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We link the Buses 
New Modules: STR 159A Kluge Board, 4 layer 

STR 144A Kluge Board + ADI-Chip + Slave Coupler 

STR 197 Snoop FASTBUS + Display + Memory Slave 

STR 320 FASTBUS to CAMAC Branch Driver 

STR 350 FASTBUS ROMULUS/REMUS Buffer Memory 

STR 400 Segment Interconnect 

STR 401 FASTBUS Cable Segment Adapter 

STR 402 Ancillary Logic Cable Segment 

STR 500 GPM General Purpose Master 
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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 5 x l 0 7 Gy affects only very 
little the break down voltage of our conductor in­
sulating tape Grade 366.16 which consists Q f 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 s a m e time 5 0 % of its original flexural 
strength. 

Your reliable partner 
for electrotechnical insulation problems 

The chambers in Y ^ J ^ Q J S | J J ^ Q. |Q a r e manufactured and 
machined by Swiss Insulating Works. 

Your specialist in base materials for printed 
circuit boards 
• Base material for FR-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 VETRON1TE 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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Japanese success 

Aerial view of the Japanese KEK Laboratory 
showing the 3 kilometre TRISTAN ring with 
its four straight sections. At the top can 
be seen the building housing the injectors, 
including the 400 metre linac. 

A few days before the fifth anniv­
ersary of its 19 November 1981 
groundbreaking ceremony, the 
gleaming new TRISTAN colliding 
beam accelerator at the Japanese 
KEK Laboratory smashed together 
contrarotating 25 GeV beams of 
electrons and positrons, setting 
up a new wor ld electron-positron 
collision energy record of 50 GeV, 
and with the promise of more ener­
gy to come. 

Several days after the initial col­
lisions in the ring on 14 November, 
the big VENUS detector surround­
ing the collision point in the 'Fuji' 
experimental hall saw its first elec­
tron-positron events. Maximum 
luminosity in the initial run was a 
modest 2.6 x 10 2 9 cm" 2 s~1, but 
this will surely be coaxed much 
higher in the months to come. 

TRISTAN'S positrons (antielec-
trons), manufactured by a high 
current (around 10 A) 2 0 0 MeV 
electron beam from a linac hitting 
a tantalum target, are collected 
and accelerated to 2 5 0 MeV in a 
second linac. They are then fed 
into the appropriate point of the 
4 0 0 m linac operational since 1982 
as the injector for KEKs 'Photon 
Factory' for synchrotron radiation. 
This linac has been modified to 
provide short (less than 1 ns) 
pulses to enable electrons and 
positrons to be injected in a single 
radiofrequency accelerating 
'bucket'. 

Leaving the long linac at 
2.5 GeV, the particles pass into a 
377 m-circumference Accumulation 
Ring. When the current reaches a 
sufficient level (about 10 mA), they 
are accelerated to between 6.5 
and 8 GeV ready for injection into 
the three kilometre Main Ring. 

Acceleration in the Main Ring is 
currently handled by 64 units of 
nine-cell radiofrequency accelerat­
ing cavities of the Alternating Per­

iodic Structure type (508 MHz) 
driven by 16 1 M W (cw) klystrons. 
This equipment is installed in t w o 
of the machine's four straight 
sections. 

TRISTAN'S curved sections use 
272 5.86 m bending magnets, 280 

0.8 m quadrupoles and 240 sex-
tupoles. Additional quadrupoles 
are installed in the straight 
sections. 

Main Ring tests got underway 
on 16 October wi th injection of 
6.5 GeV electrons from the Accu-
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The VENUS detector in position in the 
TRISTAN Main Ring, showing the casing 
of the electromagnetic shower counter 
barrel. 

(Photos KEK) 

plete but is undergoing further trials 
before being rolled into the ring. 

Next objective is to install 4 0 
additional r.f. cavities of the same 
type into a third straight section, 
aiming for beam energies close to 
30 GeV. Wi th the TOPAZ detector 
scheduled to be in position by the 
spring, the full J R I S J ^ N exper­
imental programme should be un­
derway early in May. 

Wi th TRISTAN, Japan joins Eu­
rope, the US and the Soviet Union 
in the centre stage of wor ld particle 
physics. 

Meanwhile at Stanford the new 
Linear Collider is being prepared 
to take electron-positron collisions 
to even higher energies. 

mulation Ring. On 22 October the 
control room reported a 1 ms spi­
ralling beam, limited by synchro­
tron radiation losses, and just t w o 
days later efforts were rewarded 
as the obedient electrons went all 
the way to 25.5 GeV. This was 
soon fol lowed by injection and 
acceleration of positrons. 

The TRISTAN team is particularly 
proud of achieving acceleration 
of electrons and positrons to 
25.5 GeV in the initial tests without 
deploying any steering correction 
magnets. A fully computerized 
control system and high speed 
optical fibre communications also 
contributed significantly to the fast 
commissioning. 

Initial studies concentrate on 
improving Main Ring performance, 
wi th both VENUS (superconducting 
magnet, conventional tracking) and 
the smaller A M Y detector profiting 
from beam tests. A M Y is operated 
by a highly international team (US, 
Korea, China and Japan — see 
November 1985 issue, page 387). 
The big TOPAZ detector is com-

T One of the two strings of radiofrequency 
accelerating cavities. A third is being 
installed to take the beam energy towards 
30 GeV. 
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Landolt-Bôrnstein 
Landolt-Bornstein 

Landolt-Bôrnstein 
Landolt-Bornstein 

LB Data for Science 

Landolt-Bornstein 
Landolt-Bornstein 

Landolt-Bornstein 
Landolt-Bornstein 
Up-to-now more than 100 volumes 
of Landolt-Bôrnstein - New Series, 
Numerical Data and Functional 
Relationships in Science and 
Technology, have been published. 
The volumes of the New Series are 
arranged into 7 subject groups. 
The topics covered are: 

I Nuclear and Particle Physics: 
Energy levels, radii, decay, reactions 
of nuclei. Angular correlations. 
Properties, production, scattering of 
elementary particles, e t c . . . . 

II Atomic and Molecular Physics: 
Structure and molecular constants of 
free molecules, magnetic properties 
of free radicals and of coordination 
and organometallic transition metal 

compounds, luminescence, 
molecular acoustics, e t c . . . . 

III Crystal and Solid State Physics: 
Crystal structure data of elements 
and compounds. Elastic, dielectric, 
and optical properties. Ferro- and 
antiferroelectric substances. Mag­
netic oxides. Electron and phonon 
states, transport and magnetic prop­
erties of metals. Physical properties 
of semiconductors, etc 

IV Macroscopic and Technical Prop­
erties of Matter: Thermodynamic 
properties of liquid systems. High 
pressure properties of matter, etc 

V Geophysics and Space Research: 
Physical properties of rocks, 
geophysics. Oceanography. 
Meteorology. 

VI Astronomy, Astrophysics, and 
Space Research: Solar system, stars, 
interstellar matter, etc 

VII Biophysics: 
Nucleic acids (in preparation). 

N. B. A comprehensive index for the 
6th Edition and the New Series is 
now available. The index covers all 
volumes available until the end 
of1985. 

A detailed survey of all published 
volumes, New Series and 6th Edition, 
is provided in the new Landolt-
Bôrnstein Complete Catalog 1987. 
Please write for your free copy to: 

Springer-Verlag 
4005-Marketing, Heidelberger Platz 3 
D-1000 Berlin 33 

Springer-Verlag Berlin Heidelberg 
New York London Paris Tokyo 
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Computational physics 

Kenneth Wilson — comparing today's 
particle colliders with the microscopes of 
Galileo's time. 

(Photo ICTP) 

Computers have for many years 
played a vital role in the acquisition 
and treatment of experimental 
data, but they have more recently 
taken up a much more extended 
role in physics research. The nu­
merical and algebraic calculations 
now performed on modern com­
puters make it possible to explore 
consequences of basic theories in 
a way which goes beyond the lim­
its of both analytic insight and ex­
perimental investigation. 

This was brought out clearly at 
the Conference on Perspectives in 
Computational Physics, held at the 
International Centre for Theoretical 
Physics, Trieste, Italy, f rom 29 -
31 October. It was directed by 
Fred James (CERN), Alvise Nobile 
(Trieste), and Claudio Rebbi (Brook-
haven and Boston). 

The birth of computational phy­
sics can be traced back to the late 
1960s wi th the first journals, con­
ferences and schools on the sub­
ject. Although endrmous progress 
has been made since then and 
whole new fields such as lattice 
gauge calculations have started 
up, it is clear that computational 
physics is still in its infancy. In fact 
Ken Wilson (Cornell) in his invited 
talk compared the current situation 
in computational physics wi th that 
of experimental physics at the time 
of Galileo when important discov­
eries were made using rudimentary 
microscopes, telescopes and lean­
ing towers. Four hundred years 
later, experimental physics has 
developed techniques capable of 
penetrating many orders of mag­
nitude deeper into matter and into 
the universe. 

By analogy we expect that four 
hundred years f rom now it will be 
possible to perform calculations 
many of orders of magnitude more 
complex, and future computing 
engines compared wi th those of 

today will be like today's particle 
colliders compared wi th the micro­
scopes of Galileo's t ime. 

For Wi lson, perhaps the greatest 
algorithmic challenge facing con­
temporary computational physics 
is demonstrated by the problem 
of electronic structure. Here is an 
area where the basic theory, quan­
tum electrodynamics, is known to 
be valid to an extremely high accu­
racy, sufficient to predict the phy­
sical, chemical, and biological pro­
perties of all atomic and molecular 
states. However current calculation 
techniques are barely powerful 
enough to compute gross proper­
ties of systems involving a few 
hundred electrons, wi th computing 
time increasing typically as the 
square of the number of electrons, 
and interesting chemistry and biol­
ogy taking place in the region up 
to millions of electrons at least. 

But the conference was not only 
devoted to dreaming about the 
future: wor ld experts in many 

areas of computational physics 
reviewed the state of the art f rom 
all points of v iew: physics algo­
rithms, software techniques, and 
hardware developments, as well 
as their interrelationships. 

Supercomputer architecture was 
of course a topic of interest to all 
participants, and was covered in 
talks by several physicists and 
representatives of computer man­
ufacturers. The physics areas cov­
ered in greatest detail, in addition 
to several aspects of electronic 
structure, were lattice gauge the­
ory, stellar dynamics, and many-
nucleon systems. 

One of the highlights of the con­
ference was the real-time demon­
stration of the possibilities of cel­
lular automata by Tom Toffoli 
(MIT). In these discrete systems, 
each successive state is derived 
f rom the previous state by a rela­
tively simple rule, which may be 
deterministic or partly random. By 
varying the replication rule, Tom 

4 CERN Courier, January/February 1987 



At the Conference on Perspectives in 
Computational Physics held at the 
International Centre for Theoretical Physics, 
Trieste, Italy, in October. Left to right: 
G. Parisi, A. Nobile, F. James, G. Jacucci, 
C. Rebbi, T. Toffoli and K. Wilson. 

(Photo G. Montenero) 

was able to model many mathe­
matical and physical phenomena 
f rom shock waves to fractal 
growth and stellar dynamics. Using 
his own special hardware board 
under the control of an Olivetti 
M24 personal computer he was 
able to calculate successive states 
of the automata wi th sufficient 
speed that large-screen colour 
projection gave an uncanny feeling 
of observing the evolution of com­
plex continuous systems obeying 
known 'physical' laws. This pro­
vides considerable insight into 
important phenomena like order 
and disorder, phase transit ions, 
stability and reversibility in physical 
systems. 

The conference took place im­
mediately after the School on A d ­
vanced Techniques in Computing 
in Physics, held also at |CTP and 
wi th the same organizers. The 
three-week school offered in-depth 
courses on pure computing topics 
(programming languages, operating 
systems, networking, etc.), numer­
ical and symbolic analysis tech­
niques, and physics applications, 
to 150 students selected f rom 
over 400 applicants, and coming 
mostly f rom the developing 
countries. 

These 'students' turned out to 
be highly qualified computational 
scientists, which made for an unex­
pectedly lively and stimulating 
school. One of the lecturers even 
remarked that it was his most res­
ponsive audience, despite having 
given similar talks as seminars in 
some of the wor ld 's most presti­
gious laboratories. One explanation 
was the school's highly selective 
acceptance procedure, but it is 
also a clear sign that competence 
in computing is increasing fast in 
many less developed countries. 
Only a few years ago, access to 
a reasonable computer meant the 

installation of an entire computer 
centre, wi th everything f rom a false 
floor to a team of systems ana­
lysts, all of which was beyond the 
possibilities of many countries. 
Nowadays the same computer 
power is available just by plugging 
in a PC. The effects of this quiet 
revolution have been spectacular. 

Most of the 150 school partici­
pants stayed on for the confer­
ence, where they were joined by 

about 70 more people (nearly all 
f rom Western Europe and North 
America). 

One evening was devoted to an 
open discussion of the future of 
Computational Physics. The pres­
ence of large delegations f rom 
developing countries made it a 
natural forum for computational 
physics research in the poorer re­
gions of the globe. One western 
participant said he had never be-
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Wandel &Goltermann 
Electronic Measurement Technology 

AMS-964 
for versatile testing 
of CODECS, COFIs, 
line cards etc. -
fast accurate 
and economical 

The wide variety of different telecom mo­
dules such as CODECs and line cards 
requires a wide range of telecommuni­
cations measurements. The AMS-964 
can make these measurements at a rate 
of up to 4 per second. It can also be 
adapted to new test objects rapidly, mak­
ing it ideal for laboratory use or for testing 
small series. Results are reproducible 
to ±0.02 dB, and a range of standard 
interfaces ensure optimum matching of 
the AMS-964 to the test item, at an 
economic price. The many advantages 
make the AMS-964 worth getting to 
know! Send for free info. 

Wandel &Goltermann, Abt. PMW, Postfach 45, D-7412 Eningen 
Fed. Rep, of Germany, Tel. +(49) 7121-8911, Tlx. 729833 
I would like 
• a free copy of the AMS-964 colour brochure 
• a visit from a sales engineer 
Name ... 

Company 

Street 

Town , 

Tel. ,. E6373K 
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fore been at a conference where 
so many developing countries had 
been represented, and it clearly 
came as a surprise to him and oth­
ers that it was not only possible 
to carry on computational physics 
research in such places, but that 
it was being done actively. The 
obvious conclusion is that this 
enormous source of intellectual 
potential cannot be neglected. 

Ken Wilson's summary talk cov­
ered the major outstanding issues 
for computational science as he 
saw them and as they were 
brought out at the conference. His 
first point was : what is quality 
research? Or, equivalently, what 
research will still be respected four 
centuries f rom now? 

The great algorithmic challenges 
remain : electronic structure (solu­

tion of the Schrôdinger equation), 
turbulence, function minimization 
(for protein folding, spin glasses, 
etc.), quantum field theory, and 
stellar evolution. The difference in 
the t ime-, length-, and energy-
scales is impressive. 

Communications issues are also 
very important. The usual language 
of Computational Physics, Fortran, 
has long been recognized as inad­
equate in many respects, especially 
as a vehicle for explaining what a 
program is expected to do. Yet 
none of the many other languages 
has had widespread acceptance. 

There are other important as­
pects of the publication issue: 
Where should new papers be pub­
lished, where and how should pro­
grams be published? The list of 
journals needed for a complete 

Computational Physics library is 
enormous. And there is network­
ing, which both solves and intro­
duces many problems, but does 
not obviate the need for centres 
of excellence. 

The economic aspects of the 
research cannot be neglected. The 
future of Computational Physics 
will depend on how we interact 
w i th the larger scientific computing 
market, which has a huge industrial 
base representing about $ 10 bil­
lion per year, and is truly inter­
national. Wi th the technology ad­
vancing rapidly on many fronts, 
the prospects for Computational 
Physics are apparently limited only 
by our own skill and imagination. 

By Fred James 

History of the weak 
interactions by T. D. Lee 

At the 'Jackfest' marking the 
65th birthday of Jack Stein-
berger (see July/August 
1986 issue, page 29), T. D. 
Lee gave an account of the 
history of the weak interac­
tions. Lee was a graduate 
student with Steinberger un­
der Enrico Fermi in Chicago 
from 1946, and went on to 
win the 1957 Nobel Physics 
Prize with C. N. Yang for their 
suggestion that the weak 
interaction does not conserve 
parity (mirror symmetry). This 
edited version * omits some 
of Lee 's tributes to Steinber­
ger, but retains the impres­
sive insight into the subtleties 
of a key area of modern phy­
sics by one who played a 
vital role in its development. 

* The full version is available as a 'Yellow 
Report' No. 86-07 from CERN Scientific 
Information Service. 

In 1898 Rutherford discovered 
that the so-called Becquerel ray 
actually consisted of t w o distinct 
types of radiation : one that is read­
ily absorbed which he called alpha 
radiation, and another of a more 
penetrating character which he 
called beta radiation. Then, in 
1900, the Curies measured the 
electric charge of the beta particle 
and found it to be negative. That, 
at the turn of the century, began 
the history of the weak nuclear 
interaction. From the very start 
the road of discovery was tor­
tuous, and the competit ion intense. 

A letter writ ten by Rutherford 
to his mother expressed the spirit 
of research at that t ime: 'I have 
to keep going, as there are always 

people on my track. I have to pub­
lish my present work as rapidly as 
possible in order to keep in the 
race. The best sprinters in this 
road of investigation are Becquerel 
and the Curies../ Rutherford's pre­
dicament is very much shared by 
us to this day. 

Soon even more runners ap­
peared : Otto Hahn, Lise Meitner, 
Will iam Wi lson, von Baeyer, John 
Chadwick, Niels Bohr, Wolfgang 
Pauli, Enrico Fermi, Charles Ellis, 
George Uhlenbeck, and many oth­
ers. W e know that to reach where 
we are today took nearly a whole 
century and a large cast of illus­
trious physicists. Yet probably any 
modern physicist is only three 
handshakes away f rom these pio-
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T. D. Lee (left) and Jack Steinberger — two 
lucky breaks. 

(Photo CERN) 

neers (for some perhaps only two) 
— you shake Jack Steinberger's 
hand, which shook Fermi's hand, 
which shook all those other hands. 

In the mid-1960s, Lise Meitner 
came to New York and I had lunch 
with her at a restaurant near Co­
lumbia. When K. K. Darrow joined 
us, Meitner said 'It 's wonderful to 
see young people.' To appreciate 
this comment, you must realize 
that Darrow was one of the earliest 
members of the American Physical 
Society and at that lunch he was 
over 70. But Lise Meitner was near 
90. I was quite surprised when 
she told me how she started her 
first postdoctoral job in theory 
wi th Boltzmann, a contemporary 
of Maxwell. That shows us how 
recent even the classical period of 
our profession is. 

After Boltzmann's unfortunate 
death in 1906, Meitner had to find 
another job. She said she was 
grateful that Planck invited her to 
Berlin. However, upon arrival, she 

found that because she was a w o ­
man she could only work at 
Planck's institute in the basement, 
and only go in and out through the 
servants' entrance. A t that t ime, 
Otto Hahn had his laboratory in an 
old carpenter's shop. Lise Meitner 
decided to join him and to become 
an experimentalist. For the next 
thirty years, their joint work shaped 
the course of modern physics. 

In 1908 they found that the ab­
sorption of beta particles through 
matter fol lowed an exponential 
law. From that they concluded 
beta rays are of unique energy. It 
was Wi lson, in 1909, who drew 
an opposite conclusion that the 
beta rays are heterogeneous in 
energy. But soon Hahn and von 
Baeyer found line spectra, which 
again confused the issue. This was 
cleared up by Chadwick in 1914, 
who established the continuous 
beta spectrum. 

Wi th the advent of quantum the­
ory, Meitner, in 1922, raised the 

question concerning the origin of 
the continuous spectrum. She rea­
soned that a nucleus, presumably 
quantized, should not emit elec­
trons of varying energy. Could it 
be that the observed inhomogene-
ity was introduced after the expul­
sion of the electron f rom the nu­
cleus? A series of experiments by 
Ellis and others quickly established 
that this is not the case. This then 
led to Bohr's suggestion that per­
haps energy was not conserved 
in beta decay. Pauli countered this 
by formulating the neutrino hypo­
thesis. Fermi then fol lowed wi th 
his celebrated theory of beta de­
cay. This in turn stimulated further 
investigation on the spectrum 
shape, which did not agree wi th 
Fermi's theoretical prediction. This 
led to other ideas, and the confu­
sion was only cleared up complete­
ly after Wor ld War II, in 1949, by 
C. S. W u and R. D. Albert. 

New horizons (1949-1953) 

In 1946, the pion was not 
known. Fermi and Edward Teller 
had just completed their theoretical 
analysis of the important experi­
ment of M. Conversi, E. Pancini 
and 0 . Piccioni. I attended a sem­
inar by Fermi on this work. Where 
he arrived at the conclusion that 
the 'mesotron' (the observed par­
ticle) could not possibly be the 
carrier of strong forces hypothe­
sized by Yukawa. Fermi's lectures 
were always superb, but that one 
to me, a young man not yet twenty 
and fresh from China, was abso­
lutely electrifying. 

One lucky break in my life was 
to have Jack Steinberger as a fel­
low student at Chicago, because 
he told us that the muon decays 
into an electron and t w o neutrinos. 
This made it look very much like 
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C. N. Yang — violating mirror symmetry. 

(Photo CERN) 

any other beta decay, and st imu­
lated M. Rosenbluth, C. N. Yang 
and myself to launch a systematic 
investigation. Are there other in­
teractions, besides beta decay, 
that could be described by Fermi's 
theory? 

W e found that muon decay and 
capture resembled beta decay. 
This began the 'universal Fermi 
interaction'. W e then went on to 
speculate that, in analogy wi th 
electromagnetic forces, the basic 
weak interaction could be carried 
by a universal coupling through an 
intermediate heavy boson which 
I later called W ± for weak. 

Naturally we went to Enrico 
Fermi and told him of our discov­
eries. He was extremely encourag­
ing. Wi th his usual deep insight, 
he immediately recognized the 
further implications beyond our 
results. He put forward the prob­
lem that if this is to be the univer­
sal interaction, then there must be 
reasons why some pairs of fer­
mions should have such interac­
t ions, and some pairs should not. 
For example, why does the proton 
not decay into a positron and a 
photon, or into a positron and t w o 
neutrinos? 

A few days later, he told us that 
he had found the answer; he then 
proceeded to assign various sets 
of numbers, + 1 , - 1 , and 0, to 
each of these particles. This was 
the first time to my knowledge 
that both the laws of baryon-num-
ber conservation and of lepton-
number conservation were formu­
lated together to give selection 
rules. However, at that t ime 
(1948), my own reaction to such 
a scheme was to be quite un­
impressed: surely, I thought, it is 
not necessary to explain why the 
proton does not decay into a posi­
tron and a photon, since everyone 
knows that the identity of a particle 

is never changed through the emis­
sion and absorption of a photon; 
as for the weak interaction, why 
should one bother to introduce a 
long list of mysterious numbers, 
when all one needs is to say that 
only a few combinations can have 
interactions with the intermediate 
boson. (Little did I expect that soon 
there would be many others.) 

Most discoveries in physics are 
made because the time is ripe. If 
one person does not make it, then 
surely another person will do it at 
about the same time. In looking 
back, what we did in establishing 
the universal Fermi interaction was 
a discovery of exactly this nature. 
This is clear, since the same uni­
versal Fermi coupling observations 
were made independently by at 
least three other groups, 0 . Klein, 
G. Puppi, and J . Tiomno and J . A. 
Wheeler, all at about the same 
time. Yet Fermi's thinking was of 
a more profound nature. Unfortu­
nately for physics, his proposal 

was never published. The full sig­
nificance of these conservation 
laws was not realized until years 
later. While this might be the first 
t ime that I failed to recognize a 
great idea in physics when it was 
presented to me, unfortunately it 
did not turn out to be the last. 

In the early fift ies, extensive ef­
forts were made to determine the 
space-time transformation proper­
ties of beta decay and so give an 
insight into the underlying mechan­
isms. A 1953 experiment on he-
lium-6 decay seemed to rule out 
the theoretical idea of the interme­
diate boson, and I became quite 
depressed. 

The theta-tau puzzle (1953-1955) 

During a recent physics graduate 
qualifying examination in a wel l-
known American university, one 
of the questions was on the theta-
tau problem. Most of the students 
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Heraeus 
Niobium for Cavities 

Heraeus has developed new grades of niobium that permit 
the exploitation of a whole new field of high energy physics. 

In the temperature range 2 to 20 K the grades, remelted several times in our EB 
thermal conductivity of niobium depends furnace, that have guaranteed values of 
on the sum of the interstitial impurities and RRR of 100 to 200 corresponding to ther-
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Please contact us for further information. 
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were puzzled over what theta w a s ; 
of course they all knew that tau is 
the heavy lepton, the charged 
member of the third generation. 
So much for the history of physics. 

In the early 1950s, theta referred 
to the meson which decays into 
t w o pions, whereas tau referred 
to the one decaying into three 
pions. Experiments showed that 
these mesons had different intrinsic 
parities (behaviour under mirror 
reflection), but on the other hand 
had the same lifetime and the same 
mass. This was the puzzle. 

My first efforts were all on the 
wrong track. In the summer of 
1955, Jay Orear and I proposed 
a scheme to explain the puzzle 
within the bounds of conventional 
theory. W e suggested a cascade 
mechanism, which turned out to 
be incorrect. 

The idea that parity (left/right 
symmetry) is perhaps not con­
served in the decay of these parti­
cles flickered through my mind. 
After all, strange particles are by 
definition strange, so why should 
they respect parity? The problem 
was that, after you say parity is 
not conserved in these decays, 
then what do you do? Because if 
parity non-conservation exists only 
in theta/ tau, then we already have 
all the observable facts, namely 
the same particle can decay into 
either t w o or three pions wi th dif­
ferent parity. I discussed this pos­
sibility wi th Yang, but we were 
not able to make any progress. 
So we instead wrote papers on 
parity doublets, which was another 
wrong try. 

The breakthrough (1956) 

In 1956, I had second lucky 
break, this t ime because Jack was 
my colleague at Columbia. Dis­
cussing wi th him the definitions of 

the decay angles in the disintegra­
tion of hyperons (heavy relatives 
of the nucléon, carrying strange­
ness) I realized how non-conserva­
tion of parity might be revealed if 
the data were analysed the right 
way. 

Very soon. Jack and his collabo­
rators (R. Budde, M. Chretien, 
J . Leitner, N. Samios and M. 
Schwartz) had their results, and 
the data were published even be­
fore Yang and I published our the­
oretical paper on parity non-con­
servation. There was a suggestion 
that mirror symmetry was being 
violated in hyperon decays, but 
because of the limited statistics, 
no conclusion could be drawn. 
Nevertheless, except for the high 
standard of Jack and his group, 
this might have been claimed as 
the first indication of parity non-
conservation. 

However, on the theoretical side 
there was still the question of par­
ity conservation in ordinary beta 
decay. In this connection, about 
t w o weeks later, I had the further 
good fortune of having Yang join 
me. This led to our discovery that, 
in spite of the extensive use of 
parity in nuclear physics and beta 
decay, there existed no evidence 
at all of parity conservation in any 
weak interaction. 

Several months later fo l lowed 
the decisive experiments by 
C. S. W u , E. Ambler, R. Hayward, 
D. Hoppes and R. Hudson, at the 
end of 1956, on beta decay, and 
by R. Garwin, L. Lederman and 
M. Weinrich and by J . Friedman 
and V. Telegdi on other decays. 

From then on we entered the 
modern period: theta and tau be­
came the kaon, the transformation 
properties of beta decay were final­
ly determined, and the weak inter­
action was unified with electromag-
netism in the electroweak picture. 

The modern period 

At present, there seems to be 
a divergence in the viewpoints of 
theorists and experimentalists. The 
experimentalists are full of prob­
lems, looking for solutions — 
money problems, managerial prob­
lems, scheduling problems, etc. 
On the other hand, the theorists 
think they already have the ultimate 
solution and that there is no prob­
lem. Superstrings may well be the 
theory of everything (TOE), but 
how about calculating things like 
the Higgs mass, quark-lepton 
masses, etc? Therefore, instead, 
I would like to go over our experi­
ence and try to extract not the 
laws of physics, but the laws of 
physicists. 

W e all know that to do high 
energy physics requires accelera­
tors. When each new accelerator 
is proposed, theorists are em­
ployed like high priests to justify 
and to bless such costly ventures. 
Therefore it pays to look at the 
track record of theorists in the 
past, to see how good their pre­
dictions were before experimental 
results. Looking at the important 
discoveries made in particle phy­
sics for more than three decades, 
it is of interest to note that, wi th 
the exception of the antinucleon 
and the intermediate bosons W 
and Z° , none of these landmark 
discoveries was the original reason 
given for the construction of the 
relevant accelerator. 

When Lawrence built his 184 
inch cyclotron, the energy was 
thought to be below pion produc­
t ion. Therefore, after the cyclotron 
was turned on, even though pions 
were produced abundantly, for a 
long t ime nobody noticed them. 

The progress of particle physics 
is closely tied to the discovery of 
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Galaxy of Physics Nobels at Columbia in 
March to mark the 60th birthday of T.D. 
Lee and the thirtieth anniversary of parity 
(mirror symmetry) nonconservation — left 
to right S. Chandrasekhar (1983), J. Cronin 
(1980), I. Rabi (1944), T. D. Lee (1957) 
andS. Ting (1976). 

(Photo Joe Pineiro, Columbia) 

resonances, which started at the 
Chicago cyclotron. Yet even the 
great Enrico Fermi, when he pro­
posed the machine, did not envis­
age this at all. After the unex­
pected discovery of the first nu­
cléon resonance, for almost a year 
Fermi expressed doubts whether 
it was genuine. 

A similar story can be told about 
the next landmark discovery. When 
the Cosmotron was constructed 
at Brookhaven, some of the leading 
theorists thought that the most 
important high energy problem 
was to understand the angular dis­
tribution of proton-proton colli­
sions, which remains mysteriously 
flat even at a few hundred MeV, 
although at that energy the dynam­
ics of the collision are quite com­
plicated ; many different levels are 
all involved. W h y should they con­
spire to make a flat angular distri­

bution? But as it turned out, when 
the energy increases the angular 
-distribution of proton-proton colli­
sions no longer remains flat and 
becomes quite uninteresting. In­
stead, it was production and decay 
dynamics of strange particles that 
put the Cosmotron on the map. 

W e could go on and on, and the 
same pattern would repeat itself. 
This leads to my first law of phy­
sicists: 'Wi thout experimentalists, 
theorists tend to drift. ' There is 
no reason for us to believe that it 
wil l change, nor should we expect 
too much from our present theo­
rists for the prediction fo the fu­
ture. 

The density of great discoveries 
per unit t ime is quite uniform and 
averages out to about one in t w o 
years. Let us hope that this long­
standing record of constant rate 
of discovery can be maintained. 

In order to achieve that, we must 
have good experiments. 

W e now come to my second 
law of physicists: 'Wi thout theo­
rists, experimentalists tend to 
fa l ter / 

A good example is the history 
of the Michel parameter, which 
governs the shape of the spectrum 
or the electrons produced in muon 
decay. 

It is instructive to plot the exper­
imental value of this parameter 
against the year when the meas­
urement was made. Historically it 
began wi th zero and then slowly 
drifted upwards; only after the 
theoretical prediction in 1957 did 
it gradually become 0.75. Yet, it 
is remarkable that at no time did 
the 'new' experimental value lie 
outside the error bars of the pre­
ceding one! 
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High Definition Video Recorders. 

10 MHz Bandwidth. 

To register video signals of 
high line density requires 
high-resolution video 
recorders! 

Wor ldwide, Grundig 
1" video recorders with 
10MHz bandwidth and 
up to 1249 lines are busy 
with documenting and 
informing in universities 
and institutes, in govern­
mental agencies and 
councils, in laboratories, 
in microscopy and macro-
scopy, in microfiche and 
Xray film recording. 

The very high definition 
ensures continued visibility 
of even smallest details. 

Moving objects can be 
observed in slow motion, 
freezing the image in any 
desired phase - of course, 
without any interference! 

Still frame recording of up 
to 150,000 frames, 2 sound 
tracks, electronic editing, 
. . .we supply exactly what 
you need; the professional 
1" video recorder, the 
monitor, the high-resolution 
camera - the complete 
high-definition system. 

Grundig AG 
ELECTRONIC Department 
Wùrzburger Str. 150 
D-8510 Furth/Bay. 
Phone 0911/7330-1 
Telex 623435 
Telefax 0911/7330479 
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High Tech from Grundig Electronic. 
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Well Done: 
Qo=3x10 9 Eacc=8,0 MV/m at 4.2 K 

Not only in the aviation and 
spacecraft sections does Dornier 
produce the highest-quality equip­
ment, pure research is not 
neglected either. 

This has resulted in the first 
superconducting radiofrequency 
accelerator cavity produced and 
delivered ready for testing by an 
industrial company in connection 
with the HERA project. 
Frequency: 500 MHz 
Number of cells: 1 

HOM coupler: 1 TM + 1 TE 
advanced Desy design 
Preparation: Chemical and dustfree 
cleaning by Dornier 
Delivery condition: Ready for testing 

The tests were convincing and 
surpassed the set standards -
amble encouragement for Dornier 
to continue to concentrate on 
important problems that can only 
be resolved in basic research. 

Today's progress secures the 
future. Dornier. 

Concepts. Technologies. Systems. 

Dornier System GmbH 
P.O. Box 1360 
D-7990 Friedrichshafen 1 
Federal Republic of Germany 
Phone: 7545/81, Telex 734209-0 
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Around the Laboratories 

6 0 0 0 

CERN 
Lightest glueball? 

One of the key features of our pre­
sent standard theory of strong 
interactions, Quantum Chromody-
namics (QCD), is that the carriers 
of the strong force — the gluons 
— are themselves sources of the 
force. 

As a result t w o or more gluons 
should bind together to form par­
ticles called 'gluonium' or 'glue-
balls'. Theorists expect a whole 
spectrum of electrically neutral 
glueballs wi th various values of 
spin, and wi th positive or negative 
parity. The masses are difficult to 
calculate precisely because of the 
complexity of QCD at low energies. 

Three methods can be used for 
estimating glueball masses — so-
called 'bag' models, lattice gauge 
theory calculations and potential 
models. Despite these rather dif­
ferent approaches, there is general 
agreement that the lighter glueballs 
should have masses between 0.7 
and 2 GeV, and that the lightest 
of all should be a scalar state (no 
spin, positive parity). 

Discovering these particles and 
measuring their spectrum is gen­
erally considered a key step in 
understanding how to apply QCD 
at low energies. One overriding 
problem is that in this mass region 
there are many conventional 
(quark-antiquark) mesons which 
can perhaps mix wi th each other 
and wi th purely gluonic states in 
a complicated way. 

It may take many years and 
many different experiments — as 
well as many theorists — before 
we have a complete picture of this 
mass region. Though it has been 
studied for a quarter of a century. 

4 0 0 0 

2 0 0 0 -

The Axial Field Spectrometer experiment 
at the CERN Intersecting Storage Rings 
(now closed) looked (among many other 
things) for examples of two forward protons 
leaving in their wake pairs of pions or kaons 
almost at rest. The mass (NI) spectra have 
an interesting structure, and a detailed 
analysis by K. L. Au, D. Morgan and 
M. Pennington reveals a rich underlying 
structure of particle resonances, one of 
which could be the long-awaited lightest 
'glueball' — a state made of gluons rather 
than quarks. 

new states are still being found I 
The prime candidates up to now 

have been the f 2 (mass 1720 GeV), 
previously called theta, and the 
eta (1440), previously called iota, 
both found in the radiative decays 
of J/psi particles, a favourite hunt­
ing ground for glueballs. The spin-
parity of these particles make them 
unlikely candidates for the lightest 
member of the spectrum. 

Other candidates include the 
f 0 (1590) which decays mainly to 
eta plus eta prime, and three states 

just above 2000 MeV seen in the 
production of pairs of phi mesons. 
If the mass scale of bag model 
calculations is set by accepting 
the f 2 (1720) and eta (1440) as 
glueballs, the mass of the lightest 
(spin zero) member of the spec­
trum can be estimated at about 
1000 MeV. 

It is almost exactly here that a 
new candidate state has been 
found in a deep analysis of data 
taken by the Axial Field Spectro­
meter Collaboration (Experi­
ment R807) during the last year 
of running at CERN's Intersecting 
Storage Rings. Using additional 
detectors placed close to the beam 
direction, the experiment selected 
a sample of some three million 
events wi th the unusual feature of 
having the t w o colliding protons 
emerging almost unchanged in 
energy and direction (quasi-elastic 
scattering). 

Subsequently selecting events 
wi th just a pair of pions or kaons 
created almost at rest in the colli­
sion's centre-of-mass, the group 
studied the mass spectrum and 
angular distributions of the pion 
or kaon pair. This type of reaction 
can be thought of in terms of a 
(virtual) state potentially present 
in the vacuum being kicked into 
reality by the glancing passage of 
the t w o protons. 

The positive plus negative pion 
spectra show a peculiar shoulder 
and drop at 1000 MeV, and there 
is more structure at higher masses. 
Analysis of the angular distribu­
tions shows that up to above 
1000 MeV the pion pair carries 
zero spin and positive parity. The 
steep drop at 1000 MeV was ini­
tially interpreted as being caused 
by a known resonance called the 
S* (now f 0 (975)) considered to be 
essentially a bound state of t w o 
neutral kaons. 

16 C E R N Co u r ie r , J a n u a r y / F e b r u a r y 1 9 8 7 



New! From J^EGsG ESN 

C A M A C C O N S T A N T F R A C T I O N D I S C R I M I N A T O R 

i CdlQMo 
fei a s § 3 
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The new model CCF8000 features; 
8 CFD channels in a V25 
CAMAC module 
2 independent ECL outputs 
per channel 
programmable threshold 
settings 
programmable output 
widths 
programmable output mask 

automatic walk adjustment 
internal shaping delay 
circuits 
walk less than 150 ps for 
100:1 range 
Multiplicity output 
OR output 
Inhibit input 
Test input 

For more information: 
contact Alan Douglas or John Sanders 
under Telephone 089/92692-500 

n 
EGzG ESN 

HohenlindenerStraBe 12 • D-8000 Munchen 80 
Telex 5 28 257 • Telefax 089 / 91012 83 
(Distributed by EG + G Ortec representatives 
worldwide) 

W.A.S. Munich 

CAMAC TO ETHERNET INTERFACE 
• Based on the Motorola 68 0 0 0 microprocessor running at 10MHZ 
• Uses the A M 7990 Local Area Network Controller (Lance) 
• 32K EPROM space (expandable to 64K) 
• 64K RAM (expandable to 128K) 
• On board DMA Controller 

Designed to transfer data blocks between a CAMAC System and an IEEE 
802.3 (ETHERNET) Local Area Network. 
The module is supplied wi th software for handling Data Link Layer level 
data transfers, which has the effect of hiding the hardware from the user, 
and provides a standardised access method to the network. 

4K SPECTROSCOPY ADC 
• Resolution 3840 , 1920, 960 , or 4 8 0 fron panel switch selectable 
• Conversion time 3uS 
• Integral non-linearity 0 . 0 3 5 % 
• Input 5 0 m V to 9 .375V, DC coupled to 1K 
• Digital range limit 0 .3840 in increments of 256 channels 

A high speed four thousand channel spectroscopy ADC, which meas­
ures the peak input signals during a specified interval. The interval length 
is selected by front panel switches, wi th triggering f rom either of the t w o 
front panel selected sources. The unit is designed for gathering informa­
tion f rom random events for statistical analysis. 

¥ For further information, please 
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Vertec Limited (Electronics) 
Maxwell Building, 43 The Crescent 

Salford, Manchester M5 4WT 
Telephone: 061-736 8502 
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The chambers used by the Axial Field 
Spectrometer experiment to pick up forward 
protons close to the beam pipe of the CERN 
Intersecting Storage Rings. 

(Photo CERN 239.2.82) 

However a recent and more re­
fined analysis of this data, together 
wi th information f rom the positive 
plus negative kaon spectrum just 
above the 987 MeV threshold (by 
K. L. Au , D. Morgan and M. R. Pen­
nington) concludes that a single 
narrow resonance is not enough 
to fit the data, and suggests that 
the S * is in reality t w o close and 
narrow states. 

One, the ST (988) prefers neutral 
kaons and is likely to be a bound 

state of these particles. The new 
feature is the S 2 (991), wi th a 
width of about 42 MeV and cou­
pling equally to pion and kaon 
pairs, as expected for a glueball. 
This analysis also finds t w o broad 
scalar resonances, epsilon (900) 
and epsilon prime (1430), which 
can be relatively conventional light-
quark mesons. The analysis takes 
into account and also f i ts many 
other experimental results. Unless 
it is particularly perverse, the light­

est glueball should be heavier than 
about 900 MeV, according to this 
analysis. Hopefully more high sta­
tistics experiments, especially on 
the kaon pair channel thresholds, 
will provide additional insights. 

From Mike AI brow 

End of the film 

For many years, physicists relied 
on photography to record the de­
tails of subnuclear interactions. 
Film in particular has a long tradi­
t ion, dating back over thirty years 
to the demise of emulsion tech­
niques and the advent of acceler­
ators supplying regular beams. 
Film came from spark chambers, 
f rom generations of cloud and bub­
ble chambers, and more recently 
f rom triggerable streamer cham­
bers. 

Having taken the pictures, the 
next task was to study and analyse 
them. Initial manual measurements 
of range and track curvature rapidly 
gave way to the computer. Also 
the increased picture output per 
experiment led to fully automatic 
devices like the HPD (Hough-Powell 
Device) and the Spiral Reader, and 
to on-line checking and reconstruc­
t ion. 

The arrival of giant bubble cham­
bers such as Gargamelle and BEBC 
at CERN, the 15-foot at Fermilab 
and Mirabelle at Serpukhov brought 
complicated optics and large, intri­
cate event patterns, especially 
when using heavy liquids. Fully 
automatic measurement was im­
possible for such complex events, 
but automatic track fol lowing wi th 
on-line quality checking, recording 
and reconstruction became indis­
pensable. 
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Hence the ERASME project was 
launched in 1970. Using a light 
ray, fi lm scanning measurements 
reached a precision of several mi­
crons, while in parallel a whole 
area of fi lm could be reproduced 
as a high precision TV picture. In 
this way a picture could be overlaid 
wi th measurements, considerably 
assisting the subsequent analysis. 

The first ERASME measuring 
table came into operation in 1973, 
and was fol lowed by five more. 
Tables based on the CERN design 
were also used in Bonn and Ma­
drid. Digital Equipment Corp. (DEC) 
computers were the norm, both 
for table control (PDP 11) and for 
central data handling (PDP 10 and 
V A X 780). 

Although ERASME could have 
been used for all aspects of f i lm 
analysis, the workload became so 
large that some tasks had to be 
subcontracted to the simpler Bes-
symatic tables, and the t w o sys­
tems became highly complemen­
tary. 

Wi th the advent of the SPS in 
1977 and its comprehensive pro­
gramme of experiments wi th ha-
dron and neutrino beams, ERASME 
really came into its o w n , uncover­
ing many important physics results. 
Later came a series of major SPS 
experiments incorporating special 
bubble chambers to study the initial 
interaction vertex. Among other 
things, this effort helped to pin 
down the lifetime of charmed par­
ticles. Wi th the recent arrival of 
higher energy beams f rom Fermi-
lab's Tevatron, several experi­
ments migrated, and the resulting 
pictures are among the final tasks 
for ERASME and Bessymatic ma­
chines. 

In parallel, the streamer chamber 
technique was evolving fast. A 
milestone was the UA5 experiment 
at CERN's proton antiproton Col­

lider: here were chambers six 
metres long, wi th six cameras (a 
total of twelve views) recording 
sometimes hundreds of tracks 
emerging in all directions f rom an 
out-of-sight interaction point. How­
ever the excellent pictures turned 
out to be relatively easy to analyse, 
and made vital contributions to 
the historic proton-antiproton Col­
lider physics programme. 

One of the experiments (NA35) 
studying the recently-arrived high 
energy ion collisions in the SPS 
synchrotron (see October issue, 
page 37) also uses a streamer 
chamber and is perhaps the last 
new ERASME/Bessymatic client. 

Although no longer a front-line 
particle physics technique, photo­
graphy continues to provide some 
of the most striking examples of 
particle physicists' work. School­
children, students, VIPs, all have 
admired and profited f rom the im­
mediacy that film pictures provide. 

The streamer chamber pictures from the 
NA35 experiment at CERN looking at the 
results of oxygen ion collisions are among 
the last customers for CERN's 
ERASME/Bessymatic film measurement 
and analysis system. 

Just as generations of physicists 
had their first insight into the sub-
nuclear wor ld through Patrick 
Blackett's cloud chamber pictures, 
so film records of particle physics 
will be assured of a captive au­
dience for many years to come. 

From Peter Schmid 

Three of CERN's ERASME 
film handling tables are being 
dismantled, and the remaining 
three will soon follow the 
same fate. Bessymatic tables 
too are being phased out. 
Because of the age of the 
equipment, installation and 
commissioning elsewhere 
appear difficult. However 
requests for components as 
spares or replacements 
should be addressed to J. C. 
Gouache, EF Division, CERN, 
7211 Geneva 23, Switzer­
land, as soon as possible. 
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The OPAL and DELPHI end-cap 
calorimeters at CERN require lead-glass 
arrays to be read out in full axial fields up 
to 1.2 tesla. Not a task for conventional 
PMTs. So, building on our experience in 

L W O T vacuum photo 
3lnchVPT , , v 

20Î diodes, we 
\ L^^^ developed a 

s ^ ^ ^ ^ ^ family of Vacuum 
H 10 Photo Triodes to 
> ^ do the job. In VA", 

2" and 3" sizes, 
o ' " " "o/st" ' ' 'lot and with low 

Axial magnetic field c apa cjtance tO 

minimize contribution to preamplifier 
noise. With gains —10 at 1 T axial. Even at 
20° from axial, gains still high enough to 
lift the signal well clear of preamplifier 
noise. WeVe prepared to discuss versions 
for fields up to 70° from axial. 

0 0.5T LOT 

Axial magnetic field 

A timely solution to a new problem in 
HEP instrumentation - and one with an 
extra benefit at zero field: the multiplica­
tion statistics of the VPT dynode are 
better than those of a conventional PMT; 
at high light levels this can result in better 
energy resolution. Using our 3" VPTs, 

the RAL/OPAL 
Rotation of VPT in . . . . , 
0.4 tesla axial field collaboration has 

_ 1 0 ; — • achieved normal-
Ç • ^ \ ized energy 
I • \ resolutions of 
I °5: for elec-
| ; trons of above 
* • 0.5 GeV energy 

°° . 1° ? at 1T axial field. 
Angle (degrees) . . 

If your experi­
ment involves high magnetic fields, VPTs 
may be the answer. For further details 
contact: 
Philips Electronic Components and 
Materials Division, 5600 MD Eindhoven, 
The Netherlands. Telex 35000 nljeveo. 

Electronic 
components 
and materials 
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Concerned in the case of this com­
ponent is a voltage divider for the 
pilot experiment of «LEP-DELPHI» 
resp. BARREL RICH. 
/7\ Entire component from outside 
vly with visible electrode no- 30. 

© Enlarged section through the 
electrode parts. 

In a series of preliminary development 
stages it has been successful, 
to break down a defined voltage of 
210 KV over 30 graded built-in 
electrodes. 
Isolating distance between the elec­
trodes is 0.7 mm. 
The entire component was produced 
by the high-vacuum process. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil/SO 
Telefon 061/80 06 01, Telex 63182 



DESY 
Theoryfest 
The traditional annual Theory 
Workshop at the German DESY 
Laboratory in Hamburg concen­
trated this time on quantum chro-
modynamics (QCD) — the unchal­
lenged but yet to be convincingly 
confirmed theory of quark and 
gluon forces in strong nuclear inter­
actions. 

In principle, QCD describes a 
broad range of phenomena, but it 
is a long way to get f rom the ap­
parently simple basic equations of 
the theory to the observed exper­
imental data. Tests of QCD are 
good only to within about 20 per 
cent, and in many cases a lot of 
work is required even to attain this 
goal. 

However the workshop showed 
that theorists are far f rom discour­
aged by technical difficulties and 
try to make progress wi th refined 
perturbation methods and wi th 
numerical simulations. 

A number of invited speakers 
discussed the production of ' jets ' 
of hadrons in electron-positron 
and proton-antiproton annihilation. 
W . Scott of the UA1 experiment 
at the CERN proton-antiproton Col­
lider summarized new data, report­
ing broad agreement wi th QCD. 
But there are large uncertainties, 
in particular when measuring the 
jet energy, making it difficult to 
give accurate production rates. 
The strength of the QCD coupling 
quoted by Scott was higher than 
that from previous electron-posi­
tron measurements at DESY's PE-
TRA ring. It could be that higher 
orders of QCD perturbation theory 
are required or that the formation 
of hadrons f rom quarks and gluons 
('fragmentation') does not fo l low 
the assumed pattern. 

PETRA retires undefeated 

On 3 November, the PETRA elec­
tron-positron storage ring at the 
DESY Laboratory in Hamburg 
ended its remarkable eight-year 
career as a machine for high ener­
gy physics experiments. By cun­
ningly switching off ten days be­
fore the new TRISTAN ring at 
the Japanese KEK Laboratory 
collided 25 GeV beams (50 GeV 
total energy, see page 1), PETRA 
managed to retire with its record 
of 23.35 GeV colliding electron 
and positron beams still intact. 

Built with a design goal of 
19 GeV per beam, additional 
PETRA accelerating power was 
gradually wheeled in, eventually 
leading to the record figure 
early in 1984. As well as pushing 
up the energy of the collisions, 
PETRA supplied lots of them, 
with good luminosity being en­
joyed by five experiments over 
the years - CELLO, MARK-J, 
JADE, PLUTO and TASSO, bring­
ing together a total of about 400 
physicists from 12 countries. 

A milestone discovery in 1979 
assured PETRA of a place in phy­
sics history. Clear two-jet struc­
tures, coming from quark pairs 
formed in the electron-positron 
annihilations, were seen almost 
as soon as PETRA was switched 
on. The sighting of a third jet 
showed that gluons were also 
being released. As well as pro­
viding the first direct evidence 
for the carriers of the inter-quark 
force, this new PETRA physics 
enabled the strength of the quark 
forces to be measured. 

Although pf=jRA 's energy was 
insufficient to isolate the W and 
Z boson carriers of the weak 

nuclear force, delicate effects due 
to these particles were neverthe­
less observed. This boosted con­
fidence in the underlying theory 
and helped pave the way for the 
discovery of the W and Z at 
CERN in 1983. 

PETRA experiments also made 
pioneer contributions in the field 
of two-photon physics — the 
scattering of light by light. 

Despite the big push for higher 
energy, the sixth ('top') quark 
was not reached, but this pro­
vided important new limits. 

As well as physics successes, 
the groups working at PETRA 
also made notable contributions 
to instrumentation progress — 
the JADE jet chamber, precision 
vertex chambers, etc. 

On the machine side, PETRA 
was to give the first example of 
the 'mini-beta' scheme in action. 
This technique had been pro­
posed at DESY to squeeze the 
colliding beams even tighter to­
gether and improve the luminos­
ity. Good polarization (spin align­
ment) levels were obtained 
thanks to careful machine tuning, 
while new materials, such as alu­
minium for vacuum chambers, 
were exploited. PETRA also 
served as a test-bed for proto­
type superconducting radiofre-
quency accelerating cavities, pro­
viding valuable experience in this 
new technology, now planned 
for several future machines. 

Over the next twelve months, 
the PETRA ring will be modified 
for its new role as an electron, 
positron and proton injector for 
the HERA storage ring now being 
built at DESY. 
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PETRA at the DESY Laboratory in Hamburg, 
retired undefeated champion of the 
electron-positron ring. 

(Photo DESY) 

New calculations in quark dy­
namics have already begun (re­
ported by R. K. Ellis of Fermilab). 
Results for jets are not yet avail­
able but a study of single hadron 
production shows large effects, 
particularly in the angular depend­
ence. 

A fundamental problem in all 
this work is the appearance of 
terms which increase rapidly wi th 
energy and must therefore be sum­
med. D. Soper of Oregon explained 
how to deal wi th such soft gluons. 

When using only a few orders 
of QCD perturbation, it is important 
to choose the coupling constant 
correctly to minimize contributions 
from higher orders. M. Fontannaz 
of Orsay gave a phenomenological 
justification for this optimization 
in the case of photoproduced 
hadrons. 

During the fragmentation of high 
energy quarks into observable par­
ticles, cascades of gluons are ra­
diated away. B. Webber of Cam­
bridge showed that the coherence 
of this radiation has important 
implications. 

A traditional test-bed for QCD 
is the quark structure (structure 
functions) of nucléons measured 
wi th penetrating lepton beams. 
C. Geweniger of Heidelberg con­
cluded that the detailed kinematic 
dependence f rom QCD is applicable 
over a narrower range of ex­
changed momentum than had been 
thought (Q 2 above about 10 GeV 2 ) . 

For electron-positron physics in 
the upsilon region, D. Wegener of 
Dortmund had many results to 
report, including improved limits 
on certain tau lepton decays which, 
if seen, would upset conventional 
dogma. 

The upsilon particles are under­
stood as bound states of beauty 
quarks and antiquarks. Full QCD 
treatment is difficult and physicists 
habitually resort to non-relativistic 
potential models, covered by 
J. Kuhn of MPI Munich. This ap­
proach describes the upsilons quite 
wel l , but there are still a few miss­
ing states. The emerging form of 
this potential is also suggested by 
numerical studies of lattice gauge 
theories (described by C. Michael 

of Liverpool), but the correlation 
of the t w o approaches is not 
straightforward. 

No convincing evidence was 
presented for glueballs (particles 
composed of gluons rather than 
quarks) although there are candi­
dates such as the eta 1440. 

M. Pennington of Durham cov­
ered a careful analysis of pion and 
kaon pair production in proton-
proton collisions (see page 17) 
which suggests several reson­
ances, of which at least one could 
be a glueball. 

QCD sum rules are one method 
for avoiding perturbation theory 
difficulties, and were described by 
L. J . Reinders of Bonn. However 
the most promising attempts to 
solve QCD at laboratory energies 
are coming f rom numerical calcu­
lations based on a theoretical lat­
t ice. While new predictions are 
beginning to emerge, the method 
is still in its infancy (A. Kronfeld 
of DESY - 'Solving QCD on a 
computer'). This is because realis­
tic numerical QCD simulations us­
ing today's algorithms need 1 0 2 0 

arithmetical operations, not easily 
digestible by today's computers. 

But the algorithms are being 
improved and computing time can 
be saved by improving the simula­
tion procedures and overcoming 
the effects of the lattice, holding 
out new hope. More powerful com­
puters would be an asset, and 
A. Terrano of Columbia related 
how some theoreticians have 
turned their attention to the design 
of special computers wi th highly 
parallel architectures. 

Several completed or nearly 
completed machines attain speeds 
of between 0.1 and 10 Giga-oper-
ations per second, and are signifi­
cantly cheaper than commercial 
machines wi th comparable perfor­
mance. However the potential user 
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Roberto Peccei (left) and Martin Luscher at 
the traditional Theory Workshop organized 
by the DESY Laboratory in Hamburg. 

(Photo DESY) 

has to confront reduced flexibility 
and difficult software. 

Even if a full QCD simulation on 
a lattice is still a dream, some in­
teresting physics fo l lows f rom bold 
approximations. G. Martinelli of 
CERN told of promising results for 
the weak decays of kaons into 
pions. 

A crucial question underlying the 
whole lattice approach is whether 
the continuum limit of the (artificial) 
lattice really exists, and whether 
a perturbation approach is correct. 
Hints can come f rom numerical 
calculations, but a full analytic 
proof would be more acceptable. 
G. Mack of Hamburg spoke on the 
continuum limit of lattice field the­
ories and showed how the 'phase 
space cell expansion' (essentially 
a variant of the Wilson-Kadanoff 

block spin transformation) gives 
reason to be optimistic. 

There is growing interest in the 
link between QCD and nuclear phy­
sics as pictures of the strong nu­
clear force under different condi­
tions. F. Lenz of SIN covered a 
simple non-relativistic model for 
the interaction between many 
quarks and antiquarks, opening 
up, for example, the role of quark 
exchange in pion scattering and 
the states of the helium-4 nucleus. 

The long-awaited quark-gluon 
plasma, where the quarks and 
gluons break loose from their con­
ventional nucléon confinement, 
may be transiently produced in the 
collision of high energy ions, as 
indicated by H. Satz of Bielefeld. 
Wi th no detailed understanding of 
the underlying scattering process. 

thermodynamic approaches can 
pay dividends. 

A t low temperatures, H. Leut-
wyler of Bern showed how the 
situation is well understood in 
terms of a pion gas whose proper­
ties can be calculated elegantly 
and accurately. A t higher temper­
atures lattice techniques have to 
be brought in, and the phase tran­
sition to a quark-gluon plasma 
comes at an energy density of 
some 2.5 G e V / f m 3 . Wi th 20-
50 G e V / f m 3 expected f rom heavy 
ion collisions, the creation of the 
plasma looks on the cards. How 
could it be recognized? One pos­
sibility would be a dilepton spec­
trum without or wi th a reduced 
J/ps i signal, as plasma quarks are 
not expected to form bound meson 
states. 

The members of the DESY 
Theory Workshop Organizing Com­
mittee were R. Baier, H. Fritzsch, 
M. Lûscher, R. D. Peccei and 
K. Schilling. 

From M. Luscher 

BROOKHAVEN 
More from spin 

For more than a decade it has been 
known that hyperons produced by 
protons are polarized to an unex­
pected degree. Most models try 
to relate these observations to 
polarization effects at the underly­
ing quark level: polarization of the 
quark-antiquark pairs produced 
when colour-flux strings break, 
and/or the Thomas precession 
effect have been suggested as 
mechanisms responsible for the 
polarization. This type of model 
has had several successes and a 
few failures (see September 1986 
issue, page 15). 
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Ions in the fire 

In the euphoria following the 
smooth addition of high energy 
ion beams to the physics armou­
ry at CERN, the pioneering work 
in other Laboratories or the 
plans elsewhere to carry the ion 
energies still higher should not 
be overlooked. 

Berkeley has held pride of 
place for some years with the 
Bevalac providing ions across 
the periodic table at energies 
from 20 MeV to 2 GeV per nu­
cléon. Many of the beams have 
the highest available intensities, 
supporting a broad nuclear 
physics programme plus a bio­
medical programme. The latest 
proposal dates from 1986 and 
involves replacing the venerable 
Bevatron with a modern syn­
chrotron to step up beam inten­
sities by a factor of a hundred. 

Alert readers spotted the 
inadvertent error in our Septem­
ber 1986 issue alleging that the 
SPS wrested the oxygen ion 
energy record from the Bevalac. 
The Berkeley machine can reach 
32 GeV for oxygen but this is 
surpassed by the Synchropha­
sotron at Dubna (USSR) which 
takes the ions to 67 GeV. This 
work at Dubna began in 1971 
and they can achieve 4.2 GeV 
per nucléon with fully stripped 
ions up to silicon. They have 
been working on the design of 
a superconducting synchrotron, 
called the Nuclotron, to acceler­
ate the full range of elements 
up to 6 GeV per nucléon. Anoth­
er machine that was revivified 

by conversion to ions, like the 
Synchrophasotron, is Saturne 
at Saclay. 

A Laboratory with long experi­
ence with ions is GSI Darmstadt 
where the Unilac linear acceler­
ator has been providing beams 
since 1976. They are now con­
structing a synchrotron and 
small storage ring to be fed 
from Unilac. They plan to have 
a wide range of ion beams with 
energies up to 2 GeV per nu­
cléon. 

In Japan interest in ions has 
been alive since the mid-7Os. 
A Test Accumulation Ring, 
TARN, at INS Tokyo is being 
upgraded as TARN II to provide 
0.5 GeV per nucléon for the 
lighter ions. Dreams of GeV 
beams with ions up to uranium 
led to a design report for a 'Nu-
matronr ten years ago, but it 
has not had financial support. 

Another possibility is provided 
by the 12 GeV Proton Synchro­
tron at the nearby KEK Labora­
tory. 

Another project awaiting dol­
lars is one which could take 
over the torch from CERN — 
the RHIC, Relativistic Heavy Ion 
Collider, at Brookhaven. This 
would use the Isabelle ring tun­
nel to set up colliding ion beams 
at up to 100 GeV per nucléon. 
Preparations are well underway 
and ions went through Brook-
haven's Alternating Gradient 
Synchrotron for the first time 
in 1986. 

It has long been realized that 
important information could come 
from measuring the influence of 
the proton polarization on that of 
the hyperon. Does the hyperon 
spin remember the proton spin 
direction? The simple quark picture 
implies that lambda particles 
should have no memory of the 
proton spin direction but that sig­
ma particles should have their spin 
pointing in the same direction as 
the proton almost all the t ime. 

The advent of the polarized pro­
ton beam at the Brookhaven Alter­
nating Gradient Synchrotron al­
lowed this measurement to be 
made. A team of physicists f rom 
Rice / Brookhaven / Johns Hopkins 
/ Houston / Southeastern Massa­
chusetts performed the first part 
of the experiment by measuring 
the lambda polarization using 
13 and 18 GeV polarized proton 
beams. They report that, as pre­
dicted, the lambda polarization is 
uninfluenced by that of the proton. 
In addition the left-right asymmetry 
in lambda production arising f rom 
the proton spin direction is very 
small, in agreement wi th the pre­
diction of the model. This group 
is planning to extend the measure­
ments to the neutral sigma particle. 

PARTICLE BEAMS 
Frontier course 

Driven by the quest for higher ener­
gies and optimal physics condi­
t ions, the behaviour of particle 
beams in accelerators and storage 
rings is the subject of increasing 
attention. Thus the second course 
organized jointly by the US and 
CERN Accelerator Schools looked 
towards the frontiers of particle 
beam knowledge. The programme. 
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SCINTILLATORS 

Éfcve the egsert isfand trie know-how FOR high-quality plastic 
MLATORS. 
• l i g h t outplft, excellent transmission and fast speed are the 

maifceatures OF OUR plastic scintillators. We manufacture ALL sizes 
to c u » m e r s specifications. Rods, sheets, blocks and light guides 
with pl ished or coated surfaces WILL be manufactured within close 
tolerarles. 
Lithiurf-glass-scintillators are available in special shapes and sizes 
FROM powders FOR HPLC and FLOW cells, discs FOR neutron measure-
ment l etc. Various types FROM LOW background to VERY high EFFIC­
iency are available. 

ZINSSER 
ANALYTIC (UK) Ltd 
unit D9, Depot Road, Maidenhead, Berks, SL6 1BC, 
united Kingdom, Telephone 0628 24570 M & K 

I I 
PEARSON 
Wide Band, Precision 

Current Monitor 
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. 
Currents can be measured in any conductor or beam of 
charged particles, including those at very high voltage levels. 

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

Contact us and we will send you engineering data. 

PEARSON ELECTRONICS, INC. 
1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 Telex 171-412 

Setting a new standard 
in CAMAC D-to-A converter performance.. . 

THE NEW EG&G ESN 
C A M A C D / A c o n v e r t e r s : 
1 6 - B I T RESOLUTION W I T H U P T O 1 2 O U T P U T S ! 
Featuring: 
• 1.6-bit resolution 
• ±10v output range 
• settling time < 4 microseconds 
• integral nonlinearity <0.003% 
• differential nonlinearity <0.006% 

: • maskable clear 
• built-in 8-bit TTL output register 

temperature instability <10 ppm/°C 
4-channel version - DA 4-16 

• 8-channel version - DA 8-16 
> 12-channel version - DA 12-16 

For more information : 
contact Alan Douglas or John Sanders 
under Telephone Munich (089) 92692-500 

A EG&G ESN 
Hohenlindener StraBe 12 • D-8000 Munchen 80 
Telex 528257 
(Distributed by EG + G Ortec representatives worldwide) 
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WALTER MEIER HOLDING AG 

Our cyclotron regulated power supplies are 
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in Europe and the U.S.A. 
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rue doct. De Meersman, 37, B1070 Bruxelles 
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At the US/CERN Joint Topical Course on 
the Frontiers of Particle Beams, held on 
South Padre Island, Texas, from 
23-29 October, the US Particle Accelerator 
School's 1986 Prize for Achievement in 
Accelerator Physics and Technology was 
awarded to Tom Wei land of DESY, Helmut 
Piel of Wuppertal and Maury Tigner, 

Director of the Central Design Group of the 
proposed US Superconducting Supercollider. 
With the awards are (left to right) Piel, 
ceremony chairman and CEBAF project 
director Herman Grunder, Jorg Rossbach 
of DESY (receiving the award on behalf of 
Weiland), and Tigner. 

(Photo S. Turner) 

mm 

The next major event for the 
CERN Accelerator School 
(CAS) is a Workshop on New 
Developments in Particle Ac­
celeration Techniques to be 
held in Orsay, France, from 
29 June-4 July. It will review 
current theoretical and exper­
imental developments in the 
techniques for accelerating 
charged particles, including 
specific objectives related to 
higher energy machines for 
the future. After introductory 
talks, the programme will be 
split between plenary ses­
sions and working/discussion 
groups. Further information 
from Mrs. N. Mathieu, LAL, 
Bat. 200, 91405 Orsay 
Cedex, France. 

CAS will be having its Ad­
vanced Accelerator Physics 
Course in Berlin (West), in 
collaboration with the BESSY 
synchrotron radiation centre, 
from 14-25 September. 

held at South Padre Island, Texas, 
f rom 23-29 October attracted 
125 participants including some 
35 f rom Europe. (The first joint 
course, held in Sardinia early 
in 1985, dealt wi th nonlinear dy­
namics.) 

The first half of the course cov­
ered mainly mathematical topics 
- single and multiparticle dynamics, 
multiparticle correlations and beam 
noise, intra-beam scattering, coher­
ent instabilities, and electromag­
netic fields wi th emphasis on wake 
field calculations and space-charge 
dominated beams. Synchrotron 
radiation and coherent radiation in 
the free electron laser were des­
cribed from a less mathematical 
viewpoint. 

The second half of the course 
reflected the wide interest in linear 
colliders. The programme was 
supplemented by a series of topical 
seminars including the recent idea 
of 'crystal beams', where the 
transverse beam temperature be­
comes so low that in principle the 
beam particles should take up posi­
tions in a lattice. 

The US Particle Accelerator 
School's 1986 Prize for Achieve­
ment in Accelerator Physics and 
Technology was awarded to Tom 
Wei land, Helmut Piel and Maury 
Tigner (see October 1986 issue, 
page 39) after the School banquet. 

CHALK RIVER 
Superconducting 
tandem 

The Tandem Accelerator Super­
conducting Cyclotron (TASCC) at 
the Chalk River Nuclear Laborato­
ries of Atomic Energy of Canada 
Limited, officially opened in Octo­
ber, provides world-class research 
facilities for intermediate energy 
heavy ion physics. 

The Chalk River tandem which 
came into operation in 1967 was 
upgraded f rom 10 MV terminal 
voltage to 13 MV in 1972. A t the 
same t ime, plans were made to 
use it as an injector for a booster 
accelerator to produce beams of 
up to 50 MeV/nucleon for light, 
fully stripped ions and up to 
10 MeV/nucleon for uranium.The 
chosen accelerator was a super­
conducting cyclotron conceived 
at Chalk River by Bruce Bigham 
and Harvey Schneider: a four-sec­
tor isochronous machine wi th a 
maximum midplane field of 5 T. 

For budgetary reasons the pro­
ject was divided into t w o parts: 
the first covered building additions, 
modifications to the tandem (in­
cluding reversing the beam direc­
t ion, construction of the cyclotron 
and beamlines f rom the tandem). 
Interim target locations just beyond 
the cyclotron are available wi th 
beams f rom TASCC or f rom the 
tandem alone. The second phase 
covers construction of beamlines 
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The Chalk River Superconducting Cyclotron 
with most of the people who helped to 
bring it into operation. 

(Photos Atomic Energy of Canada Ltd.) 

to nine target locations. Phase 1 
was approved in the autumn of 
1978 and the tandem shut down 
in May 1982. The first beam of 
1.3 GeV iodine-127 ions 
(10 MeV/nucleon), was success­
fully extracted in mid-November 
1985. 

Although accelerator commis­
sioning is not complete, experi­
ments are well underway at the 
interim target locations. The first 
was a measurement by the recoil-
distance method of lifetimes of 
high-spin levels in osmium-174 
produced f rom vanadium-51 using 
a 5.6 MeV/nucleon iodine-127 
beam. In the second experiment, 
the little known isotopes tantalum-
160 to 164 far f rom the stable 
181 isotope, were produced by 
bombarding calcium-40 also wi th 
a 5.6 MeV/nucleon iodine-127 
beam; their alpha and gamma de­
cay properties will yield up to eight 

new nuclear masses in a remote 
region of the nuclear chart. 

The TASCC experimental pro­
gramme will centre on three major 
facilities. The first is ISOL, an on­
line isotope separator for studying 
the properties of nuclei far f rom 
stability which came into operation 
in 1979 and has already produced 
impressive results. It combines 
high mass resolution wi th low 
cross-contamination, thus allowing 
direct mass determinations and 
exceptionally precise half-life and 
decay measurements. 

The second major piece of equip­
ment is a recently completed gam­
ma ray spectrometer consisting 
of a hollow sphere (22 cm inner 
diameter) formed by 72 BGO crys­
tals surrounding a target. Outside 
the BGO ball are twenty high 
resolution germanium detectors, 
each of which has BGO Compton 
suppression. The instrument is 

a national facility and was 
constructed as a joint Chalk River/ 
Montreal/McMaster venture wi th 
half of the funding provided by 
Atomic Energy of Canada and half 
by the Natural Sciences and Engi­
neering Research Council (NSERC) 
which provides research funding 
for Canadian universities. 

The third major facility will be a 
large (over 3 m diameter) particle 
scattering chamber now being 
designed. It wil l have a spherical 
array of 64 Bragg curve heavy-ion 
spectrometers backed by detectors 
for measuring light ion energy and 
angle and for particle identification, 
and a forward angle array for 
products emitted approximately 
along the beam trajectory. 

A t the TASCC opening ceremo­
ny, Allan Bromley of Yale gave the 
keynote address, reminiscing about 
his early days at Chalk River work­
ing on the wor ld 's first tandem 
accelerator, the EN. He traced the 
development of heavy ion experi­
ments and machines to today's 
accelerators which are capable of 
producing beams energetic enough 
to exceed the Coulomb barrier for 
any projectile-target combination. 
He also pointed out the many prac­
tical applications resulting f rom 
basic scientific research and 
stressed the need for government 
funding if a country is to be tech­
nologically advanced. 

The ceremonies concluded wi th 
the unveiling of an official plaque 
by the Atomic Energy of Canada 
Chairman R. Dépres. He called the 
opening 'a national achievement 
of international proportions. Nu­
clear physics research at Chalk 
River has, over four decades, con­
sistently earned a wor ldwide repu­
tation for innovation and excel­
lence. This new accelerator com­
plex will ensure that Canadian 
scientists remain at the forefront 
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of their f ield. ' He read a statement 
f rom Marcel Masse, Canada's 
Minister of Energy, Mines and Re­
sources, which lauded the value 
of basic research. 'By providing a 
facility at which government and 
university scientists can do this 
basic research together, TASCC 
is helping to build this country's 
future.' 

Following the official opening, a 
one-day symposium on heavy ion 
nuclear physics brought together 
experts on heavy ion accelerators 
and the physics of the TASCC 
experimental programme. Henry 
Blosser of Michigan State Univer­
sity and Director of the US National 
Superconducting Cyclotron Labo­
ratory (NSCL) spoke about the 
technological breakthrough of su­
perconducting cyclotrons (10-20 
times lighter than normal magnet 
machines) and discussed some of 
the challenging design issues. The 
NSCL machine, the first of its type, 
had first extracted beam in August 
1982 (see also December 1986 
issue, page 22). Blosser felt that 
no large room-temperature cyclo­
tron would ever be built again. 

Peter Braun-Munzinger of the 
State University of New York, Sto­
ny Brook, presented recent results 
on pions and high energy photons 
as probes of heavy ion reaction 
dynamics. Dick Diamond of Berkel­
ey gave an overview of the current 
state of high spin nuclear physics 
and Gregers Hansen of CERN and 
Aarhus spoke on nuclei far f rom 
stability. 

PATH OF BEAM LINE TO TARGET ROOMS (PHASE 2) INTERIM TARGET LINE (PHASE 1) 

• Guest speakers at the opening A Layout of the accelerators, beamlines 
ceremonies and symposium for the new and interim target locations for Phase 1 
Canadian superconduction machine. Left (completed) as well as the beamlines for 
to right, Gregers Hansen, CERN and Aarhus; Phase 2 (dot-dashed lines, under 
Henry Blosser, Director of the US National construction) at the Tandem Accelerator 
Superconducting Cyclotron Laboratory, Superconducting Cyclotron at Chalk River, 
Michigan; Peter Braun-Munzinger, Stony Canada. 
Brook; Richard M. Diamond, Berkeley; and 
D. Allan Bromley, Yale. The after-dinner 
speaker at the banquet was R. E. Bell, 
professor emeritus and former principal of 
McGill University. 
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Accent on the future at Novosibirsk 
Conference 

Status reports on colliding beam 
facilities, superconductivity, new 
acceleration concepts for linear 
colliders, and plans for future 
big accelerators... these were 
the main topics at the 
Xlllth International Accelerator 
Conference in Novosibirsk last 
summer. 

The luminosity goals for the 
high energy colliders were 
spelled out. This year the super­
conducting Tevatron at Fermilab 
hopes to reach 1029 per cm2 

per s with 800 GeV proton and 
antiproton beams, climbing ev­
entually to 1030. The lower en­
ergy CERN Collider, with its ad­
dition of the ACOL antiproton 
collector, is shooting for 1030 

in 1987-88. For the electron-
positron colliders, TRISTAN in 
Japan was on the brink of first 
operation at the time of the Con­
ference and as reported on page 
1 has come superbly into action 
with 25 GeV beams. The Stan­
ford Linear Collider should not 
be far behind with 50 GeV 
beams and is hoping for pro­
gressively improving luminosity 
- 1029 this year, 5x1029 early 
next year, 2x10?° a year later 
and 6x10?° at the beginning of 
1990. The luminosity goal of 
LEP at CERN with 60 GeV 
beams is the design figure of 
1031 which should be reached 
fairly quickly. Finally HERA at 
DES Y in Hamburg, with electron 
beams of 30 GeV and proton 
beams of 820 GeV, aims for a 
luminosity of 2x10s1 when it 
turns on in 1990. 

The superconductivity ses­
sions covered the magnets 
which are now confidently incor­
porated in both projects for the 
next hadron collider — the SSC 
in the USA and the LHC at CERN 
— following the experience at 
the Fermilab Tevatron and 
HERA. This work was reviewed 
also at the ICFA Workshop on 

superconducting magnets held 
at Brookhaven in May of last 
year (see September 1986 is­
sue, page 3). 

Superconducting radiofrequen-
cy cavities are now being pre­
pared for the 100 GeV stage of 
LEP at CERN, for HERA at DESY, 
for TRISTAN in Japan, and for 
the CEBAF linac in the USA. 
A superconducting linac is also 
an option under study for future 
linear lepton colliders in one of 
the two-beam schemes. 

The various schemes for 
reaching high energies in linacs 
were reviewed and sets of para­
meters for linacs up to 1 TeV 
beam energy were presented 
less tongue-in-cheek than in the 
past. Experimental work, both 
on the linac schemes and on 
the plasma beat-wave concept 
are beginning to bear fruit. 

The most ambitious of the 
future accelerator plans is, of 
course, the Superconducting 
Super Collider (SSC) in the USA 
which aims for 20 TeV proton 
beams. While this mighty pro­
ject awaits a green light, CERN 
has pushed further its ideas on 
a 8.5 TeV Large Hadron Collider 
which could sit over the electron 
ring in the LEP tunnel. The LHC 
scheme would benefit from the 
existing high quality injectors at 
CERN and from the LEP infra­
structure, and has the added 
attraction of rather easily having 
electron-proton collisions as an 
extra physics tool. 

In the interim, the construction 
of UNK at Serpukhov in the So­
viet Union is underway and they 
hope for 3 TeV beams for fixed 
target physics in 1993. On the 
electron front, people at Stan­
ford are meditating about multi-
hundred GeV machines to follow 
experience with SLC, and the 
Conference host Laboratory at 
Novosibirsk has similar ambi­
tions. 
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People 
and things 

On people 

The prestigious Enrico Fermi 
Award, given by the US Depart­
ment of Energy for exceptional and 
altogether outstanding achieve­
ment, was attributed in 1986 to 
Ernest Courant of Brookhaven and 
the late Stanley Livingston for their 
landmark contributions to the de­
velopment of particle accelerators. 
It is unusual for the Fermi Award 
to be given posthumously, and a 
pity that after 'leadership contribu­
tions to the development of nuclear 
accelerators over a half-century' 
Livingston died last August before 
the announcement was made. 

Robert K. Adair has been ap­
pointed Associate Director of 
Brookhaven National Laboratory 
for High Energy and Nuclear Phy­
sics. He is thus responsible for 
Brookhaven's AGS (Alternating 
Gradient Synchrotron) and Physics 
Departments, and Instrumentation 
Division. 

Robert K. Adair — Brookhaven Associate 
Director 
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THE SCOTTISH UNIVERSITIES 
SUMMER SCHOOL IN PHYSICS 

The proceedings of the schools provide pedagogical introductions 
to advanced topics at a level appropriate to research staff and stu­
dents in high energy physics. All volumes are produced in hardcover 
editions at reasonable prices and are obtainable directly from 
SUSSP. Copies purchased through bookshops will be more expen­
sive. 

SUPERSTRINGS A N D SUPERGRAVITY 

1985 school. 5 5 0 pages. Editors: Davies & Sutherland. Price 
24 pounds. 

This school was conceived of as a topical survey of supersymmetry 
and supergravity but developed into an excellent introduction to all 
facets of superstring theory. The lecture notes provide the first 
comprehensive presentation of this exciting new subject. Also 
included are excellent reviews of conventional quantum gravity 
approaches and cosmology. Contributors : Duff, Ellis, Ferrara, Gri-
saru, Isham, van Nieuwenhuizen, Schwarz and West. 

FUNDAMENTAL FORCES 

1984 school. 5 4 0 pages. Editors: Frame & Peach. Price 2 0 
pounds. 

The school was primarily concerned with standard, and non-stan­
dard, models of the electro-weak theory, together with a critical 
assessment of the experimental evidence from the CERN collider 
(Darriulat, Jarlskog, Walsh, Dowell, Perl, Cashmore, Ledermann). 
In addition there were excellent reviews of Lattice QCD (Schier-
holz), Supersymmetry (Llewellyn-Smith) and Composite Models 
(Harari). 

STATISTICAL & PARTICLE PHYSICS 

1983 school. 5 0 0 pages. Editors: Bowler & McKane. Price 2 0 
pounds. 

The school was concerned with recent developments in statistical 
and particle physics which exploit and extend the analogy between 
statistical fluctuations in thermal systems and quantised field theo­
ries of elementary particles. Topics included : The onset of chaos 
(Feigenbaum) ; First order transitions (Gunton) ; Monte Carlo me­
thods (Swendsen); Topological excitations (Goddard); Interface 
problems (Zia) ; Random systems (Moore) ; String theory (Green) ; 
Monte Carlo calculations (Rebbi). 

GAUGE THEORIES 

1980 school. 6 4 0 pages. Editors: Bowler & Sutherland. Price 
15 pounds. 

Topics included : Broken gauge theories (Appelquist) ; Neutrino phy­
sics (Barish); GUTS (Ellis); High energy interactions (Giacomelli); 
High energies (Glashow) ; Confinement ('t Hooft) ; QCD (Ross) ; Sur­
face theories (Wallace); e + e — experiments (Wilk). 

QUARK MODELS 

1976 school. 5 0 0 pages. Editors: Barbour & Davies. Price 10 
pounds. 

Seminal articles on strings (Nielsen), Supersymmetry (Zumino), 
Confinement in lattice gauge theories (Susskind), and Quark models 
(Close, Pati, Dalitz, Sutherland, Yankielowicz). 

SUSSP Publications (CC) 
Department of Physics 
University of Edinburgh 
EDINBURGH EH9 3JZ. UK. 
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European Laboratory for Particle Physics 
Laboratoire Européen pour la Physique des Particules 

European Organization for Nuclear Research 

Organisation Européenne pour la Recherche Nucléaire 

The Data Handling Division is looking for a young 

SYSTEMS 
PROGRAMMER 

in the team supporting large IBM V M and MVS ser­
vices. The central computing facilities include an 
IBM 3090-200 , a Siemens 7890S and a substantial 
DEC V A X cluster. A Cray X-MP/48 will be installed 
during 1987. 
Candidates should have a university degree, prefe­
rably in Computer Science, and several years prac­
tical experience in IBM systems programming, 
ideally in V M . The ability to work independently in 
such areas as systems generation, performance 
analysis and development of local enhancements 
to the basic system code is essential. Knowledge 
of English is required and some knowledge of 
French is desirable. 
Please wri te for an application form to the address 
given below, quoting the fol lowing reference: 
D D - S W - I B - 0 9 3 

Head of Personnel 
CERN 
CH-1211 Geneva 2 3 
Switzerland 

OXFORD UNIVERSITY 

CLARENDON LABORATORY 

Research 
With Highly Ionised Atoms 

Several research posts are available in a Clarendon group 
carrying out research with Highly Ionised Atoms. The prima­
ry interest of the group is the study of relativistic and 
quantum electrodynamic effects in highly charged one- and 
two-electron ions, to test fundamental theories of these 
systems. 
The research is carried out both in Oxford, and overseas 
at the high energy heavy ion accelerators at Lawrence 
Berkeley Laboratory, Berkeley, California, at GSI Darm­
stadt, and at GANIL, Caen. 
Salaries are on the Scale £ 8,020-12,780 p.a. and suitably 
qualified candidates should write as soon as possible with a 
c.v. and the names of 3 referees to: 

Dr. J . D. Silver 
Clarendon Laboratory 
Parks Road 
Oxford, OXI 3PU 
United Kingdom 
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Pulling in the crowds 

Behind the trendy docklands 
developments along the north 
bank of the River Thames, Lon­
don's sordid 'East End' hides 
from the public eye. Defying the 
drabness of Mile End Road, a 
main artery leading towards the 
glitter of the City financial dis­
trict is Queen Mary College, 
part of the University of London. 

British physics, rather like 
London's East End, has not 
benefited from the most glamor­
ous of images in recent years. 
Gone are the halcyon days of 
Rutherford, or so it seems. Yet, 
when QMC physicists invited 
schoolchildren along to their 
department recently, they dis­
covered, almost to their sur­
prise, that there are youngsters 
out there who are interested in 
finding out more about physics. 
And not just any physics, but 
the physics of elementary, sub­
atomic particles — a topic that 
some have dismissed as irrele­
vant and impractical, and which 
has even come under special 
scrutiny. 

The schoolchildren came 
along in droves — some 2000 
during the course of four days, 
from all over the country — in 
response to the physicists' invi­
tation. 

Centrepiece of the visit was 
an exhibition from CERN. Earlier, 
this had been at Bristol Univer­

sity at the annual meeting of 
the British Association for the 
Advancement of Science. CERN 
had done a professional job, 
and it gave Peter Kalmus, pro­
fessor in particle physics, the 
idea of housing the exhibition 
in his department at QMC for a 
week to make it accessible to 
more people. At the same time, 
he hoped to encourage potential 
students to visit the college. In 
addition to the exhibition, there 
were to be lectures on antimat­
ter and the W and Z particles 
— areas of research in which 
QMC has played a key role. 

The lecturers found them­
selves giving their talks each 
afternoon in lecture theatres 
that were filled to capacity. In 
addition, a cable TV company 
came to film the proceedings 
for a programme called Eureka, 
which goes out to 12 European 
countries in three languages. 

The success of this venture 
shows to the doubtful that phy­
sics can pull in the crowds — 
if put over in the right way. And 
it shows again that fundamental 
research can captivate young 
minds. So what if it isn't going 
to lead to a new manufacturing 
industry next year; if it can en­
courage more students to regard 
physics as interesting, then bas­
ic research is performing an 
important task. 

(From an article by Christine 
Sutton which originally appeared 
in the 'New Scientist'.) 

Taking advantage of its presence in England 
for the annual meeting of the British 
Association for the Advancement of 
Science, the CERN itinerant exhibition visited 
two other seats of learning before returning 
home. Pictured is the facade of Queen Mary 
College, London, where nearly 
2000 schoolchildren saw the exhibition. 
Packed lectures on particle physics were 
held in parallel. At Royal Holloway and New 
Bedford Colleges, London, the exhibition 
was a key feature of a series of Open Days 
visited by fifty schools, the local population 
and some 300 industrialists. 

(Photo Georges Claude) 

Jean Sacton of Brussels has been 
reelected Chairman of the European 
Committee for Future Accelerators 
(ECFA). It was originally intended 
that Italo Mannelli would take over 
from Sacton, until Mannelli was 
elected as the next Chairman of 
CERN's Scientific Policy Commit­
tee, succeeding Don Perkins. 

At CERN, Pierre Darriulat has 
been appointed Director of Re­
search from 1 July, to succeed 
Robert Klapisch. Pierre Lehmann 
(France) has been elected Vice 
President of CERN Council. 

Geoff Manning has left the Direc­
torship of the Rutherford Appleton 
Laboratory to become Chairman 
of Active Memory Technology Ltd, 
a new computer company special­
izing in array processors. Paul Wil­
liams becomes Acting Director of 
the Laboratory. 

Retirements 

Recently retired from CERN is Er-
hard Fischer, who made his mark 
in the 60s and 70s as Leader of 
the Vacuum Group for the Inter­
secting Storage Rings. Under his 
leadership, the ISR became the 
first large scale vacuum system 
bettering ICf11 torr, at a time when 
typical accelerators achieved 10r7 

torr. This improved on the ISR 
design figure, very fortunately so 
as subsequent experience showed 
that the machine could not have 
worked at the specified 10r9 torr. 
A long term effort by his group 
also ensured that the ISR vacuum 
withstood the effects of large pro­
ton currents. His wide knowledge 
of accelerators has led to contri­
butions on topics such as the mo­
tion of ions trapped in the ISR anti-
proton beams. 
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Another of the long-serving accel­
erator physicists now 'retiring ' 
from CERN is Bryan Montague. He 
participated in the building of the 
Proton Synchrotron and first came 
into prominence as the prime mov­
er of the work on radiofrequency 
particle separators which delivered 
much purer particle beams to the 
experimentalists at the PS. 

He did much work on the elec­
tron ring accelerator concept after 
it first emerged in the Soviet Union 
and then joined the construction 
team of the Intersecting Storage 
Rings, with particular responsibility 
for the flags and scrapers for moni­
toring and tidying the beams. In 
recent years he has been an au­
thority on polarization in electron-
positron storage rings. 

• Louis Dick, spin physics specialist and 
a pioneer of the gas jet target technique, 
was given an enthusiastic ovation by his 
colleagues to mark his 65th birthday 

(Photo CERN 461.11.86) 
A Theoretician Gerard't Hooft (left) at the 
Amsterdam Trippenhuis on 24 November 
after having received the prestigious Lorentz 
Medal of the Royal Dutch Academy of 
Sciences from Leon Van Hove (right), who 
also gave the address. Centre is Academy 
President Johan van der Waals. 

(Photo Harry van Steenis) 

Computing School 

The CERN School of Computing, 
hitherto biennial, has become an 
annual event. The School is aimed 
at postgraduate students and re­
search workers in physics or com­
puting. This year it will cover a 
wide range of topics, and is being 
held in Troia, Portugal, from 13-
26 September. Further information 
from Mrs. Ingrid Bamett, CERN, 
1211 Geneva 23, Switzerland. 

• Yuri Orlov addressed a packed meeting 
of the Yuri Orlov Committee recently at 
CERN. 
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At CERN recently was Heinrich Rohrer, who 
shared the 1986 Nobel Physics Prize with 
Gerd Binnig for their development of the 
scanning tunneling microscope, and with 
Ernst Ruska, pioneer of the electron 
microscope. 

(Photo CERN 302.11.86) 

Gravitational waves 

The search goes on for gravitation­
al radiation — the carrier of the 
large scale force between accumu­
lations of matter. The existence 
of such waves was implied by the 
first formulations of general rela­
tivity some sixty years ago, but 

Martin Wilson from Oxford Instruments 
(left) gave the second John Adams 
Memorial Lecture at CERN on 27 November, 
seen here with Phil Bryant who organizes 
the CERN Accelerator School. The theme 
of the lecture was 'Accelerators and 
superconductivity : a marriage of 
convenience' and Martin Wilson reviewed 
the long, hard road to the present 
applications of superconductivity, in which 
accelerator Laboratories played such an 
important part. While at the Rutherford 
Laboratory, Wilson helped develop the 
famous Rutherford cable. In addition to the 
big hadron machines, Martin Wilson cited 
widespread applications in nuclear magnetic 
resonance scanners and the promising 
development of tiny electron synchrotrons 
for silicon chip lithography. 

Highly sensitive cryogenic antennae, such 
as this one at CERN operated by a Rome 
group, and two more in the US, are looking 
for signs of gravitational radiation. Although 
the individual detectors see some effects, 
no coincident signals are reported and the 
search goes on. 

(Photo CERN 305.11.86) 

(Photo CERN 440.11.86) 
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TWO FACULTY POSITIONS 
High Energy Physics 
University of Iowa 

The Department of Physics and Astronomy at the 
University of Ipwa invites applications for two 
tenure-track faculty positions in experimental 
elementary particle physics beginning in August 
1987. The appointments are authorized at the 
assistant professor level, but higher level appoint­
ments wil l be considered for qualified candidates. 
We invite applications from outstanding candi­
dates at any level and in all areas of experimental 
elementary particle physics. Faculty duties include 
undergraduate and graduate teaching, guidance 
of research students, and personal research both 
independent and in collaboration on existing 
experiments. Applications, including a curriculum 
vitae and a statement of research interests, 
should be sent to : 

Search Committee 
Department of Physics 
and Astronomy 
The University of Iowa 
Iowa City, IA 5 2 2 4 2 - 1 4 1 0 

Applicants should arrange for three letters of 
recommendation to be sent directly. The Univer­
sity of Iowa is an equal opportunity/aff irmative 
action employer. 

POST DOCTORAL POSITIONS 
IN THE HIGH ENERGY PHYSICS 

INSTRUMENTATION GROUP 
A T THE UNIVERSITY OF FLORIDA 

Applications are invited for a post doctoral research posi­
tion in the experimental high energy physics group at the 
University of Florida to work on HEP instrumentation (de­
tection techniques, detector readout and data acquisi­
tion). 

The successful candidate will mainly work with Dr. Stan­
ley Majewski and Professor James K. Walker on new 
detection ideas, and partly will participate in the design 
and construction of prototypes of detectors for the ex­
periments in which the U of F group is taking part, like the 
DO at Fermilab and the CLEO detector at Cornell. 

Applicants should send a curriculum vitae, publication 
list, description of research experience and names of 
three references to 

Dr. Stanley Majewski 
Department of Physics 
2 1 5 Williamson Hall 
University of Florida, 
Gainesville, 
Florida 3 2 6 1 1 . 

The University of Florida is an Affirmative Action/Equal 
Opportunity Employer. 

Application deadline is March 1 , 1987. 

ZURICH 

The Swiss Federal Institute of Technology in Zurich invites applica­
tions for a 

faculty position 
in experimental physics 

Duties of the new professor include teaching at undergraduate and 
graduate levels for all departments of ETH within the framework of 
the physics department and advising graduate physics students in 
t^ieir thesis work. Research activity is expected in high energy phy­
sics, in particular with the other members of the institute in the 
preparation of experiments at the LEP at CERN. 

The successful candidate will have several years of research after 
graduation. He must be willing to teach at all university levels and to 
cooperate with colleagues within and outside the university. 

Applications with curriculum vitae and list of publications should be 
submitted before February 15, 1987 , to: 

the President of the ETH Zurich 
Prof. H. Ursprung 
ETH-Zentrum 
C H - 8 0 9 2 Zurich 

INDIANA UNIVERSITY 
CYCLOTRON FACILITY 

EXPERIMENTAL 
HIGH ENERGY PHYSICS 

The Department of Physics at Indiana University invites 
applications for a tenure-track faculty position in experi­
mental high-energy physics. 
The appointment is authorized at the assistant professor 
level, but the position may be upgraded to associate pro­
fessor for a person with outstanding accomplishments. 
The high-energy physics group has an active program in 
accelerator-based experiments at SLAC (SLC: MARK-II 
and polarized beams), Fermilab (DO and E672) and 
Brookhaven (search for glueballs and hybrid states). 
To apply please send a complete vita, a description of 
research interests and accomplishments, a list of publi­
cations and a minimum of three letters of reference to: 

Professor George Walker, 
Chairperson, 
Department of Physics, 
Indiana University, 
Bloomington, 
IN 47405. 

Applications should be received by March 15, 1987. 
Indiana University is an Equal Opportunity/Affirmative 
Action Employer. 
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Stig Lundqvist (left), Chairman of the 
Scientific Council of the International Centre 
for Theoretical Physics (ICTP), Trieste, 
about to present one of the 1986 ICTP 
Dirac Medals to Alexander Polyakov of the 
Landau Institute of Theoretical Physics, 
Moscow, who admires his new ICTP tie. 
Looking on is ICTP Director Abdus Salam. 
Polyakov's award came in recognition of 
his important work in quantum field theory. 
The other 1986 ICTP Dirac Medal goes to 
Yoichiro Nambu of Chicago's Enrico Fermi 
Institute. 

their detection has taxed the inge­
nuity of experimenters. 

Any signals would be easily 
screened by seismic noise, etc. In 
an effort to eliminate this back­
ground, a network of three highly 
sensitive cryogenic detectors was 
set up — one at CERN, used by a 
Rome group, another at Stanford 
and a third at Louisiana State. 

Preliminary results indicate no 
triple coincidences, despite individ­
ual detectors picking up some 60 
'events' per day. However even 
the phenomenal sensitivity of these 
cryogenic detectors (about 1 part 
in 1018) is insufficient to match the 
size of the signals expected from 
outside our Galaxy, where most 
of the gravitational activity should 
originate. 

1987 JINR-CERN School of Physics 

The 1987 JINR-CERN School of 
Physics is the tenth in a series 
organized by the Joint Institute for 
Nuclear Research (JINR, Dubna, 
USSR) and CERN. The aim is to 
teach various aspects of high ener­
gy physics, especially theoretical, 
to young experimentalists with at 
least one year's research experi­
ence, coming mainly from Member 
States of JINR and CERN. The 
1987 School will take place at the 
Varna Department of the Academy 
of Social Sciences and Manage-

Artist's impression of a particle physics 
detector from 'Der Multimensch', the latest 
book from Pedro Waloschek, CERN 
Courier's regular correspondent at the 
German DESY Laboratory in Hamburg. 
Pedro's book (published by ECON Verlag 
of Dusseldorf) gives a fascinating glimpse 
into the inside world of particle physics. 

(Illustration Jutta Waloschek) 
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2.3 x 104 GAIN 
IN HIGH MAGNETIC 
FIELDS (10 KG) 
NEW FINE MESH TYPE 
16-STAGE PMT 
The new R2490 has an 
amplifying structure of 
fine mesh dynodes which 
provide excellent per­
formance in high magnetic 
fields. This unique 2" 
tube is the first high 
quality detector for High 
Energy Physics to 
overcome the gain killing 
effect of magnetic 
environments. 

7.2 GAIN 
IN HIGH MAGNETIC 
FIELDS (10 KG) 
NEW MESH TYPE, 
FLAT TRIODE PMT 
The R2046 mesh type 
tube performs very well 
in magnetic fields of up 
to 10K gauss. The com­
pact flat geometry with 3 " 
diameter permits stack­
ing large numbers of 
detectors with good 
volumetric efficiency. 

HIGH PULSE 
LINEARITY AT 
HIGH COUNT RATES 
IN MAGNETIC 
ENVIRONMENTS 
MESH DYNÛDE PMT 
The R2238 combines 
superior performance in 
magnetic fields, good 
gain and high count rate 
linearity (300 mA at .2% 
deviation). This 3-inch 
diameter, head on tube 
with 12-stage mesh 
dynodes uses a new 
proximity focus design 
for operation in magnetic 
fields up to a few 
hundred gauss. 

HIGH ENERGY 
RESOLUTION AND 
GOOD PULSE 
LINEARITY 
HYBRID MESH/BOX 
AND GRID PMT 
The R1911-01 uses box 
and grid dynodes at the 
front end for high energy 
resolution and new mesh 
type dynodes in the final 
stages for excellent pulse 
linearity Pulse linearity 
of less than 2% deviation 
at 50 mA(1500 V) is 
significantly better than 
standard PMT's. This 3" 
tube is ideal for physics 
and medical diagnostic 
applications because of 
its reduced length. 

For Application Information 
CALL 800-524-0504 
In New Jersey Call 201-231-0960 

© 1986 Hamamatsu 
Corporation 

H A M A M A T S U 
HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, P. O. BOX 6910, BRIDGEWATER, NJ 08807 • PHONE: 201/231-0960 
UNITED KINGDOM; Hakuto International (UK) Ltd. (phone: 0992-769090) • FRANCE: Hamamatsu Photonics France (phone- 46 55 4758) 

ITALY: Hesa S. P. A. (phone: [02] 34.92.679) • W. GERMANY: Hamamatsu Photonics Deutschland GmbH (phone: 08152-375-0) 
SWEDEN. NORWAY, FINLAND, DENMARK: Lambda Electronics AB (phone: 08-620610) « JAPAN; Hamamatsu Photonics K K 
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Visiting CERN in November was Greece's 
Deputy Minister for Industry, Energy and 
Technology Mme Vasso Papandreou, seen 
here with CERN Director General Herwig 
Schopper. 

(Photo CERN 288.11.86) 

Rock steady 

ment Varna, Bulgaria 
» 19 September. 

Further information from Miss 
D. A. Caton, Organizing Secretary, 
1987 JINR-CERN School of Phy­
sics, CERN, 1211 Geneva 23, 
Switzerland, or from Mrs. 
T. S. Donskova, USSR, 101 000 
Moscow, Head Post Office, PO 
Box 79, JINR, as appropriate. 

Particle physicist John Rander practising a 
few tricks for a big climb. Such methods, 
described in his new book 'Assure sec' (in 
French), are the last resort in today's new 
wave of athletic rockclimbing. 

(Photo Brigitte Rander) 

An American experimental physi­
cist leading the Saclay group par­
ticipating in the construction of 
the electromagnetic calorimeter 
for the ALEPH experiment at 
CERN's LEP electron-positron 
Collider recently published a book 
in French on a subject rather far 
afield from particle physics: 
John Rander, in collaboration with 
his French wife, Brigitte, is the 
author-illustrator of iAssure seel' 
Techniques d'escalade en falaise, 
published by Edisud in Aix-en-
Provence. The author drew from 
experience ranging from leading 
climbs on Yosemite walls, soli­
taires, frozen waterfalls, alpine 
north-faces... to sunny limestone 
cliffs in the south of France. John 
worked with René Turlay at Saclay 
on the WA 1 neutrino experiment 
at CERN before participating in 
ALEPH. 

LEAR workshop 

The fourth workshop to discuss 
physics at CERN's LEAR Low Ener­
gy Antiproton Ring will be held at 
Villars-sur-Ollon, Switzerland, from 
6-13 September. As well as results 
from LEAR experiments to date 
and immediate plans, the meeting 
will also look to the longer-term 
future. Further information from 
C. Leluc, University of Geneva/-
DPNC, 24 Quai E. Ansermet, 
1211 Geneva 4, Switzerland. 
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Upgrade your CAMAC system 
with the Incaa CAPRO 68K processor 

Hardware 
• CAPRO 68K is an autonomous CAMAC processor/controller, housed in a 

3 slots wide module and based on a 68000,8M Hz, 32bit microprocessor. 
• CAMAC Interface with DMA 
• Memory: 64Kb EPROM, 512Kb RAM 
• Two RS232 ports 

Software 
OS-9/68000 OPERATING SYSTEM: Multiuser/Multitasking consisting of a 

4 Kernel, I/O Management System, "Shell" Command Interpreter, CAMAC 
Library, and over 50 Utility Commands. 

Real time programs developed under OS-9/68000 may be written in: 
BASIC 09/68000, C, PASCAL, FORTRAN 77, and MACRO ASSEMBLER. 

Peripherals 
• CAMAC Winchester disc subsystem with cartridge tape backup 
• CAMAC Intelligent Floppy Disc subsystem 
• CAMAC File Memory module non-volatile 

RAM 128 Kwords (16-bit) 
• CAMAC Communication Interfaces r * r \ n n o i i t p d o 

• CAMAC Graphic colour display controller C O M P U T E R S 

INCAA b.v. Amersfoortseweg 15, P.O.Box 211,7300 AE Apeldoorn-HOLLAND. Tel. 055-551262. Tlx 49632 incaa nl 

REMAX - Mjrrors for High Power Lasers 
REPOL - Thin Fi lm Polarizers for Lasers 
REPART - Beam Spl i t ters 
REPASS - Long- and Shor tpass Edge Fi l ters 
REMIN - Ant i re f lec t ion Coat ings 
OPTISA - Manufac tures fo l low ing 

Your Requi rements 

OPTISA Ltd 
Gewerbehofs t rasse 11 
CH-2503 Biel, Swi tzer land 

Tel. 032 238623 \ 
Telex 349623 opt i çh 

O P l l S A 

HIGH-FREQUENCY GENERATORS 

HTG 10OO / 0.6 kW, 1.3 kW and 2.5 kW 

• for any kind of inductive heating as brazing, 
soldering, hardening or melting 

• containerless lévitation melting 
• universal application 

• especially suitable for assembly in au tomated 
systems 

• rapid changeable inductor 
• removeable HF-unit up to 2 0 mtrs . 
• compact housing 4 7 0 x 1 6 0 x 4 0 0 m m 

l i 

Heinr ich-Hertz-Platz 1 • D-8459 Hirschbach 1 
Tel . 09665/1721 -3 • Telex 63902 • Telefax 09665/1720 

Your partner for all HF-generators up to 12 kW 
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CERN Review Committee 

The CERN Review Committee, 
under the Chairmanship of Pro­
fessor A. Abraham, is soliciting 
the opinions of all CERN users 
on questions relating to the task 
entrusted to it by the Council. 

For reasons of efficiency, a 
coordinator in each Member 
State has agreed to invite all 
CERN users to write down their 
views, to collect their contribu­
tions and to forward them to 
the Chairman of the Committee, 
with a brief summary of the 
main points, not later than 
15 March. 

The Committee is also pre­
pared to consider any document 
addressed directly to it at CERN 
(c/o Simone Dubois). 

The coordinators are : 

France 
Prof. M. Davier 

Laboratoire de l'Accélérateur 
Linéaire 
Université de Paris-Sud 
Bâtiment 200 
F-91 405 Orsay Cedex 

Dr. R. Turlay 

Département de Physique 
des Particules Elémentaires (DPhPE) 
CEN, Saclay 
B.P. N° 2 
F-91 191 Gif-sur-Yvette Cedex 

Germany 
Prof. H.-E. Stier 

Fakultât fur Physik 
Universitât Freiburg 
Hermann-Herder-Str. 3 
D-7800 Freiburg 

Norway 
Prof. E. Lillestol 

Department of Physics 
University of Bergen 
Allégatan 55 
N-5014 Bergen 

Portugal 
Prof. J. Gago 

Fisica Teorica et Met. Mat 
Inst. Nac. de Invest. Cientifica 
Av. Prof. Gama Pinto 2 
P-1699 Lisbon Codex 

Spain 
Dr. J. A. Rubio 

Junta de Energia Nuclear 
Avenida Complutense 22 
E-Madrid 

Austria 

Dr. W. Majerotto 

Institut fur Hochenergiephysik 
Nikolsdorfergasse 18 
A-1050 Vienna 

Belgium 
Prof. J. Lemonne 

Institut Interuniversitaire 
des Sciences Nucléaires 
5, rue d'Egmont 
B-1050 Brussels 

Denmark 
Prof. O. B. Nielsen 

Niels Bohr Institutet 
Blegdamsvej 17 
DK-2100 Copenhagen 0 

Greece 
Prof. N. Antoniou 

Democritos Nuclear 
Research Centre 
Aghia Paraskevi — Attiki 
GR - Athens 

Italy 
Prof. L. Foa 

INFN - Sezione di Pisa 
Via Livornese 
San Piero a Grado 
1-56 010 Pisa 

Netherlands 
Prof. W. Hoogland 

NIKHEF-H 
P.O. Box 41 882 
NL-1009 DB - Amsterdam 

Switzerland 
Prof. R. Mermod 

Ecole de Physique 
Université de Genève 
Quai Ernest-Ansermet 24 
CH-1205 Geneva 

Sweden 
Prof. P. Carlson 

Department of Physics 
University of Stockholm 
Vanadisvâgen 9 
S-11 346 Stockholm 

United Kingdom 
Prof. R. Devenish 

Department of Nuclear Physics 
University of Oxford 
1 Keble Road 
GB-Oxford 0X1 3NP 
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COLPITT B.V. 
P.O. box 162; 2040 AD Zandvoort 

DAF SPECIAL PRODUCTS 
P.O. box 14; 5600 AA Eindhoven 

ENRAF-NONIUS B.V. 
P.O. box 483; 2600 AL Delft 

FDO - TECHNICAL CONSULTANTS 

Mailing address: 
P.O. box 379,1000 AJ Amsterdam 
Telephone number: 31 -20-262011 
Telex number: 16107 nl 

Specialisms: 
• energy technology, thermal 

analysis 
• design and production technology 
• geometric metrology 
• precision mechanics 
• design, analysis and diagnosis of 

mechanical structures by finite 
element methods 

• materials qualification tests 
• materials research 

GENIUS KLINKENBERG B.V. 
P.O. box 49; 1520 AA Wormerveer 

HAS-NEDERLAND 
P.O. box 8362; 1005 AJ Amsterdam 

HOLLANDSE SIGNAAL APPARATEN B.V. 
VANDERHEEM - ~ 
ELECTRONICS DIVISION " .1. 
P.O. box 16060; 2500 AB The Hague 

HOLVRIEKAIDOB.V. 
P.O. box 44; 7800 AA Emmen 

INCAA COMPUTERS 
P.O. box 211 ; 7300 AE Apeldoorn 

Mailing address: 
Turfkade13, 
7602 PA Almelo 

Telephone number: 31-5490-61864 
Telex number: 44405 nl 

Specialists in design and production 
of custom made containers and 
structures for storage and handling 
of components and parts of it. 

metaalindustne • 
Brummer Almelo bv 
_machinefabriek _ _ _ 

Boessenkool bv 

somson 

SAMSON REGELTECHNIEK B.V. 

Mailing address: 
P.O. box 290,2700 AG Zoetermeer 
Telephone number: 31-79-413344 
Telex number: 31480 nl 
Telefax number: 079-313802 

• control valves, butterfly valves 
• de-superheaters 
• process instrumehtation.._„„... 
• converters, transmitters, 

controllers 
• pressure and temperature 

regulators 

FEENSTRA'S 
TECHNISCHE INDUSTRIE 
DALFSEN 

Mailing address: 
P.O. box 51, 7720 AB Dalfsen 
Telephone number: 31-5293-3344 
Telex number: 42581 nl 
Telefax number: 05293-4158 

• transport equipment and 
machinery for several kinds of 
automation 

• high tech sheet work, 
components, welded steel and 
alloyed steel structures 

• special tools and apparatus for 
windtunnels 

• high precision sheet steel and 
alloyed components e.a. for LEP 

• clean room facilities, ground area 
55 m 2, class 100.000 

TNO ^ 
INSTITUTE OF APPLIED PHYSICS 
Mailing address: 
P.O. box 155,2600 AD Delft 
Telephone number: 31-15-788020 
Telex number: 38091 tpddt nl 

•^design of special purpose 
measuring systems 

• optical instrumentation: design 
and construction of scientific 
instruments wavelength range: 
from infrared to X-ray, including 
synchrotron radiation 

• optical, acoustic and electronic 
sensors 

• image processing 

KELPA CRYOGENICS B.V. 
Koematen 24-26; 8331 TK Steenwijk 

MEKUFA B.V. 
P.O. box7f7680 ÀA Vroomshoop 

NEDERLANDSEIJZER-
CONSTRUCTIEWERKPLAATSEN 
LEMELERVELD 
P.O. Box 7; 8150 AA Lemelerveld 

OOSTENDORP . 
APPARATEN BOUW B.V. 
P.O. box 62; 4000 AB Tiel 
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