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ALCATEL : 
les professionnels du vide 

depuis toujours à la pointe de la technologie, 
de l'innovation et de la qualité. 
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Future perspectives 

ICFA Chairman Yoshio Yamaguchi -
stressing the need for more world-wide 
communication. 

International involvement in particle 
physics is what the International 
Committee for Future Accelerators 
(ICFA) is all about. 

When it was set up in 1976 
ICFA saw its role as promoting a 
so-called 'Very Big Accelerator' 
(VBA) - an international 'wor ld 
machine'. Despite the increased 
international involvement in the 
field, this idea never really caught 
on, and in 1984 in its first 'Future 
Perspectives' seminar (held at the 
KEK Japanese Laboratory) ICFA 
reformulated its goals. 

ICFA's ongoing activities are 
now spearheaded by four panels 
to investigate and coordinate work 
in four areas - Superconducting 
magnets and cryogenics. Beam 
Dynamics, New accelerator 
schemes, and Instrumentation. 
Underlining its unique international 
role, ICFA sees itself as promoting 
collaboration in the construction 
and exploitation of accelerators, 
facilitating the exchange of infor­
mation and regional plans, and 
organizing workshops on large 
accelerator schemes, particularly 
to foster the necessary new tech­
nology. 

At the latest Future Perspectives 
meeting at Brookhaven f rom 5-10 
October (after a keynote speech 
by doyen Viktor Weisskopf, who 
regretted the emergence of 'a na­
tionalistic trend'), ICFA reviewed 
progress and examined its com­
mitments in the light of the evolv­
ing world particle physics scene. 
Particular aims were to review 
worldwide accelerator achieve­
ments and plans, to survey the 
work of the four panels, and to 
discuss ICFA's special role in future 
cooperation in accelerator con­
struction and use, and in research 
and development work for both 
accelerators and for detectors. 

In his Brookhaven summary talk. 

outgoing Chairman of the European 
Committee for Future Accelerators 
(ECFA) Jean Sacton pointed out 
that while the goal of the VBA has 
foundered, today's new hopes are 
reminiscent of it. 'High energy phy­
sics as a whole is a Wor ld Labora­
tory, ' he claimed, 'its scientific 
programme being pursued in the 
most balanced way. ' 

Earlier, in the panel discussion 
on future cooperation in accelerator 
construction, CERN Director Gen­
eral Herwig Schopper underlined 
the complementarity of various 
colliding beam options (proton-
proton, electron-positron, electron-
proton) rather than a single VBA. 
However Fermilab Director Leon 
Lederman saw a good opportunity 
to revive the idea, based moreover 
on a 'wor ld Laboratory'. 

Looking toward the next gener­
ation of accelerators, Sacton 
echoed the increasing belief that 
a 'rich vein' of new phenomena 
awaits discovery at energies up 
to and around 1 TeV (1000 GeV) 
for electron/positron beams or for 

the constituent quarks locked 
inside beams of nucleons. 

John Mulvey, deputizing for 
CERN Long Range Planning Com­
mittee Chairman Carlo Rubbia, 
sketched the physics expected 
f rom new higher energy proton-
proton, electron-positron and elec­
tron-proton colliders. 

T w o major hadron collider pro­
jects are on the market - the US 
Superconducting Supercollider 
(SSC), wi th collision energies of 
40 TeV in an 84 kilometre ring, 
and the CERN LHC Large Hadron 
Collider, wi th up to 17 TeV colli­
sion energies using the 27 km tun­
nel now being completed for the 
LEP electron-positron collider. 

On the ICFA seminar agenda, 
the SSC (Maury Tigner) was listed 
under 'Future facilities'. It has a 
detailed conceptual design, and a 
nod of approval f rom the US ad­
ministration. However no major 
construction money has yet been 
voted, and a site has to be de­
cided. On the other hand the LHC 
(Giorgio Brianti) was billed as a 
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Participants at the recent 'Future 
Perspectives' seminar of the International 
Committee for Future Accelerators (ICFA), 
held at Brookhaven in October. 

I C F A -
the International 
Committee 
for Future 
Accelerators 
Chairman - Y. Yamaguchi: 
Secretary - W.O. Lock: 
Members; CERN Member 
States - H. Schopper, J. Sac-
ton, V. Soergel; USSR -
A. N. Skrinsky, E. Myae, Yu. 
Ado; USA - B. D. McDaniel, 
L. Pondrom, N. Samios, Joint 
Institute for Nuclear Research 
(JINR) Member States other 
than USSR - D. Kiss (Hunga­
ry); China - Fang Shou-xian; 
Fourth region - J. Tiomno 
(Brazil); Japan - Y. Yamagu­
chi; Ex-officio, K. Strauch as 
Chairman ot the International 
Union of Pure and Applied 
Physics (IUPAP) Commission 
on Particles and Fields. 

'Project under design'. However 
the proposal benefits f rom the 
almost complete LEP tunnel. Hav­
ing LHC and LEP in the same tunnel 
opens the door to electron-proton 
collisions, and CERN's new process 
wi th ion beams could lead to even 
more LHC options. 

Mulvey echoed the opinion of 
the CERN Long Range Planning 
Committee - 'we conclude that 
the LHC offers the most cost-effec­
tive way for the wor ld 's high ener­
gy physics community to achieve 
an early access to 1 TeV energies 
in the constituent centre of mass'. 

Lederman compared SSC and 
LHC costs, the latter being 2.5 
times cheaper according to his 
accounting. 'You get what you pay 
for ' , he remarked. Schopper urged 
coordination of projects - 'we are 
all sitting in the same boat' - and 
painted possible future scenarios 
extending beyond the year 2010 . 

On the electron-positron collider 
front, feasibility studies and R and 
D are going on in Japan, the US, 

the USSR and in Europe, for a type 
of machine which Burt Richter 
called the 'Next Linear Collider' 
(NLC). This might be built at the 
lower edge of interesting energies 
wi th 'moderate extensions' of ex­
isting technology, but energies 
beyond 1 TeV are going to require 
new approaches, he maintained. 
One client for new technology is 
CERN's 2 TeV 'CLIC electron-
positron collider project and Mul­
vey stressed the need for invest­
ment to bring this technology 
about. 

'The goal at Stanford is to com­
plete the R and D required in t ime 
to start the construction of our 
version of the NLC around the mid-
1990s, ' said Richter. 1 believe the 
goals of our European, Japanese 
and Soviet colleagues are identical. 
Thus we ought to work out a 
method to avoid duplication and 
move the whole effort along faster 
and more economically.' 

One Brookhaven session was 
given over to the physics expected 
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at higher energies and wi th in­
creased collision rates (luminosi­
ties). Daniel Froidevaux looked at 
the implications of these schemes 
for finding signs of the long-
awaited Higgs mechanism which 
delicately breaks the underlying 
symmetry of the electroweak uni­
fication and gives it its physical 
reality. John Ellis looked at the 
prospects for finding new particles. 
There is a tradeoff between colli­
sion energy and luminosity wi th 
the lower energy LHC needing 
more collisions. The SSC design 
luminosity is 10 3 3 c m - 2 s~1, while 
the LHC figure is at least ten times 
higher. I f you have the energy, 
you are better off because luminos­
ity might come later/ remarked 
Sacton. Roy Schwitters bravely 
faced the implications for the de­
tectors required to operate at high 
energies and luminosities, and S. 
Gershtein looked far into the future. 

Nikolai Tyurin of Serpukhov des­
cribed ongoing work in the USSR. 
The 3 TeV UNK machine at Ser­
pukhov for supplying proton beams 
for fixed target physics is sched­
uled for 1993, wi th a 6 TeV pro­
ton-proton collider several years 
further in the future. Also envis­
aged for Serpukhov is the 500 
GeV on 500 GeV VLEPP electron-
positron linear collider, opening up 
the possibility of high energy elec­
tron-proton collisions. Construction 
should begin in 1 9 9 1 , and devel­
opment work is in the capable 
hands of Novosibirsk. 

In keeping wi th ICFA's inter­
national role, international collabo­
ration was very much a talking 
point at the Brookhaven seminar. 
Precedents include the CERN con­
vention (cash subscriptions f rom 
participating nations within a com­
prehensive infrastructure) and the 
'HERA model ' based on the plan 
developed for the big electron-

proton collider being built at the 
German DESY Laboratory in Ham­
burg (equipment and/or manpower 
f rom interested nations). 

One morning of the seminar was 
devoted to a survey of the four 
ICFA panels, displaying various 
levels of success. 

ICFA chairman Yoshio Yamagu-
chi summarized his committee's 
findings, stressing again the colla­
borative aspect of the work, the 
complementarity of different ma­
chines and the need for develop­
ment work both for machines and 
for detectors. He welcomed the 
appearance of developing countries 
in this area of research, and under­
lined the need for improved wor ld­
wide communication - workshops, 
schools, conferences, and publica­
tions. 

A t the previous Future Perspec­
tives meeting at the KEK Labora­
tory in 1984, the TRISTAN elec­
tron-positron collider there was 
still under construction. Since then, 
it has come to fruition and, at least 
for the moment, has the high ener­
gy electron-positron stage to itself. 
By the time of the next such ICFA 
seminar, provisionally scheduled 
for Europe in 1990, there will sure­
ly be a lot more progress to report. 

The resourceful organization 
provided by Brookhaven under 
local chairman Horst Foelsche was 
much admired and appreciated. 

Second ICFA Advanced Beam 
Dynamics Workshop 

The ICFA Beam Dynamics Panel 
is organizing a second Ad­
vanced Beam Dynamics Work­
shop, to be held from 11-16 
April 1988 in Lugano, Switzer­
land. Its subject is 'Aperture-
Related Limitations of Storage 
Rings ', and will survey and ad­
vance present knowledge, both 
experimental and theoretical, of 
those aperture-related effects 
which limit the performance of 
storage rings, and in particular 
the lifetime of the stored beams. 
Examples of elements contribut­
ing to such limitations are mul-
tipole elements, both intention­
ally and unintentionally present, 
and noise and ripple in power 
supplies. More specifically, the 

following topics will be dis­
cussed: Experiments on existing 
accelerators and the lessons to 
be learned for the planning of 
future experiments and the de­
sign of future machines; Analy­
tical methods for determining 
amplitudQ limitations and diffu­
sion rates in the tails of circulat­
ing beams; Criteria for the pro­
perties of the circulating beam, 
i.e. tune spreads, etc., and the 
resulting criteria for the quality 
of the magnetic field; Compen­
sation schemes for field defects. 

The organizing committee is 
chaired by E. Keil, CERN, LEP 
Division, 1211 Geneva 23, Swit­
zerland, who may be contacted 
for further information. 
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Window shopping 

'A large window for surprises' was 
how Gordon Kane of Michigan 
summarized the potential of the 
proposed 84-kilometre US Super­
conducting Supercollider (SSC). 
Wi th George Trilling of Berkeley 
unable to attend this year's High 
Energy Physics Conference at Van-
derbilt University, Nashville, Ten­
nessee, from 8-10 October, Kane 
played a dual role - looking ahead 
to SSC physics, and summarizing 
the meeting. 

Earlier, Stan Wojcicki of the SSC 
Central Design Group reported on 
the status of the proposal for the 
huge machine. A list of candidate 
sites has been drawn up (see No­
vember issue, page 17), and after 
site selection (which could be as 
early as next July), the hope is for 
20 TeV (20 0 0 0 GeV) per beam in 
1996. Meanwhile a Senate com­
mittee has recommended $ 35 
million for the SSC in the current 
financial year while the Administra­
tion explores means of funding the 
project, estimated at $ 3 2 1 0 mil­
lion, including labour costs. 

The Senate report also recom­
mends exploring international col­
laboration. Whatever solution is 
adopted, said Wojcicki , the ma­
chine should be operated under 
the guidelines laid down by ICFA 
(International Committee for Future 
Accelerators), wi th scientific merit 
as the major criterion for selecting 
experiments. 

Whatever unexpected physics 
might come in through the SSC 
window, physicists are preoccu­
pied with the search for the 'Higgs' 
mechanism. This provides the 
otherwise unchallenged electro-
weak picture wi th its missing link 
- the source of mass. (Why, for 
example, are the W and Z particles 
carrying the weak nuclear force 
almost 100 times heavier than the 
proton, while the proton carrier of 

electromagnetism has no mass at 
all?) 

Possible Higgs scenarios and 
signatures were described by Tom 
Weiler of Vanderbilt. In the almost 
complete absence of experimental 
input, a lot of Higgs candidates 
jostle for attention. Kane underlined 
the potential complexity of the 
problem - 'as well as finding 
where the Higgs is, we have to 
find where it isn't ' . Higgs dogma 
comes in three Kane variants -
'fundamentalism, theism and 
atheism' - which should be exper­
imentally distinguishable. 

Kane wrote off Higgs searches 
at the existing proton-antiproton 
colliders at CERN and Fermilab, 
claiming that the collision rates 
(luminosities) are too low to pick 
up the rare production processes. 
A t higher hadron collider energies, 
such as those envisaged for the 
SSC and for the LHC Large Hadron 
Collider proposed for the tunnel 
being built for CERN's LEP electron-
positron collider, Kane highlighted 
the luminosities needed to see 
candidate Higgs mechanisms, argu­
ing that the higher energies envis­
aged for the bigger SSC demand 
less luminosity. 

Higgs hunting was also on the 
agenda of Gary Feldman of SLAC, 
looking at the physics possible 
wi th linear colliders providing 
1 TeV electron and positron 
beams, pointing out the increased 
difficulty of finding what the Higgs 
mechanism looks like if it only 
comes into play at TeV energies. 

While the detectors for Feld-
man's machine were 'easy to 
build', this is not the case for the 
SSC. M. Gilchriese of the SSC Cen­
tral Design Group highlighted the 
challenge of designing and building 
detectors for the huge machine. 
He saw calorimetry (measurement 
of deposited energy) as the highest 

A Gordon Kane - the proposed US 
Superconducting Supercollider (SSC) is 
a large window for surprises. 

(Photos D. Hildebrand) 

• Stan Wojcicki of the SSC Central Design 
Group - looking for money as well as 
love from the US administration. 
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Insulating Materials with High Radiation 

Resistance 

The Swiss Insulating Works together with CERN 
carried out detailed tests about the radiation resis­
tance of numerous high voltage insulating ma­
terials. The results published in the "CERN Publi­
cation 85-02 of the Technical Inspection and Safe­
ty Commission" prove the usability of selected in­
sulation under working conditions with high radia­
tion. A radiation dose of 5x l0 7 Gy affects only very 
little the break down voltage of our conductor in­
sulating tape Grade 366.16 which consists of sami-
capor, glass fabric and silicone resin. Our high volt­
age insulating material for motors and other elec­
trical apparatus behaves similarly good: Samica-
therm consisting of samicapaper, glass fabric and 
epoxyresin withstands a dose of l x l 0 8 Gy and re­
tains at the same time 50% of its original flexural 
strength. 

Your reliable partner 
for electrotechnical insulation problems 

WIIIIÈÊIIÈÈ 

The chambers in V E T R O N I T E G-10 are manufactured and 
machined by Swiss Insulating Works. 

Your specialist in base materials for printed 

circuit boards 

• Base material for pR.4 
• Multilayer 
• Multiwire ® 
• Base material for CC-4 Additive Process ® 
• Flexible Copper Clad Laminates with modified 

epoxy adhesive (a Sheldahl product) 
• Base materials for microelectronics 

( ® Trade Mark of PCK-Technology) 

The Swiss Insulating Works Ltd 
CH-4226 Breitenbach/Switzerland 
Tel. 061/80 2121 Telex 62 479 
Fax 061/80 20 78 

Our manufacturing programme includes also 
Varnishes and Resins for the manufacture of electri­
cal machines and for the electronic equipments 
with excellent dielectric and protective properties. 

We also obtained excellent results with our Lami­
nates Epoxy Glass Cloth VETRONITE G-10 and 
VETRONITE G-ll as well as with Epoxy Glass Mat 
DELMAT. Radiation Doses of 10 7 Gy for example 
lead not to a substantial loss of the mechanical 
properties. 
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priority, where a whole list of 
sampler/absorber combinations 
are possible. Jim Rohlf of Harvard 
described the work going on at 
the UA1 detector at CERN's pro­
ton-antiproton collider to reequip 
wi th room temperature liquid (TMP 
- tetramethyl pentane, boiling at 
122°) as the sampling medium. 
However Rohlf advocated the more 
volatile (26.5° b. p.) TMS - tetra­
methyl silane - for use at the SSC. 

Still important but of lesser prior­
ity, according to Gilchriese, are 
electronics, radiation resistance, 
tracking and simulation. Whatever 
the SSC detectors would turn out 
to look like, Gilchriese saw them 
as involving highly international 

teams. Paul Kunz of SLAC, speak­
ing on computing ('today's soft­
ware is a mess') did not foresee 
any greatly increased mess for the 
SSC. 

The Vanderbilt meeting also 
heard f rom Steve Schnetzer of 
Rutgers on the new results f rom 
the TRISTAN electron-positron 
collider at the Japanese KEK Lab­
oratory (see page 18), while Virgil 
Barnes of Purdue covered the out­
come of the Tevatron proton-anti-
proton collider run earlier this year 
(see page 14). 

Fred Gilman of SLAC looked at 
the decays of heavy particles, hint­
ing that in recent months the incon­
sistencies in the decay data of tau 

leptons, far f rom clearing up, were 
getting worse. Elsewhere on the 
heavy particle front, the pattern of 
CP symmetry (switching left and 
right and particles and antiparticles) 
violation expected with B mesons 
could be 'much richer' than wi th 
neutral kaons, the only known CP 
violation example so far explored. 

T h e question 'Where to B?' 
was taken up by Elliott Bloom of 
SLAC, looking at proposals for B 
particle factories. 

In his conclusion, Kane was 
sceptical about recent limits on 
the long-awaited sixth ('top') quark, 
pointing out the assumptions built 
into these estimations. 

Brookhaven at 40 - looking forward 
as well as back 

Irene Ha worth and Brookhaven Director 
Nick Samios at the Dedication of 
Brookhaven's accelerators as the Leland 
J. Ha wort h Complex in memory of the 
Laboratory's Director from 1948-61. 

In 1947, the famous Camp Upton 
Army Base on New York 's Long 
Island switched to a new career 
as Brookhaven National Laboratory. 
The reputation the Laboratory has 
established as a world-class re­
search centre and its continued 
attraction for scientists looking for 
exciting possibilities were high­
lighted on 9-11 September at a 
symposium and celebration mark­
ing forty years of Brookhaven 
and its parent organization, AUI 
(Associated Universities Inc). 

For many of the visitors, Brook­
haven has been a focus of their 
scientific careers, sometimes re­
sulting in great discoveries. They 
were joined by many present and 
former employees, by state and 
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federal officials, and by other scien­
tists who came to help celebrate 
past accomplishments and look 
forward to a productive future. 

Highlighting the celebration was 
a two-day scientific symposium 
featuring talks by six distinguished 
speakers on topics in physics, 
chemistry, accelerators and biolo­
gy. In addit ion, the Alternating 
Gradient Synchrotron (AGS) Com­
plex was dedicated to the memory 
of Leland J . Haworth, Laboratory 
Director f rom 1948 to 1 9 6 1 , dur­
ing which time the AGS went f rom 
conception to operation. Gerald 
Tape, who served wi th Haworth 
as Deputy Director, said: 'Leland 
J. Haworth will be remembered as 
a master builder of research facili­
t ies, a foremost scientific adminis­

trator and, above all, a man of 
exceptional integrity ...' 

Ground was also broken for the 
new AGS Accumulator-Booster 
ring. This will inject into the AGS, 
greatly increasing the beam inten­
sity and allowing acceleration of 
the heaviest nuclei. As Director 
Nicholas Samios observed, 'We' re 
switching now f rom looking back­
ward to looking forward. ' 

Wi lmot Hess, head of the US 
Department of Energy's Office of 
High Energy and Nuclear Physics, 
carried this theme further, predict­
ing in not very many years we' l l 
f ind that this Leland Haworth Com­
plex is the injector into that larger 
machine ... RHIC (the proposed 
Relativistic Heavy Ion Collider) ... 
and I pledge to Nick that I will do 

everything I can to bring that day 
about rapidly.' 

A few apt quotes reflect the 
atmosphere of the symposium. 

T. D. Lee, who shared the Nobel 
Physics Prize with C. N. Yang in 
1957 for their revelation that parity 
(space reflection symmetry) played 
a special role in particle reactions: 
'The history of symmetry principles 
in modern physics is inseparable 
f rom that of Brookhaven ... The 
strong focusing principle, which 
made it possible to build the accel­
erators to test these principles ... 
theoretical papers on the questions 
of parity, conservation and the 
related subjects ... the first test of 
associated production of strange 
particles ... the symmetry of the 
long-lived kaon, neutrino helicity, 
CP violation ... confirmation of 
SU(3) symmetry and the generation 
concept of leptons, based on the 
discovery of t w o neutrinos, Ome­
ga-minus, J-psi and various reson­
ances - they were all made at this 
Lab, and most of the people who 
made them are present in the au­
dience.' 

John Blewett, Brookhaven Senior 
Physicist, 1947-75: T h e Brook­
haven Cosmotron came on line in 
1952, first in the wor ld to a billion 
volts (in 1953). Its construction 
was a very exciting ordeal, but 
was so full of innovations and 
hopeful solutions to problems that 
had never been faced before that 
we were all really scared. I still 
remember my sister Hildred visiting 
us and looking at the half-built ma­
chine and saying, "Where will you 
look for a job if it doesn't w o r k ? " 
But Courant and Blachman's pre­
dictions were right, our designs 
worked and Brookhaven had its 
first high energy physics facility.' 

Nobel Laureates Val Fitch (left) and Sam 
Ting who put the Brookhaven Alternating 
Gradient Synchrotron to good use. 
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Sheldon L. Glashow of Harvard, 
who shared the 1979 Nobel Phy­
sics Prize wi th Abdus Salam and 
Steve Weinberg for their theory 
which unified electromagnetism 
wi th the weak force of radioactive 
decay: 'Nick (Samios) was trying 
to find charm particles wi th neutri­
nos, and, of course, Nick knows 
that if you want to find anything 
in the wor ld , all you have to do is 
look through a few million bubble 
chamber photographs and it is 
going to be there - at least if I tell 
him it is going to be there. I didn't 
tell him its mass or its properties, 
but he found it and we happened 
to meet and our numbers jibed 
completely. Retrospectively, you 
got the honour of discovering the 
first charm particle, but only retro­
spectively because no one believed 
you at first - except me and a few 
others. ' 

Maurice Goldhaber, Brookhaven 
Director 1961-73 : T o keep a good 
research spirit alive, you have to 
allow scientists the hot pursuit of 
their ideas. Though this wasn' t 

always popular when I was Direc­
tor, this was one thing I had to 
defend: the right of my scientists 
to hot pursuit. Hot pursuit has led 
us into fields which a priori looked 
very improbable: who would have 
ever thought that chemists would 
look at solar neutrinos and nuclear 
physicists at supernovas. All this 
is encouraged at Brookhaven if it 
grows naturally out of the ideas 
scientists have.' 

Nicholas Samios, Brookhaven's 
current Director: 'Our mission is 
essentially the same as it was at 
our founding: namely, the design, 
construction and operation of large 
facilities doing research at the f ron­
tiers of science wi th our own staff, 
as well as our users. W e pride 
ourselves on being a user research 
laboratory: 8 0 % of our research 
is done by outside users. We have 
pioneered dedicated facilities: the 
National Synchrotron Light Source 
is a Brookhaven concept, wi th a 
symbiosis among universities, in­
dustry and national labs. Some­
times we are number one and we 

are proud of that, but we are 
sometimes number three, such as 
wi th high temperature supercon­
ductors. Whether we are one, t w o 
or three, the important thing is that 
we're in the ball game.' 

Bill Wallenmeyer (left) and Parke Rohrer 
break ground for Brookhaven's new 
Accumulator-Booster ring. 
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Thinking cLEARly 

The smallest ring at CERN is also 
one of its big successes. The 
80 metre LEAR Low Energy Ant i -
proton Ring which came into action 
in 1982 has provided invaluable 
research material for several 
hundred physicists. 

(The wor ld 's only other antipro­
ton factory, at Fermilab in the US, 
is concentrating on high energy 
goals, preferring to sit on the low 
energy sidelines and watch LEAR 
with interest.) 

Whilst the initial programme at 
LEAR, concentrating on annihila­
t ion, search for narrow states etc., 
is now complete, attention is turn­
ing to a second generation of ex­
periments wi th a slightly shifted 
emphasis. These new studies now 
extend to basic symmetries, ha­
dron spectroscopy and compari­
sons of particle and antiparticle 
behaviour (see December 1986 
issue, page 11). The detectors are 
taking shape in the old PS South 
Hall and will later be joined by in­
ternal target experiments such as 
JETSET (see May issue, page 21). 

However LEAR's success prom­
ises a rosy future, and wi th this in 
mind, close to 250 researchers 
gathered at Villars-sur-Ollon in the 
Swiss Alps for the fourth in a se­
ries of LEAR workshops. Following 
Karlsruhe in 1979, Erice in 1982, 
and Tignes in 1985, this one was 
arranged, in collaboration wi th 
CERN, by several Swiss Universi­
ties under the overall responsibility 
of Ernst Heer and Catherine Leluc 
(Geneva). 

The meeting reviewed LEAR's 
achievements so far. Although the 
idea of 'baryonium' - exotic quark 
combinations once expected in 
proton-antiproton annihilation -
has now been put on the back 
burner, LEAR experiments have 
removed some of the mystery 
from annihilation and are poised 

to probe deeper. An interesting 
debate was between I.S. Shapiro 
of Moscow who underlined the 
very short short range character 
of annihilation and quark modelists 
who on the contrary believe it ex­
tends over a range of one fermi. 

Another hotly debated topic was 
that of the 'rho parameter' con­
nected with the structure of the 
proton-antiproton scattering. T w o 
collaborations (PS 172 and PS 
173) see an oscillatory behaviour 
at low energy which is in agree­
ment wi th antiprotonic atom exper­
iments at LEAR but which is not 
accounted for by the theoretical 
models. 

Likewise valuable new insights 
on annihilation could come from 
the role played by spin. Results 
f rom the use of polarized (spin 
oriented) targets were given by 
PS 172 (SING collaboration), while 
W . Haeberli and A. Penzo looked 
further ahead to the prospect of 
polarized antiproton beams, using 
spin 'splitters' or 'f i l ters'. A Test 
Storage Ring is being built at Hei-

A welcome appearance at the recent 
workshop at Villars in Switzerland to look 
at the future research programme at CERN's 
LEAR Low Energy Antiproton Ring was I.S. 
Shapiro of Moscow (right), seen here with 
O. Dalvarov of the Lebedev Institute. 

delberg to test, wi th protons, the 
latter possibility. 

Several hot topics in theory have 
an immediate bearing on present 
or potential LEAR physics. R. Pe-
tronzio described how supercom­
puter lattice gauge calculations 
now hint at where the long-awaited 
'glueballs' might be found. S. 
Brodsky reviewed the quark field 
theory aspects of proton-antipro­
ton collisions, while C. Dover and 
J. Rafelski discussed different as­
pects of the interaction of antipro­
tons wi th nuclei. 

K. Kleinknecht gave the news of 
hints f rom the NA 31 CP violation 
experiment at CERN that one of 
particle physics long-standing mys­
teries (upsetting the combined CP 
particle/antiparticle and left/r ight 
symmetry in the decays of neutral 
kaons) might be starting to crack 
(see November issue, page 20). 
C. Jarlskog and A .J . Buras gave 
the theoretical update on these 
topics which are expected to be­
come one of the principal lines of 
interest at LEAR. L. Montanet gave 
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the status of preparation of experi­
ment PS 195 while N. Hammann 
suggested that CP violation could 
be looked at in hyperon decays. 

Handling low energy antiprotons 
has always been a challenge for 
machine specialists and special 
sessions looked into LEAR's future 
requirements. The advent of beam 
cooling has opened up precision 
studies with a wide range of 
beams (including ions), and the 
meeting heard news f rom projects 
in Europe, the US and Japan. 

I. Meshkov of Novosibirsk re­
viewed the latest developments 
in electron cooling, and Ishiro Ka-
tayama of Osaka reported on a 
new idea using a thin internal target 
in lieu of a gas jet in a cooling ring. 

J. Peoples gave a status of the 
Fermilab antiproton source and of 
the experiment under construction 
to continue, using the debuncher 
ring, the charmonium spectroscopy 
initiated by a gas-jet target experi­
ment during the last days of 
CERN's Intersecting Storage Rings. 

Another big push at LEAR is for 
lower energies for measurements 
of static properties of the antipro­
ton. The antiproton is thought to 
be the mirror image of the proton 
but if high precision measurements 
revealed even tiny differences this 
would have drastic consequences. 

Whereas the design energy of 
LEAR foresaw going down to 5 
MeV kinetic energy, M. de Saint-
Simon described a mass spectro­
meter experiment that calls for 
200 keV antiprotons. H. Poth of 
Karlsruhe outlined ideas to manu­
facture atoms of antihydrogen by 
combining antiprotons and posi­
trons wi th the help of a laser and 
electron cooling. While antiparticles 
are standard fare at particle physics 
laboratories, neutral antimatter has 
yet to be synthesized. 

For the long term future, several 
scenarios are conceivable. One 
candidate receiving increased at­
tention is the SUPERLEAR project 
for a modest 120 metre ring of 
superconducting magnets to collide 

proton and antiproton beams in 
the energy range 1.5-10 GeV. This 
would fill the gap between CERN's 
t w o existing antiproton rings -
LEAR and the SPS synchrotron, 
while the LEAR ring could confine 
its attention to the low energy 
frontier. SUPERLEAR, concentrating 
on colliding beams or gas jet target 
studies and with no external beams 
would open the door to the preci­
sion spectroscopy of heavy quark 
states. In view of its modest di­
mensions it would also be the 
wor ld 's first machine to use curved 
superconducting magnets. 

On the final evening Carlo Rubbia 
talked about the long term future 
of CERN. Whilst the views of the 
committee he chairs are well 
known as regards the very high 
energy frontier (see September 
1986 issue, page 17, and this is­
sue, page 1) he gave a personal 
view on why a broad and balanced 
programme is also a must for the 
continued well-being of CERN. 

Around the Laboratories 

CERN 
Letting them sulphur 
For several weeks during Septem­
ber and October, the CERN accel­
erators handled sulphur 32 ions, 
wi th the SPS synchrotron reaching 
6400 GeV (6.4 TeV, 200 GeV per 
nucléon) surpassing CERN's pre­
vious world energy record of 
3.2 TeV set last year wi th oxygen 
16 ions at 200 GeV per nucléon. 

The heavier ions provide in­
creased energy densities to extend 

the physics insights into the behav­
iour of 'hot ' nuclear matter, and in 
particular to look for signs of the 
long-awaited 'quark-gluon plasma', 
when quarks and gluons will finally 
gain enough energy to break loose 
f rom their conventional confine­
ment in nucléons. 

To provide the heavier particles, 
the ion source feeding the CERN 
accelerator chain (Linac 1 /Boost­
er/PS proton synchrotron/SPS) 
has been fitted with a new Electron 
Cyclotron Resonance (ECR) source 
built by R. Geller at Grenoble and 

installed by GSI Darmstadt and 
CERN. 

Similar in design to the oxygen 
16 source used last year, it oper­
ates wi th a 15 GHz ionizing radio-
frequency field to boost the yield 
of highly charged ions such as sul­
phur 32 (12+) by a factor of about 
20 compared to the 10 GHz oxy­
gen 16 source. Even so, sulphur 
32 is present only as a five per 
cent 'contamination' of the oxygen 
16 supply. But this is enough to 
get on wi th and is a step towards 
a 2 0 / 3 0 GHz source being con-
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The increased 'plateau' of transverse energy 
resulting from the collisions of 6.4 TeV 
(6400 GeV) sulphur ions compared to what 
was seen last year with 3.2 TeV oxygen 
ions, as seen in the NA34 (HELIOS) 
experiment at CERN. Complementary results 
come from the WA80 ('Plastic Ball') and 
NA35 streamer chamber experiments. 
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sidered for future experiments wi th 
much heavier ions. 

The synchrotrons tune up using 
the plentiful deuterons and oxygen 
16 ions available f rom Linac 1. 
Wi th the t w o varieties of ions hav­
ing similar charge to mass ratio, 
the oxygen/sulphur mixture is ac­
celerated in Linac 1 and the Boost­
er. Separation takes place by mani­
pulations at the transition stage of 
accelerations in the PS, so that 
either oxygen 16 or sulphur 32 is 
fed to the SPS. Four PS extraction 
cycles are stored in the large ma­
chine, giving a current of about 
2 x 10 7 sulphur 32 ions per cycle, 
just above the SPS minimum for 
controlled acceleration. Neverthe­
less skilled operation of the ma­
chine ensured that eagerly wait ing 

experiments had their first taste 
of sulphur after only t w o days of 
setting up and only t w o weeks 
after the SPS successfully mas­
tered positrons (see November 
issue, page 19). 

Among the experiments now 
scanning their sulphur data are the 
four major setups which saw action 
wi th oxygen 16 last year - W A 8 0 
(Plastic Ball), NA34 (HELIOS), 
NA35 (streamer chamber) and 
NA38 (muon pairs) - together wi th 
smaller studies, mostly using nu­
clear emulsions, and t w o big new­
comers - W A 8 5 (Omega spec­
trometer) and NA36 (time projec­
tion chamber). 

About 400 physicists are now 
involved in this work. The results 
emerging from last year's run wi th 

oxygen ions at CERN and from 
lower energy studies at Brookha­
ven were discussed at the recent 
'Quark Matter 1987 ' Conference 
at Nordkirchen (see November 
issue, page 5). The expected indi­
cators of a new kind of nuclear 
matter (J/psi formation, two-pion 
interferometry and transverse ener­
gy spectra) already showed signi­
ficant deviations f rom what would 
be expected from a mere superpo­
sition of nucléons and physicists 
hope that these trends will be 
accentuated with the heavier 
projectiles. 

From Reinhard Stock 

FERMILAB 
First collider results 
The big Collider Detector at Fermi-
lab (CDF) intercepting the 900 GeV 
proton and antiproton beams in 
the Tevatron ring completed its 
first run in May. The experiment 
accumulated about 30 inverse na-
nobarns of data (about the same 
as the output at the CERN proton-
antiproton collider in its second 
run back in 1982) on tape wi th an 
extremely large data acquisition 
system composed of 1250 FAST-
BUS modules of 62 different va­
rieties. One of the most difficult 
things was to learn how to handle 
a detector of CDF's size and 
complexity. 

The collaboration had three initial 
goals - to develop the data analy­
sis software for the data f rom the 
first run and get it ready for the 
next run, to check out the perfor­
mance of detector hardware, and 
to get first hints of physics. 

One of the biggest software 
development problems is to learn 
how to analyse a large amount of 
data involving complex events. 
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Production of 'jets' of hadrons in 
proton-antiproton annihilation, as seen in 
the CDF detector at Fermilab's Tevatron. 

C $ A D A T : J C 6 6 2 5 . D A T 

With no instruction book to fo l low, 
developing a standard reconstruc­
tion package (SRP) has been a ma­
jor undertaking, involving over 
1 million lines of computer code. 
The SRP processes a raw data 
tape, searching for such things as 
electrons, high energy jets of par­
ticles, missing transverse energy 
(indicative of invisible particles), 
and the basic types of particles 
expected. 

The SRP then takes a subset of 
the data f rom the tape, and makes 
several different summary files or 
'output streams' for physics ana­
lysis. This SRP processing takes 
several hours per tape, and wi th 
500 tapes to process even this 
first pass was no mean task. The 
CDF collaboration is now tuning 
up the SRP analysis in anticipation 
of the upcoming run. 

The performance of the detector 
hardware is gauged through 'min­
imum bias' analysis, looking at the 
average properties of all the events 

The characteristic signal of the decay of a 
Z° - the carrier of the electrically neutral 
component of the weak nuclear force -
seen by CDF. 

taken together as well as the de­
tails of each event. 

Using the processed data tapes 
from the SRP output streams, CDF 
physicists have isolated promising 
physics events. It is premature to 
announce physics results during 
this learning process, but the elec­
tron output stream has yielded 
about 25 W events and 5 or 6 Z 
candidates (see front cover of the 
July/August issue). This produc­
tion rate of W and Z particles -
the carriers of the weak nuclear 
force - is roughly in line wi th the­
oretical predictions, indicating that 
the detector is working properly 
and that backgrounds are low. 

The data also show a number 
of 'new territory' jets carrying 
more than 150 GeV. These particle 
clusters are much more compli­
cated to analyse than the W s and 
Zs because of the large number 
of particles produced and the com­
plicated reconstruction process. 

These preliminary 'expected' 
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physics results will probably be 
ready next year. Wi th at least ten 
times more data expected f rom 
next year's run, the CDF team is 
eagerly anticipating 'discovery' 
physics. 

Wi th the increased energy of 
the Tevatron and the experience 
gained from the first generation 
experiments at CERN's proton-
antiproton collider, the CDF experi­
ment is in a good posit ion. Co-
Manager Roy Schwitters, Manager 
of CDF, states 'CDF's detector 
was built wi th knowledge f rom 
CERN's experiments. It's the dawn 
of a new generation of collider 
detectors both for the energy and 
the detector capability, and there­
fore one can move f rom the ex­
pected physics of W s , Zs and jets 
into new discoveries rapidly.' 

The next CDF run is scheduled 
to begin on 1 March. 

Central computing 
upgrade 
The central computing facilities at 
Fermilab are being upgraded in a 
multi-faceted project including a 
new building for central computing 
to house a new large scale scien­
tific computer (LSSC), an expanded 
V A X cluster, and farms of micro­
processor-based parallel process­
ing systems. The LSSC acquisition 
is being evaluated prior to the 
award of the contract. However 
the building is rapidly coming to 
completion and is visible for all to 
see. The overall cost of the project 
is $25 million dollars, wi th about 
$9 million for the new building, 
scheduled for completion next 
spring. 

The first floor will house com­
puting hardware, a user area and 
a tape vault capable of storing over 
150 000 10.5 inch reel tapes. In 
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addition to the present system of 
10.5 inch 6250 bpi tapes, the 
LSSC should be compatible wi th 
new data storage systems such 
as tape cartridges and optical 
disks. 

The second floor will be domi­
nated by the LSSC mainframes 
and other CPUs, disk drives, and 
an area for maintenance. The third 
floor will house the Physics Re­
search Equipment Pool (PREP) and 
three groups of Computing Depart­
ment personnel currently housed 
on the 6th and 11th floors of Wi l ­
son Hall. 

The Central Computing Upgrade 
Project is a major step to meeting 
the future computing needs of the 
Fermilab community. Now that 

fixed-target and colliding beam 
experiments are accumulating big­
ger data samples, the computing 
demand is impossible to meet wi th 
the existing computing systems. 
The lack of room in Wilson Hall 
for more equipment further com­
plicates the problem. 

Fermi lab's new computer building takes 
shape. 
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36 metre chain of superconducting magnets 
under test at the German DESY Laboratory 
in Hamburg for the HERA electron-proton 
collider now under construction. 

KEK 
Eventful year 
Just one year ago, the three-kilo­
metre TRISTAN ring at the Japa­
nese KEK Laboratory saw its first 
electron-positron collisions. In a 
few months of actual running time 
it has gone on to achieve its basic 
design aims and to supply impor­
tant physics. While the Stanford 
Linear Collider struggles to achieve 
its hairsbreadth colliding beams 
and with CERN's LEP machine still 
t w o years away f rom switchon, 
TRISTAN has the high energy elec­
tron-positron stage to itself. 

Earlier this year, TRISTAN sup­
plied 25 and 26 GeV colliding 
beams and all three major experi­
ments - VENUS, A M Y and TOPAZ 
- collected good data samples 
(see September issue, page 25). 

One of today's major particle 
physics preoccupations is the 
search for the long-awaited sixth 
('top') quark. While other experi­
ments have inferred that it is heav­
ier than about 45 GeV, confirma­
tion comes from direct scan of 
electron-positron annihilation. 

Thus the three TRISTAN exper­
iments looked closely at hadron 
production from annihilations at 
these newly available collision en­
ergies, but saw no sign of any 
increased activity. In addition, the 
shape of the hadron production 
patterns is in accord wi th a five 
quark picture. Thus the top quark 
was out of TRISTAN 'S reach. How­
ever next year the radiofrequency 
accelerating power will be boosted, 
and a higher energy region will be 
carefully scanned. 

Physicists had been bewildered 
by the isolated muons accompan­
ied by a broad spread of hadrons 
reported by some experiments at 
the PETRA electron-positron ring 

at the German DESY Laboratory 
in Hamburg in data collected sev­
eral years ago (see September 
issue, page 37). As the first TRIS­
TAN analyses got underway this 
year, there was a suggestion that 
these unexpected single muons 
were still there (see October issue, 
page 1), but now the combined 
weight of all three experiments is 
pushing these signals towards 
oblivion in the statistical junkyard. 
Nobody ever saw a corresponding 
effect wi th electrons anyway. 

In October, TRISTAN started a 
new physics run at 27.5 GeV per 
beam. 

DESY 
Magnet string tests 
A 36 metre chain of superconduct­
ing magnets built for the HERA 
electron-proton collider has been 
under test since April at DESY in 
Hamburg. 

The magnet string is composed 
of three full-sized prototype dipole 
magnets (with coils made at DESY 

and mounted in cryostats at BBC-
Mannheim) and t w o quadrupoles 
(made at Saclay). They are installed 
in a tunnel-shaped hall and 
mounted wi th an inclination of one 
per cent corresponding to the larg­
est slope of the HERA tunnel. The 
system has its own 900 wat t he­
lium refrigeration plant and is pro­
vided wi th full quench protection 
and complete vacuum equipment, 
as they will be installed for HERA. 

The magnet string has already 
been cycled several t imes between 
room temperature and liquid helium 
temperatures and has been kept 
cold for extended periods. It has 
been quenched more than 20 t imes 
at magnetic fields between 1.8 
and 5.8 tesla, the latter corre­
sponding to a proton beam energy 
of 1010 GeV (the HERA design 
value is 820 GeV). In these tests 
the current was limited by one of 
the prototype dipole-magnets, 
which was made using an old type 
of cable. 

The total heat leak is in good 
agreement wi th the values pre­
viously measured for the individual 
magnets and no décrémentai effect 
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Giant Read-Out Boards? 
Epoxy laminates FR-4 
1300x4400 mm 
produced by 

[ D I T R O N r 
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construction of the "Read-
Out Board" of the hadron 
calorimeters of the A L E P H 
and D E L P H I detectors. 

Standard production: 
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for printed circuit boards 
• thin laminates and prepreg 

for multilayer boards 

DITRON srl 
Via Mul ino Vecchio, 85 - 28065 CERANO (NO) ITALY 
Tel.: 0321/728294 - 726548 - Telex: 331565 PENCO I 
Telefax: 0321/721645 

LIEDLER, Plus de 30 modèles de 

P a r s e s éleçtrçniques 
87/8 

Tests statiques et dynamiques pour les alimentations stabilisées 
et les batteries 

P r o g r a m m e d e v e n t e 
M o d è l e s re f ro id is à l'air, p o u r 
labora to i re , de 200 à 800W, 
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F o n c t i o n n e m e n t , so i t à cou ran t 
o u , so i t à rés is tance cons tan t 
Equ ipés de p lus ieu rs f o n c t i o n s 
de survei l lance, cont re les fausses 
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N O U V E A U 
M o d è l e s re f ro id is à l 'eau avec 
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sources à cou ran t a l te rnat i f 

Ulrich matter RG 
techn. é l . d e mesure e t d e régulat ion 

5 6 1 0 W o h l e n 
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Radi 
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J 
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West - Germany 
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Capacitor charging units 
Accuracy up to 1X10-4 
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resulted from the inclination. No 
problems were found during the 
temperature cycling and the pro­
pagation of the cold front through 
the inclined magnet string agrees 
with the calculated values. 

An excellent vacuum was 
achieved in the beampipe, kept at 
liquid helium temperature. The 
helium leak rate into the 36 metre 
pipe was very small and the 
quench protection system works 
reliably. 

Shunt diodes kept at liquid he­
lium temperature take over the 
current as soon as a magnet 
quenches. The resistive voltage is 
detected for each pair of coils in 
a sensitive bridge circuit and 
quench-heaters are fired in order 
to increase the quench propagation 
velocity in the magnet. Thus, in 
principle, a quench is limited to the 
involved coils only. However for 
values of the magnetic field above 
4.2 tesla neighbouring magnets 
are also affected. The reasons for 
this quench propagation at higher 
currents are being investigated. 

The reliability and easy operation 
of the system demonstrated that 
it is ready for installation in the 
HERA tunnel. Series production of 
all required components is well 
underway and the schedule is still 
in good shape. 

HERA injection 
In November, a 7 GeV elec­
tron beam was successfully 
injected into the first com­
pleted portion of the HERA 
electron-proton collider at 
DESY in Hamburg, passing 
through the initial 130 metres 
of the 6.3 km ring. 
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The B meson signal reconstructed from 
decays producing a proton and an 
antiproton together with one or two pions 
seen by the ARGUS experiment at the 
German DESY Laboratory. 

Beauty without charm 
All the beauty in a beauty (b) quark 
does not live for ever. Eventually 
it will decay through the weak nu­
clear force, transforming into a 
charm (c) quark or possibly an 'up' 
(u) quark. However the relevant 
transition rates cannot be predicted 
by the Standard Model of today's 
physics. They depend on funda­
mental parameters - elements of 
the Cabibbo-Kobayashi-Maskawa 
(CKM) matrix - which so far can 
only be measured from experi­
ments. 

Many experimental groups pro­

vided input by studying the spec­
trum of leptons emitted in the de­
cay of B mesons, providing an 
upper limit for the ratio of the rel­
evant CKM matrix elements, how­
ever no significant evidence was 
found for the charmless decay of 
a b quark to a u quark. 

A t the recent Hamburg Lepton-
Photon Symposium (see Septem­
ber issue, page 4), the ARGUS 
group working at the DORIS elec­
tron-positron collider at the German 
DESY Laboratory in Hamburg re­
ported the first evidence for the 
charmless b/u transition from the 
rare decays of a positively charged 
B meson into a proton, an antipro­
ton and a positive pion, and a neu­
tral B meson into a proton, an anti-
proton and a charged pion pair. 
The (preliminary) measured branch­
ing ratios are (3.7 ± 1.3 ± 1.4) 
x 10~ 4 and (6.0 ± 2 . 0 ± 2.2) x 
10~ 4 respectively. 
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Since baryon production in B 
meson decays is not well under­
stood, this new observation could 
only provide a lower limit for the 
ratio of CKM matrix elements, 
which is now confined to a definite 
range. Inevitably there have been 
speculations about definite rela­
tions between CKM matrix ele­
ments. Only new and more precise 
measurements will be able to de­
cide if this leads to new physics. 

The world's largest superconducting 
magnet, designed and constructed at the 
UK Rutherford Appleton Laboratory for the 
DELPHI experiment at CERN's LEP 
electron-positron collider, threads its way 
through the narrow by-ways of Southern 
England in October on the first leg of its 
journey to CERN. 7.4 m long, 6.2 m in 
diameter and providing a magnetic field of 
1.2 tesla over a volume of 145 m3, the 
magnet continues its journey by ship to 
Rotterdam, by Rhine barge to Strasbourg 
and finally by road to Geneva. 

(RAL Photoservices) 

RUTHERFORD 
APPLETON 
DELPHI'S coil hits 
the road 
The wor ld 's largest superconduct­
ing solenoid, designed and con­
structed at the UK Rutherford Ap ­
pleton Laboratory for the DELPHI 
experiment being built for CERN's 
LEP electron-positron collider, hit 
the road in October on the first 
stage of its 1600 kilometre journey 
to Geneva. 

7.4 metres long and 6.2 metres 
in diameter, the 84 tonne coil wil l 
supply a magnetic field of 1.2 tesla 
over a volume of 145 m 3 . It is 

wound on the inside of its contain­
ing cylinder, which thus holds the 
magnetic pressure, equivalent to 
six atmospheres. 

The 20 kilometres of current-
carrying superconducting cable 
contain 17 wires 700 microns in 
diameter, each wire consisting of 
300 niobium-titanium filaments 
25 microns across, embedded in 
a copper matrix. The cable is 
sheathed in high purity aluminium. 

The coil's transport arrange­
ments include overland f rom RAL 
to Southampton, boat to Rotter­
dam, Rhine barge to Strasbourg, 
and finally overland to Geneva. 
Unfortunately the havoc in the 
wake of the freak winds which hit 
Southern England in October meant 
that the coil missed its scheduled 
boat. However this is not the first 
mishap to have hit the arrange­
ments for DELPHI, and the experi­
menters are still confident of inter­
cepting the first electron-positron 
collisions in LEP in 1989. 

WORKSHOP 
Variational methods 
The first international workshop 
on the application of variational 
methods to quantum field theory 
took place on the German North 
Sea island of Wangerooge f rom 
1-4 September. 

Although the Rayleigh-Ritz vari­
ational principle and its generaliza­
tions have been successfully used 
for many years in quantum me­
chanics and many-body theory, it 
is only recently that they have at­
tracted comparable attention in 
high energy physics. This intuitive 
approximation scheme offers an 
interesting complement to the pri­
marily 'number-crunching' ap­
proaches using present-day super­
computer Monte-Carlo calculations. 
Topics at the meeting included 
accurate and improved variational 
methods; applications to quantum 
chromodynamics, both qualitative 
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and quantitative; and conse­
quences for scalar theories and 
spontaneous symmetry breaking. 

However many problems still 
remain before this appealing calcu-
lational scheme can truly be con­
sidered a practical tool . This was 
emphasized in a final address by 
Richard Feynman - originator of 
many of the ideas discussed. 
Nevertheless participants were 
optimistic that, wi th due care, vari­
ational methods could provide yet 
another scheme for understanding 
the workings of Nature's funda­
mental forces. 

The workshop was sponsored 
by the Volkswagen Foundation 
and organized by David Pottinger 
(Dortmund) and Ebs Hilf and Lutz 
Polley (Oldenburg). 

From L. Polley and D. Pottinger 

ACCELERATORS 
School report 
The expanded 1987 US Particle 
Accelerator School, held at Fermi­
lab from 20 July to 14 August, 
included t w o two-week sessions. 
In the first, 101 students covered 
three university-style courses, 
listed as upper-division University 
of Chicago physics, covering the 
fundamentals of particle beams, 
magnetic optics and acceleration; 
relativistic electronics; and high 
energy storage rings. 

The 180 participants in the 
second session profited f rom 
24 short courses presented by 
experts and covering a wide variety 
of topics in the physics and tech­
nology of particle accelerators. 

This summer also saw the sec­
ond in the biennial series of ad­
vanced accelerator physics courses 
organized by the CERN Accelerator 
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People and things 

School (CAS). Held at the Johan-
nesstift, West Berlin, it benefited 
from the assistance of BESSY-
Berliner Elektronenspeicherring-
Gesellschaft fur Synchrotronstrah-
lung. Over a hundred participants 
covered the intense course and 
supplementary seminars on accel­
erator-related topics. 

CAS schools for 1988 include 
Superconductivity in Particle Accel­
erators (Hamburg, 30 May-3 June), 
the third General Accelerator Phys­
ics Course (Salamanca, Spain, 19-
30 September) and Frontiers of 
Particle Beams - Diagnostics (joint­
ly wi th the US Accelerator School, 
Capri, Italy, 19-26 October). Fur­
ther information f rom Mrs. S. von 
Wartburg, CERN Accelerator 
School, LEP Division, CERN, 1211 
Geneva 23 , Switzerland. 

The programme of the advanced accelerator 
course organized by the CERN Accelerator 
School and held in Berlin in September 
included a visit to the BESSY synchrotron 
radiation facility. BESSY also provided 
valuable support and assistance for the 
course. 

I B 

On people 

Thomas Wei land from DESY, well 
known for his work on wake-field 
accelerators and for his methods 
for calculating electromagnetic 
fields under complicated geometri­
cal conditions, was awarded one 
of the twelve science prizes distri­
buted this year by the 'Deutsche 
Forschungsgemeinschaft'. The 
prize allows him to request and 
use up to three million DM during 
the next five years for his research 
work. 

In January, friends and colleagues 
will gather to celebrate the 60th 
birthday of Andrei Amatuni, Direc­
tor of the Yerevan Physics Insti­
tute, Armenia, USSR, since 1973. 
He is well known for his work on 
the theory of transition radiation, 
on particle physics and for his 
accelerator ideas. He is also an 
enthusiast of international collab­
oration. 

A Andrei Amatuni, Director of the Yerevan 
Physics institute, Armenia, USSR. 

• Thomas Weiland - German research 
award. 
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The 2,9m bore, 3.5m long, 
1.5 Tesla superconducting 
magnet and cryogenics totally 
designed, manufactured, tested 
and installed at Cornell on the 
5 G e V storage ring as a 
particle analyser by Oxford 
Instruments Limited. 

To discuss your 
superconducting magnet 
requirements, no matter how 
demanding, contact: 

Oxford Instruments Limited 
Eynsham 
Oxford 
0 X 8 1TL 
Tel: 882855 Telex: 83413 

OXFORD 
A member of The Oxford Instruments Group pic 

0 3 . 0 0 1 E 

We provide easily built-in 
safety in Know-how. 

Stesalit resolves your individual 
problems in 

_ fiberglass 
construction 

for science and advanced 
technic. 
Please request detailed infor­
mation. Mr H. Maueh will be glad 
to advise you personally. 
We offer a range that is based 
on 30 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO Fax 061/80 06 04 
Telefon 061/80 06 01 Telex 963182 
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The 20 tonne superconducting coil for the 
CLEO II detector at Cornell's CESR 
electron-positron collider leaves the factory 
at Oxford Instruments Ltd (UK). Producing 
a magnetic field of 1.5 tesla in a length of 
3.8 metres and a diameter of 2.9 metres, 
the coil is made of fourteen kilometres of 
special aluminium stabilized niobium-
titanium, wound in two layers on the inside 
of an aluminium cylinder. 

ESO/CERN Symposium 

Books 

Following 'Réflexions d'un physi­
cien' (Hermann, 1983), eminent 
French physicist Anatole Abragam 
(Chairman of the CERN Review 
Committee) is in print again, this 
time with 'De la physique avant 
toute chose' (Editions Odile Jacob, 
Paris). Although an autobiography, 
the book includes pen sketches of 
other physicists, and a mine of 
anecdotal material. With a system 
of single and double asterisks, the 
author signposts the more general 
reader through interesting areas 
of modern physics. 

T Equipped with its vacuum chamber, the 
first of 1640 pairs of dipole magnets for 
CERN's LEP electron-positron collider ring 
is eased down from the monorail transporter 
for installation in the 27 kilometre tunnel. 

The third symposium 'Astronomy, 
Cosmology and Fundamental Phy­
sics ' organized by CERN and ESO 
(European Southern Observatory) 
will be held in Bologna, Italy, from 
16-18 May on the special occasion 
of the ninth centenary of the Uni­
versity of Bologna. Participation is 
by invitation only. Further details 
(for particle physicists) from L. Van 
Hove, CERN TH Division, CH-1211 
Geneva 23, Switzerland, or G. Gia-
comelli, Dip. to di Fisica, Via Irnerio 
46, 40126 Bologna, Italy, and for 
astrophysicists from G. Setti - ESO, 
Karl-Schwarzschildstr. 2, D-8046 
Garching bei Munchen, West Ger­
many, or A. Renzini, Dip. to di 
Astronomia, Via Zamboni 33, 
40126 Bologna, Italy. 

John Bell of CERN has long been 
regarded as one of the world's 
experts on the intriguing implica­
tions of quantum theory. 'Speaka-
ble and unspeakable in quantum 
mechanics' (Cambridge University 
Press) is a collection of his land­
mark papers on quantum phi­
losophy. 
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On the Beam. 
The decisive Beam-test with two 

superconducting Dornier cavities 
was successfully completed at 
DESY for the HERA project. 

The required accelerating field 
of 4 MV/m was exceeded by a 
cavity with 5.1 MV/m. The PETRA 
storage ring could even be kept in 
operation with the superconduct­
ing cavities alone. The couplers 
for the damping of the higher order 
modes recently developed by 

CERN/DESY showed the required 
features. 

The cavities manufactured and 
prepared by Dornier were deliver­
ed ready for testing. The niobium/ 
steel connecting techniques 
developed by Dornier enabled a 
flangeless helium vessel. 

A contribution to the develop­
ment of superconductivity. 

Today's progress secures the 
future. Dornier. 

Concepts. Technologies. Systems. 

S D O R N I E R 
Dornier GmbH 
P.O. Box 1420, Dept. MCF 
D-7990 Friedrichshafen 1 
Federal Republic of Germany 
Phone 75 45 / 8 1 , Telex 7 34 209-0 
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Marcello Conversi • 
symposium 

70th birthday 

Marcello Conversi 70 

Friends and colleagues of Marcello 
Conversi gathered in Rome on 
3-4 November for a symposium 
'Present Trends, Concepts and In­
struments of Particle Physics' to 
mark his 70th birthday. In 1946, 
Conversi, together with Ettore Pan-
cini and Oreste Piccioni, showed 
that the cosmic ray 'mesotron' was 
the muon rather than the pion. Lat­
er his influential Pisa school pro­
duced famous Italian names in par­
ticle physics. 

The prototype superconducting accelerating 
cavity for the LEP electron-positron collider 
at CERN, seen here in position in the S PS 
ring where it has performed well in tests. 

Superconducting accelerating 
cavities in action 

At CERN, a prototype supercon­
ducting accelerating cavity of the 
type envisaged for LEP beams 
has been installed for tests in 
the SPS ring, where it helped 
take an electron beam to 
18 GeV. Earlier, the SPS had de­
monstrated its ability to handle 
electrons (see November issue, 
page 19) in preparation for its 
new role as the LEP injector. 
Meanwhile at the German DESY 
Laboratory, a superconducting 
cavity designed to handle the 

electron beams in the HERA 
electron-proton collider now un­
der construction performed well 
in tests at the DESY PETRA ring. 
At the Japanese KEK Laborato­
ry, a test cavity was successful­
ly tested some time ago in the 
Accumulator Ring of the TRIS­
TAN electron-positron collider, 
providing valuable experience for 
the larger units proposed for 
boosting energies in the TRIS­
TAN main ring. 

(Photo CERN X68.8.87) 

CERN Courier, December 1987 31 



THE PHYSICS DEPARTMENT 
AND 

THE INSTITUTE FOR NUCLEAR AND PARTICLE PHYSICS 

THE UNIVERSITY OF VIRGINIA 

Faculty positions in 

HIGH ENERGY 
EXPERIMENTAL PHYSICS 

Applications are invited for a new program in high energy 
experimental physics. In the anticipation of the formation 
of a new group, we invite applicants for tenure, tenure-
track, and research positions. Senior applicants are ex­
pected to lead a vigorous program of research. 

These positions will be in both the Physics Department 
and the Institute for Nuclear and Particle Physics, or could 
be shared between the two administrative entities. Sala­
ry, level of position, start-up funds, and other support will 
be commensurate with the demonstrated accomplish­
ments and experience of the applicant. 

Please send resume, statement of research interests, and 
references to : 

The Chairman 
Physics Department 
University of Virginia 
Charlottesville, Va. 22901 

The University of Virginia is an equal opportunity, 
affirmative action employer 

Faculty Positions 

Experimental High Energy Physics 
Space Physics 

Experimental Nuclear Physics 

The University of Kansas invites appl icat ions for three tenure-track posi­
t ions at the Ass is tant or Assoc ia te Professor level in the Department of 
Physics and As t ronomy . Individuals having st rong research interests, 
experience, and capabilit ies in the experimental areas of particle, nuclear, 
and space physics are sought. 

T w o posi t ions are tenable in fal l , 1988 and one in fal l , 1989 . Considera­
t ion of applicants wil l begin on January 1 5 , 1 9 8 8 and continue until these 
posi t ions have been f i l led. 

Requirements are : PhD in physics and demonst ra ted research achieve­

ment in one of the specif ied areas. Duties include the conduct and super­

vision of research as wel l as graduate and undergraduate teaching. The 

particle physics group is currently involved in the ARGUS col laborat ion at 

DESY as wel l as research at Fermilab, and is suppor ted by the NSF. The 

space physics program is currently involved in N A S A fl ight projects for 

Voyager, Galileo, and Ulysses as wel l as solar terrestrial research funded 

by the NSF. The nuclear physics program is currently involved in heavy-

ion accelerator physics and is funded by the DOE. Salary range is f rom 

$ 3 2 , 0 0 0 to $ 4 5 , 0 0 0 for the 9 -month academic year ; start ing salary and 

rank depend on qualif ications and experience. 

Appl icat ions should be sent t o : 

Pro fessor J .P . D a v i d s o n , 

C h a i r m a n 

D e p a r t m e n t o f Phys ics a n d A s t r o n o m y , 

Un i ve rs i t y of Kansas , 

L a w r e n c e , Kansas , 6 6 0 4 5 , 

and should include a curriculum vi tae, a s tatement of professional plans 

and the names of three references. 

The University of Kansas is an Affirmative Action/Equal Opportunity 
Employer. Applications are encouraged from all qualified people regar­
dless of race, religion, color, sex, disability, veteran status, national ori­
gin, age or ancestry. 

UNIVERSITY OF HOUSTON 

RESEARCH 
IN ACCELERATOR PHYSICS 

(Theory) 
Post Doctoral Research Associate 

An opening exists at the University of Houston for a Post 
Doctoral Research Associate. Recent Ph.D's (0-3 years 
or equivalent experience) in high energy, nuclear or plas­
ma physics with strong background in computer usage 
are encouraged to apply. 

The work will be in nonlinear beam dynamics, beam-
beam interaction in storage rings, high-intensity linacs 
and other theoretical problems in accelerator physics. 

This person will initially work at the Texas Accelerator 
Center (30 miles north of Houston) with other physicists 
and engineers from the University of Houston, Texas A & 
M University, Rice University and University of Texas, 
Austin. 

Applicants should send curriculum vitae with names of 
three references to: 

Sho Ohnuma, 
Physics Department, 
University of Houston, 
University Park, 
4800 Calhoun Road, 
Houston, TX 77004. 

The University of Houston is an Equal Opportunity / Affir­
mative Action Employer. 

UNIVERSITÀT DORTMUND 
A m Fachbereich Physik ist ab sofort die Stelle 

eines(er) 

Professors/rin 
(Bes.-Gr. C 4) 

fur «Experimentelle Physik IV» wiederzubeset-
zen. 

Der (die) Bewerber(in) soil auf dem Gebiet der expe-
rimentellen Elementarteilchenphysik arbeiten. A m 
Fachbereich ist eine Infrastruktur vorhanden, die 
die Entwicklung und den Bau grosser Detektoren 
ermôglicht. 

Es wird erwartet, dass der (die) Bewerber(in) das 
Fach in Forschung und Lehre selbstândig wahr-
nimmt und sich an der Selbstverwaltung angemes-
sen beteiligt. 

Habilitation oder habilitationsadâquate Leistungen 
werden vorausgesetzt. 
Bewerbungen mit den ublichen Unterlagen (Le-
benslauf mit Unterlagen zum wissenschaftlichen 
Werdegang, Liste der wissenschaftlichen Arbei­
ten, Angaben ùber bisherige Lehrtàtigkeit) sind bis 
zum 15. Februar 1988 zu richten an den 

Dekan des Fachbereichs Physik 
der Universitàt Dortmund 
Postfach 5 0 0 5 0 0 
D - 4 6 0 0 Dortmund 5 0 . 
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Meetings 

The 13th International Conference 
on Neutrino Physics and Astro­
physics (NEUTRINO 88) will be 
held in Boston, Massachusetts 
from 5-11 June 1988. The confer­
ence is being jointly organized by 
the six universities : Boston, Bran-
deis, Harvard, MIT, Northeastern 
and Tufts. Further information from 
J. Schneps, NEUTRINO 88, Depart­
ment of Physics, Tufts University, 
Med ford, MA 02155, USA. 

The 13th International Symposium 
on Discharges and Electrical Insu­
lation in Vacuum (ISDEIV) will be 

held in Paris (Conservatoire national 
des Arts et Métiers - CNAM) from 
27-30 June 1988. Further informa­
tion from the Secretary, Prof. 
A. Septier, CNAM, 292 rue Saint-
Martin, 75141 Paris Cedex 03. 

The Landau Memorial Conference 
on Frontiers of Physics will be held 
at Tel Aviv University, Israel, from 
6-10 June. Topics will include 
quantum systems, physics far from 
equilibrium, topological applica­
tions, and cosmology. Further in­
formation from A. Voronel, Physics 
Dept, Tel Aviv University, Ramat 
Aviv, 69978 Tel Aviv, Israel. 

The Second Argentine Seminar on 
Geometry, Relativity and Gravita­
tion will be held at Vaquerias, Cor­
doba, from 14-18 March. Topics 
include superstrings, asymptotically 
flat spacetimes and quantum grav­
ity. Further information from Rei-
naldo Gleiser, Walter Lamberti or 
Jorge Pullin; Relativity Group (Va­
querias 2), FAMAF, Laprida 854, 
5000 Cordoba, Argentina, 
telex: 51822 BUCOR AR, 
51739/51959/51961 ENTEL AR, 
tel: 0054 -51 - 40669/40802/ 
40613/36876. 

Electronic Mail 
The CERN Courier editorial 
desk can be contacted 
through electronic mail using 
the EARN/BITNET communi­
cations network. The Editor's 
address is 

COURIER@CERNVM 

In October, the considerably revamped Mark 
II detector was rolled into position at the 
beam collision point of the new SLC Stan­
ford Linear Collider. The SLC is scheduled to 
restart in January, leading to physics with 
electron-positron collisions next spring. 
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UNIVERSITY OF GENEVA 
(Swi tzer land) 

Faculty of sciences 

DEPARTMENT OF 
COMPUTER SCIENCE 

Applications are invited for a tenure faculty position at the 
Full Professor level (or possibly Associate Professor lev­
el) starting October 1988. 
Duties include research in computer science and applica­
tions, undergraduate and graduate teaching, thesis su­
pervision and participation in administrative work. 

A Ph. D. in computer science or a closely related discipline 
is required. 
A good knowledge in French will be an asset. 
Applications should be received by December 31st 
1987. 
Please send resume, updated list of publications and the 
names of three or more references to : 

Doyen de la Faculté des Sciences 
20, quai Ernest-Ansiermet 
CH-1211 GENEVA 4 (Switzerland) 

VANDERBILT UNIVERSITY 

Director 
Free Electron Laser Center 

for Biomedical and Materials Research 

Vanderbi l t University invites appl icat ions for the posi t ion of Director, Free 
Electron Laser Center for Biomedical and Materials Research. The Center 
is a broadly based interdisciplinary col laborat ion including researchers 
f rom physics, molecular b io logy, the clinical and biomedical sciences, and 
materials science. The Center is funded for the construct ion of a broadly 
tunable, ultra-short-pulse FEL, and for research on thermal and non­
thermal interactions of laser light w i th matter. 

The Director wi l l be expected t o lead the const ruct ion, operat ion and 
future development of the free-electron laser; t o carry on a vigorous 
program of research either in FEL physics / engineering or in the scientif ic 
f ields represented in the Center 's p rogram; t o develop long-range exter­
nal funding for the operat ion of the FEL Center; and t o fulfill appropr iate 
academic duties of teaching, supervision of graduate students and uni­
versity service. The appointment is a regular faculty posi t ion w i t h rank, 
salary and home depar tment all t o be determined by the experience and 
interest of the successful candidate. 

The selection criteria to be applied in evaluating candidates include : over­
all scientif ic excel lence; experience in the const ruc t ion, operat ion and 
development of free-electron lasers, storage ring radiation sources, large 
laser sys tems, or accelerators; demonst ra ted ability t o attract signif icant 
funding for research; and demonst ra ted ability t o manage major experi­
mental research projects. 

The deadline for applications is January 15, 1988 ; the University desires 
to fill the posi t ion no later than the fall semester, 1988 . Interested per­
sons should send a curriculum vi tae, including the names of at least four 
references, to : 

Pro fessor N o r m a n H.Tolk , Cha i r 
FEL D i rec to r S e a r c h C o m m i t t e e 
D e p a r t m e n t o f Phys i cs a n d A s t r o n o m y 
V a n d e r b i l t Un i ve rs i t y , Nashv i l l e , T N 3 7 2 3 5 
(615) 3 2 2 - 6 4 3 8 

Vanderbilt University is an equal opportunity, affirmative action em­
ployer 
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U N I V E R S I T Y 
O F W I S C O N S I N - M A D I S O N 

TENURE TRACK 

FACULTY POSITION 
IN PHYSICS 

The Department of Physics, University of Wisconsin-
Madison may offer one or more tenure track positions at 
the assistant professor level (unless the qualifications 
require higher rank) to begin Fall 1988 or later. 
Applicants should provide evidence of teaching skills and 
ability to carry out an independent research program. 
Preference will be given to experimentalists in nuclear 
physics, elementary particle and/or accelerator physics, 
plasma physics, and to theorists for elementary particle 
and for plasma physics. 
Apply before February 1, 1988 to: 

Hugh T. Richards, Chairman 
Department of Physics 
University of Wisconsin-Madison 
1150 University Avenue 
Madison, Wl 53706 
(608) 263-3279 

The University of Wisconsin-Madison 
is an Equal Opportunity/Affirmative Action Employer 

t THE UNIVERSITY 
OF LEEDS 
D e p a r t m e n t of Electrical a n d 
Electronic Engineering 

CHAIR OF 
ENGINEERING 
SOFTWARE 
Applications are invited for a new Chair of Engineering 
Software. The appointment to the Chair will be as­
sociated with a further appointment to a Senior Lecture­
ship. The successful applicant will have unusual opportu­
nities to develop this important new area, both estab­
lishing his/her own interests and building on a wide range 
of existing teaching and research. 
The appointment will be made from a date and at a salary 
to be arranged with the successful candidate. 
Further particulars may be obtained from : 

The Registrar 
The University 
Leeds, LS2 9JT 
West Yorkshire, United Kingdom 

quoting reference 66/45. Applications (two copies) giv­
ing details of age, qualifications and experience, and nam­
ing three referees, should reach the Registrar not later 
than 31 December 1987. 
Applicants from overseas may apply in the first instance 
by cable, telex (556473 Unilds G) or facsimile (0532-
420090), naming three referees, preferably in the United 
Kingdom. 
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From the specialist in high-density 
fast-NIM instrumentation 
FTA810 
Octal Fast Amplifier 
• < 1 ns risetime 
• - 5 V output into 50 O 
• < 20 |JV equiv input noise 
• gain up to 200 

CO 4010 
Quad 4-fold Logic Unit 
• Coin/anticoin/off settings 
• overlap and updating outputs 
• fast-NIM and TTL outputs 
• LED indicator 
• gate input 

DV 8000 
Octal Variable Logic Delay 
• adjustable delay 10 -50 ns 
• 15 ns pulsu-pair resolution 
• 3 outputs/channel 
• fast-NIM logic signals 
• < 1 0 p s / ° C drift 

RD 2000 
Dual Rate Divider 
• Dividing from 1000:1 to 1:1 
• 40 MHz maximum rate 
• propagation delay independent 

of ratio 
• inhibit input 
• 6 outputs/channel 
• fast-NIM logic signals 

For more in format ion: 

n 

—CD / Q ' / — 

J^EG&B ORTEC/ESN 

Hohenlindener Strasse 12 • D-8000 Munchen 80 
Telephone: 089/92 692-0 • Telex: 528257 • Telefax: 089-910 12 83 
(Distribuée! by EG+G Ortec representatives worldwide) 

Advertisements in CERN COURIER 
Format A 4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted wi thout extra 
charge. 

Space 
(page) 

Actual size (mm) 
w id th by height 

Cost per insert ion (Swiss Francs) 
Space 
(page) 

Actual size (mm) 
w id th by height 1 

insert ion 
3 

insert ions 
5 

insert ions 
10 

insertions 

Vi 
1 / 2 

1 / 4 

1 8 5 x 2 6 5 
1 8 5 x 1 3 0 

9 0 x 2 6 5 
9 0 x 1 3 0 

1950 

1150 

6 8 0 

1870 

1080 

6 2 0 

1800 

1020 

5 8 0 

1700 

9 4 0 

540 

These prices include no entitlement to special placing. 

Supplement for: 
— one additional colour 
— Covers: 
Covers 2 and 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive f i lms and copy 

1500 SwF 

2 0 0 0 SwF 
2 5 0 0 SwF 
1 st of month of cover date : 

1 st of month preceding cover date 
The cost of making f i lms and of 
translation for advertisements are 
charged in addit ion. 

Screen (offset) 60 or 5 4 Swiss ( 150 English) 
Advert isements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

These rates are effective for the year 1988. 

All enquiries to : 
Micheline FALCIOLA / CERN COURIER - CERN 
CH-1211 Geneva 2 3 Switzerland 
Tel. (022) 83 41 0 3 Telex 2 36 9 8 

SCINTILLATORS 

v|e f ive the etaertiseland trie know-how for high-quality plastic 
slinlllators. | ; V 
Higrflight output; excellent transmission and fast speed are the 
maiabgatures of our plastic scintillators, we manufacture all 
sizes^fmcustomers specifications. Rods, sheets, blocks and light 
guîàeslnrith polished or coated surfaces will be manufactured 
withinpose tolerances. 
Lithiurf-glass-scintillators are available in special shapes and 
sizes f o m powders for HPLC and flow cells, discs for neutron 
measfrements etc. various types from low background to very 
high efficiency are available. 

ZINSSER 
ANALYTIC (uk) Ltd. 
Howarth Road, Stafferton Way, Maidenhead, Berks. SL61AP 
Telephone 06 28/2 45 70 • Telex 849 462 M & K 
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Wandel & Goltermann 
Electronic Measurement Technology 

The handy, rapid, battery-powered 
DA-15 can handle all your data network 
service problems. It's strong on analysis 
and simulation, e.g. 64 kbps BERT/ 

I K 1R BLERT. All common async, sync and 
V / U I UEAT* l\J HDLC/SDLC procedures. Also has 

• • I • • DVM/level meter/ohmmeter facilities dfltcl 9H9lVS6r t©St©r P | U S thresholds and alarm criteria so that 
M I I V « I J W W I 7 itcantroubleshootthe analog or a.c. line 

^ l « J O i r V l l l l o i S M * S l d e o f m o d e m s - Nonvolatile 64 kbyte O i l U wll I lUICHU! memory for programs, data and setups. 
m a _ _ Menus and softkeys for easy operation. 

O l l l T l i n ^ l t O Q n r r ^ h l P r t l Q Serial and parallel printer interface. 
^in i in l a i C Q | / i u u i c i I io. T h e D A _ 1 5 w H | s o , v e g , , y 0 u r s e r v j c e 

Operates to 72 kbps. - ^ " ^ 
^ ^ f ^ W B % ^ * w ^ ^ * W • H • m M ' M ' w a WANDEL&GOITERMANN(SCHWEIZ)AG, POSTFACH254 

3 0 0 0 BERN 2 5 , TEL. 3 1 - 4 2 6 6 4 4 , TLX. 9 1 2 3 5 0 W G C H 

I WOULD LIKE: 

• A FREE D A - 1 5 BROCHURE 

• A DATA TEST SET PRODUCT GUIDE 

N A M E ..............................» 

COMPANY ». 

STREET 

TOWN 

TELEPHONE NO , , E 7 3 9 9 K 
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"The content is timely and up to date... Professor Okun's 
presentation is technically superior to that in many similar 
books." —Professor C.J. Isham, Imperial College of Science and 
Technology, UK 

a (3 Y - Z  
A PRIMER IN 
PARTICLE PHYSICS 
By L.B. Okun 
Institute of Theoretical and 
Experimental Physics, Moscow 

Translated from the Russian by 
V.I. Kisin 

Okun, a well-known theoretical physicist, describes the current status and possible future 
development of physics, beginning with such familiar concepts as mass, energy, and momen­

tum, then gradually introducing the fascinating properties of quantum fields. A subject index pro­
vides a list of the basic concepts of elementary-part icle physics. This book constitutes valuable 
supplementary reading for undergraduates who are actively interested in physics, and serves as an 
introduction to Okun's book Particle Physics: The Quest for the Substance of Substance (hardcover 
3-7186-0228-8, $44.00; softcover 3-7186-0229-6, $12.00). 

Contents 
Particles and Interactions: A Minidigest • Basic Particles: The Electron, Proton, Neutron and Photon • 
Mass, Energy, Momentum and Angular Momentum in Newton's Mechanics • Mass, Energy and 
Momentum in Einstein's Mechanics • Forces and Fields • Quantum Phenomena • Atomic and Nuclear 
Reactions • Weak and Strong Interactions • High-Energy Physics • Accelerators • Antiparticles • 
Hadrons and Quarks • Confinement of Quarks • Gluons. Color • Leptons • Generations of Leptons and 
Quarks • Decays of Leptons and Quarks • Virtual Particles • Currents • C,P and T Symmetries • 
Neutral Currents • Predicted W and Z Bosons • Discovery of the W and Z Bosons • Post-Z Collider 
Physics • "Quiet Physics" and Grand Unification • Superunification? • Cosmology and Astrophysics • In 
Praise of High-Energy Physics • Recommended Literature • Subject Index 

1987 114 pp. 
hardcover 3-7186-0374-8 $25.00 
softcover 3-7186-0405-1 $9.00 

Send orders by check, money order, Visa, 
MasterCard, American Express to: 
Harwood Academic Publishers 
Marketing Department 
P.O. Box 197, London WC2E 9PX, UK or 
P.O. Box 786 Cooper Station, New York, NY 10276, USA 

H A R W O O D A C A D E M I C P U B L I S H E R S 
C H U R - L O N D O N - P A R I S - N E W Y O R K - M E L B O U R N E 
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A r e h igh-dens i ty 
N IMs 
l e a v i n g 
y o u 
power less? 

\ \ 

DC power: 

BLACK M A * 

Rescues y o u 
with t w i c e * 

t h e p o w e r ! 

Ask about the 
BLACK MA\™ Power Supply. 

Contact your sales representative, 
or in the USA, call the HOTLINE, 

800-251-9750 
12 a m p s a t + 6 vo l t s 

• 4 amps a t± 12 volts 
2 amps at±24 volts 

n 
1 0 0 M i d l a n d R o a d , O a k R i d g e , TN 37831-0895 U . S A 

T e l e p h o n e : (615) 4 8 2 - 4 4 1 1 Telex: 4 9 9 - 3 1 1 9 E G G OKRE Ul 



Instrumenta 
and control 
FLOW RATI 
PRESSUR 

FLUID LEVI 
TEMPERATL 



Flow measurement 
Microvolume flowmeters 
with or without needle valve 
in polycarbonate, polysulfone and 
acrylic glass 

Water: 0.1-1.5 l/h to 5-80 l/h 
Air: 0 .5-5L n /h to 0.2-2.6 Nm 3/h 

Microvolume flow controllers 
Explosion-proof iG 5 
Types: KSR and SVN 

Water: 0.1-120 l/h 
Air: 2 l n /h -2 Nm 3/h 

Microvolume flowmeter/ 
controllers 
Explosion-proof I 
Types: KDG/KDj 

Water: 0.002-0.02 to 16-160 l/h 

All-metal microvolume 
f I o wmeter/co ntro 11 ers 
Explosion-proof i| 
Type: KM 

PN 40-PN100/-20...+150°C 
Water: 0.1-1 l/h to 25-250 l/h 
Air: 4.5-45l n /h to 0.8-8Nm 3 /h 

Flowmeter/controllers 
Explosion-proof iG 5 
Type: SV-R/S-R 

All-metal flowmeter/controllers 
with analog output 
Explosion-proof iG 5 
Type: SMV-R/VKM-G 

Flowmeters and controllers 
with analog output independent 
of viscosity and location 
Types: VKG and VKM 

All-metal flowmeters and 
controllers with analog output 
Type: MC 

Water: 6-60 l/h to 0.5-9m 3 /h 
Air: 0.2-2 Nm 3/h to 20-250 Nm 3/h 

PN 350/-50°C... + 160°C 
Water: 3-60 l/h to 0.5-15m 3/h 
Air: 3-35 l/h to 20-400 Nm 3/h 

Viscosity range: 1-5000 mm 2/s 
e. g.: 0.01-0.07 to 8-80 l/min of oil 

PN 40 - PN 600 / -50. . . +300 °C 
Water: 2.5-25 l/h to 10-100 m 3/h 
Air: 75-750l n /h to 180-1800 Nm 3/h 

Trogamid and polysulfone 
flowmeter/controllers 
with analog output 
Type: KSM-R 

t 

Electronic flow controllers 
for gases, liquids and powders 
Media:Ap=0 
Stainless steel, PVDF and poly­
propylene 
Type: EGE 

Flow sensors proportional to 
differential pressure 
Type: Beta-Probe 

Water: 16-160 l/h to 2-20 m 3/h 
Air: 0.25-2.5 Nm 3/h to 58-580Nm 3 /h 

Liquids (incl. highly viscous): 
0.01-4 m/s. 
Gases: 0.1-15 m/s 
PN 300/-40... + 90°C 

Paddle-bellows flowmeters and 
controllers for heavily contaminated 
media 
Types: HSW - DWU/-DWP/-DWS 

Error: ± 0.5% or : 
R 1 /2 " -R27DN50-9mlead dia 
Liquids, gases and steam 

Pipe connection 3/8"-2" 
Flange connection DN 10-DN 50 
Slip-on flange for DN 40-DN 1000 
1-41/min to 10000 m 3/h 
PN 6-PN 10/100°C 

Paddle flow controllers 
Type: PSR Type: PPS-3S 
Brass and stainless Polysulfone 
steel 

Horizontal ball-type flow indicator 
Type: DA-KU 

\ 
Flow indicator, can be mounted in 
any position, with plastics rotor and 
automatic sight-tube cleaner 
Type: DA-RA 

Flow indicator, can be mounted in 
any position, with Teflon rotor 
Type: DA-R 

3-5 l/min 
to 20-28 m 3/h 
PN 16-PN 25/100°C 

10-110 l/min 
PN 10/110 °C 

Range 
Water: 0.3 l/min -90 l/min 
Air: 0.015 Nm 3/min-200 Nm 3/h 

R 1 /4"-R1 1 /2" 
PN 16/100 °C 

R 1/4" - R1 1/2" / flange DN 25/40/50 
suitable for both dark opaque liquids 
and for gases 



Measurement of level 
Magnetic float switches 
Type: N 
180 different types in high-grade steel, 
titanium, brass, PPH, PVC, PVDF and 
PTFE 

PN 100/180 °C 
Den. |jq min ^ 0.25 kp /dm 3 

Magnetic float switches 
Type: NS 
for side-fitting 

Magnetic float switches 
Type: NV V2" und NV 3M" 
for side-fitting 

PN 100/180°C 
Den.jjq min ^0.25 kp/dm 3 

PN18/110°C 
Den.jiq min ^0 .8kp /dm 3 

Float switches with spring 
contact 
Type: FNS 
for side-fitting 

PN 16/350°C 
Den.|jg min ^0 .8kp /dm 3 

1 = 1 0 A b e i 2 2 0 V ' 'max 

PTFE float switches 
Type: NST 
for side-fitting with mercury contact 

Bypass float switches 
with spring contact 
Type: FNS 

1 bar/160 °C 
Den.|jq min ^0.7 kp/dm 3 

= 4 A bei 220 V -

Bypass magnetic float switches 
Type: NB-10 

All-purpose limit switches 
for liquids 
Type: FTL160 

PN 16/350°C 
Den.jjq min ^0 .7 kp/dm 3 

'max * ' = 10 A bei 220 V ' 
PN 10/150°C 
Den.|jq min ^0.7 kp/dm 3 

Den.jjq min: independent 
max. viscosity: 2000 mm 2/s 
PN16/-40...+150°C 
G x 5 Cr Ni Mo Nb 1810 austenitic steel 

Limit switches for conductive 
fluids 

Thermal resistor switches for 
nonconductive liquids 

Level indicators 
Level pick-ups 
Type: NM 

Bypass level indicators 
with magnetic transmitters 
Type: BMG 

PN 100/150°C 
single to quintuple electrodes 

+55 °C 
max. viscosity 10 °E PN 25/-50°C...+130°C PN 350/300°C 

Vibratory level signalling devices 
for heavy and viscous media with 
flexible vibratory sensor 
Type: NBV 

Diaphragm-type level signalling 
devices for installation in silos, 
bunkers, etc. for coarse and fine bulk 
goods 
Type: NMF 

% 

Capacitive level switch 
for fine and powder bulk goods 
Type FTC 960 

Time-delay starting relays 
Contact protector relays 

PN6/80°C/IP 55 
R11/2" or flange DN 50-DN150 

-30°C...+200°C 
for Zone 11 explosion-proof rooms 
without ancillary equipment 

PN 6/-20. . .+80°C 
R1"/adapter R11/2" 

Explosion-proof relays -
Zone O 
Control systems 



Pressure 

Standard line 
Diameter 40, 50, 63, 80,100 and 
160 mm, 
Quality Class 2.5 
Measuring range 0-1 bar to 
0-400 bar 

80,100 and 
High-quality 
Diameter 52, 
160 mm, 
Quality Class 1.0 
Measuring range 
0-60 mbar to 0-400 mbar 
0-0.6 bar to 0-1600 bar 

Glycerine-filled pressure gauges 
Diameter 63,100 and 160 mm 
Quality Class 1.0 to 2.5 
Measuring range 
0-0.6 bar to 0-1000 bar 

Chemical line 
Diameter 40, 50, 63,100 and 160 mm, 
Quality Class 1.0 
Measuring range 
0-0.6 bar to 0-1000 bar 

Bellows and 
pressi fe iau 
Diameter 100 { 
Quality Class " 
Measuring rancj 
0-60 mbar to 0-400 mbar 
0-0.6 to 0-25 bar 

gauges 
uality Class 0.6 

Precision i 
Diameter 160 mm, 
and 0.3 
Diameter 250 mm, Quality Class 0.3, 
0.2, 0.1 
Measuring range 
0-0.6 bar to 0-1600 bar 

Pressure and differential pressure 
switches 
Adjustable differential setting 
Liquids, steam and gases 
Type: KD/KV 

v ê 

Contact pressure gauges 
• Magnetic snap-action contacts 
• Crawl contacts 
• Inductive contacts 
• Pneumatic contacts 

-250 mbar to 100 mbar 
15 bar to 63 bar 
250 VAC, 10 A 

Temperature 
Digital hand thermometers 
Type: 7300/9300 

T 
-200°C...+ 600 °C 
- 40°C...+1200 oC 

Digital hand thermometers 
For Zone 0 explosion-proof rooms 
Type 9500 

-70 oC...+1200°C 
-50 oC...+1750°C 

Precision dial thermometers 
Nitrogen-filled 
For food industry, etc. 
Error: ±0.6 and ±1.0% of full-scale 
reading 
Die 

-250°C . . .+650°C 

Precision dial thermometers 
Mercury-filled, 
error ±1.0% of full-scale reading 
Type: 610 
Diameter: 80,100 assU&O mm 

-30°C...+500°C 

Machine thermometers 
Bimetal 
50, 63, 80,100,160, 250 mm 

Digital 48x24 thermometers for 
panel mounting 
Type: TT 4600 

Temperature controllers 
with adjustable set point 
Type: KTAM/KTXM 

Temperature controllers and 
monitors with fixed set point 
Type: TWR 

-35°C.. .+ 50°C 
0 o C...+300°C 

0°C.. .+ 99.9°C 
-20°C...+600°C 

-30°C.. .+ 10°C 
+80 oC...+130 oC 

+30°C...+120°C 
PN16/IP65 
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