix digitale de la plage de mesure
O indication locale °

O sécurité intrinséque

Demandez la documentation

ZIMMERLI MESSTECHNIK AG
Schlossgasse 10 4125 Riehen
{ 061-675454 ~

Telex 965 135 Telefax 061/67 3562

TH® =

~ SERVILEC, SOCIETE ANONYME
POUR LA REPARATION DINSTRUMENTS DE MESURES

17, ch. du Faubourg-de-Cruseilles
1227 Carouge

CONFIEZ-NOUS

VOS INSTRUMENTS
DEEE/TIIEN 1y

wr ikl mw ] wikWwos\

022
43 89 00

NOUS REPARONS ET CALIBRONS :
Oscilloscopes, multimétres, sondes, compteurs, générateurs de
fonctions, de fréquences, moniteurs, dlimentations, efc...

Dans les marques suivantes :
Tektronix © - HP© - Fluke © - Schlumberger©
ABB Metrawatt © - Philips© - Gould ©.

© marque déposée

CERN Courier, January/February 1989



CERN 1981-8

At the CERN Council Meeting in De-
cember, the Director General tradi-
tionally gives an end-of-year re-
view. This time the presentation
took on added significance as it
marked the end of the eight-year
mandate of Herwig Schopper, who
handed over on 1 January to Carlo
jRubbia.

Looking back over those eight
years, Schopper pointed out sev-
eral major trends. The dramatic
growth in CERN ‘users’ {the scien-
tists coming to the Laboratory to
do their research) has led to
CERN's research programme be-
coming really worldwide. The attri-
tion of having to operate an ex-
panding Laboratory under a con-
stant budget has produced in its
wake a healthy increase in the effi-
ciency of CERN’s big machines and
experimental facilities.

For the manufacture of antipro-
tons, the ground had been pre-
pared at the end of the 1970s,
leading to the world’s first high en-
rgy collisions of proton and anti-
iroton beams in July 1981. The
antiproton programme was consid-
erably widened by the arrival of the
LEAR low energy antiproton ring
the following year.

To consolidate on the historic
discovery of the W and Z bosons
(the long-awaited carriers of the
weak nuclear force} at the big pro-
ton-antiproton collider in 1983, a
major antiproton improvement pro-
gramme was launched, aiming to
increase both the supply of anti-
‘matter and the scope of the experi-
ments.

This culminated in the extraordi-
nary proton-antiproton collision
score in the latest run (September-
December), tripling the total of the
seven previous years combined,
and matched by Fermilab in the US
{(December 1988, page 9). Physics
results should not be far off.
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In January Carlo Rubbia (right) took over
from Herwig Schopper (left) as CERN'’s Di-
rector General. Centre is CERN Council Presi-
dent Josef Rembser.

(Photo CERN 441.12.88)

Turning to other physics, Schop-
per stressed the effort to measure
the basic properties of quarks and
leptons, and to test the validity of
different possible theories. The av-
ailability of higher collision energies
(temperatures) has meant that the
conditions of laboratory experi-
ments have begun to approach
those of the ‘Big Bang’, postulated
as the origin of the Universe, and
high energy physics now overlaps
astrophysics and cosmology.

The outgoing Director General
enumerated some highlights: the
limits on the number of neutrino
types emerging from the proton-
antiproton collider studies; the de-
termination of electroweak para-
meters in fixed target studies; pre-
cision measurements of delicate
symmetry (CP) violation in the de-
cays of neutral kaons; the push to
find the distribution of quarks and
gluons (structure functions) in
nuclei using neutrino and muon
beams and the resultant discover-
ies; the new effects found using

high energy ion beams; exotic
atom successes at LEAR; and the
unexplained 'staggering’ of adja-
cent isotopes of mercury discov-
ered at the ISOLDE isotope separa-
tor. These examples reflected the
wide range of CERN’s research
programme, spanning energies
from the eV range up to 600 GeV.
Another new trend is the detec-
tor development programme,
where the stringent demands of
physics at tomorrow’s colliders has
initiated a vigorous R and D effort,
already producing its first fruits.
Turning with evident pleasure to
the construction of the LEP elec-
tron-positron collider, Schopper
sketched how planning for this
giant machine had started early,
with the first ideas being tabled in
1976. A series of in-depth design
studies brought modifications in
both machine design and location,
with Council finally approving in
October 1981 a 'stripped down’
version, to be built under a budget
reduced from the originally pro-



posed figure and held constant
over a stretched construction per-
iod. With the necessary civil engi-
neering authorizations in hand in
the summer of 1983, the huge civil
engineering operation was
launched.

With installation now going very
well and following the success of
the initial injection studies in July,
Schopper looked forward to the
first electron-positron collisions,
hoping for 50,000 Z particles by
the end of 1989. (The Z, the elec-
trically neutral carrier of the weak
nuclear force, was discovered at
CERN in 1983. So far, only the high
energy proton-antiproton colliders
at CERN and Fermilab provide
enough energy to manufacture
these particles — some 400 having
been accumulated in five years.)

Moving from physics to manage-
ment, Schopper showed how
CERN’s map of Member States
now covers Spain and Portugal.
The task of LEP construction had
brought about major reorganiza-
tions — new divisions have been
set up and large amounts of man-
power transferred. New technical
boards coordinate common inter-
ests across the divisional structure,
while technology transfer and rela-
tions with industry have been given
increased importance.

In thanking everyone for their
help during a sometimes difficult
period and in wishing his successor
continuing success, Schopper re-
minded his audience of the "CERN
spirit’, born during the foundation
of the Organization, which has fos-
tered CERN’s competitiveness,
while ensuring fairness, priority of
scientific and technical goals
against national or personal inter-
ests, and tolerance and respect for
different cultures and attitudes.

A new European plan
to attack cancer

While cancer remains the scourge
of mankind, a large proportion of
cases these days are amenable to
treatment by irradiation. Bringing
new irradiation centres to large
concentrations of population is
thus a vital task. This was high-
lighted at the first three-day work-
shop of the European Light lon
Medical Accelerator (EULIMA) pro-
ject to assess the potential value of
light ion beam therapy. Held in No-
vember at the Antoine-Lacassagne
Centre, Nice, one of twenty cancer
centres in France, the workshop
was attended by some 60 dele-
gates from Europe, USA, Canada
and Japan, representing the fields
of physics, radiobiology, radiother-
apy and medicine.

The European accelerator initia-
tive goes back to October 1985,
the result of a proposal at a meet-
ing of the heavy particle group of
the European Organization for Re-
search and Treatment of Cancer
(EORTC). A preliminary EULIMA

meeting at CERN in March 1986
defined the project aims {(March
1987, page 25). In spring 1988, fi-
nancial support from the Commit-
tee for the European Development
of Science and Technology (COD-
EST) enabled experts in the field
(mainly from Louvain-la-Neuve, Liv-
erpool and Niee) to get together.
Subsequently the Commission of
the European Communities funded
the workshop in the framework of
its 4th Medical and Health Research
Programme, in parallel with the

At the recent EULIMA workshop in Nice,
Mark Philips (Berkeley) showed how light
ions and protons can be used other than for
cancer therapy, for example against a surgi-
cally inaccessible arterial problem in the vi-
cinity of the brain — intracranial arterio-
venous malformation (AVM). Top left, the
untreated AVM is the black mass in the
centre of the photo; top right, after the
beam therapy the AVM is smaller; bottom
left and right, the arterial system to the brain
has almost resumed its normal pattern.

(Photo M. Philips, Berkeley)
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STR330 CERN Host Interface and Processor System - CHIPS -

The STR330 CHIPS aims to provide:

*  Modular and versatile state of the art interfacing between FASTBUS segments and DECworld, VMEworld,
PCworld, ...-world.
*  High performance, general-purpose FASTBUS processing.

A user is able to adapt or vary his actual system configuration depending on his requirements:

*  FASTBUS to VAX-BI-bus interface *  High-level trigger processor
* FASTBUS to DEC Q-bus interface *  Supervising controller
*  FASTBUS to VMEDbus interface *  Front-end multiprocessing

A system consists of a single-width FASTBUS processor board which contains elements that are necessary in either application, and a

couple of add-on, daughter or auxiliary boards. The diagram gives a system overview. s
STR330/BIP/QAP/... STR330/CPU ' STR330/LAN
[Addon Modulel IMain Module | IDaughter Boardl

Memory Bus
N e AMIMHENT MMM
N N RN N I\
Computer Processor Buffer Memory FASTBUS Local Area
Link Port System (68030) Master/Slave Network
DMA Controller 68030 Processor 1 Mb static RAM Interface Controller®
1 Mb static RAM (Cheapernet)
1 Mb EPROM
2 RS232 Port
{1 parallel Port
Cable l
Optical
68882
Coprocessor
Fibre
Host Computer
Link Port
eg

DRB32 BI-Bus
DRQ11 Q—Bus
HVR8217 VME

AN

N
S\ophis ticated Interface Applications

N/
General Purpose FASTBUS Processor Applications

*) DRB32, DRQI1 are devices from DEC
DVRS8217 is a module from CES

STR331 Optical Data Interconnect - ODI -
for DEC DRB32 Compatible Devices

The STR331" ODI is designed to allow high speed point to point interfacing between two DEC DRB32 10-register compatible IO-ports,
separated by distance of up to several kilometers, with very high reliability.

Applications:

*  Long distance connection of a DEC VAX *  Long distance connection of two DEC VAX
host computer located in a control room and machines in a point te point arrangment uti-
a STR330 CHIPS FASTBUS interface or a lising all advantages of an optical trans-
STR501 AEB/EVI located down an ex- mission system.
perimental pit.

\ - joint development of CERN, LIP(Portugal)

= r Application Example, System Components | ORC VAX !
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Commission’s "Europe against can-
cer’ programme.

Protons and ions

Why protons and light ions?
Conventional therapy techniques,
such as X-rays {(typically 200 kV)
and cobalt-60 gamma rays, kill
malignant cells but cannot be con-
fined solely to the tumour and may
damage surrounding healthy tissue.
Compounded with this is the pro-
gressive energy loss of an X-ray as
it travels through the body, produc-
ing most ionization at the outset.

On the other hand, protons (or
light ions) at a given energy lose
most of their energy through ioni-
zation near the end of their trajec-
tory (about 16 cm for a 400
MeV /nucleon neon-20 beam,
about 26 c¢cm for a 400 MeV /nu-
cleon carbon-12 beam in tissue).
Thus a given range-modulated
beam can be fired at a tumour lo-
cated at known depth below the
skin surface, dumping most of its
energy in the tumour near the end
of the trajectory (the Bragg peak)
with minimum damage to surround-
ing healthy tissue. By degrading the
beam and spreading the Bragg
peak, the beam’s energy is spread
over a controllable tumour volume.

In 1946, Bob Wilson at Harvard
first realized that this technique
was a useful weapon against can-
cer (neutrons were already being
used in the late 1930s at Berkeley,
but are comparatively difficult to
contro!l because of their electrical
neutrality and significant scattering
in matter). The dose localization
and biological advantages of
charged particles promise better
control of human cancers, but un-
fortunately precise tumour localiza-
tion has not been possible until re-
cent years, and so charged particle

4

therapy has had to wait for its day
to come.

Carbon and neon ions offer good
dose localization and increased
cell-killing power (biological effec-
tiveness) due to their high linear en-
ergy transfer (LET). Because of the
increased relative biological effec-
tiveness (RBE) in the spread Bragg
peak, neon has a favourable peak
{tumour) to entrance (normal tis-
sues) ratio and can be dosed so
that normal tissue around the
tumour receives much less irradia-
tion than the tumour. Silicon ions
have high LET all along their path
and thus are more suited to treat-
ing surface tumours. Easiest to use
are protons and helium ions be-
cause of their physical properties;
however they-lack the biological
advantages of heavier ions.

Emerging from the Laboratory

Until now most ion beam therapy
units have been in particle physics
laboratories doing fundamental re-
search (Berkeley, Darmstadt, Fermi-
lab, Uppsala, KEK, Dubna ....) and
therapy has had to take a back
seat. This is changing, with pro-
jects in the USA, USSR, Japan,
Germany, and now EULIMA as a
joint European initiative.

Setting the pace is Loma Linda in
the US : Fermilab is helping to build
a 6-metre diameter proton acceler-
ator for the Loma Linda Medical
Center in southern California. After
tests, the variable energy synchro-
tron (70-250 MeV) machine will be
moved out west in the summer to
become the world’s first medical
accelerator for deep-seated tumour
proton therapy. Loma Linda, with
five irradiation points (three fitted
with a gantry beam, two with hori-
zontal beam lines) should handle
1000 patients per year.

EULIMA project leader Pierre Mandrillon:
a new assault on cancer in Europe.

(Photo CAL, Nice)

At Tsukuba in Japan, a two-
room proton treatment centre has
been operational since 1983 with
beam drawn from the nearby KEK
synchrotron, degraded from 500 to
250 MeV by a graphite absorber.

Also in Japan, construction of
the Heavy lon Medical Accelerator
(HIMAC) got under way at the Na-
tional Institute of Radiological
Sciences in 1988 with clinical trials
scheduled for 1993. The 310 mil-
lion dollar project was backed by
the Japanese government in the
context of a 1983 ten-year strat-
egy for cancer.

In Germany the GSI Darmstadt
SIS heavy ion synchrotron (see
page 24) will accelerate all heavy
ions from helium to uranium to en-
ergies of at least 1 GeV/nucleon.
Situated in the densely populated
Rhein-Main area between Frankfurt
and Heidelberg, it is an ideal region
for a therapy centre. A joint GSI-
Strahlenklinik (University of Heidel-
berg)-German Cancer Research
Centre (Heidelberg) proposal for a
radiotherapy facility on SIS has
been submitted to the German gov-
ernment.

In Switzerland, Hans Blattmann
and colleagues at the Villigen Paul
Scherrer Institute took the pion
technique developed at Los Ala-
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The emerging idea for the European Light
lon Medical Accelerator (EULIMA), with a
four-sector magnet structure and a single
cryostat and vacuum chamber. An external
source of the ECR type with an axial injec-
tion for stand-alone operation of the ma-
chine, as an alternative to a radial injection
system from an injector cyclotron, is also
shown.

mos and established a spot-scan-
ning irradiation therapy technique in
1981; since then more than 380
deep-seated tumour patients have
een treated. New computer pro-

grams give pencil beam proton
scanning additional flexibility in
dose shaping, calculating an optim-
ized scan pattern for a given three-
dimensional tumour volume. The
pencil beam scanning technique
will be tested in a horizontal beam
line with a degraded 590 MeV pro-
ton beam from the PSI accelerator.

Joe Castro at Berkeley and the
University of California Medical
Center, San Francisco, are collabo-
rating in clinical trials with helium
and heavier charged particles to
study the advantages of improved
radiation dose localization and en-
hanced biological effectiveness
with the main goal of evaluating the
need for high LET charged parti-
cles.

Design parameters for a Light
lon Biomedical Accelerator (LIBRA)

CERN Courier, January/February 1989

adjacent to five hospitals are now
being finalized by the Berkeley
group for the Merritt Peralta East
Bay Medical Center (Oakland, Cali-
fornia). Initially the project has a
four-year schedule for design, con-
struction and installation; switch-
on date not yet fixed.

The EULIMA idea takes shape

EULIMA's key technical concept
consists of adding a booster to an
existing accelerator with an estab-
lished heavy particle (neutron or
proton) therapy tradition. Prelimina-
ry studies have concentrated on a
superconducting separated-sector
cyclotron, since the desired energy
of 400 MeV/nucleon with a beam
of oxygen-16 is within reach of a
two-stage cyclotron. Project leader
Pierre Mandrillon {Nice) presented
the basic parameters of this ap-
proach and summarized the think-

ing.

An early stage of the feasibility
study explored the possibilities of
operating EULIMA as a stand-alone
dedicated facility, or as a booster
cyclotron for an existing machine
with an active therapy programme,
such as those in Nice, Louvain-ia-
Neuve and Liverpool. In the former
case, due 1d its excellent reliability
and high intensity, an ECR source
may be used to produce high
charge ions matched to the first ac-
celerating orbits in EULIMA by a
suitable axial injection system.

Biological and ballistic studies of
light ions showed that a 400
MeV /nucleon oxygen-16 beam is a
good benchmark. Besides its satis-
factory radiobiological perfor-
mance, a light ion beam offers the
possibility of secondary beams
such as have been used at Berkeley
for precise dose localization, imag-
ing and control of the treatment
sessions. In either case, a prerequi-
site for an efficient therapy pro-
gramme is an intensity of some
109 particles per second in tissue.

EULIMA's design may be based
on a synchrotron, as at Berkeley,
NIRS (Japan) and Loma Linda, or a
cyclotron — as in neutron therapy
facilities. Both have advantages
and drawbacks. The compact cy-
clotron was chosen as an option
for the feasibility study, and project
leader Mandrillon and his team set
out to study a separated sector op-
tion with a single cylindrical super-
conducting excitation coil, contri-
buting as much as 50% of the nec-
essary average magnetic field of
about 3 teslas.

The EULIMA feasibility study of
the past two years has concen-
trated on several important issues
of the cyclotron concept. It fulfils
the basic requirements for the re-
ference oxygen beam and leads to
a compact, cost-effective and over-
all technically feasible design. Be-
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sides providing required beam in-
tensities for standard therapy, the
design allows for the use of sec-
ondary positron-emitting beams for
tumour localization, thus improving
therapy procedures considerably.
Higher energies of at least 500
MeV /nucleon and heavier particle
bsams (mass number at least 20},
even if recommended by future
studies, would be more difficult to
obtain this way. Here a synchro-
tron would be better.

Several design issues have been
studied in considerable detail. A
separated sector design with a
common superconducting coil has
a number of advantages over re-
cently built closed yoke supercon-
ducting cyclotrons. The main ad-
vantage of the EULIMA concept
lies in a simpler mechanical design
with axial (in iron-free regions), as
opposed to radial — through the
cryostat — feedthroughs. This, and
a fixed frequency regime, indicates
that this pilot machine could be de-
signed and constructed without
major technical and implementation
problems.

The Workshop closed on an op-
timistic note with reiteration of the
physical and biological advantages
of light ion therapy. Pierre Chauvel
(Nice) and Ross Sealy (Liverpool)
concluded that Europe has to catch
up with the rest of the world (nota-
bly the USA and Japan) in high pre-
cision, high LET charged particle ra-
diotherapy. Hopefully EULIMA will
fulfil this aim, handling some 1000
patients per year, with many other-
wise intractable tumours being
cured.

By Seamus Hegarty

Considering the future of accelerating polar-
ized particles during a coffee break. Left to
right, Yu. Shatunov (Novosibirsk), J. Buon
(Orsay), and K. Steffen (DESY).
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Spin symposium

The recent 8th International Sym-
posium on High Energy Spin Phy-
sics at the University of Minnesota
in Minneapolis, Minnesota, opened
with a bang when L. Pondrom
{(Wisconsin), donning a hard hat
borrowed from construction work-
ers, ventured that "spin, the noto-
rious inessential complication of
hadronic physics, is finally teliing us
what real QCD (quantum chromo-
dynamics, the field theory of
quarks and giuons) looks like.’

He was referring to an animated
discussion on the meaning of the
recent spin oriented (polarized}
scattering results from the Euro-
pean Muon Collaboration (EMC) at
CERN and reported at the Sympo-
sium by R. Gamet (Liverpool) and
P. Schuler (Yale) which show that
the proton spin is not simply a re-
flection of the spins of its consti-
tuent quarks (June 1988 issue,
page 9).

Debate among theorists had
begun the previous week during a
five-day spin theory workshop
organized by J. Soffer (Marseille)

and sponsored by the University of
Minnesota Theoretical Physics In-
stitute. This lively discussion was a
continuous thread through all six
days of the subsequent symposium
with theoretical opinions ranging
from an announcement of the
death of QCD by G. Preparata (Mi-
lan) to cautibus warnings of overin-
terpreting the data by F. Close
(Tennessee). The implications of
the EMC results for QCD were illus-
trated by the different approaches
reported by R. Carlitz (Pittsburg)
and E. Leader (London).

The EMC controversy was only
one example of the vitality of the
field. The Minnesota Spin Sympo-
sium, with about 300 physicists
from around the world, was the lar-
gest yet in this biennial series. New
experimental results covered a
huge range of laboratory energy.
At the lowest end of the scale, the
static properties of particles, H.
Dehmelt (Washington) and Yu.
Shatunov (Novosibirsk) reported on
different experiments measuring
the positron magnetic moment,
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O.Chamberlain (Berkeley) and A. Krisch (Mi-
chigan} during a Symposium general ses-
sion.

while V. Hughes (Yale) covered
progress towards the new muon
magnetic moment experiment at
Brookhaven. K. Johns (Minnesota)
described an important new result
from Fermilab, the measurement of
the magnetic moment of the ome-
ga minus hyperon (June 1988,
page 25).

At the high energy end, the
Symposium heard the first results
from the new Fermilab 185 GeV
polarized proton and antiproton
beams from hyperon decay (Octo-
ber 1988, page 25), including the
asymmetry of neutral pions pro-
duced by protons, and the kinema-
tics of heavy hyperons.

Meanwhile Brookhaven's work-
horse Alternating Gradient Syn-
chrotron (AGS) has proved itself to
be a reliable source of polarized
protons. L. Ahrens described the
machine’s achievements, with 40%
polarized protons of up to 22 GeV,
while D. Lowenstein concluded his
pan-American status report with an
open invitation for proposals to use
the Brookhaven polarized beam. M.
Nessi (Rice) covered high energy
spin transfer measurements in hy-
peron production; data which
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should help solve the mystery of
why high energy hyperons come
out polarized. S. Heppelmann (Penn
State) looked at the asymmetry in
pion and proton production by po-
larized protons. Some large and un-
expected effects in proton elastic
scattering were described by D.
Peaslee (Michigan). This marked
spin behaviour occurs moreover in
a region where the spin-averaged
reaction rate is unremarkable, un-
derlining once again how spin can
be a sensitive probe (July/August
1988, page 10).

In Europe, the highest energy
polarized proton accelerator is the
French Saturne machine. J. Arvieux
covered its new MIMAS accumuia-
tor-booster ring {(May 1988, page
5). The Japanese KEK machine’s
new polarized proton capabilities
were pointed out by A. Masiake
{Kyoto), and S. Hiramatsu (KEK) re-
ported that beam has now reached
5 GeV with 25% polarization.

An intriguing interim result from
the Institut Laue-Langevin reactor
at Grenoble came from M. Pendle-
bury (Sussex), with a large (10-2%
e-cm) neutron electric dipole mo-
ment, agreeing with an earlier

Leningrad measurement.

Other new results showed no
parity violation in p-d scattering at
the 1077 level from a 45 MeV PSI
experiment reported by J. Lange
(ETH, Zurich) and an 800 MeV
LAMPF experiment reported by R.
Mischke (LAMPF). These results at
lower energy are more precise than
the existing 6 GeV parity violation
found at Argonne. Something very
interesting could be happening be-
tween 1 and 6 GeV.

Lively intermediate energy ses-
sions included many new measure-
ments of spin observables to chal-
lenge theory. As reiterated by R.
Silbar (LAMPF}, the regularities ob-
served may provide a hint. Big
news from these sessions was the
resurrection of dibaryons. Experi-
ments at Saturne, reported by de
Lesquen (Saclay), and LAMPF, Los
Alamos, reported by M. Gazzaly
(Minnesota), have found narrow
structures in polarized proton scat-
tering. However the interpretation
of these new results is still contro-
versial.

As usual, this Symposium high-
lighted the close links between ex-
perimental high energy physics and
accelerator technology, as exem-
plified by the recent convergence
of polarized ion source and polar-
ized target technologies. Important
new work was reported in both the
traditional atomic beam and the op-
tical polarization sectors applied to
source and target development.

E. Steffens (MPI, Heidelberg)
described a project to improve po-
larized atomic beams using a stor-
age cell for use as an internal tar-
get. Y. Mori reported on the laser
polarized ion source in routine use
at KEK, while news of further de-
velopments of this technique came
from A. Zelensky (INR, Moscow)
and C. Levy (TRIUMF). D. Bowman
{LAMPF} told how a laser polarized

9



Exchanging spin views during a ride down
the Mississippi during a break in the Sympo-
sium. Left to right, M. Moreno (Mexico), P.
Taxil (CERN), C. Joseph (Lausanne), and A.
Gersten (Ben-Gurion).

gas cell was used to produce po-
larized neutrons in an experiment
to observe parity violations in neu-
tron scattering. A new laser polar-
ized deuteron gas jet target devel-
oped by an Argonne/Novosibirsk
collaboration has been used in el-

. ectron scattering at the Soviet
VEPP-2M ring at Novosibirsk

(D. Torpokov).

The significant progress in polar-
ized gas jet targets was summar-
ized in a two-day workshop at Min-
nesota preceding the Symposium
and organized by W. Haeberli (Wis-
consin) and E. Steffens (MPI, Hei-
delberg).

Taking polarized proton beams
to energies above those of the
Brookhaven AGS requires finessing
so many depolarizing resonances
that much effort has gone into in-
vestigating the ‘Siberian Snake’
magnet configuration first pro-
posed by Derbenev and Kondraten-
ko. Various designs and applica-
tions were presented by E. Courant
(Brookhaven), S. Y. Lee (Brookhav-
en), and K. Steffen (DESY). A.
Krisch {Michigan) described the first
experimental snake test soon to be
performed at the newly commis-
sioned Indiana Cyclotron Cooler
Ring (July/August 1988, page 13).

The use of Siberian Snakes at fu-
ture accelerators was the subject
of another workshop at Minnesota
preceding the Symposium and
organized by T. Roser (Michigan).
Roser presented a new idea of us-
ing a partially excited snake to can-
cel weak low energy resonances;
this could provide polarized proton
injection for proposed new acceler-
ators. On a different tack, R. Ross-
manith (CEBAF) proposed using the
Stern-Gerlach effect to polarize an-
tiprotons in CERN’s LEAR low ener-
gy ring.

The importance of polarization in
high energy electron accelerators
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was stressed by D. Barber (DESY).
K. Moffeit (SLAC) reported that
most of the components needed
for electron polarization at Stan-
ford’s new SLC linac now exist,
and polarization should follow soon
after the machine begins physics.
K. Steffen (DESY) described the
spin rotator installed for tests at
the HERA electron-proton collider
being built at the German DESY
Laboratory. For the LEP electron-
positron collider nearing comple-
tion at CERN, ongoing polarization
studies were reported by J. Kout-
chouk. The considerable progress
in calculating depolarization effects
was described by S. Mane (Fermi-
lab). New polarized electron-posi-
tron accelerators such as SLC and
LEP will have a great potential to
test standard physics ideas, while
HERA and CEBAF will use polariza-
tion to probe particle structure.
Novosibirsk, with several ma-
chines in operation or being built, is
very active in electron-positron po-
larization studies (Yu. Shatunov, S.
Popov, and A. Zholents). L. Solo-
viev, the director of the Serpukhov
Laboratory, covered polarization fa-
cilities in the Soviet Union, includ-
ing active spin physics at Novosi-
birsk, at the 70 GeV Serpukhov
proton accelerator, and at the 9
GeV Dubna polarized deuteron ac-
celerator. The future looks espe-
cially exciting at the 400 GeV — 3
TeV UNK machine now under con-

struction at Serpukhov, where the
programme includes polarization
experiments by the international
NEPTUN collaboration. R. Raymond
{Michigan) described the ultra cold
Michigan-MIT polarized gas jet
which may be used as an internal
target for UNK's first experiment, a
study of proton elastic scattering
asymmetry at large transverse
momenta. '

Symposium participants were re-
minded that basic research can
lead to practical applications even
in the quantum mechanical world of
spin. R. Damadian (FONAR), one of
the originators of magnetic reson-
ance imaging {(MRI), demonstrated
in his talk on the history and pros-
pects of MRI that the medical as-
pects of spin physics have only
begun. Great progress in medical
diagnosis can be expected when
the structure of the nuclear spin
signal is married to advanced imag-
ing techniques.

Summarizing the Symposium, G.
Bunce (Brookhaven) stressed the
importance for spin physics of
close collaboration between phy-
sics and technology, and pointed
out the rapid advances achieved
between successive biennial Spin
Symposia. This bodes well for the
9th International Symposium on
High Energy Spin Physics to be
held in September 1990 in Bonn.
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Linear colliders

At the recent Linear Collider Workshop at
the Stanford Linear Accelerator Center
(SLAC) — left to right, Pisin Chen of SLAC,
Kaoru Yokoya of KEK (Japan), Norman Kroll
of UC San Diego and Ron Ruth of SLAC. Be-
low — Karl Brown of SLAC with Joel Le Duff
and Michel Davier of Orsay.

{Photo SLAC)

From November 28 to December 9,
the Stanford Linear Accelerator
Center hosted an International
Workshop on Next Generation Li-
near Colliders. The attendance, in-
cluding delegations from CERN,
Frascati (Italy), KEK (Japan), Liver-
more (US), Novosibirsk (USSR},
Qrsay (France) and SLAC itself re-
flected the international interest in
this new approach to higher
energies.

The world’s experts on linear
colliders had come to learn from
recent experience with the Stanford
Linear Collider (SLC), to discuss
their research and development
programmes, and to compare
notes on the design of possible
new machines. SLAC Director Bur-
ton Richter opened the two-week
conclave with a recommendation
that the various interested groups
of accelerator physicists pool their
talents and collaborate on the
R & D necessary for the next linear
collider.

Subsequent plenary speakers
owutlined the current state of knowl-
edge in such areas as design para-
meters, damping rings and
sources, accelerator structures,
beam dynamics, instrumentation
and control, radiofrequency power
sources, and final focus design.

In his ‘Struggle for High Lumi-
nosity’ talk, Robert Palmer of
Brookhaven and SLAC explained
the thinking behind the TeV Linear
Collider (TLC). This 7/8 kilometre,
1 TeV collider intended for the
SLAC site must produce the
1033-34 cm=2 s~ luminosities re-
quired for electron-positron physics
in this energy range.

Then Wolfgang Schnell outlined
the choices made by the CERN
team designing its CLIC linear col-
lider, a 2 TeV machine to give 1033
luminosity and a possible increase
in a multibunch mode. Accelerating
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sections would be powered by a
superconducting drive linac running
in parallel.

Alexander Skrinsky described
the Soviet VLEPP project, including
the 1 TeV electron-positron linear
collider scheduled for construction
at Serpukhov in the mid-1990s.
Mazakasu Yoshioka discussed pa-
rameters for the Japan Linear Col-
lider (JLC) and summarized the ex-
tensive development underway at
KEK.

Workshop participants then
broke up into smaller groups for a
week of intensive discussions on
areas of special interest, reconven-
ing for the final two days of sum-
mary talks from the various work-
ing groups.

One of the most significant re-
sults to emerge came from the
26-strong group considering final
focus designs. In discussions with
Valery Telnov of Novosibirsk, Pisin
Chen of SLAC recognized that co-
herent electron-positron pair pro-
!iuction — by beamstrahlung pho-

ons interacting with the magnetic
field of the other bunch — may gen-
erate intolerable backgrounds in the
surrounding detector. For TLC
beams with 100 particles per
bunch, the coherent production
dominates the incoherent by about
a factor of 200. What's more,
background particles are generated
with the same charge as the op-
posing beam, so that they can re-
ceive a substantial transverse kick.

The coherent pair production
rate can fortunately be controlled
by reducing the magnetic fields of
the beams. This can be accom-
plished by reducing the charge den-
sity per bunch, which in turn re-
quires increasing the number of
bunch crossings per second in ord-
er not to lose luminosity, or by in-
creasing the aspect ratio of the
beams. Allowing a larger exhaust
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port for the pairs (through the final
focus quadrupoles) may require use
of a larger crossing angle than pre-
viously anticipated — 60 milliradians
instead of 3 — which may require
the so-called ‘crab crossing’ design
to retain luminosity. Whatever the
eventual outcome, all sets of para-
meters advocated in the various li-
near collider designs will have to
be reviewed and revised to take
account of this pair-production
phenomenon.

Other groups had significant, if
less startling, results to report.
Those physicists working on
damping rings agreed that wiggler
magnets were an attractive means
of producing low-emittance beams
rapidly — permitting higher repeti-
tion rates.  The favoured accelerator
structure is the disk-loaded wave-
guide with an iris radius of 20 per-
cent of the r.f. wavelength —

2-6 cm in the designs being con-
sidered. For multibunch operation
{many bunches per r.f. fill, as in the
SLAC design and as an add-on for
CLIC) slotted structures are needed
to damp the transverse r.f. modes
that would otherwise cause beam
breakup. BNS damping {December
1988, page 13) was a favourite
method advocated to control
growth of transverse tails on the
bunches.

One of the key problems to be
solved is in the r.f. power sources
needed to drive the linear colliders.
No current solutions simultaneously
meet all the requirements of peak
power, repetition rate, efficiency
and cost, although the first three
have been demonstrated sepa-
rately.

Although the present sets of de-
sign parameters appear diverse,
there are common problems that
will benefit from collaboration on
R & D, as underlined in the working
groups. For example, ongoing col-

laboration between KEK and SLAC
has benefited r.f. power source

and accelerator structure develop-
ment, as well as final focus design.

One possible international colla-
boration is the Final Focus Test
Beam being considered for SLAC.
This beamline would take the beam
straight ahead from the end of the
linac and use TeV linear collider op-
tics scaled down to 50 GeV to pro-
duce intense, submicron beam
spots. Optics, components, instru-
mentation and precision alignment
techniques could be tested.

In summary, workshop organizer
Ewan Paterson of SLAC observed
that the problem of beamstrahlung
pair production had already
ushered in a ‘new wave’ of linear
collider fashions. Multibunch opera-
tion, slotted accelerator structures,
large crossing angles, crab cross-
ing, wigglers in damping rings, and
BNS damping were all ‘in" now.
Collimators in the final focus were
decidedly out, and the need for
more r.f. power has not changed.
‘Complementary linear collider de-
signs are very important’, Paterson
added, ‘because we learn from
everybody’s different problems.’

From Michael Riordan
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Around the Laboratories

DESY’s new proton linac supplies particles
at 50 MeV.

DESY
Hamburger protons

As part of the preparations for the

HERA electron-proton collider, pro-

ton beam tests have started at the
German DESY Laboratory in Ham-
burg.

DESY stands for Deutsches Elek-

tronen Synchrotron, and since its
inception in 1959, the Laboratory
has used electron and positron
beams. However the arrival of the
HERA project called for a proton
source.

First 50 MeV protons (or more
accurately the negative hydrogen

ions usually used these days as the

first stage of proton acceleration)
were provided by the new Linac Ili
on 18 November. This new linear
accelerator, designed to supply 10
mA of 50 MeV ions, was built in
close collaboration with Laborato-
ries with extensive proton beam
experience. The ion source fol-
owed a Fermilab design, while the

CERN Courier, January/February 1989

Alvarez accelerating tanks were
based on CERN Linac Il drawings.
The tanks were copper plated at
GSI Darmstadt.

Initial acceleration from 18 to
750 keV is provided by a 1.2
metre radiofrequency quadrupole
{June 1987, page 1). Design and
computations for this RFQ, built at

Frankfurt, were carried out by S.H.
Wang of Beijing as part of China’s
contribution to the linac in particu-
lar and HERA in general.

Another international contribu-
tion, this time from the Canadian
TRIUMF Laboratory, is the 80
metre beam transport system to
take the ions from the linac to the
new DESY Ill synchrotron. At injec-
tion into DESY |ll, the ions are
stripped of their electrons by an
aluminium oxide foil and continue
their way as protons. A system of
four fast kicker magnets (built at
the University of Hamburg) sends
the beam through the stripping foil
while the synchrotron accumulates
more ions, a procedure repeated
every four seconds.

DESY IIl was built in 1987 using
the iron yokes of the original DESY
| bending magnets. These 4.6
metre units now bend and focus
the beam, and have been comple-

Hamburger synchrotrons — DESY Il on the
inside handles electrons and positrons for
HERA while the outer DESY Ill ring will take
protons from 50 MeV to 7.5 GeV.

(Photo Nick Wall)
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The HERA electron-proton collider now be-
ing built at the German DESY Laboratory in
Hamburg will handle polarized (spin-oriented)
electron beams. Here are some of the mova-
ble supports for the complicated spin rotator
magnets, which will have to be moved up
and down for different beam optics.

mented by additional quadrupoles
and multipoles. The 317 metre cir-
cumference DESY Ill, designed to
take protons up to about 7.5 GeV,
surrounds the new DESY Il ma-
chine handling HERA electrons and
positrons. DESY IllI's protons will
be injected into the PETRA ring to
be boosted to 40 GeV before be-
ing taken to HERA and there on to
about 1000 GeV.

Earlier (October 1988, page 20),
the 6.3 km HERA ring handled its
first electron beams. Most tests
were at 7 GeV, with a few 1010
particles per bunch stored, how-
ever later 10 GeV single bunches
were ejected from the intermediate
PETRA ring using a fast kicker

16

magnet, transferred to the new ring
and accumulated there either in a
single or nine equally spaced 'buck-
ets’.

The electrons could then be
taken up to 14 GeV without loss,
the energy being limited at the time
by the water cooling system. Thus
although the full complement of 82
radiofrequency accelerating cavities
had been installed, only 14 could
be powered for the tests.

Next task is to complete the
magnet water cooling, the lead
synchrotron radiation shielding, and
the radiofrequency system. With
the inclusion of superconducting
accelerating sections, an energy of
33 GeV is on the cards.

Except for some minor work, all
HERA civil engineering has been
completed, and the bill is within
one per cent of the original target
figure, updated for inflation.

FERMILAB
New neutrino
directions

After two successful fixed target
Tevatron runs in 1985 and 1987,
the present neutrino programme at
Fermilab has drawn to a close with
the experiments agreeing with each
other and with the faithful Standard
Model.

The long-standing discrepancy in
the neutrino-nucleon reaction rate
between studies at CERN and Fer-
milab has been resolved. Muon
pairs, with each particle carrying
the same electric charge, now ap-
pear at the prescribed rate, and the
new 1987 data should go on to
provide important new information
on the quark content (structure
functions} of nucleons. Thus it was
an appropriate time to review the
data and examine possibilities for
the future in a ‘New Directions in
Neutrino Physics at Fermilab’ meet-
ing last fall.

The meeting got off to a good
start when Fermilab Director Leon
Lederman suggested throwing the-
orists (and their advice) out the
window. Before complying, subse-
quent speakers covered the results
accumulated so far. In particular J.
Morfin (Fermilab) looked for agree-
ment and disagreement among the
various measurements of structure
functions. A Snowmass study
group has been set up to coordi-
nate structure function data.

Paul Langacker (Pennsylvania)
looked at the theoretical basis for
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neutrino oscillations {instead of im-
mutable neutrino types), pointing
out different possibilities.

The second day examined new
options. For an old new idea — a
muon storage ring as a neutrino
source ~ W. Lee (Columbia) des-
cribed physics possibilities and D.
INeuffer (Los Alamos) presented de-
sign parameters, mentioning that
the Fermilab antiproton source/de-
buncher is already nearly ideal. Oth-
er speakers examined further fixed
target neutrino physics approaches
for Fermilab and for the new UNK 3
TeV ring being built at Serpukhov
near Moscow. Returning to results,
T. Kitagaki (Tohoku) had new re-
sults on the 'EMC effect’ (the de-
pendence of structure functions on
the surrounding nuclear environ-
ment) from the heavy-liquid bubble
chamber. The effect is seen in ev-
ents with nuclear breakup, but not
in coherent recoils.

The final day began with some
ideas for long-baseline oscillation
yneasurements. J. Bjorken (Fermi-
’ab) described an inexpensive two-
distance experiment using the earth
as a target and fleets of detector
trucks placed hundreds of miles
from each other and from the neu-
trino source. "Any improvement of
the limits by a factor of ten, be it in
mixing angle or mass, is worth the
effort,” he claimed. M. Koshiba (To-
kai) looked at the possibilities of a
megaton water target.

In a final session devoted to
plans and results at other Laborato-
ries, A. Capone (CERN) presented a
status report from the CHARM |i
collaboration at CERN, which has
the important goal of making preci-
sion measurements in the scatter-
ing of neutrinos off electrons.
Brookhaven too has a long and
continuing neutrino tradition, and S.
Aronson sketched a future scenar-
io.
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Summarizing, W. Marciano
stressed the importance of preci-
sion measurements of electroweak
mixing parameters and of testing
oscillation limits in as many ways
as possible.

Advanced computing
from ltaly

A new Advanced Computer Project
(ACP) computer system was re-
cently commissioned at Fermilab.
Purchased by the Italian National In-
stitute for Nuclear Research {(INFN)
through the University of Milan,
which collaborates in the heavy
quark photoproduction experiment
E-687, the new 25-node system
will be operated by Fermilab’s
Computing Department for the
INFN. First target is analysis of E-
687 data from the latest fixed tar-
get run.

This is the third production ACP

The new ltalian Advanced Computer Project
system in Fermilab’s Computing Centre with
some of its owner/users and support staff.
Left to right, Gian Alimonti, Dario Menasce,
Margharitta Vittone (Milan), Paul LeBrun,
Chip Kaliher, Arnaldo Valderrama, Peter
Cooper and Jim Meadows (Fermilab Com-
puting Department/Research Division).

system on-line at Fermilab. These
three systems, totaling 142 nodes,
are used to analyse recent data
from fixed target studies and from
the CDF experiment running at the
Tevatron collider.

E-687's latest batch of 2000
data tapes will require the equival-
ent of 24 ACP nodes working full
time for one year for primary data
analysis. Together, recent data
from all the fixed target experi-
ments plus that from the current
collider run amounts to about
40,000 tapes, requiring 400 node-
years. The largest single client, the
charmed hadroproduction experi-
ment E-769, has 10,000 tapes and
requires 170 node-years to com-
plete its first pass. All experiments
plan to use ACP systems for at
least their primary data analysis,
and some plan also to run large de-
tector simulation programs this
way.

The ACP systems are based on
a group of microprocessors run-
ning in parallel. Each node is a
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The variation with collision energy of the ex-
ponential slope parameter (b) in the elastic
scattering of protons off protons (circles)
and antiprotons off protons (x), showing
how the forward diffraction peak shrinks
with increasing energy.

single board computer with either 2
or 6 megabytes of memory. The
25 node INFN system, for example,
has more than half the computing
power of the present Fermilab
VAX cluster. When a computation
can be broken into many small,
similar tasks, as in the analysis of
individual events, the ACP is a very
cost effective solution. Other prob-
lems are less well suited for ACP
handling — the technique is not ne-
cessarily a replacement for general
purpose computers.

Six ACP central computing sys-
tems with a total of 400 nodes
should soon be available, boosting
Fermilab’s central computing to a
total of 300 VEQ (VAX 11/780
EQuivalents) via ACP systems, with
55 VEQ on VAX systems, and 120
VEQ on the Amdahl 5890/600E,
while the three Control Data Cyber
175s will be decommissioned.

Despite a five-fold increase in
the past few years, nearly all avail-
able computing power is ear-

arked. However new experiments
now being analysed could not have
been contemplated without the
knowledge that such large comput-
ing resources would be available.
These resources have become a
tool for doing physics which
couldn’t be done before.

/S

/ii 12 - + + + +++¢
= It ++ + — .
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(GeV)

CERN
Elastic scattering

Elastic scattering, when two collid-
ing particles apparently "bounce’
off each other like billiard balls,
may not be the most exciting way
of studying physics, but can never-
theless provide deep and very sa-
tisfying insights into the basic prin-
ciples governing particle behaviour.
Particularly incisive results come
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from a comparison of the elastic
scattering of protons on protons
with that of protons on their anti-
matter counterparts, antiprotons.

CERN's Intersecting {proton)
Storage Rings (ISR}, closed in
1984, handled antiprotons from
1981, and were able to compare
proton-proton and proton-antipro-
ton behaviour over collision ener-
gies from 30 to 62 GeV.

New elastic scattering results,
for the proton-antiproton case
only, reported last year from the
UA4 experiment at CERN’s proton-
antiproton collider (January/Februa-
ry 1988 issue, page 32), hinted
that something unexpected hap-
pens at collision energies around
546 GeV. These effects could go
on to become even more spectacu-
lar at the higher collision energies
envisaged at future big proton col-
liders.

In particular, the UA4 results do
not necessarily underline the popu-
lar claim that the difference be-
tween proton and antiproton be-
haviour decreases at higher ener-
gies, the two eventually merging
together.

Eschewing these high energy ho-
rizons, the UAB experiment
{CERN/Lausanne/Michigan/Rocke-

feller collaboration) uses CERN's
proton-antiproton collider in a dif-
ferent way. Instead of the stored
proton and antiproton beams hit-
ting each other, one beam hits a jet
of hydrogen gas squirted across its
path, making for a high collision
rate at a collision energy of 24.3
GeV (April 1985 issue, page 102).
Proton-proton collisions are also
studied.

The elastic scattering part of the
experiment relies on an array of
solid-state detectors 85 cm from
the beam-jet intersection to pick up
the protons recoiling out of the gas
jet (a technique pioneered at the
Joint Institute for Nuclear Research
at Dubna near Moscow) instead of
the more conventional ‘'Roman Pot’
method with detectors placed as
near the beam as possible.

Key parameters are b, the ex-
ponential falloff of the scattering
spectrum away from its central
maximum, and rho, the ratio of the
real and imaginary parts of the un-
derlying scattering amplitude.

The UAB results tie in with the
conventional view of protons and
antiprotons, and do not mirror the
UAA4 findings from much higher en-
ergies. The accurate measurements
are particularly useful.
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UNIVERSITY OF VIRGINIA
EXPERIMENTAL HIGH ENERGY PHYSICS

ASSISTANT PROFESSORSHIPS

The Department of Physics at the University of Virginia
is seeking qualified applicants for tenure track assistant
professor positions for an experimental high energy
physics group now in the process of formation.

This group has a major involvement at Fermilab in hea-
vy flavor physics in experiment E705 and |n beauty
physics in experiment E771.

They also have a strong interest in future beauty phy-
sics options at both Fermilab and/or the SSC.
Candidates should have compatible research inter-
ests.

Interested parties should submit a resume and the
names of at least three references to:

Professor Michael Fowler, Chairman
Department of Physics

J.W. Beams Laboratory of Physics
University of Virginia

McCormick Road

Charlottesville, Virginia 22901

Phone: 804/924-3781

The University of Virginia is an equal opportunity
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Smith & Johnson (Keighley) Limited to CERN.
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Collaboration between the German firm Hans
Wiener and CERN in the development of
switching power supplies such as this quick-
ly led to other power supplies for industrial
applications.

Electronics develop-
ment with industry

As highlighted in the special No-
vember 1988 issue of the CERN
Courier , the role of high energy
physics as a catalyst for industry is
becoming increasingly important. In
the wake of stringent demands for
size, performance, precision, high
data rates, etc., technology is
pushed to new limits, and spinoff
benefits from the resuttant new ex-
pertise are frequently quick to fol-
low.
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Playing a special role in this in-
dustrial collaboration is the Test
and Instrumentation Group of
CERN'’s Experimental Physics Divi-
sion, taking care of manufacturing
development, and prototype and
production testing for new elec-
tronics equipment, together with
the maintenance of a pool of
38,000 electronics instruments for
physics needs.

As new requirements emerge,
manufacturers are invited to tender
on the basis of specifications
drawn up by CERN. Development
work is done partially at CERN,

where specialists from industry are
free to work in an equipped labora-
tory reserved for the purpose, and
manufacturers can benefit from the
availability at CERN of sophisticated
instruments such as high speed
transient recorders, automatic test
registers, fast digitizers, and climat-
ic chambers. .

Projects include fast electronics
for NIM and Camac systems
{CAEN, ltaly), high and low voltage
supplies (Novelec, France; and
CAEN), and crates for NIM, Camac,
Fastbus, and more recently VME
modules (Grenson, UK; WES,
Wiener, Germany; Pulsar, ltaly;
OSL, France). Fastbus supplies are
particularly in demand for new phy-
sics experiments.

Recent examples of joint devel-
opment projects include a multi-
channel analyser (Silena, ltaly), a
programmable logic unit (CAEN})
and a switching supply for use with
Camac (WES, Wiener). In this way
European industry is stimulated to
compete with other world markets.

New route
to electron emission

A new type of electron beam
source is under development by a
CERN/Katowice/Saloniki team
looking at ferroelectric crystals
{such as barium titanate) or ceram-
ics (such as PLZT) whose tiny unit
cell dipoles line up to provide a
strong electric polarization field.
This gives unpaired positive and
negative electric charges on oppo-
site faces of the crystal, normally
masked by screening effects, but
the team has shown that if the po-
larization direction is rapidly
switched using high voltage pulses,
the screening has no time to get
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established and local excess sur-
face charges can attain a theoreti-
cal limit of 1 Cb per sq. m.

With nothing holding them back,
electrons are expelled and acceler-
ated from the surface by them-
selves — neither heating (thermionic
effect), nor illumination (photoef-
fect), nor external extraction fields
are needed and primary into beam
energy conversion efficiency is be-
tween 1 and 10 %! Beam charac-
teristics can be controlled within
wide limits by the type of material,
its geometry and the applied high
voltage pulses as well as by exter-
nal fields. These electron beams
have been reproducibly generated
in two different experimental set-
ups.

Provided switching times can be
shortened to the subnanosecond
range, the new source may readily
meet the requirements of high in-
tensity beam sources for possible
new multi-TeV linacs. Another ap-
plication at CERN is the develop-
ment of an electron-beam-triggered
high power switch. The availability
of high power electron beams
could also go on to make a sub-

Electron emission from a ferroelectric crys-
tal. The upper trace shows three electron
current pulses measured on a transparent
grid charged to —20 (smallest negative
pulse}, —10 and O volts. The total emitted
charge is 0.4 Cb/sq. m, about a third of the
spontaneous polarization in the crystal. Ver-
tical divisions represent 0.05A, horizontal
divisions 200ns.

stantial impact in industry, and fer-
roelectric electron emission in-
duced by the impact of high energy
particles may also be of interest for
fast, high resolution particle detec-
tors.

BEIJING
Luminosity and people

Soon after the first electron-posi-
tron collisions were obtained in the
240 metre storage ring of the new
BEPC Beijing Electron-Positron Col-
lider (November issue, page 41),
the 1.6 GeV beams attained a lumi-
nosity {a measure of the collision
rate) of 8 x 1028, with vacuum bet-
ter than 107 torr. The next step is
to boost the beam energy to above
2 GeV and the luminosity to 103’
ready for physics around the J/psi
resonance.

A delegation of Chinese leaders,

In the control room of the new BEPC Beijing
Electron-Positron Collider at the Institute of
High Energy Physics — left to right, former
Institute Director Ye Minghan, new Director
Fang Shouxian and Vice-Director Chen Shen-

gyu.

including Deng Xiaoping, visited
the centre on 24 October, just after
the first test tracks were recorded
in the new Beijing Spectrometer.

The Directorate of the Beijing In-
stitute of High Energy Physics
(IHEP) has also been changed. The
team under Director Ye Minghan,
with Vice-Directors Xie Jialin, Fang
Shouxian and Zhang Houyin,
named in February 1984, has over-
seen the building of BEPC, its suc-
cessful operation according to
schedule and within the allocated
budget of 240 million yuan (about
64 million US dollars). Ye Minghan
and former Vice-Director Xie Jialin
return to research at the institute.
New Director is Fang Shouxian,
while new Vice-Directors are Chen
Shengyu (head of BEPC), Zheng
Zhipeng (head of experimental high
energy physics), Xu Shaowang
(head of development and produc-
tion), Li Dezhong (head of adminis-
tration) and Ma Tongjun (head of
general support).
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Qak Ridge's Holifield tandem accelerator,
23.8 m high and with an active accelerating
length of 16.5 m, has achieved a record ter-
minal voltage of 25.5 MV.

In his inaugural speech, the new
Director looked ahead to the ex-
ploitation of the new machine, call-
ing for Institute staff "to be united,
democratic, hard-working and en-
terprising to build IHEP into a re-
search institute of international
standard’.

SOVIET UNION
Applications
of accelerators

Applications of the technologies
emerging from particle physics
have received extensive CERN
Courier coverage in recent
months, with examples from Lab-
oratories in Western Europe, the
USA and Japan. Impressive exam-
ples from the Soviet Union came in
a talk at CERN by Igor Meshkov of
the Institute of Nuclear Physics in
Novosibirsk.

Novosibirsk has a history of pro-
viding accelerators for use in So-
viet industry dating back to the
1960s and the inspired leadership
of Gersh Budker. At present there
are two powerful electron beam
accelerators on the market each
providing up to 2 MeV beam ener-
gy. One is a DC machine, called
ELV, produced under R. Salminov;
the other is a pulsed machine,
called ILV, produced under V. Aus-
lander. About eighty of these ma-
chines have been made. (A similar
number of electron machines of dif-
ferent design have been produced
at the Efremov Institute in Lenin-
grad.)

Major applications are in radi-
ation modification of polymers,
polymerization, grain sterilization,
and the cleaning of chemical con-
tamination in cooling water. Appili-
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cations under development include
the hardening of steel and iron, the
superposition of a protective layer
by diffusing other metal powders
into steel, purification of gases,
special melting and welding tech-
niques, and the production of min-
ute holes in ceramics for the elec-
tronics industry using 'needle’ elec-
tron beams.

An ion beam machine of similar
design, called LUI, has had its first
tests and will be produced for in-
dustrial use in ion implantation and
the fabrication of new materials.

To push the application of accel-
erator technologies a Centre of
Physics Applications for Industry
has been set up at Lipetsk. This is
in association with the Novosibirsk-
Serpukhov project aiming for elec-
tron linear colliders providing multi-

TeV (thousands of GeV) energies
(January/February 1988, page 3).
A recent’innovation is a course on
particle beam technologies being
given at the Lipetsk Polytechnic In-
stitute.

OAK RIDGE
25.5 megavolts

Last September, the Holifield Heavy
lon Research Facility tandem accel-
erator at Oak Ridge achieved a
world record terminal voltage of
25.5 MV, and operated for an ex-
periment at 25 MV.

The improved voltage results pri-
marily from the installation of ‘com-
pressed geometry’ acceleration
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One of the many hazards proton beams
have encountered.

tubes, the components used in the
original tubes having been reconfi-
gured to increase the ratio of insu-
lator length to total acceleration
length by 17 %.

Used alone and as an injector for
Oak Ridge's Isochronous Cyclo-
tron, the Holifield tandem plays an
important role in the Laboratory’s
wide range of atomic and nuclear
physics studies. It would also inject
into the HISTRAP heavy ion syn-
chrotron, storage ring and cooler
proposed for Oak Ridge.

ACCELERATORS
A fast clip

Many particle physics Laboratories
around the world have new ma-
chines, both large and small, under
construction and which, like
"CERN'’s LEP electron-positron col-
lider, should soon be ready for
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commissioning.

Thus the recent course ‘Obser-
vation, Diagnosis and Correction of
Particle Beams’, organized by the
Joint US-CERN Particle Accelerator
School in Capri, ltaly, from 20-26
October received enthusiastic sup-
port.

The successful commissioning
and operation of a new machine re-
quires a blend of good technology
for instrumentation, experience for
interpretation, and theory for cor-
rection strategies. In this work the
human element is very important,
as illustrated by Gus Voss of DESY
using several anecdotes.

He recalled how many years ago
the beam at CERN's PS proton
synchrotron was mysteriously lost
in mid-ramp. By careful beam
steering, the offending obstruction
was located and the vacuum cham-
ber opened to reveal a paper clip,
which had been rising in the mag-
netic field, eventually interrupting
the beam.

Apparently a sample of some
now-forgotten material had been
prepared for some equally forgot-
ten tests inside the PS vacuum
chamber. The sheet of paper pin-
ned to the sample simply said "Put
this in the vacuum chamber — H.G.
Hereward’, and such was the awe
inspired by this name that the ord-

A good turnout for the Joint US-CERN Parti-
cle Accelerator School course at Capri.

er was carried out precisely!

The CERN Accelerator School
now turns its attention to its next
course, Synchrotron Radiation and
Free Electron Lasers, to be held in
Chester, UK, from 6-13 April.
Further details from Mrs. S. von
Wartburg, LEP Division, CERN,
1211 Genevd 23, or bitnet
CASDARS at CERNVM.

DARMSTADT
Christoph Schmelzer
80

On 24 November, after an event at
the GS! (Gesellschaft fiir Schwer-
ionenforschung) Laboratory, Darm-
stadt, to mark his 80th birthday,
Christoph Schmelzer pushed the
button to inject nuclear particles
through a new transfer line into
GSl's new SIS heavy ion synchro-
tron (October 1988 issue, page
27), scheduled for commissioning
from April. In this way he was able
to span two generations of GSI
operations — from 1976, his UNI-
LAC (Universal Linear Accelerator)
has provided a complete range of
nuclear particle beams for experi-
ments. (The other stage of GSI's
new installations, the ESR exper-
imental storage ring, should be
commissioned in 1990.)

At the GSI ceremony, Schmelzer
was welcomed by Paul Kienle, and
CERN Council President Josef
Rembser brought greetings from
the German Ministry of Research
and Technology, reading from a
letter from Minister Heinz Riesenhu-
ber. Other speakers underlined
Schmelzer’s pioneer contributions
to GSl and his role as a scientist
and lecturer.

Before founding GSI and becom-
ing its first Director, Schmelzer
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mE YEAR FELLOWSHIP
IN NUCLEAR PHYSICS

LAWRENCE BERKELEY LABORATORY’S Nuclear Science
Division has a position open as Divisional Fellow for a
person with outstanding promise and creative ability and
an interest in experimental heavy-ion nuclear physics.

. Thecentral focus of the Division’s research program is the
production and study of nuclear matter at extreme con-
ditions; specific programs including: the investigation of
heavy-ion collisions at low, medium and very high inci-
dent energies; nuclear structure studies, production and
characterization of exotic nuclei and nuclear
astrophysics.

This research is carried out at LBL’s Bevalac and 88-inch
Cyclotron accelerators and accelerators at other labora-
tories. Instrumentation developmentis an integral part of
the research program; for example, a TPC now under
construction is expected to provide significant new
research opportunities at the Bevalac.

Candidates with a background in either nuclear or high-
energy physics or nuclear chemistry are welcome. The
appointment will be for a term of five years with the
intention of promotion to a senior staff position.

Applicants are requested to submit a curriculum vita, list
of publications, statement of research interest, and the

names of three references (Specify Job B/5015), as early

as possible and before the closing date of March 31, 1989,
to: T.J.M. Symons, Director, Nuclear Science Division, c/o
Employment Office, 90-1042, #1 Cyclotron Road, Berkeley,
CA 94720. We are an equal opportunity employer, M/F/H.

LAWRENCE
BERKELEY
LABORATORY

TRIUMF

. MESON RESEARCH FACILITY

University of Alberta

Simon Fraser University
University of Victoria
University of British Columbia
Competition # 580-118

RADIO-FREQUENCY
ENGINEER

TRIUMF requires a Radio-Frequency Engineer for design and
development of rf systems. The work involves both the upgra-
ding of existing systems and the creation of new apparatus,
with strong emphasis on system reliability.

These systems cover the range from less than 100 watts to
1800 kW rf power output in the frequency range of 11.5 to
92 MHz. All systems are highly regulated in voltage, frequency,
and phase by means of high-performance control systems.
Experience with high-power vacuum-tube amplifiers, as well
as solid-state amplifiers is required. In addition, familiarity with
cavity resonators and precision control systems {both analog
and digital) is necessary.

Minimum requirements are a degree in Electrical Engineering
and at least five years’ related experience in a large research or
industry environment.

Please reply in writing, outlining qualifications and experience,
with names of three referees to: TRIUMF Personnel {Com-
petition 580), 4004 Wesbrook Mall, Vancouver, B.C.,
CANADA, V6T 2A3.

Closing date for applications is February 28, 1989.

We offer equal employment opportunities to

qualified male and female applicants.
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DIRECTOR

Fermi National Accelerator Laboratory

The Fermilab Board of Overseers of Universities
Research Association, Inc., (URA) has initiated a search
for a new Director of the Fermi National Accelerator
Laboratory. The position will be available July 1, 1989.
The Search Committee is now in the process of
assembling a list of suitable candidates and welcomes
applications and nominations from the community of
high energy physicists. Communications and resumes,
which must be received by February 15, 1989, should
be sent to:

Dr. Harold K. Ticho, Chairman

Search Commifttee

Universities Research Association, Inc.
Suite 400

M1 19th Street, N\W,

Washington, D.C. 20036

URA is an gffirmative action/equal opportunity
employer.

UNIVERSITY OF SOUTH CAROLINA

Faculty Positions in
HIGH ENERGY PHYSICS

The Department of Physics at the University of
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 e* 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,

I, Chairman,

Department of Physics and
Astronomy

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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played an important role in the pre-
parations at CERN for the PS pro-
ton synchrotron in the 1950s. In
the 1960s he was Director of Hei-
delberg’s Institute of Applied Phy-
sics, where he set up a study
group to prepare the ground for the
UNILAC.

STANFORD
Final SLD assembly

Almost two years ago, 2500 tons
of prefabricated steel pieces des-
tined for the Stanford Linear Accel-
erator Center {SLAC} quietly en-
tered San Francisco Bay aboard the
ship Ruth Lykes. About six months
later, a 100-ton 6-metre aluminium
coil came trundling through Palo
Alto on a special truck, headed for
the same destination.

By early 1988 the coil and
hundreds of steel parts had been
assembled into two arches, a bar-
rel and two endcaps, making a fair-
ly complete detector shell for SLD,
a new, state-of-the-art detector be-
ing built for the SLC Stanford Linear
Collider. Final assembly has now
begun of the separate components
inside this shell.

Last year the endcaps were
closed on the barrel to complete
the iron yoke for SLD magnet tests
— the 6-kilogauss field was found
to be more uniform than expected.
The aluminum coil, powered by
6600 amps at b megawatts, en-
closes all the inner components of

In the SLD pit, the liquid argon calorimeter
(foreground) and its outer jacket await inser-
tion into the SLD magnet yoke (rear).

(Photos SLAC}
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The outer cylindrical shell of the liquid argon
calorimeter slides into the magnet coil of the
SLD detector at Stanford prior to insertion
of another, smaller, shell and then the calori-
meter itself (see below).
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the detector so as not to interfere
with the detection of particles pro-
duced in SLC’s electron-positron
collisions.

Each section of the octagonal
steel barrel surrounding the coil is a
weld-up of fourteen 5 cm-thick
steel plates with 2.5 cm gaps, each
§illed with flat limited-streamer
chambers to detect penetrating
muons and measure remnants of
showers from the large liquid argon
calorimeter. This system together
with analogous components in the
two endcaps has already been in-
stalled.

Once the large liquid argon calo-
rimeter is completely installed by
spring, the cylindrical shell of the
Cherenkov ring-imaging detector
slides in, followed by the 2-metre
diameter central drift chamber. The
innermost detection system is the
vertex detector, two cylindrical
layers of charge-coupled devices
(CCDs) about the size of a tin can.

The SLD collaboration, com-
iyosed of over 200 physicists and
Engineers from SLAC and 30 re-
search centres in the United States,
Italy, Canada, the UK, and Japan,
expects to complete the detector
by the end of 1989.

During his recent trip, the distinguished So-
viet physicist Andrei Sakharov (centre) stop-
ped off in Paris, where his engagements in-
cluded an informal meeting with some mem-
bers of the French Adademy of Sciences.
Left, with their backs to the camera, are ma-
thematician Henri Cartan and physicist Yuri
Orlov. Right, mathematician Laurent
Schwartz (seated), and physicist André
Guinier. The woman on Sakharov’s right is
an interpreter.

(Photo André Martin)
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People and things

USSR Academy of Sciences

The USSR Academy of Sciences
has elected CERN Director General
Carlo Rubbia, together with Sam
Ting, leader of the L3 experiment
for CERN’s new LEP electron-posi-
tron collider, Wolfgang (‘'Pief’) Pa-
nofsky, former Director of SLAC,
and Zhou Guangzhao, Director of
the Academia Sinica, Beijing, as
Foreign Members.

Honours for Schopper’

Former CERN Director General Her-
wig Schopper has been awarded
an honorary doctorate by Moscow
State University for ‘outstanding
contributions to the development
of high energy physics and further-
ing the cooperation between the
USSR and CERN....".

At the conclusion of the Decem-
ber session of the CERN Council

(below and page 1), Council Presi-
dent Josef Rembser announced
that Federal German President Ri-
chard von Weizsédcker had
awarded Schopper the Comman-
der’s Cross of the Order of Merit of
the Federal Republic of Germany
(Grosses Verdienstkreuz des Ver-
dienstordens der Bundesrepublik
Deutschiand).

CERN elections and appointments

At its meeting in December, CERN
Council elected Arnfinn Graue (Nor-
way) as Chairman of Finance Com-
mittee, replacing Jan Bezemer (Ne-
therlands). Georges Vianés (France)
was appointed Director of Admin-
istration for three years, while
André Naudi was appointed Head
of Finance Division and David Wil-
liams as Head of Data Handling Di-
vision, both for one year, succeed-
ing Marcel Lazanski and Paolo Za-
nella respectively.
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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, lfattice 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:

e Survey and alignment techniques @ Ultra-high vacuum systems ® Mechanical design of magnetsee 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.

UNIVERSITY OF VIRGINIA
EXPERIMENTAL HIGH ENERGY PHYSICS

SENIOR PROFESSOR POSITION

MECHANICAL ENGINEER

Laboratory For Nuclear Science

M.IT's Bates Linear Accelerator Center is looking for some-
one to be responsible for coordinating the design, fabrica-
tion, and installation of magnetic, vacuum, and

The Department of Physics at the University of Virginia
is seeking qualified applicants for a tenured position at
the associate or full professor level for an experimental
high energy physics group now in the process of for-
mation.

The selected individual would act as deputy head of the
group.

This group has a major involvement at Fermilab in hea-
vy flavor physics in experiment E705 and in beauty
physics in experiment E771.

They also have a strong interest in future beauty phy-
sics options at both Fermilab and/or the SSC.
Candidates should have compatible research inter-
ests.

Interested parties should submit a resume and the
names of at least three references to:

Professor Michael Fowler, Chairman
Department of Physics

J.W. Beams Laboratory of Physics
University of Virginia

McCormick Road

Charlottesville, Virginia 22901

Phone: 804/924-3781

The University of Virginia is an equal opportunity
employer.

instrumentation hardware associated with a 1 GeV Fulse
Stretcher Ring. Will document detailed mechanical design
and analysis of the various systems components to verify
their integrity and pre-operational checkout. Prepare
mechanical layouts and detailed engineering designs for
ultra-high vacuum systems, magnetic elements, various
beamline instruments, support structures, etc. Set up test
programs and quality assurance procedures to verify satis-
factory designs and fabrications.

Requirements: B.S. in Mechanical Engineering or related
field with a minimum of five years of experience. Must
have knowledge of modern computerized design tech-
niques, drafting, machine shop, and welding practices.
Preference will be given to individuals with direct ex-
perience in accelerator technology. Experience with cryo-
genics and/or superconducting devices is desirable. M.IT.
is a non-smoking environment.

Interested candidates should forward two copies of both
resume and cover letter, referencing Job #R88-228 to:
Mzr. Richard Adams, c/o M.1T. Personnel Office, 400 Main
St. (Bldg. E19-239), Cambridge, MA 02139.

A COMMUNITY
AT WORK

MIT IS

AN EQUAL
OPPORTUNITY/
AFFIRMATIVE
ACTION
EMPLOYER
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A recent seminar at the Joint Institute for
Nuclear Research, Dubna, near Moscow,
marked the 60th birthday of distinguished
Soviet theoretician Samoil Mikhelevitch
Bilenky, who spoke on ‘Future experiments
on solar neutrino detection and problems of
neutrino oscillations’.

Dubna reshuffle

In new senior staff appointments at
the Joint Institute for Nuclear Re-
search (JINR), Dubna, near Mos-
cow, V.G. Kadyshevsky has been
elected Director of JINR’s Labora-
tory of Theoretical Physics, T. Vy-
:>v (Bulgaria) Director of the Labo-
itory of Nuclear Problems, Yu.
Oganessian Director of the Labora-
tory of Nuclear Reactions, and N.N.
Govorun Director of Computing
Techniques and Automation. I.
Savin is Director of a new Labora-
tory set up to handle particle phy-
sics experiments at accelerators
elsewhere (such as CERN and the
Institute of High Energy Physics,
Serpukhov). .

Jointly organized by CERN and UNESCO, a
memorial meeting at CERN in November
honoured Isidor Rabi, who played a seminal
role in the foundation of CERN and who died
last January. The speakers were (left}, Nor-
man Ramsey of Harvard, a former research
colleague of Rabi, and UNESCO Director
General Federico Mayor Zaragoza. It was at
a UNESCO meeting in Florence in 1950 that
Rabi had proposed the idea which eventually
led to the creation of CERN.

(Photo CERN 554.11.88)
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Neutrino line-up : above, the Brookhaven/Co-
lumbia neutrino experiment group pictured in
1962, and below 26 years later in Stock-
holm when Leon Lederman, Mel Schwartz
and Jack Steinberger received the 1988 No-
bel physics prize. Left to right,; Jack Stein-
berger, Dino Goulianos, Jean-Marc Gaillard,
Nariman Mistry, Gordon Danby, Warner
Hayes (missing in 1988 picture), Leon Leder-
man, Mel Schwartz.
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TRIUMF

MESON RESEARCH FACHLITY

University of Alberta

Simon Fraser University
University of Victoria
University of British Columbia

RESEARCH ASSOCIATE POSITION

A Research Associate is sought for a two-year position at the
University of Victoria Physics Department and TRIUMF. The
post will be with the Particle Physics group currently engaged
in installing and calibrating the SLD barrel liquid argon calori-

meter. The work will be primarily a study of liquid ionization
detector response to highly ionizing radiation. The existing
programme includes experiments at Victoria and TRIUMF on
the electron yield of 2,2,4,4 TMP and liquid argon as a function
of deposited energy density. The results will be used to model
the response of calorimeters to hadronic and electromagnetic
showers.

Candidates should have a Ph. D. in Particle or Nuclear Physics
within the past three years and have experience with radiation
detectors and associated electronics. Salary will depend on
experience, with a minimum of $ 27,000.00 per annum.
Curriculum vitae, list of publications and names of three refe-
rees should be forwarded to: Dr. R. Keeler, Department of
Physics, University of Victoria, Victoria, B.C.

CANADA V8W 2Y2.

Applications will be accepted until March 15, 1989.

We offer equal employment opportunities to
qualified male and female applicants.

GEODESIST

Fermi National Accelerator Laboratory, a high ener-
gy physics accelerator research facility located 40
miles west of Chicago, lllinois, is seeking an analy-
tical professional to supervise the development of
field procedures and applications programs for “mi-
crogeodesy” and industrial alignment.

To qualify, you must have a Master's degree in
geodetic science or photogrammetry with an em-
phasis on surveying science and statistical analy-
sis. Minimum 2 years management experience and
excellent verbal and report-writing skills are requi-
red. Computer programming ability and industrial
alignment background are highly desirable.

Further your professional career in Fermi’s dynamic
atmosphere. We offer an attractive salary and be-
nefits package. For consideration, please send your
resume and salary history to"

Mr. James L. Thompson

Employment Manager

Fermi National Accelerator Laboratory
P.0O. Box 500

Batavia, lllinois 60510 U.S.A.

An Equal Opportunity Employer M/F.

INDIANA UNIVERSITY

Faculty Position in
ACCELERATOR PHYSICS

The Department of Physics at Indiana University-Bloomington
invites applications for a tenure-track faculty position at the
associate or full professor level in accelerator physics. The
department is establishing a new graduate program in acceler-
ator physics and is inviting applications from PhD physicists with
extensive experience in the theory and pratice of accelerator
design who are interested in and capable of taking a leading role
in building and guiding a strong academic and research program
in accelerator physics. Responsibilities include developing and
teaching an appropriate curriculum in accelerator physics and
supervising graduate student research in accelerator physics at
the indiana University Cyclotron Facility or other major accelera-
tor facilities. Indiana University is a major reaserch institution
with strong programs in accelerator-based nuclear and high
energy particle physics and a 50-year history of forefront accel-
erator development and construction. Present facilities include a
200 MeV separated-sector cyclotron and a 500 MeV storage
ring/synchrotron with electron cooling. Several senior faculty
members in nuclear physics and IUCF staff members with expe-
rience in accelerator design will also be involved in the new
accelerator physics program.

To apply please send a complete vita (including a description of
research interests, accomplishments, and a list of publications}),
and arrange for a minimum of three letters of reference to be sent
to

Professor J.M. Cameron
Department of Physics
Indiana University
Bloomington, IN 47405

Applications must be received by the closing date of February
15, 1989.
Indiana University is an Equal Opportunity/Affirmative Action
Employer.

_ GANIL
GRAND ACCELERATEUR NATIONAL
D'IONS LOURDS

CAEN (FRANCE)

INGENIEUR THEORICIEN
D’ACCELERATEUR

Un poste est ouvert au GANIL pour le recrutement
d’uningénieur récemment sorti d’une grande école,
ou ayant des dipldbmes universitaires équivalents.
Nationalité francaise exigée. Statut des agents du
Commissariat a I'Energie Atomique (CEA).

Cet ingénieur sera intégré dans I'équipe chargée
d’élaborer les projets de développement de I'accé-
lérateur, 2 moyen et a long terme. Il sera aussi
associé aux études a court terme entreprises pour
I'amélioration des performances de ['accéléra-
teur.

Adresser les candidatures avant e 1°" février au
Secrétariat Général.

Adresse:

GANIL
B.P. 5027
14021 CAEN Cédex
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Cesar Lattes of the Centro Brasileiro de Pes-
quisas Fisicas, Rio de Janiero, was awarded
the 1987 Physics Award of the Third World
Academy of Sciences for his fundamental
contributions to high energy physics and in
particular for his role in the discovery of nat-
ural and artificial mesons.

Rio de Janeiro

In November, Brazilian physicists
celebrated the 70th birthday of J.
Leite Lopez, Director of the Centro
Brasileiro de Pesquisas Fisicas
(CBPF-Brazilian Centre for Physics
Research), Rio de Janeiro. As well
\s his pioneer work on field theory
and particle physics in Brazil, he is
well known for his contributions to
weak interaction physics.

Theorist Guido Beck of CBPF died
on 21 October following a car acci-
dent. Author of significant papers
in theoretical and nuclear phyics, he
came to Brazil in 1953 and had
helped develop a whole generation
of Brazilian physicists.

Chinese ions

The Lanzhou K450 heavy ion cy-
clotron has given an extracted
beam of 50 MeV/N carbon 6* ions.

CERN Courier, January/February 1989

Yuri Orlov, at Cornell since 1987, is spend-
ing a year in CERN’s PS Division.

Luigi Bernerdi Rossi (right), President of the
Italian Consiglio Nazionale delle Ricerche
(CNR), receives a souvenir tankard from Dav-
id Gray at the UK Rutherford Appleton Labo-
ratory following the inauguration of the
PRISMA spectrometer at the Laboratory’s
ISIS pulsed neutron source. The result of a
six-year Anglo-italian collaboration and built
at the CNR's Frascati Laboratories, the spec-
trometer (for measuring atomic vibrations)
was installed at ISIS in November 1987.

Films and video
material

To promote public awareness
of particle physics, the Inter-
national Committee for Future
Accelerators (ICFA) has pro-
posed that the CERN Courier
could advertise from time to
time the availability of new
books, films and video mater-
ial for non-specialist au-
diences.

New books are already
widely advertised, film and vi-
deo material less so. Sup-
pliers or sources of such ma-
terial are invited to send us
details — title, summary, for-
mat, cost, etc. — for publica-
tion in a spécial CERN Courier
slot. The CERN Courier will
not itself act as a distribution
centre for this material.

DESY people

Ludwig Baurngarten, Division Lead-
er at the German Ministry of Re-
search, has been nominated Chair-
man of the DESY Administrative
Council, taking over from Josef
Rembser, now President of CERN
Council.

Roberto Peccei, speaker of the
DESY Theory Group since 1984,
has left DESY for UCLA.
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ASSOCIATE LABORATORY
DIRECTOR

Join Fermi National Accelerator Laboratory in our exciting achie-
vements as a world leader of “High Energy Physics Research”.
We are seeking a dedicated Associate Laboratory Director to
provide farsighted planning, coordination, and direction to va-
rious administrative support organizations of the Laboratory.
Your responsibilities will also include major projects represen-
ting Fermilab and overall Laboratory budget planning and
control.

A strong background in both technical and administration mana-
gement of research and development is essential. An‘advanced
degree in physics, engineering, or business administration is
required. Prior exposure to high energy physics research or
accelerator development is a plus. Familiarity with U.S. Depart-
ment of Energy procedures and regulations as they apply to a
National Laboratory engaged in Research and Development is a
plus.

Located 48 kilometers west of Chicago, lllinois, our expansive
28 square kilometers of land are host to some of the most
challenging and instrumental projects facing science today. Chal-
lenge your potential while you realize your utmost career expec-
tations. We offer an excellent salary and benefits package. Plea-
se send your resume and salary history to:

Warren F. Cannon

Fermi National Accelerator Laboratory
P.0O. Box 500

Batavia, lllinois, 60510 U.S.A.

An Equal Opportunity Employer M/F.

CENTRE DE PHYSIQUE DES PARTICULES
DE MARSEILLE

FACULTE DES SCIENCES DE LUMINY

INGENIEUR PHYSICIEN
POSTE CNRS

e Participation, coordination, direction des réalisa-
tions techniques en instrumentation scientifique
pour expériences haute énergie.

o Connaissances instrumentation, électronique et
mécaniques appréciées, expérience dizaine d'an-
nées souhaitée.

Niveau poste ajusté en fonction profil.
Mutations d’'EPST frangaise examinées.
Nationalité frangaise non exigée.

Lieu de travail: Marseille-Liminy. Domaine des
Calanques.

CV. a: A. d’Ancona
CPPM case 907
Faculté des Sciences
de Luminy
13288 Marseille
cedex 09
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EXPERIMENTAL HEAVY-ION PHYSICS
RESEARCH POSITION AT LAWRENCE
BERKELEY LABORATORY

The Lawrence Berkeley Laboratory’s Nuclear Science
Division has an opening for a Staff Physicist to par-
ticipate in the HISS TPC (Heavy lon Spectrometer
System Time Projection Chamber) Project at the
Bevalac. This is a two year appointment with the
possibility of a career appointment.

Initial responsibilities involve the computer model-
ing required for design studies and the development
of the software systems. Duties will include the
planning of prototype tests and analyzing test results
while investigating existing analysis software and
developing software for use in the final TPC for
calibration, signal processing and track re-cons-
truction. The employee will be expected to partici-
pate in experiments using the detector and will
contribute to the formulation and performance of
the scientific program.

The successful candidate will have a Ph.D. in
nuclear or particle physics as well as research
experience in this area as evidenced by a record of
recent publications, with extensive background
using large detectors, computers and electronic
equipment.

Applicants arerequested tosubmitacurriculumvita,
list of publications and the name of at least three
references (Specify Job B/5003) to: Dr. Hans-Georg
Ritter, ¢/o Employment Office, #1 Cyclotron Road,
90-1042, Berkeley, CA 94720. An equal opportunity
employer, M/F/H.

LAWRENCE
BERKELEY
LABORATORY

Unsere UHV-Ventile werden weltweit fiir Anla-
gen mit hochsten Vakuumanspriichen (z.B.
Beschleuniger, Speicherringe) eingesetzt.

Als

PRODUKT MANAGER
UHV-VENTILE

haben Sie vorzugsweise eine Ausbildung in
Richtung Maschinenbau, sind ein Experimen-
talphysiker mit einem Flair fiir Mechanik, haben
Freude am Kontakt mit Aussendienst und Kun-
den, oft in Englischer Sprache. Sie haben
Spass, eine Produktgruppe kompetent zu fuh-
ren und die Entwicklung dieser Ventile weiter-
zutreiben.

Wenn Sie an dieser vielseitigen Tétigkeit inter-
essiert sind, richten Sie bitte Ihre Bewerbung
an

Dr. R. Fischer
VAT AG,
CH-9469 Haag
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Meetings

Jointly sponsored by Tel Aviv Uni-
versity and the Weizmann Institute
of Science, the 9th International
Conference "Physics in Collision’
Wil take place in the Kibbutz Ma’ale
Hahamisha on the outskirts of Jeru-
salem from June 19-22. Informa-
tion and invitations from the Chair-
man of the Organizing Committee,
Jacob Grunhaus, School of Phy-
sics, Tel Aviv Univ., 69978 Tel
Aviv, Israel, bitnet: Physcoll at
TAUNIVM.

A Users’ Meeting of the European
Synchrotron Radiation Facility
(ESRF) will be held in Grenoble
from 20-23 March. ESRF construc-
tion began on 1 January 1988, and
at least 7 experimental stations
should be available in mid-1994,
yith 11 more the following year.
&sign work for the first stations
should begin early next year. How-
ever it is already clear that there
will be proposals for more than the
total of 30 stations funded so far.
The meeting will survey the needs
of prospective users before decid-
ing the priority order for building
the stations. Further information
from the Director General, ESRF,
BP 220, 38043 Grenoble Cedex,
France.

An Eloisatron Project Research
Workshop ‘Higgs Particle(s) — Phy-
sics Issues and Search Strategies
in High Energy Collisions” will be
held at the Ettore Majorana Centre,
Erice, Sicily, from 15-26 July.
Further information from Ahmed
Ali, DESY (T), D-2000 Hamburg
52, bitnet I0O2ALl at DHHDESY 3.
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Electron cooled heavy ions

On November 17 a beam of car-
bon-12 6+ ions at an energy of 73
MeV was successfully electron
cooled at the Test Storage Ring
TSR of the Max Planck Institut fir
Kernphysik in Heidelberg (Septem-
ber 1988, page 17). A stack of 1.5
x 109 particles with a momentum
spread of 2% was cooled in less
than a second to a final value of
0.017 %. Coldest beam so far has
had a spread of 2.3 x 10°°.

=5

2 December saw the dedication of Fermi-
lab’s new Feynman Computing Centre.
Housing Digital Equipment VAX and Amdahl
machines, together with the Advanced Com-
puter Program microprocessor array. The di-
stinctive building continues Fermilab’s tradi-
tion of innovative, dramatic and practical ar-
chitecture initiated by founding director Ro-
bert. R. Wilson. Beyond, between the road
and the synchrotron ring, can be seen the
building housing the CDF proton-antiproton
collider detector.

(Photo Fermilab)

¥ Participants at the "Hadronic Matter in
Collision” meeting held at Tucson, Arizona,
from 6-12 October, sponsored by the Uni-
versity of Arizona, Tucson, and the US Na-
tional Science Foundation.

(Photo Janet McCoy)
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Inward bound in a new binding A ‘Superstrings’ and quantum chromody-

namics, the emerging theory of inter-quark
forces, were discussed last summer at a
workshop at Nor-Amberd in Soviet Armenia
organized by the Yerevan Physics Institute
under the USSR-USA collaboration agree-
ment in particle physics.

Abraham Pais’ admirable book ‘In-
ward Bound — Of Matter and
Forces in the Physical World’, first
published by Oxford University
Press in 1986, is now also avail-
able in paperback. The main part of
this book deals with the period
1895-1945, where the evolution of
the science is followed in depth
and the personalities nicely
sketched. Pais never forgets that
basic physics is the result of
human endeavour. Especially poig-
nant is his description of the early
career of George Uhlenbeck, pion-
eer of electron spin with Samuel
Goudsmit, and who died in No-
vember, age 87.

1988 Nobel prizewinner Jack Steinberger
(left) was one of the speakers at an interdis-
ciplinary symposium in Bologna in October
celebrating the 70th birthday of the distin-
guished ltalian physicist Giampietro Puppi
(right).

(Photo P. Waloschek)
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Erhard Fischer

On 13 November 1988 Erhard
Fischer died from cancer. After
Jjoining CERN in 1958 he began
basic R and D on ultrahigh vacuum
problems for the proposed CESAR
storage rings. When the Intersect-
ing Storage Rings (ISR) project be-
gan in 1965 he became head of
the Vacuum Group and under his
leadership the limits of large ultra-
high vacuum systems were pushed
to world records, eventually reach-
ing 3 x 1072 torr average pressure
in a 2 km vacuum chamber, with-
standing also the effects of large
stored proton currents. His was a
key contribution to the success of
the ISR. In 1979 he moved across
to become head of CERN’s Training
and Education Service where he in-
troduced a popular scheme of man-
agement training. He retired in No-
vember 1986 after 28 years at
CERN. Everybody who came in
contact with him was attracted by
his professional qualities and his
deep human attitude.
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Marcello Conversi 1917-1988

Less than a year after his 70th
birthday had been marked by a
special seminar in Rome, the inge-
nious ltalian experimenter Marcello
Conversi died in September. He
was best known for his historic
cosmic ray experiment with Ettore
Pancini and Oreste Piccioni in 1946
which showed that the ‘mesotron’
particle seen in cosmic rays did not
behave like a strongly interacting
nuclear particle, and had to be
something very different.....

By the outbreak of the Second
YOrld War, Italian physics had
J een impoverished by the earlier
departure of illustrious figures (Fer-
mi, Segré, Pontecorvo, Rasetti,
Rossi, Wick, Bernardini) and the
premature death of Ettore Majora-
na. Of the celebrated Rome school
of the 1930s, only Edoardo Amaldi
remained.

Muted, the physics effort at
Rome continued throughout the
War, despite many great difficul-
ties. In 1943 Conversi and his col-
leagues wisely decided to move
their apparatus from the university
campus to a site near the Vatican
less subject to air raids.

With Gilberto Bernardini, he de-
veloped crude but effective mag-
netic lenses to separate positively
and negatively charged cosmic ray
particles, and in a pioneer applica-
tion of microsecond electronics
with Piccioni, he used ‘delayed
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coincidences’ to correlate stopping
particles with their decay products.

This work paralleled some of the
pioneer studies being done else-
where in the world, but unknown
to the Italians in view of wartime
communications problems. One
such result was that some cosmic
ray particles stopping in iron never-
theless underwent radioactive de-
cay, with a lifetime of a few micro-
seconds. :

Switching from iron to graphite
absorbers, the 1946 experiment
dramatically showed that the nega-
tively charged component of cos-
mic rays decayed radioactively
rather than being captured by the
graphite. The theories at the time
held that the penetrating cosmic
ray particles were the mesons pos-
tulated by Yukawa as the carriers
of the strong nuclear force, sug-
gesting that the negative particles
should immediately be captured by
nuclei without decaying. However
the Rome experiment clearly
showed that the negatively charged
cosmic particles (what we now call
muons) behaved very differently.
Continuing the great tradition of
Fermi, Italian physicists had written
another page of weak interaction
physics history.

Later his influential school, from
1950 at Pisa and from 1958 at
Rome, produced many famous lItal-
ian particle physics names (among
them Paolo Franzini, Marcello Cres-
ti, Carlo Rubbia, Italo Mannelli and
Luigi de Lella), and was a continual
powerhouse of new ideas.

Marcello Conversi (centre), with (left} Ettore
Fiorini and Emilio Zavattini.

In the 1950s, with Adriano Goz-
zini, he introduced the flashtube
idea, a precursor of the spark
chamber, which went on to be-
come a standard tool in particle
and cosmic ray physics. In the ear-
ly 1970s, he showed how the rela-
tively delicate neon-filled glass
flashtubes coutd be replaced by
inexpensive extruded plastics, giv-
ing the technique a new lease of
life.

At Pisa, he also founded what
was then called the Centro Studi
Calcolatrici Elettroniche, where
CEP, the first Italian electronic com-
puter, was built in the early 1950s.
For this work he received the gold
medal of the President of the ltalian
Republic in 1961.

At CERN, Conversi was a mem-
ber of the Scientific Policy Commit-
tee from 1969-1975, becoming its
Vice-President. From 1959, he par-
ticipated in a series of quests at
the SC synchro-cyclotron for ‘for-
bidden’ processes in weak interac-
tions. When the new SPS proton
synchrotron began operations in
1976, he played a prominent role
in searches for short-lived particles
using a stack of nuclear emulsion
coupled to the BEBC bubble cham-
ber.

Margarethe Krammer

Austrian theoretician Margarethe
Krammer, well known at CERN,
where she worked for several
years in the mid-60s, and DESY,
where she worked to 1984, died in
her home town of Graz on October
27 after a long illness. She had
worked mainly on the vector domi-
nance model and on quark ideas,
and was an excellent teacher and a
sympathetic discussion partner for
both experimentalists and theo-
rists.
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Companies participating:

Ana Teresa, 13
IGC 28023 Aravaca. Madrid. Spain
. - T:34-1-357 2142
Service facilities: .
Quality management, reliability and safety. Risks
analysis, industrial control, industrial safety and arti-
ficial intelligence labs.

ABENGOA, S. A.

Service facilties:

Control and distribution boards, MV switchgear,
bus ducts and rectifier equipment, LV distribution
boards, instalations in general.

Serrano, 27
CAE 28001 Madrid, Spain
T 341-341 6034

Avda. Carlos V, 20
41004 Sevilla. Spain
T:34-54-4220 11

Service facilities:

a) Industrial sector: advanced processing control,
remote controls, online analysers, industrial com-
puter technology, safety engineering, electric de-
vices, instrumentation and mechanical devices,
safety devices and maintenance of industrial
plants.

b} Administration services: urban and suburban
traffic control, projects and instalations on ligth-
ning and environmental contral.

c) Defense: development of simulation software for
defence and avionics, engineering and manufac-
turing of electronic equipment.

AMPER

Products:

Telephonic terminals and supplementary equip-
ments, teleaction terminals, communications for
companies, RDS! terminals, RDSI enterprise com-
munications, telematics, data processing, network
administration, mobile communications, data net-
work commutation equipments, whitin each pack,
intelligent public telephones.

FIBERTECNIC

Products:
Engineering, calculation and manufacturing of
composites, using carbon fibers, aramide and

Torrelaguna, 75
28027 Madrid. Spain
T:34-1-404 36 00

Portal de Gamarra
01013 Vitoria. Spain
T: 34-45-27 31 00

SPAIN
AT CERN

\/

glass with the various kinds of resins, fibertecnic
has specialized in semi-structural and structural
parts.

Rocafort, 98-100
TELESINCRO 08015 Barcelona. Spain
T:34-3-3254100

Products:

Payment authorizer, videctex terminals, fransactio-
nal terminals with memory card. Portable payment
terminals, micros, 100-500 W. power source,
DC/DC converters. :

TRATAMIENTOS o St de Equeta in
20570 ARA. Guiplizcoa.
TERMICOS UIpuépain
T:34-43-16 48 44

Products:

a) Thermic treatments: recooking, standarization,
improvements, carbonitruration, and nitruration
of parts, high-vacuum, treatments, controlled at-
mosphere and by induction, aluminium treat-
ment and special alloys.

b) Surface coatings: thermic projection by means of
carbides and ceramics plasma, chemical nickel,
PTFE.

Marqués de Comillas, 1
AGUT 08225 TARRASA, Barcelona. Spain
T:34-3.788 18 00
Products:
BT. and M.T. contractors, thermic relays, starters,
auxiliary and electronic relays control units, over-
runners, proximity detectors, electronic regulation
of engine speed, engine centres and control of dis-
tribution for BT. and MT.

Raimundo Fdez. Villaverde, 65-20
28003 Madrid. Spain
T:34-4-463 64 00

SENER

Service facilities:

— Prospections in advance, surveys of feasibility
and detail, purchase management and supervi-
sing of manufacturing, assembling and starting up.

— Sener enginners and supplies systems or com-
ponents with a high technological content, sub-
contracting their manufacturing.

~ CDTI

ENSA Rosario Ping, 14-16

28020 Madrid. Spain

T: 34-1-43530 46
Products: 530

— Specialized in the enginnering, manufacturing,
assembling, maintenance and fixing of primary
components for nuclear plants.

- Quality control, laboratory, training and technical
cooperation services related to its activity.

— Manufacturing of large, thick walled, conventio-
nal components.

Llanos de Jerez, 8

GRUPO DYE 28820 COSLADA, Madid, Spain
CTE. ELECTRONICA T-3416734115
Products:

— Marketing, instalation and post-sales service of
emerson uninterruptep power systems.

— Engineering, manufacturing and post-sales ser-
vice of: converters, rectificators, voltage stabil-
zers, engine starters for helicopters. Special
(60, 400 Hz.} with military specifications Unjssi
rupted military power systems.

MASA

Products:

Ligth alloys, steel and titanium equipment (beams,

coverings, rbs, ironworks, efc.) for aeronautical

pUrposes.

Engineering and manufacturing of equipment, en-

ginnering surveys, manufacturing of terrestrial and

aerospace antenn.

DYE

Products:

Large milling machines either alphanumerical con-
trolled or equiped with copying system from 3 to 5
geometrical movements axes. S-shafted, high
speed, alphanumerical controlled miling machines
for compound materials, money comb, plastics, etc.
Large vertical lathes tool rooms automation. Flexi-
ble manufacturing systems, special machinery.

INGOVI

Products: .

Special machinery and industrial plants, enginee-
ring, manufacturing, mechanization and assem-
bling in mechanisms, groups, mechanical transport
and transmission sets, parts and spare parts in ma-
chinery and equipments.

Ctra. Directa a Aldaya, s/n.
46960 ALDAYA, Valencia. Spain
T:34-6-150 1362



VWORLDWIDE HIGH TECH

LeCroy is a leader in high speed electronic measu- RESEARCH AND DEVELOPMENT
rement and data acquisition systems for scientific

and industrial applications. Our Geneva division has SR. ANALOG DESIGN ENGINEER
gained world-wide reputation for designing, manu- )

facturing and marketing high performance digital MARKETING
oscilloscopes. PRODUCT MANAGER

To meet the requirements of a rapidly expanding TECHNICAL WRITER

market, we offer various challenging positions.

If you are interested in working in a fast expanding OPERATIONS

company, are physicist or electronic engineer with
at least five years of relevant experience and are
fluent in English and French, please contact our
Personnel Department.

MANUFACTURING ENGINEER
EDP
ANALYST PROGRAMMER

LeCroy SA
. 101, route du Nant-d’Avril

CH-1217 Meyrin - Geneva
Phone 022/ 82 33 55 r Oy

Innovators in Instrumentation

PEP Modular Computers®

PEARSON

Wide Band, Precision CPU de systeme CMOS pour des

Current Monitor applications avantageuses a bus VME

With a Pearson current monitor and an oscilloscope you can
make precise amplitude and waveshape measurement of ac
and pulse currents from milliamperes to kiloamperes. VMPMG68KA - 2 (8MHz), Prix: Fr. 890.-
Currents can be measured in any conductor or beam of

charged particles, including those at very high voltage levels.

Omni Ray SA, Industriestrasse 31, CH-8305 Dietlikon/Zurich

A typical model gives an amplitude accuracy of +1%, —0%,
20 nanosecond rise time, droop of 0.5% per millisecond, and 2
a 3 db bandwidth of 1 Hz to 35 MHz. Other models feature 2 tél. 01/835 21 11
nanosecond rise time, or a droop as low as 1% per second.

ill send you engineering data. »
B e Omni Roy

1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A.
Telephone (415) 494-6444 - Telex 171-412 - FAX (415) 494-6716 Tnut ce qul aun ave“ir en technique_
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LEYBOLD offers a wide range of cryorefrigerators for
research and industrial purposes, covering the temperature
range from 4 K to 330 K with closed-cycle helium refrigerators.
These refrigerators are suitable for any application where
liquid refrigerants are undegirable.

Typical applications include:
e Cooling of test specimens in cryostats,
e.g. for high temperature superconductivity research
e Shield cooling of superconductive magnets
¢ Cooling of low-noise amplifiers and detectors
e Hydrogen liquefiers for H, targets

Our product line comprises 1,2 or 3-stage refrigerators with
accessories, complete cryostats and - needless to say -
cryopumps for all high or ultra high vacuum applications with
pumping speeds between 400 |'s™' and 60,000 |-s.

LEYBOLD

Detailed information on request! LEYBOLD AG
Oerlikonerstrasse 88
CH-8057 Zirich

LEYBOLD AG - A Degussa Company Tel.: 01/31157 57

LEYBOLD AG
Bonner Strasse 498
D-5000 Cologne 51
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