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Stockholm revisited 

Stockholm 1984 - Physics Nobel 
prizewinners Carlo Rubbia (left) and Simon 
van der Meer. 

(Photo Dagens Nyheter) 

The Nobel Physics Prize for 1984 
was shared by Carlo Rubbia and 
Simon van der Meer of CERN for 
their decisive contributions to the 
project which led to the discovery 
of the W and Z field particles 
which carry the weak interaction. 
Five years before, Sheldon Gla-
show # Abdus Salam and Steven 
Weinberg had made the same trip 
to receive the prize for their crucial 
roles in piecing together the ele

gant 'electroweak' gauge theory 
which unified weak interactions 
wi th the electromagnetic force and 
predicted just where the W and Z 
particles could be found. 

In December, the three theorists 
returned to Stockholm to partici
pate with the 1984 laureates in a 
specially arranged panel discussion 
for Stockholm students. Introduc
ing the proceedings, Bengt Nagel 
of Stockholm's Royal Institute of 

Technology played an extract f rom 
a recording made in 1979 which 
vividly demonstrated just how un
expected it was at the time that 
the predicted particles would be 
found so soon. Nagel paid tribute 
to the achievements of the CERN 
Collider. 

Seldom have theoretical predic
tions and experimental discoveries 
fol lowed each other so closely in 
the Nobel annals, and Weinberg, 
speaking first, thanked the Nobel 
Physics Prize Committee for 'the 
marvellous idea of inviting back 
the class of 1979 so that they 
could bask in the reflected glory 
of Rubbia and van der Meer'. 

'By the mid-nineteen seventies 
we appeared to have a good un
derstanding of the fundamentals 
of the particles which can be cre
ated in the laboratory,' continued 
Weinberg. 'However this under
standing, as usual in physics, was 
incomplete. There were, and still 
are, a large number of loose ends 
— undetermined parameters whose 
values have to be taken from ex
periment — masses, scales, cou
plings, mixings, etc. In addition 
there was an obvious lack of total 
unification between the different 
sectors — electroweak and strong 
interactions, gravity still left out, 
quarks and leptons treated sepa
rately. 

There has been a tremendous 
effort by theorists throughout the 
wor ld which has proved almost 
entirely frustrating. While our ex
perimental colleagues were going 
ahead and dazzling us with new 
discoveries, we theorists have 
been exploring one new idea after 
another — ideas of remarkable 
beauty and sublety — without the 
slightest success to show for our 
pains. 

For instance there was the effort 
(in which my colleagues Sheldon 
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Steven Weinberg: 'a tremendous effort by 
theorists has proved almost entirely 
frustrating'. 

(Photo CERN 356.12.79) 

Glashow and Abdus Salam parti
cipated very actively) to make a 
grand unified theory to bring to
gether the strong and electroweak 
interactions along the same lines 
as the electroweak unification. 
These grand unified theories led 
to a general expectation of an un
stable proton with a lifetime just 
barely accessible to experiment. 
But so far, to our great sorrow, 
this has not been seen. 

Many alternative models have 
been proposed, but none so far 
have crystallized as candidates for 
the ' true' theory. Despite all this 
theoretical activity, we have vir
tually nothing to show in the way 
of concrete predictions to compare 
wi th experiments. 

Despite the fact that many of 
these new ideas look forward to 
a grand synthesis at extremely 
high energies, I think it is still pos
sible that new things will turn up 

in experiments using current tech
nology, and there are even signs 
of this happening. 

The theorists may have their 
direction set for them by the exper
imentalists. But it is also possible 
that new theoretical ideas will be 
so successful that they will be able 
to explain all the missing numbers.' 

In reply to a question by dis
cussion co-moderator Celia Jarls-
kog on the new drive to link basic 
physics ideas with cosmology, 
Weinberg replied: 'Despite the 
great success in formulating qual
itative solutions to cosmological 
problems, there has not been one 
quantitative prediction to rival, for 
example, the 1960s prediction of 
the helium abundance which gives 
any confidence that these cosmo
logical scenarios have any reality. 

I think the work is fascinating 
(I participated in some of it myself) 
but I don't see any hope that we 

will be able to confirm any of these 
ideas. Unfortunately they do not 
lead to precise quantitative predic
tions because long after its various 
initial phases, the Universe passed 
through a long period of statistical 
equilibrium in which all the interest
ing phenomena of the earlier 
epochs got washed out. In the 
'grand cooking' of the Universe, 
we are now left wi th the final cos
mic 's tew' without any idea of the 
individual ingredients that went 
into it. ' 

Simon van der Meer of CERN 
began by spelling out to the largely 
student audience some 'facts of 
life' about present-day particle 
accelerators. Larger and larger 
such machines are needed to 
probe smaller and smaller consti
tuents of matter. 

'Current thinking has concluded 
that it is no longer useful to use 
fixed target accelerators wi th most 
of the energy lost in hitting the 
stationary target particles. Instead 
the fashion is now colliders, with 
all the energy being effectively 
used. Wi th colliders, people prefer 
to use electrons and positrons 
rather than protons. Proton and 
antiproton collisions are a mess, 
as the particles are full of quarks 
and gluons. The collision energy 
has to be shared between the con
stituent particles, and is effectively 
reduced. 

On the other hand, protons are 
easier to handle in a circular ma
chine, as light particles like elec
trons lose energy by radiation as 
they move in a circle. A t CERN, 
we had the possibility of using 
protons and antiprotons in the 
existing SPS ring. Handling contra-
rotating beams in a single ring this 
way is relatively cheap — much 
cheaper than building a new ring. 
However when we think about 
plans for higher energies in bigger 
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Simon van der Meer — 'our current 
dilemma'. 

rings, are these antiproton meth
ods still useful? 

W e have done it, and it works. 
But only just, and the process is 
difficult and painful. We have to 
collect antiprotons all day long, 
and if the slightest thing happens, 
we lose them and have to start all 
over again. If we build a new ma
chine, I would think it would be 
better to build two rings and han
dle protons. It's easier and more 
reliable, and the price difference 
is not all that big. 

A t CERN, we are now building 
the LEP machine, eventually to 
collide 100 GeV electrons with 
positrons. In the US, the new su
perconducting ring at Fermilab 
accelerates to 800 GeV, and 
1000 GeV (1 TeV) is planned. A 
study is underway for a 20 TeV 
machine, and if the Americans 
build this, then we in Europe are 
in trouble. One plan currently being 
discussed is to use the LEP tunnel 
for a proton ring,.which because 
of its limited size can at most pro
vide about half the energy of the 
new US proposal. However it will 
be much cheaper, and if the US 
community doesn't get the money 
to build the new machine, we in 
Europe will be in a good position. 
That's our current dilemma.' 

Abdus Salam began by acknow
ledging the contributions of the 
1984 laureates and all the other 
people at CERN responsible for 
creating the proton-antiproton Col
lider. 'Van der Meer has talked of 
plans for the immediate future,' he 
continued, 'but I would like to look 
further ahead, in fact to the year 
2006 — my eightieth birthday! 

Theorists look at an energy of 
1 0 1 9 GeV — the so-called 'Planck 
energy' given by the Einstein equa
tions. How are we to get at this 
energy? Present accelerators are 
limited by accelerating fields of 

(Photo CERN 715.1.84) 

about a tenth of a GeV per metre. 
On this basis we can propose ma
chines of 10 4 GeV, but remember 
this figure of 1 0 1 9 G e V . Beat-wave 
laser-plasma accelerators are on 
the horizon and could be a thou
sand times more powerful. Even 
so, 1 0 1 9 GeV is still far away. But 
I am sure that by the year 2006 
there will be newer ideas to ex
ploit. ' 

Then Salam turned to the thorny 
problem of funding. 'We have to 
put a price on our curiosity and 
our search for basic knowledge. 
The usual amount suggested is 
one-tenth of two per cent of the 
gross national product — two per 
cent is the usual overall level of 
expenditure on science and re
search and development. As I 
come from a developing country 
(Pakistan), people ask me how I 
can justify vast expenditures on 
accelerators. My answer is always 

that in our technological society, 
the 'big sciences' are the big spen
ders and will take the place of nu
clear armaments the day these 
stop being made. If our technolog
ical society wants to go forward, 
we will be its benefactors. The 
required level of funding is abso
lutely nothing compared to the 
current investment in nuclear sub
marines, but at the same time the 
support for science is being eroded 
in some countries. I shudder to 
think what this means for the fu
ture.' 

Finally Salam took up his long-
cherished dream of unifying all the 
forces of Nature. 'We do not seem 
to have been fol lowing the right 
path. The proton decay which was 
supposed to show the unification 
of the strong interaction does not 
seem to be materializing. However 
there is the possibility of an incre
dibly beautiful symmetry — the 
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Abdus Salam, seen here at CERN in 1979 
with Leon Van Hove (standing, left) and 
John Adams (right), CERN's Directors 
General at the time. At Stockholm last year, 
Salam paid tribute to their roles in making 
the CERN proton-antiproton Collider 
possible. 

(Photo CERN 361. 10.79) 

MM 

supersymmetry between bosons 
ancLfermions. There is no firm evi
dence for this yet, and if this sym
metry really exists we will only 
know when we theoreticians can 
'gauge' it, and that means the the
ory of supergravity. This means 
that the interactions get mixed up, 
they don' t show themselves neatly 
and individually. 

Going further, to extended super-
gravity, recent work suggested 
that the best dimension for the 
unification was eleven, and this 
eleven-dimensional theory was so 
beautiful that Stephen Hawking 
called it the Theory of Everything 
— TOE. But it didn't work and we 
had to backtrack. 

So we are in the sad situation 
where we have many competing 
theories, but little to show for it. 
The moral is that physics will al
ways be an experimental science, 
and we shall have to keep coming 

back to van der Meer and Rubbia 
and the accelerators.' 

This was underlined by Carlo 
Rubbia. 'It seems clear that present 
day physics is back in the hands • 
of the experimentalists. W e are all 
waiting for a big surprise, we do 
not know from where. 

As mentioned by Simon van der 
Meer, colliding beams — hadrons 
as well as electrons and positrons 
— are taking over from fixed tar
gets. This very important revolu
tion changes the picture of accel
erators very much from when it 
was started fifty years ago by 
Lawrence. 

In parallel, there is a big devel
opment in non-accelerator science. 
Not that long ago, it seemed that 
the only way to become famous 
was to have your own accelerator. 
Now there are ways of becoming 
famous without one. 

There are two classes of such 

experiments — one looking for 
very small masses, neutrino mass 
or oscillations, and at the other 
and of the scale the proton decay 
experiments looking for effects of 
very big masses. The search for 
proton decay is still going on and 
there are great chances of finding 
it, if it is there, in the next few 
years. 

In the accelerator field, we do 
not really know where new sur
prises are going to turn up. To me 
it is not obvious that we have to 
build new machines a hundred 
times more powerful than present 
colliders. New physics could be 
closer than we think. Already some 
glimpses of evidence at the CERN 
Collider suggest new things which 
are not completely understood 
(see May 1984 issue, page 139). 

Remember the case of the J/ps i . 
A t the time the CERN Intersecting 
Storage Rings were operating at 
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Carlo Rubbia: 'new physics could be closer 
than we think'. 

(Photo CERN 63.8.83) 

about 60 GeV and the new particle 
had an energy of only 3 GeV. So 
it was not just a question of ma
chine energy. It was discovered 
by looking more carefully at what 
had gone before. 

The discovery of the W and Z 
particles brings in new mass 
scales, just as the discovery of the 
pion did. But when the pion was 
discovered, nobody suspected the 
wealth of new resonance states 
that would turn up. Likewise, we 
have no idea what the W s can do 
when they get close to each other. 
What is the interaction of W s like? 
There are lots of theories wi th lots 
of answers, but as an experimen
talist I would like to see what any 
new spectroscopy looks like. This 
is an open experimental question 
and the only way to solve such 
questions is by more careful and 
more experiments.' 

The final speaker, Sheldon Gla-

show, paid a tribute to the CERN 
Collider. 'Few of us believed that 
this machine would work so well 
and would find not just the W and 
Z but the top quark as well. It is 
a miracle.' 

'There have been attempts to 
find surprises outside the high en
ergy domain, ' he continued. 'Free 
quarks, magnetic monopoles, neu
trino masses and proton decay, 
and for a brief period I thought this 
was the direction to go. But it 
seems not to be the case. The 
surprises are coming from high 
energy physics and despite their 
modesty Carlo Rubbia and Simon 
van der Meer are sitting on a 
bomb. ' 

Glashow then adopted a more 
philosophical viewpoint. There 

Sheldon Glashow: upwards and downwards 
paths. 

(Photo CERN 327.12.79) 
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L3 — experiment for LEP 

are t w o very distinct approaches 
to the mysteries of elementary 
particle physics. I call them the 
upwards path and the downwards 
path. Abdus Salam and Steven 
Weinberg, for example, fo l low the 
latter — starting f rom some brilliant 
idea, like the Einstein approach, 
one attempts to go f rom a theory 
of everything to the mundane silly 
little effects seen at accelerators. 
This downwards path is a difficult 
one which began wi th Einstein's 
brilliant discovery of general rela
tivity in 1917 and has continued 
downhil l ever since! 

The upwards path is a dirtier 
business. We listen to our exper
imental colleagues and try to glean 
little bits and pieces that do not 
fit into our standard and arrogant 
picture of the universe. 

As my theoretical colleagues 
have already said, the downwards 
path is not getting very far. But 
the upwards path is not getting 
very far either! 

Simon van der Meer spoke about 
international competit ion in high 
energy physics. I don't think we 
should regard this as competit ion 
any more. It was when it was 
cheap, but today it has become 
very much more expensive. I hope 
that what has been an active com
petition in the past will evolve into 
a fruitful collaboration. The success 
of CERN — a collaboration of 
13 nations — will be usefully ex
panded. Let me say today, to be 
rebroadcast in five years, that this 
Nobel Prize, awarded to these dis
tinguished and very deserving Eu
ropeans, will mark the beginning 
of a high energy physics collabo
ration with the other countries of 
the wor ld . ' 

Overall layout of the L3 experiment for the 
LEP electron-positron collider now under 
construction at CERN. 

To conclude our series of articles 
on the four big experiments for 
the giant LEP electron-positron 
now being built at CERN, we turn 
to the L3 study. (The other three 
experiments are DELPHI — see 
July/August 1984 issue, page 
227 , ALEPH - see September 
1984 issue, page 269 , and OPAL 
— see November 1984 issue, page 
375.) 

While the other three experi
ments have concocted fancy acro
nyms, the title L3 simply stems 
from the fact it was the third letter 
of intent to be received back in 
1982 when ideas for LEP experi
ments were first tabled. However 
the modest label is no reflection 
on the experiment's ambitions, 
and L3 head Sam Ting is still 
looking for a suitable name'for his 
experiment. 

Our understanding of the funda
mental forces of Nature leans on 

t w o basic pillars, gauge invariance 
and the mechanism of spontaneous 
symmetry breaking. Gauge invar
iance, which provides the field the
ories to describe electromagne-
t ism, the electroweak unification 
and inter-quark forces, is now well 
understood. 

However spontaneous symmetry 
breaking, which provides for exam
ple the mass scales of the elec
troweak theory, is on less sure 
ground. Underlying this mechanism 
are new particles, yet to reveal 
themselves — the 'Higgs' bosons. 
There are no clear-cut predictions 
of where these objects will be 
found (unlike the very precise pre
dictions for the W and Z gauge 
particles). To uncover signs of 
these particles at LEP will require 
precise measurements of relatively 
rare processes. L3 has been de
signed wi th this firmly in mind. An 
additional aim is to carry out pre-
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General view of the winding workshop at 
CERN for the big L3 magnet coil. 
The coil half-turns are electron beam welded 
on the table in the foreground. A third of 
the coil has already been completed. 

(Photo CERN 798.5.84) 

cise measurements of the standard 
electroweak sector. All this will 
require in-depth analysis of 'miss
ing mass' — energy carried off by 
invisible particles like neutrinos — 
and detailed spectroscopy of the 
produced clusters ('jets') of elec
trons, muons, photons and ha-
drons. 

The L3 collaboration includes 
Lund f rom Sweden, Siegen and 
Aachen from West Germany, 
Zeuthen from East Germany, Buda
pest f rom Hungary, NIKHEF from 
the Netherlands, ITEP Moscow 
from the USSR, ETH Zurich, Gen
eva, Lausanne and CERN from 
Switzerland, Annecy and Lyon 
f rom France, Florence, Rome and 
Naples f rom Italy, Madrid f rom 
Spain, Bombay from India, Beijing 
and Hofei f rom China, and a big 
US contingent — Caltech, Carne
gie-Mellon, Harvard, Johns Hop
kins, Honolulu, Michigan, MIT, 
Northeastern, Oklahoma, Ohio 
State, Princeton, Rutgers and Yale. 
Involving some 400 scientists, it 
is the first major physics collabo
ration involving Western Europe, 
the USSR, the USA and the Peo
ple's Republic of China. 

The detector features a large 
magnetic hall enclosing an easily 
modifiable central detector, wi th 
physics objectives extending 
beyond those of the initial phase 
of LEP running (collision energies 
of around 100 GeV). The design 
places great emphasis on high pre
cision (one per cent) measurement 
of photon, electron and muon 
momenta, together wi th good re
solution of hadron jets and precise 
information from the interaction 
vertex. 

To be installed 50 m below 
ground, the detector will be en
closed in a 8000 ton solenoid, 
15.6 m high and 13.6 m long, pro
viding a central field of 0.5 t. A t 

the centre of this magnetic 'cave' 
will be the vertex detector, a 'Time 
Expansion Chamber' (TEC) extend
ing 50 cm radially from the inter
action point and providing high 
spatial and track separation reso
lution. 

Surrounding the vertex detector 
will be another novel feature — an 
electromagnetic calorimeter con
sisting of a cylindrical array of 
12 0 0 0 crystals of bismuth ger
manium oxide (BGO), read out by 
photodiodes insensitive to mag
netic fields. The raw material for 
the 10 tons of BGO comes f rom 
the Soviet Union and is sent to 
CERN prior to shipment to China, 
where it is made into crystals at 
the Shanghai Institute of Ceramics. 

The electromagnetic calorimeter 
will be fol lowed in turn by the 400 -
ton hadron calorimeter, and a 
muon spectrometer arranged in 
three layers. 

The inner detector will be sup
ported by an adjustable octagonal 
tube, 50 mm thick and weighing 
170 tons, concentric wi th the 
beamline and extending almost the 
length of the experimental hall. In 
this way the detector components 
can be moved independent of the 
outer magnet structure. 

The large hadron calorimeter, 
housed inside the support tube, 
will be sectioned to allow access 
to the BGO and vertex chamber 
within. The muon chambers will 
be supported outside the tube, 
and the detector will be completed 
wi th hadron endcaps and wi th for
ward detectors for t w o photon 
physics and for luminosity 
measurements. 

Responsibility for the big magnet 
and the experimental area is shared 
by CERN, ETH Zurich, ITEP Mos
cow and MIT. The 168 turns of 
the magnet coil are being electron 
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L3 muon chamber manufacture underway 
at Harvard. Tests have shown that a 
completed octant can provide muon pair 
mass resolution of one per cent at the 
Z° mass. 

welded from heat treated Anticor-
odal 4 1 , offering better mechanical 
strength than pure aluminium wi th 
only marginally less conductivity. 
Its rated current is 30 kA, and the 
4 M W of generated heat will be 
removed by water cooling. 

The coil will be mounted in a 
frame built of Soviet steel using 
an ingenious modular construction 
method. As well as increasing the 
field homogeneity, the steel frame 
will boost the magnetic field itself 
by 30 per cent. One third of the 
coil has already been completed 
at CERN, and the delivery of the 
Soviet steel runs according to 
schedule. 

Great emphasis is placed on 
muon detection. Built by a NIKHEF, 
Madrid, ETH Zurich, Harvard, 
Johns Hopkins, MIT, Northeastern, 
Rutgers and Yale team, the large 
radial space between the solenoid 
and the hadron calorimeter will 
handle muon pair masses up to 
160 GeV (good enough for a future 
hadron collider in the LEP tunnel). 
Filling such a large space wi th one 
big chamber poses obvious diffi
culties, and the detector will rely 
instead on three separate layers 
(16, 24 and 16 wires) sampling 
the muon tracks. This clustering 
in fact should give better intrinsic 
resolution than one big chamber 
wi th 56 uniformly spaced wires. 

Each muon chamber will contain 
some 6 0 0 0 crossed field and 
sense wires. The muon chamber 
assembly will be supported on a 
large 'Ferris Wheel ' structure. One 
octant of the muon chamber has 
been completed and calibration 
wi th ultra-violet lasers promises a 
muon pair mass resolution of one 
per cent at the Z° mass. 

The hadron calorimeter is the 
responsibility of an Aachen / 
Florence / ITEP Moscow / Michi
gan / Rome / Bombay / ETH Zu

rich — EIR (see below) team. Ha
dron events are expected to make 
up about three quarters of electron-
positron annihilations with LEP 
tuned to the Z° energy. As well 
as measuring total energy 
deposited, the calorimeter will give 
the direction of energy f low (very 
important for jet physics) and help 
wi th muon identification. 

The octagonal barrel calorimeter 
(inner radius 87 cm and outer 

radius 213 cm) and endcaps will 
be built f rom some 400 tons of 
copper and uranium absorbers, 
interspersed wi th proportional 
tubes. The barrel structure will be 
grouped into cellular towers con
taining precision uranium plates 
provided by the Soviet Union and 
chambers developed at the Univer
sity of Michigan. The whole struc
ture will be assembled at the Swiss 
Federal Institute for Reactor 
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24 cm-long BGO crystals for the L3 
electromagnetic calorimeter. L3's BGO 
needs mass production methods. 

Expansion Chamber' (TEC) solution 
has been adopted to provide pre
cision lifetime measurements, to 
measure charges and multiplicities, 
to distinguish between particle 
types and to reconstruct charged 
particle momenta. 

The cylindrical TEC will have 
alternate low field 'drift ' segments, 
electrostatically isolated by fine 
grids f rom the neighbouring high 
field 'detection gap' segments. 
The potential between the cathode 
and the grid determines the veloc
ity of ionization in the drift region 
(some 5 microns/sec). Thus 
clusters of electrons drift relatively 
slowly to the grid, where they 
cross into the detection gap (where 
drift velocity increases to about 
50 microns/sec) and are multiplied 
at the anode. 

In a conventional drift chamber, 
the drift t ime is measured from the 
edge of the anode signal (the first 

Research (Eidgenossisches Institut 
fur Reaktorforschung — EIR). 

The design of the detector 
places severe constraints on the 
electromagnetic calorimeter, which 
nevertheless must ensure good 
energy resolution over a wide 
range of electron and photon ener
gies, good angular resolution for 
photons down to 50 MeV, efficient 
rejection of hadrons, and good 
separation of electromagnetic 
showers. 

BGO's high absorbency relative 
to other scintillating materials (lead 
glass, sodium iodide) offers a more 
compact detector, so leaving 
ample radial space for muon detec
t ion. BGO was first exploited as a 
substitute for sodium iodide in 
X-ray tomography, and has since 
been used in positron emission 
tomographs, in nuclear physics, 
and in space experiments. As well 
as having high stopping power it 

is non-hygroscopic. 
However it is conventionally 

expensive, and a big programme 
has been launched to manufacture 
the material cheaply in the required 
quantities. Mass production of 
BGO crystals has already begun 
at the Shanghai Institute of Ceram
ics. Tests indicate that the material 
has a resolution comparable wi th 
sodium iodide. BGO readout elec
tronics is the responsibility of Lyon 
and Princeton and is progressing 
well . Mass production should begin 
later this year. 

Participating in the electromag
netic calorimeter work are Aachen, 
Annecy, Beijing, Budapest, Caltech, 
Carnegie-Mellon, CERN, Geneva, 
Hofei, Lausanne, Lyon, Madrid, 
Munich, Moscow, NIKHEF, Prince
ton and Rome. 

Inside the electromagnetic calo
rimeter will be the 100 cm dia
meter vertex chamber. A T i m e 
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BGO manufacture at the Shanghai Institute 
of Ceramics. 

electrons to arrive). However in 
the TEC, the anode signal will be 
serially digitized (100 MHz flash 
analog-digital converters) and 
stored in memory to provide a 
profile of the entire electron signal. 
Many prototype chambers have 
been developed by ETH Zurich and 
III Physical Institute, Aachen. Tests 
on a 40 by 40 cm chamber in an 
electron beam at DESY in Hamburg 
shows that this type of chamber 
will provide single track resolution 
of 25-30 microns and double track 
resolution of 220 microns. 
Construction of the final chamber 
should begin soon. Participating 
in the TEC project are Aachen, 
MIT, Ohio, CERN, Lund, Oklahoma, 
Siegen, Zeuthen and Zurich. 

Close to the beam pipe on either 
side, two forward pairs of BGO 
electromagnetic calorimeters, pre
ceded by proportional chambers, 
will be installed for two-photon 
physics .by Carnegie-Mellon, CERN 
and Hofei. 

The data acquisition system, 
strobed by the beam crossing sig
nal, has to handle high event rates 
and about 100 Kbytes of informa
tion for each collected event. An 
initial selection will be based on a 
fast trigger using look-up tables 
and fast ADCs. The next level of 
triggering will carry on where this 
left off, providing more complete 
information (so that for instance 
a charged particle trigger will have 
access to information from all the 
vertex chamber wires). Subsequent 
software programmable trigger 
processors will correlate informa
tion coming in f rom all over the 
detector. 

Before being passed on to the 

Tests of a prototype of the L3 vertex 
chamber ('Time Expansion Chamber') in 
an electron beam at DESY. Construction 
of the final 100 cm diameter chamber will 
begin soon. 

56 CERN Courier, March 1985 



First neutrons 
from new machine 

experiment's on-line computer and 
wri t ten to tape, the incoming data 
will be sifted by a final trigger using 
emulators to carry out such jobs 
as track finding and coordinate 
calculations. 

While the L3 design leans heavily 
on past experience, the same 
experience also shows that physics 
isn't always predictable. Thus a 
flexible design, permitting rapid 
modification and evolution, as well 
as precision measurements, could 
pay dividends in this unexplored 
area of physics. 

Goal! Rejoicing in the control room as the 
first protons hit the neutron production 
target of the UK Rutherford Appleton 
Laboratory's new Spallation Neutron Source 
- SNS. 

(Photo Rutherford Appleton) 
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It was the culmination of an intense 
year of construction and commis
sioning when on 16 December the 
first neutron beams were obtained 
f rom the UK Rutherford Appleton 
Laboratory's new Spallation Neu
tron Source (SNS), and for the first 
t ime since 6 June 1978, when the 
Nimrod proton synchrotron was 
closed down, the Laboratory was 
back in the business of providing 
particle beams from an accelerator. 

In 1976, wi th the decision to 
close down all home-based high 
energy physics research in the UK 
in favour of an increased commit
ment to CERN and other large Lab
oratories overseas, an ambitious 
plan was put forward to convert 
the Nimrod complex into a neutron 
source for other kinds of physics. 

Nimrod, the last weak focusing 
proton machine to be built, pro
vided its first 7 GeV proton beam 
in 1963 and provided the research 

fuel for several generations of UK 
particle physicists. Wi th the deci
sion to build the SNS, the task 
was to transform the existing facil
ity into a high repetition rate, high 
intensity machine furnishing the 
protons to bombard a neutron pro
duction target. As well as equip
ment f rom Nimrod, the SNS syn
chrotron also makes use of compo
nents f rom the old NINA electron 
machine at Daresbury, closed 
down in 1977. 

The SNS synchrotron reached 
550 MeV last June using four of 
the eventual six radiofrequency 
cavities which will take the proton 
energy to 800 MeV (see Septem
ber 1984 issue, page 289). During 
commissioning t ime, limited to a 
few days because construction is 
still proceeding, close to ten per 
cent of the final design perfor
mance of 2.5 x 1 0 1 3 protons per 
pulse (ppp) has been accelerated 



The shape of things to come. The neutron 
diffraction patterns of a pyrolytic single 
crystal and nickel oxide powder 
simultaneously measured on one of the 
40 detector rings of the 96 m High 
Resolution Powder Diffractometer at the 
SNS, displaying the high resolution and low 
background given by this instrument. 

to 550 MeV. 20 per cent of the 
design performance has been in
jected and circulated at 70 MeV. 
This should be sufficient to give a 
greater percentage of the design 
accelerated intensity. 

A t the end of September a fur
ther milestone was reached. Pro
tons were extracted at the 1 0 1 2 

ppp level upwards into a beam 
dump in the synchrotron room. 
The extraction system uses three 
kicker magnets, all slightly differ
ent, but approximately 0.6 m long 
and having an aperture 170 mm 
square and giving a total vertical 
deflection of 14 mrad. The rise 
time is 200 ns, this being the time 
between the t w o bunches in the 
SNS. In the same straight section 
is a 1.8 m magnet wi th 10 mm 
septum giving 21° upward deflec
t ion. During the September run the 
beam also passed through the 
magnet which turns the beam hori

zontal above the synchrotron and 
through t w o horizontal bending 
magnets to a 2 m graphite beam 
stop. No beam loss was detected 
during this extraction process. 

All commissioning work so far 
has been done at one pulse per 
second rather than the design f ig
ure of 50 Hz to minimize activation 
of components. The design perfor
mance of 800 MeV, 200 microamp 
mean current (160 kW of power 
in the beam) leads to the require
ment for good diagnostics in the 
synchrotron to minimize beam loss 
to at most the one per cent level 
calculated to allow conventional 
maintenance techniques. A start 
has been made on commissioning 
the diagnostics. Beam intensity, 
beam profile, transversely and lon
gitudinally, and closed orbit have 
been measured. It is noticeable 
that the ' raw' betatron Q-values 
coming f rom the main quadrupoles 

and dipoles being in series have 
given good injection and 
acceleration intensities at this early 
stage. Q-values have not been 
tuned using the trim quadrupoles 
— indeed they have not even been 
measured. 

After commissioning the beam 
extraction system, the next task 
was installation of the extracted 
proton beam, the target station 
and the neutron beamlines. The 
extracted proton beam is about 
150 m long and contains some 65 
magnets — all except one, includ
ing their power supplies, being 
salvaged f rom the Nimrod and 
NINA installations, but requiring 
refurbishing. The extracted beam 
caters also for an intermediate 
transmission target 20 m upstream 
of the neutron target for producing 
muons for the first stage of the 
muon spin rotation and resonance 
project which will be funded by the 
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EEC, France and West Germany. 
Early on Sunday 16 December, 

protons were taken to this inter
mediate target position into a 2 m 
graphite beam dump, and the very 
first pulse was seen on a scintilla
tor on the target. Meanwhile the 
target station shielding had been 
completed to the stage where pro
tons at low intensity could be 
focussed by the last six extraction 
line quadrupoles onto the neutron 
production target. This was the 
first of the full specification targets, 
wi th its uranium plates encased in 
zircaloy, together wi th all its cool
ing manifolds and connections and 
temperature monitoring. For the 
run the heavy water coolant was 
static, not circulating. The t w o 
ambient temperature moderators 
were installed and filled. In addi
t ion, the methane moderator was 
working with methane circulating 
at 100 K from its refrigerator 
through its 16 m-long transfer line, 
and the hydrogen moderator sys

tem, which previously had been 
successfully tested off-line, had 
been stripped and reinstalled in its 
final position. The moderator was 
filled and working at 25 K. This 
fed neutrons to the spectrometer 
built and installed by the Bhabha 
Institute of Trombay, India. The 
reflector vessels containing beryl
lium rods were filled with static 
heavy water. The 90-ton steel 
door, which completes the target 
shielding and is part of the train 
which carries all of the maze of 
room temperature and cryogenic 
cooling systems, was pushed into 
position. Six neutron holes in the 
4.3 m thick shielding enclosure 
were open. 

That evening, the beam dump 
at the intermediate target position 
was lowered and Laboratory Direc
tor Geoff Manning counted down 
to 'beam on ' . Resounding cheers 
told that the operation was a 
success. 

There was some checking and 

setting up of the equipment on the 
six neutron holes fol lowed by a 
three-hour run. Neutron spectra 
and intensities were measured for 
each of the moderators. All were 
found to confirm the design per
formance. One of the spectromet
ers was 100 m away from the tar
get, its particles coming through 
a neutron guide which also worked 
according to expectation. The 
time-of-fl ight and data collection 
electronics worked well together 
wi th the software, and a powder 
spectrum was taken as a demon
stration that all was well. 

Following this initial success, a 
scientific programme of neutron 
scattering at about ten per cent of 
the machine's ultimate perfor
mance level is scheduled for Apri l . 
The Laboratory looks forward with 
pleasure to being once more the 
home of an accelerator-based 
research programme. 

(From David A. Gray) 

Around the Laboratories 

FERMILAB 
Accelerator back on 

Throughout the end of last summer 
and the fall the Fermilab accelerator 
was down for improvement and 
maintenance. An enormous num
ber of elements were installed and 
the accelerator has now operated 
once again at 800 GeV. 

The most spectacular change 
involved the old Main Ring (con
ventional magnets) rather than the 

superconducting Doubler ring. 
There an overpass was installed 
at the DO straight section, raising 
the accelerator six feet above the 
median plane of the Tevatron and 
slightly inside the normal radius. 
This striking deformation to a con
ventional circular accelerator takes 
the main ring by the DO detector. 
Beam has now been accelerated 
to 150 GeV through the bypass. 
This success as part of the Teva
tron project is reassuring, particu
larly in light of the large bypass 
that will be installed later near the 

BO Collider Detector. (The decision 
to go ahead wi th the DO detector 
was taken last year — see May 
1984 issue, page 147. This will 
complement the big BO colliding 
beams detector — see January/Fe
bruary 1984 issue, page 11.) 

Almost as spectacular was the 
operation to improve the lead 
restraints on a fair fraction of the 
Doubler magnets. A quarter of 
these magnets had to be moved 
into the tunnel aisle to carry out 
the operation. The smooth turn-on 
to 800 GeV attests to the effi-
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Construction of the Fermilab collider 
detector at the BO pit. The superconducting 
solenoid (practically invisible) was placed 
between the magnet end walls several 
weeks before. 

(Photos Fermilab) 

ciency of the modification. 
A great deal of Tevatron pro

gress has been made elsewhere. 
The Main Ring tunnel was enlarged 
at F18 and the pretarget hall was 
built to handle extraction and injec
tion lines to the Ant iproton Source. 
The radiofrequency building was 
also enlarged. The Booster com
plex was modified to install a 
beamline f rom the Booster tunnel 
to the Debuncher. Trim magnets 
for antiproton extraction and kicker 
magnets were also installed. More 
than 200 quadrupoles have been 
installed in the antiproton source. 
Recently the first dipole was in
stalled in the debuncher. 

Elsewhere, the Main Ring com
puter control system was switched 
to a VAX , the electronics for the 
entire Main Ring beam position 
monitoring system were replaced, 
and new magnets and power sup
plies were installed in the swi tch
yard to prepare for fast extraction. 
The Main Ring cooling system was 
completely overhauled, including 
the replacement of 24 old 200-hp 
pumps with more efficient 50-hp 
ones. 

Meanwhile the gigantic magnet 
end walls for the BO collider detec
tor have been raised to an upright 
position in the BO assembly build
ing pit, and the magnet yoke and 
some of the calorimetry modules 
have been assembled around them. 
Each end wall weighs 230 tons. 
The superconducting solenoid built 
by Hitachi has been placed in the 
interior of the detector. 

Fermilab Main Ring bypass at DO, the 
eventual site of the second detector to 
monitor high energy proton-antiproton 
collisions. The Main Ring (conventional 
magnets — above) is elevated and slightly 
inside the ordinary ring configuration. The 
magnet in the photograph is also rotated 
to give both a horizontal and vertical 
deflection. Below are the superconducting 
magnets of the Doubler ring. 
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Diagram of the electron cooling system for 
the LEAR Low Energy Antiproton Ring at 
CERN. 

CONFERENCE 
Electron cooling 

ECOOL 84 , held at the Kernfor-
schungszentrum Karlsruhe (KfK) 
last year, was the first international 
meeting on electron cooling and 
related applications and reflected 
the increasing interest in this area 
of particle beam physics. 

It is almost twenty years since 
the first ideas on electron cooling 
came from Gersh Budker's team 
at Novosibirsk in connection wi th 
a proposal for a proton-antiproton 
storage ring. The idea was to run 
an electron beam along the anti-
proton beam, continually refreshing 
the electrons so that the collisions 
between the particles in the t w o 
beams would reduce the momen
tum spread and divergence of the 
antiprotons, giving a tighter, better-
defined beam. 

In 1974, trial? by the team of 
Budker and A. N. Skrinsky at Novo
sibirsk demonstrated electron cool
ing in the small NAP-M storage 
ring. The technique was subse
quently tried out at CERN and 
Fermilab in the quest to develop 
high energy proton-antiproton col
liders. 

However attention turned to the 
technique of stochastic cooling 
invented by Simon van der Meer 
at CERN. This provided the crucial 
tool which made possible the CERN 
proton-antiproton Collider and the 
dramatic physics achievements 
which earned the 1984 Nobel 
Physics Prize for van der Meer and 
Carlo Rubbia. 

As well as being used in gener
ating the high energy beams of 
antiprotons for the CERN Collider, 
stochastic cooling also plays a 
vital role in providing the beams 
for CERN's LEAR Low Energy Ant i -

proton Ring. After an initial decel
eration to 600 MeV/c momentum 
in the Proton Synchrotron, the 
beams eventually can be taken 
down to 100 MeV/c (just 5 MeV 
antiproton kinetic energy!) by 
LEAR's own decelerating system. 

However LEAR's physicists are 
looking for increased versatility, 
wi th internal targets and even low
er antiproton energies, and electron 
cooling is seen as providing the 
ideal complement for the existing 
stochastic cooling system. LEAR's 
first electron cooling system, joint
ly developed by CERN and KfK, 
will soon be tested. 

In addition to LEAR at CERN, 
small rings using electron cooling 
are planned or under construction 
at Indiana in the US, at Uppsala 
(the CELSIUS ring using magnets 
f rom the ICE — Initial Cooling Ex
periment — project at CERN) and 
possibly Stockholm in Sweden, at 

Julich, Darmstadt and Heidelberg 
in West Germany, at Aarhus in 
Denmark, and at the Institute for 
Nuclear Studies (TARN II) in Tokyo. 
These projects cover devices oper
ating from a few hundred eV to a 
few hundred keV to cool all man
ner of ions. 

Thus ECOOL 84 attracted a wide 
audience and some hundred phys
icists participated. As well as sum
marizing the present status of the 
technique, the meeting went on 
to cover ongoing work — perfor
mance limits, new methods and 
applications in other fields of 
physics. 

The scientific business started 
wi th an introduction to electron 
cooling theory by Alan Sorensen 
f rom Aarhus, fol lowed by reviews 
of previous electron cooling exper
iments and talks on electron cool
ing applications at low and high 
(up to hundreds of GeV) energy. 
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Then came presentations on 
current projects in Europe, the US, 
the USSR and Japan. A topic of 
much discussion was the intra-
beam scattering which counteracts 
cooling, especially for intense 
beams. This discussion was further 
stimulated by the news f rom Novo
sibirsk (presented by V. Parkhom-
chuk and D. Pestrikov) that cooling 
had been perfected to the extent 
that virtually all longitudinal mo
mentum spread in a proton beam 
had been destroyed, thus sup
pressing intrabeam scattering. In 
such beams, the particles become 
strung out in an equally spaced 
(few microns) chain, like a row of 
beads. 

Beams cooled by electrons offer 
interesting possibilities for atomic 
physics, exploiting for instance 
electron capture by very slowly 
moving ions and subsequent 
atomic effects. 

All this and much more was cov
ered in the meeting, which also 
featured a round-table discussion 
on controversial matters between 
F. Mills of Fermilab, H. Herr and 
J. S. Bell f rom CERN, Parkhomchuk 
and Pestrikov from Novosibirsk, 
and F. Krienen, now at Stanford. 
Fred Mills also gave the concluding 
talk, summarizing what had been 
covered in the previous three days. 

Full marks to the Karslruhe or
ganizing committee under the chair
manship of Helmut Poth for a t ime
ly meeting which provided a valu
able impetus to electron cooling 
at a time when it is changing from 

Together at last year's ECOOL electron 
cooling meeting at Kernforschungszentrum 
Karlsruhe (KfK), left to right H. Poth (KfK), 
F. Mills (Fermilab), A. Citron (head of KfK 
Nuclear Physics Institute), and D. A/lohl of 
CERN. The ECOOL International Advisory 
Committee was made up of Poth, Mills and 
Mohl together with A.N. Skrinsky of 
Novosibirsk, who was not able to attend 
the meeting. 

a scientific curiosity to a widely 
exploited technique. The Proceed
ings will shortly appear as KfK 
Report 3846 (Documentation Of
fice, KfK, Postfach 3640 , 7500 
Karlsruhe 1, West Germany). The 
next electron cooling conference 
will surely have many more work
ing projects to review. 

(Information from Helmut Poth) 

DESY 
Theory Workshop 

Held during the Tes twoche ' which 
marked the 25th anniversary of 
the German DESY Laboratory last 
year, the traditional DESY Theory 
Workshop concentrated on weak 
interactions of heavy quarks and 
on non-standard models for weak 
interactions, together with a pro
gress report on lattice gauge the
ories with fermions. The organizing 
committee (H. Fritzsch, F. Gutbrod, 
D. Haidt, H. Lehmann, D. Schild-
knecht) had invited eleven lecturers 
to present experiments and theo
retical ideas in these fields. Also 
many short communications con
tributed interesting material. 

After presentations of results 
on heavy particles (carrying the 
beauty quantum number), C. Jarls-
kog (Bergen / Stockholm) gave a 
comprehensive review of our pre
sent knowledge on the question 
of how the three known quark 
families mix. The pattern of quark 
mixing has been pinned down 
tightly. While the mixing of the 
first and second family is fixed by 
the sine of the famous Cabibbo 
angle (0.23), the mixing between 
the second and third family is of 
the order of its square and the 
mixing between the first and the 
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third is at most of the order of its 
cube. 

The weak decays provide a valu
able filter for heavy quarks in elec
tron-positron jets, especially when 
several jet variables are analysed 
in conjunction. As R. Marshall 
(Rutherford) showed, a consistent 
picture for heavy quark fragmenta
tion has emerged. The axial charge 
of the b-quark can well be meas
ured due to the asymmetric angular 
distribution with respect to the 
beam axis. It agrees with the 
standard model predictions. 

The ARGUS Collaboration work
ing at the DORIS II ring at DESY 
was represented by J. Stiewe (Hei
delberg). He showed, among many 
other results, evidence for the F* 
(charmed, strange) meson at a 
mass of 2114 MeV. Also five good 
candidates for antideuterons have 
been observed, the rate being qual
itatively in accordance wi th ther

modynamic expectations. 
B. Stech (Heidelberg) devoted 

the main part of his talk to weak 
decays of heavy mesons. He was 
able to describe successfully the 
bulk of non-leptonic two-body 
decay data. Furthermore he dis
cussed possible relations between 
quark masses, mixing and charge 
conjugation/parity (CP) noninvari-
ance. 

S. Nussinov (Tel-Aviv) reviewed 
various methods to derive mass 
inequalities. Partially motivated by 
potential-like models, many mass 
inequalities have been obtained in 
lattice quantum chromodynamics, 
using various levels of rigour. 

Although the standard electro
weak model seems to work beau
tifully, there are good reasons to 
go beyond it, as D. Schildkhecht 
(Bielefeld) emphasized. One way 
is to consider the W and Z parti
cles as composites, which naturally 

leads to departures from the stand
ard model. These ideas predict a 
rich spectrum of heavy particles 
in the 200 GeV range, and conse
quently many unusual events in 
high energy collisions. 

J . Kogut (Urbana) reported on 
attempts to describe fermions by 
lattice theories, where progress is 
being made. 

Several unexpected experimental 
findings were presented by 
T. Walsh (Minnesota) in his talk 
on exotic particles (with masses 
below 1 TeV), in particular Z de
cays accompanied by photons, 
anomalous jets from the CERN 
Collider, etc., which are the source 
of much speculation. 

In the concluding lecture M. Pes-
kin (SLAC) explained present think
ing on the Higgs particle. Several 
ideas give limits or suggest ranges 
for its mass, giving many options 
for experimental searches. The 
zeta particle at 8.3 GeV (see Sep
tember 1984 issue, page 266) did 
not fit easily into the expectations 
for a Higgs particle, and now is no 
longer healthy. Perhaps we will 
have to wait some time for the 
discovery of the Higgs particle, 
wi th its central role for mass gen
eration. 

(From Fritz Gutbrod and Harry 
Lehmann) 

Left, E. Lohrmann (Hamburg) and R. Dalitz 
(Oxford) at last year's Theory Workshop 
at the German DESY Laboratory in Hamburg. 

(Photo DESY) 
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People and things 

Friends and colleagues of theoretician 
Geoffrey Chew gathered at Berkeley recently 
for a Vubilee' honouring his 60th birthday. 
His name is intimately associated with the 
great advances in Reqge pole theory and 
the 'bootstrap' idea in the sixties. 

ICFA panels 

The main decisions taken at the 
eleventh meeting of the Inter
national Committee for Future Ac
celerators (ICFA) — held last Octo
ber at the Leningrad Institute of 
Nuclear Physics, Gatchina — con
cerned the setting up of the four 
international panels which were 
proposed and agreed at the ICFA 
Seminar held at the Japanese KEK 
Laboratory earlier in the year (see 
October 1984 issue, page 319). 

The panels and their Chairmen 
are: Superconducting Magnets and 
Cryogenics (G. Brianti — CERN), 
Beam Dynamics (H. Dikansky — 
Novosibirsk), New Accelerator 
Schemes (A. Sessler — Berkeley), 
and Instrumentation (T. Ekelof — 
Uppsala). The main task of these 
panels is to encourage the ex
change of information and to coor-

Klaus Winter extravagently baptizes a 
module for the new CHARM II neutrino 
experiment at the CERN 450 GeV Super 
Proton Synchrotron. Following the 
impressive contributions of the initial SPS 
neutrino experiments, CHARM II heralds a 
new generation of high energy neutrino 
studies. 

(Photo CERN 439.11.84) 

dinate activities such as the ex
change of personnel and/or equip
ment amongst the various partici
pating regions. They will meet at 
least once a year, and the Chair
men will report to ICFA once a 
year. It is hoped that the Chairmen 
will be able to submit preliminary 
draft programmes at the next ICFA 
meeting, to be held at the Tata 
Institute, Bombay, in April. 

On people 

In the UK New Year's Honours List, 
Chairman of the UK Science and 
Engineering Research Council 
Professor John Kingman received 
the accolade of Knight Bachelor, 
becoming Sir John Kingman. 

At Brookhaven National Laborato
ry, the Accelerator Department 
was recently reorganized into the 

Alternating Gradient Synchrotron 
(AGS) Department and the Accel
erator Development Branch. Derek 
I. Lowenstein, formerly Deputy 
Chairman of the Accelerator De
partment, was named as Chairman 
of the new AGS Department and 
Robert I. Louttit as Head of the 
Accelerator Development Branch. 
Within the AGS Department, Don
ald M. Lazarus has become the 
Head of the Experimental Planning 
and Support Division, Horst 
Foelsche is Head of the Accelerator 
Division, Alan Stevens is Head of 
the Accelerator Controls Section 
and Eric Forsyth is Head of the 
Advanced Technology Division. 

Gosta Ekspong of Stockholm and 
the UA5 experiment at the CERN 
proton-antiproton Collider was the 
speaker at the latest Shulamit 
Goldhaber Memorial Lecture at Tel-
Aviv University in January. 
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Album shot of the last of the 48 bending 
magnets for the new DESY-II 
electron/positron injection synchrotron in 
Hamburg. In front, covered in plastic sheet, 
is a quadrupole awaiting installation of the 
vacuum pipe. 

(Photo Petra Harms) 

Links to the DESY chain 

On 14 January the last of the 48 
bending magnets of DESY-II, the 
new 9 GeV injection synchrotron 
for electrons and positrons, was 
installed in the tunnel of the 
20 year-old DESY synchrotron in 
Hamburg. The 48 quadrupoles and 
16 sextupoles are also ready and 
the vacuum pipe follows. Every
thing is going according to sched
ule and the 93 metre-diameter 
machine will be operated for tests 
at 1 GeV from March until the next 
winter shutdown. Later, it will be 
run with 16 seven-cell cavities of 
the type already used at the PE
TRA electron-positron collider and 
with a peak radiofrequency power 
of 1.2 MWatt. The maximum beam 
energy will be 9.2 GeV. 

In addition, the old synchrotron 
(now used to inject electrons and 
positrons into the DORIS-II and 
PETRA storage rings) must be 
transformed into a proton injector 
- DESY-III. Electrons from DESY-II 
and protons from DESY-III will then 
be injected into HERA via PETRA 
(see May 1984 issue, page 151). 

The recent hard winter weather 
did not stop work at the HERA 
project. In January the big drilling 
machine for the HERA tunnel ar
rived at Hamburg by ship and was 
transported to the South Hall con
struction site, where the concrete 
ceiling is ready. Drilling for the 
5.2 metre-diameter tunnel will start 
in April. 

More news of HERA progress 
next month. 

History symposium at Fermilab 

An international history symposium 
on 'Particle Physics in the 1950s: 
pions to quarks,' will be held at 

Fermilab in Batavia, Illinois on 
1-4 May 1985. The meeting will 
essentially cover the period of par
ticle physics from the discoveries 
of the pion and strange particles 
and the building of the first large 
accelerators to the introduction of 
symmetry concepts and proposal 
of the quark. Speakers will include: 
physicists Murray Gell-Mann, Owen 
Chamberlain, Wolfgang Panofsky, 
W. Chinowsky, Jack Steinberger, 
Val Telegdi, Abraham Pais, George 
Rochester, Richard Dalitz, Matthew 
Sands, C. N. Yang, Edoardo Amal-
di, I)go A ma Idi, Abdus Salam, 
Geoffrey Chew, Ernest Courant, 
Robert Hofstadter, Larry Jones, 
E. C. G. Sudarshan, Robert R. Wil
son, Donald Kerst, Michiji Konuma, 
Louis Michel, Y. Nambu, Donald 
Perkins, Robert Marshak, Sidney 
Drell, Viktor Weisskopf, Gerson 
Goldhaber, Sam Treiman, Emilio 
Segre, Robert L. Walker; and his

torians Peter Galison, Silvan 
Schweber, Andy Pickering, Hywel 
White, Alan Franklin, Arm in Her
mann and John Heilbron. For infor
mation write to L. Hoddeson, Fer
milab, P.O. Box 500, Batavia, Illi
nois 60510. 

SLAC Summer Institute 

The thirteenth SLAC Summer Insti
tute will be held at SLAC, Stanford, 
from 29 July to 9 August. The 
topic will be supersymmetry, and 
a detailed programme will soon 
be announced. 

Straightening the record 

In our CERN Proton Synchrotron 
25th anniversary article (December 
1984 issue, page 421), we inad
vertently made the error of stating 
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Fermilab Users Executive Committee 
members seated (left to right) are Ken 
Heller, Minnesota; Carol Wilkinson, 
Wisconsin; David Levinthal, Florida State; 
Robert McCarthy, Stony Brook; and Chuck 
Brown, Fermilab; standing (left to right) are 
Bill Re ay, Ohio State; Carl Bromberg, 
Michigan State; Roger Dixon, Fermilab; 
Paul Grannis, Stony Brook; Alex Dzierba, 

Indiana; Stewart Loken, Berkeley; Phyllis 
Hale, Fermilab; and Frank Merritt, University 
of Chicago (not pictured is Ken Young, 
University of Washington). The Committee 
represents the broad interests of all Fermilab 
users. 

(Photo Fermilab) 

that the PS was the first machine 
to come into operation using the 
alternating gradient focusing prin
ciple. To be precise the PS was 
the first proton machine to use the 
AG principle. Boyce McDaniel from 
Cornell reminded us that the Cor
nell 1.2 GeV electron synchrotron 
came into operation using strong 
focusing in 1954. Also, in Europe, 
the Bonn 500 MeV electron syn
chrotron beat the PS to it by a 
year. 

The record of the Seventh Meeting of the 
US-USSR Joint Coordinating Committee 
for Research and the Fundamental 
Properties of Matter was signed at Fermilab 
on 6 December 1984. Signing was the 
Head of the US delegation, James E. Leiss 
(left), Director of High Energy and Nuclear 
Physics, US Department of Energy, and the 
Head of the USSR delegation, Ivan 
V. Chuvilo, Director, Institute of Theoretical 
and Experimental Physics, Moscow. 

(Photo Fermilab) 
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University College London 
Department of Physics 

and Astronomy 
Applications are invited f rom suitably qualified persons for the 
post of Research Assistant in the High Energy Physics Group 
presently engaged on fixed target experiments at CERN. In 
1987 it is envisaged that the Research Assistant wi l l become 
progressively involved in the OPAL Experiment at the LEP 
Collider. 

The post is annually renewable, up to 3 years. Salary wil l be 
in the range £ 8 9 2 0 to £ 12 635 plus £ 1 233 London allow
ance, depending on experience and age. Candidates wil l be 
normally expected to have a Ph.D. or equivalent qualification 
and must be prepared to spend considerable periods of t ime 
work ing at CERN and in London. 

Further information may be obtained f rom Professor F.F. HEY-
MANN, Department of Physics and Astronomy. Applications 
containing curriculum vitae and the names of three referees 
should be sent to : 

The Assistant Secretary (Personnel) 
UNIVERSITY COLLEGE LONDON 
Gower Street 
LONDON W C 1 E 6BT 

Closing date: 18 March 1985. 

RUTHERFORD APPLETON LABORATORY 

HIGH ENERGY PHYSICS 
RESEARCH ASSOCIATES 

There are vacancies for Research Associates to 
work with experimental groups in high energy phy
sics. Groups from the Rutherford Appleton Labora
tory are working on experiments at CERN, DESY, 
SLAC and FERMILAB. 

Candidates should normally be less than 28 years 
old. Appointments are made for 3 years, with pos
sible extensions of up to 2 years. RAs are based 
either at the accelerator laboratory where their ex
periment is conducted, or at RAL depending on the 
requirements of the experiment. We have in addi
tion home-based programmes on development of 
detectors, microprocessor systems, etc. Most ex
periments include UK university personnel wi th 
whom particularly close collaborations are main
tained. 

Please write for an application form quoting VN 303 
to 
Recruitment Office, R20 , 
Rutherford Appleton Laboratory, 
Chilton, Didcot, Oxfordshire 0 X 1 1 OQX, 
ENGLAND. 

The University of South Carolina 
invites applications for 

Tenure Track Faculty Position, 
Experimental Particle Physics 

The Department of Physics at the University of South Carolina 
anticipates filling a faculty position to start in August 1985. 
The successful candidate will become a member of a research 
group presently involved in collaborative research with the 
detector ARGUS at the Electron Positron Storage Ring DORIS 
at DESY in Hamburg, West Germany. The candidate should 
have a minimum of two years postdoctoral experience in high 
energy experimental physics. This will be a regular faculty 
position with teaching duties at both the undergraduate and 
graduate levels in addition to research. 

Research Associate, 
Experimental Particle Physics 
Beginning in the summer of 1985, the University of South 
Carolina will have an opening for a postdoctoral research 
associate. This person will live in Hamburg, West Germany 
and will work with the ARGUS collaboration at the storage 
ring DORIS at DESY. Send a summary of experience and 
interests in particle physics and copies of publications as well 
as the names of three references and desired starting date. 
Receipt of these materials will be acknowledged with a more 
detailed description of the project. 

Contact 
Dr. Frank T. Avignone, III, Chairman 
Department of Physics and Astronomy 
The University of South Carolina 
Columbia, South Carolina 29208 
(803) 777 -8104 

The Univers i ty of South Carol ina is an equal opportunity, aff irmative 
action employer. 

UNIVERSITY 
OF 

GENEVA 

The Department of Nuclear and Particle 
Physics has an opening for a position of 

Research Associate 
to join a group preparing an experiment at 
LEP. The candidate must have a PhD or 
equivalent experience in high energy 
physics. 

This is a non permanent position limited 
to a maximum of 6 years. 

Applications should be sent to : 

Prof. E. Heer, Director 
of Departement de physique 

nucleaire et corpusculaire 
24, quai Ernest-Ansermet 

CH-1211 Geneva 4 
Switzerland 
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POSTDOCTORAL POSITION 
IN EXPERIMENTAL 

INTERMEDIATE-ENERGY 
NUCLEAR PHYSICS 

The Medium-Energy Physics Group*of Los Alamos 
National Laboratory's Physics Division invites appli
cat ion fo r postdoctoral posit ions. The successful 
candidate wi l l part icipate in an exper iment at the 
LAMPF accelerator to measure the ( v i ) reaction on 
nuclear targets and another exper iment at AGS to 
study hypernuclei w i t h the C t t +

/ k + ) reaction, work 
cou ld also include part ic ipat ion in the development 
of a h igh-energy gamma-ray spectrometer. 
To apply, send resume plus three letters of recom
mendat ion and a brief letter describing your research 
interests to : 

Dr. J.C. Peng, MSD456 
Physics Division, DIV85-BG 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 
505-667-9431 

An Aff irmative Action/Equal Opportuni ty Employer 

UNIVERSITY 
OF CALIFORNIA 

RUTHERFORD APPLETON LABORATORY 

RESEARCH ASSOCIATE 
There is a vacancy for a Research Associate wi th in the 
High Energy Physics Division to work on a programme 
of particle physics experiments associated wi th the 
Spallation Neutron Source (SNS) at the Rutherford 
Appleton Laboratory. 

The SNS is an 8 0 0 MeV, 200uA , 50Hz rapid cycling 
proton synchrotron scheduled to start operation in 
1985. A major low energy neutrino facility is being 
constructed by KfK, Karlsruhe in association wi th RAL. 
An experimental team of German and UK physicists 
has been formed to exploit this facility. Initially the RA 
appointed would join this team in a study of neutrino 
oscillations, inelastic neutrino scattering from nuclei 
and inverse (3-decay. The experiments wil l be carried 
out using a 50 ton segmented liquid scintillator detec
tor which is scheduled to be completed and ready to 
detect neutrinos during 1986 . In the longer term it is 
intended to study neutrino-electron scattering and it is 
hoped that the RA appointed would participate in the 
design study for a second 50 ton detector devoted to 
this interaction. 

Research Associate appointments are made for 3 
years in the first instance, w i th the possibility of exten
sions for a further 2 years. 

Please wri te for an application form quoting VN 3 0 4 to 
Recruitment Office R20 
Rutherford Appleton Laboratory 
Chilton Didcot 
Oxfordshire OX11 O Q X ENGLAND 

Das Deutsche Elektronen-Synchrotron DESY in HAMBURG 
sucht zum moglichst baldigen Eintritt eine(n) 

Diplom-Physiker(in) 
oder -lngenieur(in) 

mit abgeschlossener Hochschulausbildung in Experimental-
physik oder Maschinenbau, mogl ichst mit Promotion fur das 
Aufgabengebiet: Aufbau von Beschleunigern und Experimen-
ten. Es handelt sich vor allem um die Durchfi ihrung von 
Umbauten und Neuaufbauten wissenschaftl icher Grossgerate 
wie Detektoren, Beschleuniger und Speicherringe; Durchfi ih
rung und verantwort l iche Priifung notwendiger Berechnungen, 
Entwicklungen, Planungen und Montagearbeiten; Uber-
wachung der Ausfuhrung bis zur Inbetriebnahme. Daneben 
gehoren Betrieb, Ausbau und ggf. Entwicklung, Konstruktion, 
Neubau, Priifung von Anlagen fur die Personensicherheit, 
Strahlfuhrungs- und Beschleunigermagnete sowie instrumen-
telle Ausri istung zum Arbeitsgebiet. 

Die Stelle ist unbefristet, die Bezahlung und soziale Leistungen 
entsprechen denen des offentl ichen Dienstes (BAT) in Deutsch-
land. 
Schrift l iche Bewerbungen mit den ublichen Unterlagen und 
Angabe des Gehaltswunsches erbitten wi r an die Personal-
abteilung. 

DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY 
Notkestrasse 85 , D - 2 0 0 0 Hamburg 5 2 

UNIVERSITY OF OXFORD 

The Department of Nuclear Physics expects to make two 
appointments to the posit ion of 

RESEARCH OFFICER 
One wi l l be in particle physics and one in nuclear structure and 
the holders wi l l join in the Departmental programmes in these 
areas. In particle physics these include research on deep 
inelastic muon and neutrino scattering, charmed particle 
production and decay, electron-positron annihilation, and 
nucleon decay. In nuclear structure, the main programme is 
heavy ion physics using the Department's 10MV tandem van 
de Graaff currently being upgraded by the addition of super
conducting linac modules. 

Research Officers work closely w i th graduate students and 
usually in collaboration w i th University Lecturers. They are 
required to undertake 72 hours demonstrat ing per year and are 
encouraged to give graduate lectures. They are appointed on 
the University Lecturer scale (£ 7 5 2 0 - £ 15 9 3 0 according to 
age and experience) for a period of three years in the first 
instance. Appointments may be renewed for a further two 
years. 

Applications, giving the names and addresses of two referees 
should be sent wi thout delay to 

Mr. M.S. Gautrey, 
General Administrator, 
Nuclear Physics Laboratory, 
Keble Road, Oxford, 0 X 1 3RH. 
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Physics Division is currently seeking a physicist or elec- V 
tronic engineer with experience in low noise preamplifier or • 
other high speed circuit design. 
Responsibility entails creating LeCroy hybrid and 
monolithic preamplifiers specific to the requirements of 
large particle detectors to be used at FNAL. LEP, HERA. 
BNL, and other labs worldwide. In most cases, this will in
volve direct working relationships with the collaboration 
members responsible for the detectors. Up to 25% travel 
should be anticipated. 
This unique position offers a smooth transition between the 
physics research or academic environment and industry. 
Salary is negotiable and dependent upon capabilities and 
experience. 

To apply, send introductory letter and resume to: 

Dr. Werner Farr 
LeCroy Research Systems Corporation 
700 S. Main Street 
Spring Valley, New York 10977 USA 
An Equal Opportunity Employer M/F/H 

LeCroy 

ELECTRIC 
SURFACE HEATING 

CUSTOM BUILT HEATING JACKETS AND 
CUT TO LENGTH HEATING TAPES 

Isopad Ltd, Stirling Way, Borehamwood, Hertfordshire WD6 2 AFEngland.Tel.01-953 6242.Telex: 261761 

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE 
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 

Laboratoire Europeen pour la Physique des Particules 
European Laboratory for Particle Physics 

CERN invites candidates to apply for a post of 

INFORMATION OFFICER 
to prepare texts on the various activities of the Organization to appear in publications. This wil l include 
the preparation of articles and the production of «LEPNews», contributions to CERN Courier, as well as 
other contributions related to the communication of information about CERN to the general public. The 
subjects cover general information about the Organization, as well as broad scientific and technical 
information to be transformed into terms which can be understood by a non-specialized readership. 

A university degree in a scientific subject (preferably physics) as well as an experience of scientific or 
technical journalism are required. The ability to write in good English or French is essential, and a 
working knowledge of the other language is desirable. 

Please write for an application form to the address given below, quoting the reference DOC-ED-PU 

Head of Personnel 
CERN 
1211 Geneva 23 Switzerland 
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Put a PDP 11/70 in your System Crate 

with the latest member of our STARBURST family : 

SGI 2280 System Grate Interface. 

s y s : c w u * I 

In just one slot it provides an interface 
between the Q-bus and C A M A G which 
conforms to the System Crate concept 
of connecting computers to G A M A C , 
and is directly software-compatible 
with existing systems. 

Join it to an AGG 2180 equipped with a 
2134 back-plane and 2135 disk subsystem 
and you have a powerful and compact 
stand-alone computer driving your 
System Crate. 

Use it to increase the performance of 
existing systems by installing it in the 
crate where a branch-coupler resides, 
and connecting it to an ACG 2180 
acting as a system controller in 
a 'normal crate*. 

For the ultimate power within your 
System Crate, the ACC 2180 can be 
equipped with a performance booster 
which increases both the processing 
speed and the data-aquisition rate. 

At CES, tomorrow's systems are available NOW 

For more information contact us, or your local CBS representative: 

Creative Electronic Systems SA 
70;route du Pont-Butin Case Postale 122 
Tel:(022) 92 57 45 Telex: 421320 CBS-

1213 Petit-Lancy 1 Switaerland 
•CH mum ELECTRONIC SYSTEMS 

Belgium: Canberra Positromka Tel:(54)321611 
North America: Bytech Eng. Vancouver Tel:(604)9804131 
Prance: INBL Tel:(3)9563190 
South Germany: Silena Tel:(060)554021 
Italy: Silena Tel:(02)7490565 

Netherlands: Canberra Positronika 
Toyo Corp. 

North Germany: PCP 
England: Nuclear Enterprises 

Tel:(040)416355 
Tel:(03)2790771 
Tel:(040)802046 
Tel:(073)5212121 

*PDP,Q -bu8 are re$ istered trademarks of Digital Equipment Corporation. 



Meeting All Your CAM AC Needs 
For Laboratory Automation 

When your research projects call for 
the real-time computing power of 
CAMAC (IEEE-583), call on KSC to 
fill your needs. Scientists like yourself 
have been depending on our CAMAC 
systems for more than a decade, 
automating everything from plasma 
fusion reactors and proton synchro
trons to X-ray fluorescence spec
trometers and radiation monitors. 
Hundreds of our CAMAC instal
lations operate continuously year 
after year on a 24-hour-a-day basis. 
You'll find our CAMAC systems 
located around the world in such 

major laboratories and universities 
as: Argonne - Fermilab - CERN -
LLNL - Bell Labs - Swiss Nuclear 
Institute - Princeton - Naval Research 

Laboratory - LANL - IIT - Sandia 
Labs - KFA - MIT - Oak Ridge -
Hahn-Meitner Institute. 
KSC's line of serial highway products, 
including fiber-optic highway adapt
ers, drivers, and crate controllers, is 
unsurpassed by any other manufac
turer. Interface to virtually any major 
computer - DIGITAL, MODCOMP, 
SYSTEMS, Hewlett-Packard, even 
the IBM PC. Our DIGITAL-compat-
ible line alone includes LSI-11, 
PDP-11, and VAX-11 interfaces, all 
available both with ^nd without DMA. 
Choose from hundreds of versatile 
process interface modules: 
# A/D converters 
• D/A converters 

• Signal multiplexers 
• Stepping motor controllers 
• Timing pulse generators 
• Input gates 
• Output registers 
• Event counters 
• Loop adapters 
• Preset scalers 
• Interrupt registers 
• Display generators 

Whether you want a complete data 
acquisition and control system with 
application software or just CAMAC 
modules and crates, see how fully 
KSC serves your needs. 

Contact Us For More Information 

K i n e t i c S y s t e m s C o r p o r a t i o n 
Standardized Data Acquisition and Control Systems 

U.S.A. 
11 Maryknoll Drive 
Lockport, Illinois 60441 
Phone: (815) 838 0005 
TWX: 910 638 2831 

West Coast Office 
39175 Liberty Street, Suite 245 
Fremont, California 94538 
Phone: (415)797 2351 
TWX: 910 997 0544 

Europe (Service) 

3 Chemin de Tavernay 
1218 Geneva, Switzerland 
Phone: (022) 98 44 45 
Telex: 28 96 22 

Europe (Marketing) 

Gewerbestrasse 13 
CH-4528 Zuchwil , Switzerland 
Phone: (065) 25 29 25 
Telex: 845/934648 
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More Safety 
in the Data Circuit Jungle 

Increase reliability, efficiency and 
up-time with W&G's data network diagnostics 
systems and measuring instruments. 

Interrupted connections, cable 
jumble and overly complex net
works lead to costly and time 
consuming transmission errors. 
We can offer a remedy: with di
agnostics systems for data links, 
with fitting data analyzers and 
maintenance test equipment. 

Our DNE Diagnostics Sys
tems come with manual control-
or as large scale installations 
controlled from terminals or desk 
computers. They rearrange 
and switch data circuits, display 
the status of interface leads, 
loop analyzers into circuits, store 
and switch fall back configura
tions, sound alarms and give 
hard copy audit printouts. 

Our Data Analyzer DA-10 
interprets and simulates inter
actively byte and bit oriented 
protocols, such as BSC, MSV, 
SDLC, HDLC, X.25 Teletex, Btx, 
and accommodates all common 
interfaces - all with super simple 
commands. 

The Diagnostic Responder 
DIR-1 provides an addressable 
loop back in front of the remote 
DTE, suitable for automatic 
network testing, substitution of 
terminals during installation, or 
measurement of error rate, up
time or delay times through 
a system. 

Mobility and speed in tests 
and measurements for servic-
ing-the DMS-1 Data Measuring 
Set in its sturdy carrying case 
fits the bill. 

We can help to put you in 
command of your network. 
Send off the coupon for 
further information about our 
range of products. 

Please send 
• Color brochure "DNE" * 
• Product catalog "Datacom 8 

Measurements" w 

Name 

Company 

Address 

Tel. No 

Wandel&Goltermann (Schweiz) AG 
Postfach 254 
CH-3000 Bern 25 
Telefon (031) 42.66.44 • Telex 32112 

Wandel & Goltermann 
Electronic Measuring Equipment 
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Announcing the G1587 
universal streak camera. 
The une that does it all! 

2 PS TIME RESOLUTION 
3 plug-ins provide fast, slow and 
synchroscan sweep capabilities 
plus shutter (framing) mode in one 
economical system. Fulfills the 
needs of almost every fast 
kinetics experiment. 

FAST STREAK PLUG-IN 
Delivers better than 2 ps tem
poral resolution at fastest streak 
speed. Multiple range permits 
user selection of five streak 
speeds in a single plug-in. 

SLOW STREAK PLUG-IN SYNCHROSCAN 
Offers larger time window for events that Provides synchronous sweep intensity/time/ 
cannot be captured at picosecond speed. position information with low jitter (±4ps) at 
Select any one of sixteen streak speeds. Megahertz repetition rate. 

Call or write today for Universal Camera Brochure. 

HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 
International Offices in Major Countries of Europe and Asia. 

Hamamatsu Photonics K.K., 1126 Ichino-cho, Hamamatsu, Japan, 0534/34-3311 • Hamamatsu Photonics Europa GmbH, Postfach 1163,Muhlbachstr. 20, D-8031 Seefeld/Obb., W. Germany, 08152/7705 
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C A E N M O D . N . 1 4 5 

QUAD SCALER AND " Wx PRESET COUNTER-TIMER 
• 1\ 

L © © * 

10. 

;s » i\§ i WH »i 
mammm* .OUT sas. ^ 

**** cHi i«r^riHr 

That the visual Scaler 
of the "sixties" 

would come down in size, 
you expected... 

But you'll be surprised 
and delighted by 

the amount of features it has 
gained in the change. 

C A E N . MODEL N. 145 
QUAD SCALER AND PRESET 

COUNTER TIMER 

THE VISUAL SCALER OF THE "EIGHTIES" 

Belgium 
BAI 
BENELUX ANALYTICAL 
INSTRUMENTS N.V. 
Vaartdijk 22 
B-1800 VILVOORDE. Belgium 
Tel. (02) 251 60 10 
Telex 61447 

Germany (West Germany) 
SILENA WISSENSCHAFTLICHE 
INSTRUMENTE GmbH 
Hanfig Strasse 7 
D-6467 HASSELROTH 2 
West Germany. 
Tel. (0 60 55) 40 21 
Telex 41 84 914 SIWI D 

Greece 
MR. SAKIOTIS STELIOS 
7 Agiou Nicolaou 
Piraeus. 
Tel. 4531.997/4111.207 
Telex 212777 SAEL GR 

Spain 
INSTRUMATIC ESPANOLA S.A. 
Juan Hurtado de Mendoza 9, 
MADRID 16. 
Spain. 
Tel. 250 25 77-250 72 78 
Telex 46277 ITIC E 

France 
INELINSTRUMENTATION 
ELECTRONIQUE 
1261,. rue Louis Bleriot, 
78530 BUC, 
France. 
Tel. (3) 956 31 90 
Telex 698 502 F 

Great Britain 
OAKFIELD INSTRUMENTS LIMITED 
Oakfield Industrial Estate. 
Stanton Harcourt Road, 
EYNSHAM, Oxon 0X8 IJA 
Great Britain. 
Tel. Oxford (0865) 880479 
Telex 83147 

Holland 
INTEQUIP NUCLEAIR BV 
Valeriusplein 34 
1075 BJ AMSTERDAM. 
Holland 
Tel. (020) 735413-737400 
Telex 11924 CSB NL 

Switzerland 
INSTRUMATIC SA 
5-7. rue du Clos 
CH-1207 Geneve 
Tel. (022) 360830 / Telex 28668 
Buro Zurich: 
Weingartenstrasse 9 
8803 Ruschlikon ZU 
Tel. (01) 724 14 10 / Telex .56 605 

TLX 580112 CAEN I 

Via Aurelia Sud 39 — 55049 VIAREGGIO Italy Tel.(0584) 46110 
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T h e E 1 2 
can «Set» program in one 
operation different data 
into your devices; it can 
gang program up to four 
devices; and it automatic
ally splits programs into 
16 and 32 bit word length 
configurations. 

Key Features 
• User programmable I/O 
to 19.2 K Baud. 
MDS Remote facility. 
• Dynamic access time 
testing and access time 
sorting routines. 
• Menue driven selection 

^ of device, mode and 
l\ serial I/O configu-
• h ^ ration, with 

^ V B t defaults. P̂f';; Noperso-
\ nality 

cards or 
• • v ; modules. 

^ • Data ram -
^ 128Kx8(1MBitS)Std. 
• All EPROM/EEPROM 
from 8 K to 512 K 
(Soon 1024 K). 

• Supplied to CERN 
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m i c r n -
c n n t r n l e 
Z.I. de St-Gu6nault 
B.P. 144 - 91005 EVRY Cedex 
T6I.: (6) 077.82.83 - Tdlex 691105 F 

Une volonte 
d'offrir aux 
le 

Ensemble de diffusion 
Rayleigh d'une lumiere 
IR-etude de turbulence 
(Labo PMI - Ec. Polytechnique, 

?x Palaiseau) 
•!»!»X 

XXXXXXXXX oooooooooo 

%§) Years of VAT-Technics -

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ for Research and Industry 

J I B t^P^^^^BB^^^^^^^^ ^ MJ&KK Our objective was to obtain greatest possible operating life on 
MP** ^ ^ ^ ^ ^ ^ ^ • • • • H '^^^HH^^^H cill metal valves. The most important criterion for this is a form-
flL * -^^^^^B^STB - - M i ^ ^ W B mating configuration of the seal partners whose shape does 
jUB ^^^^^^^^^^^1 . m^ym^JaBm not change in use. 
BB ;; ̂ ^^^MJî ^^^^^^^^^^S This has been realized. Many thousand VAT all metal valves in 
Bl̂ ŷ i!;̂ ^^^^SB!ffl̂ ffY MBHW^BI sizes 10-400 mm are successfully used all over the world -
flBif i M H H H r ^ l i 1 - IBiĤ ^̂ B specifically in nuclear research that is in particle accelerators and 
^̂ ^̂ •̂ ^̂ ^^̂ ^̂ Kll̂ ^ ̂  fusion test installations (Tokamaks). 

^^^^^^^^^^^^^^^S^jg^f.,,^ HBHHJH In the near future, valves with larger port diameters will be 
H H I ^ ^ W i f ^ M f f l i ^ ^ ^ ^ M ^ ^ ^ ^ ^ ^ ^ ^ H H l available. 

Main features of VAT all metal valves are: long cycle life (more than 10,000 closures), bake-out to 450°C, excellent leak 

tightness (<5- 10_10mbar 1 sec-1) and pressure range from UHV to 1 or 10 bar. 
VAT - the leading specialist for high and ultra high vacuum valves. Our catalog 82 gives ample information - call for it! 

^/^•p VAT AKTIENGESELLSCHAFT fur Vakuum-Apparate-Technik 

• CH-9469 Haag (Switzerland) 
Phone: (085) 7 01 61 - Telex 855162 vat ch 
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Macintosh 
is available from 

your authorised Apple dealer 

01210 Ferney-Voltaire 
France 

(50)40.50.59 

MacVEE 
The Direct Link 

from the Macintosh™ 
to VMEbus crates 

Available from: 

|bergoz| 
Crozet 

01170 Gex, France 
(50)41.00.89 

® 

Macintosh is a trade mark licensed to Apple Computer Inc. o MacYEE is a registered trade mark 



h Hirsthmann • Steckverbinder 
• Labormaterial 
• Buchsen 
• Klemmen 

Rufen Sie uns an. Wir beraten Sie gerne. 

autronic autronic ag 
Schorli-Hus 
CH-8600 Diibendorf 
Telefon 01 821 20 22 
Telex 57 970 s-hus ch 

i x n z E 

versatile 
compact 

Control modules that 
are just as 
as they are 
and which you 
can also install 
interruption signalling 
modules: 
the VARIOCOMPACT, 
by Liitze. 

The fully variable, completely versatile VARIOCOM
PACT system. A comprehensive range of standard 
equipment. The program includes: interface modules, 
relay modules, interruption signalling modules, bridge 
rectifiers, power packs, lamp check arrays, fuse hol
ders, and diode arrays. 
Housing widths: 25,35 and 45 mm. 
Empty housings are also available, fitted with patch
board PCB's if desired. Custom designs on request. 
The modular design makes for an ideal ratio of price 
to performance for the electrical components. 

Li i tze A G 
P o s t f a c h 111 

C H - 8 8 5 3 L a c h e n 
T e l e p h o n e ( 0 5 5 ) 6 3 4 4 1 4 / 1 5 

T e l e x 8 7 5 6 9 6 c o m x c h 

MICON P200.8 Loop Controller 
an important advance towards the ultimate in 
process control 

This microprocessor-based control system 
employs advanced techniques to control pro
cesses of any size and complexity and to satisfy 
special process requirements. 

REMAG 
A K T I E N G E S E L L S C H A F T 

3072 Ostermundigen 1 
Telefon 031/ 31 01 11 

Telex 911 779 



12.001 E 

Well-founded informations give 
you a personal lead in any 
project management. Take for 
example 

Sandwich 
prefab elements 

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

of all types with various material 
combinations. 
Please request detailed infor
mation. Mr H. Mauch will be glad 
to advise you personally. 
We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia
lists. 

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

ateliers 
M a i t r e 
g r a n i t e p o u r l a m e t r o l o g i e 

Z.I. de S'-Guenault 
BP 144 - 91005 EVRY Cedex 
Tel.: (6) 077.82.83 - Telex 691.105 F 

Table d'optique de 3.000 X 1.000 X 
400 mm munie de 630 inserts filetes, mon-
tee sur amortisseurs en caoutchouc. 
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V D a t a S h e e t 

A highly flexible instrument for 
recording, controlling and 
analysing analogue signals 

• 2 to 8 channels 

• Autom. time delay 
compensation 

• High precision 
and automatic calibration 

• Alphanumeric print-out 
of parameters and data 

Made in Switzerland 

ADVANCED-
ELECTRONIC 

INSTRUMENTATION 
KONTRON 
ELECTRONIC 

Kontron Electronic AG 
Bernerstrasse Siid 169 
C H - 8 0 4 8 Zurich 
Telephone 0 1 - 4 3 5 41 11 

Kontron Electronic SA 
10, ch. des Croisettes 
C H - 1 0 6 6 Epalinges 
Telephone 021 -33 15 35 

O 

J3 

• P R 
68, rue Pierre-Joigneaux 
F 92270 B0IS-C0L0MBES 
Tel. (1)242.04.47 • 781.09.49 
Telex S0PRA BC 614472 F 

LASER A AZOTE 
m o d e l e GBM 

Source pulsee de courte duree : 
emettant dans I'U.V. et le visible. 

3 ns 

Applications : 
- Etalonage de chaines de detec

tion par scintillateurs. 
- Calibrations de chambres a drift. 
- Calibrations de chambres a fils. 

Nombreuses references au CERN, a IN2P3... 
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Enregistreur a trace 
continu a 1 ,2 ou 3 canaux 

ASC • CARS -HOLOGRAPHIE - ELLIPSOMETRIE SPECTROM 

Format 
96x96 144x144 192x240 
• classe de precision 0,5/1 

• papier rouleau ou preplte 
• profondeur de montage a partir de 130 mm 

Demandez nos informations d6taillees. 

Fabrik elektrischer Messinstrumente 
CH-8805 Richterswil/Schweiz 
Bergstrasse 43, Telefon 01 784 22 22 
Telex 875525 

Service Lecteurs 8118 
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H e r e is t h e first 
m o d u l a r , f u l l p o w e r e d 

F A S T B U S C R A T E 

Features 

+ 5 V / 2 0 0 A 
- 5 .2V/200A 
- 2V/100A 
± 15V/10A 

in preparation: 

+ 5 V / 3 0 0 A 
- 5 .2V/300A 
- 2 V / ^ t . . . 

± 15V/ 

Agencies 

Great Britain, Japan, Italy, Canada 
Messrs. Smith 4-Jones, Newbury /GB 
Phone: 0533 703 526 

Switzerland 
Messrs. ANTARES AG, Nussbaumen/CH 
Phone: 056 823783 - Telex: 58703 

Netherland, Belgium 
Messrs. UNITRONICS, Nieuwegien/NL 
Phone: 3402 38559 

Schweden 
Messrs. Gunnar Peterson AB, Stockholm-Forsta/S 
Phone: 08 939280 - Telex: 17944 

a n i c s - m 

>lane % • 
lary Logic ; 

f Fan-Unit plugable 

• Power Box 
* plugable from the rear 
Option: Aux. Backplane 

DR. B. STRUCK 
2000 TANGSTEDT/HAMBURG GERMANY 
HAUPTSTR. 95 • TELEFON 04109/99 6 6 / 6 7 

iPOSTFACH 1147 • TELEX 2180 715 TEGS 
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A step towards the future: 
The new 
Turbo 1500 
A total ly new turbo pump has been 
developed for universal use in high 
and ultra high vacuum. 

Accelerators, fusion experiments, se
miconductor product ion, and metal
lurgy are examples of the uses these 
vacuum pumps can be put to. In one 
case, efficiency is the decisive factor, 
and in other cases the technical de
pendabil i ty and ease of handling. 

The Turbo 1500 js an ideal combina
t ion of all these factors. 

The most economical turbo pump 
wi th high volume f low rate 

The volume f low rate of this pump is 
1300 to 1500 l/sec for N 2 , He and H 2 , 
w i th a H 2 pressure ratio of 2 5 0 0 . 
DN 2 0 0 and DN 2 5 0 flanges to ISO-K 
or CF are used. The installation angle 
can be selected f rom horizontal to 
vertical. 

The maintenance intervals of these 
pumps are approx. 10 0 0 0 hours; 
changing the oil is very easy. The sta-
tor setting and balance are not affect
ed by a bearing replacement, which 
can also be carried out by the cus
tomer. 

A cost/benefi t ratio was able to be 
achieved for the Turbo 1500 which 
makes this pump truly competit ive. 

The '84 Turbo pump range 

Balzers offer a range of seven pump 
sizes. The proven dual f low pumps 
wi th their unsurpassed smooth run
ning, and the high-eff iciency single 
f low pumps satisfy all user require
ments. Several types of f langes and 
selection of the cooling medium al
low the seven basic pumps to be ex
panded to ten pumping speeds be
tween 27 l/s and 6 5 0 0 l/s. 

PM 8 0 0 0 5 6 PE 

Balzers Akt iengesel lschaf t 
FL-9496 Balzers 
Furstentum Liechtenstein 
Tel (075) 44111 
Telex 77 841 bag f l 

Ar thur Pfeiffer 
Vakuumtechn ik Wetz lar GmbH 
Postfach 1280 
D -6334 Asslar 
Tel (06441) 8021 

Balzers 
8 Sagamore Park Road 
Hudson, NH 03051 
Tel (603) 8 8 9 - 6 8 8 8 
T W X 7 1 0 2 2 8 7 4 3 1 
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S I N G L E 
v . PHOTOELECTRONS? 

High Gain d H 70% SER 
NewXP2262 facilitates multiplier noise discrimination 

A complete range of fast 2 PMTs for physics and industry I
 tr = deSatightptî ^ f°r * 

number t r t w ^ pulse 
P M T stages {"s) (n^ (ns) ("*> "TSSŜ  *w = anode pulse duration FWHM 

for a delta light pulse 

XP2262 12 2,0 3,0 0,50 0,70 250 
" <*t = transit time spread for single 

XP2242B 6 1,6 2,4 ~ 0,70 350 electron mode 

XP2020 12 1,5 2,4 0,25 0,25 280 
— - A t c e = transit time difference 

XP2230 12 1,6 2,7 0,35 0,60 280 centre-edge 

High sensitivity bialkali 44 mm diameter cathode | philips Industries 
XP2262 replaces XP2232. Other fast tubes: Electronic Components and 

3/4" PM1911 3" PM2312 Materials Division 
*SER = Single Electron Resolution 1" PM2982 5" XP2041 Eindhoven, The Netherlands 

We've set the standard for over 2 0 years 
P H I L I P S ] Electronic D U I I I DC 
S Components l^n I L I 

' and Materials 



C O M M E R C I A L U R A N I U M . 
I T S M O R E T H A N TUSIF 

A N O T H E R M E T A L . 

Twice as dense as lead, 
increasingly competitive in price, 
and readily available-BNFL 
commercial uranium could be 
just the other metal you Ve been 
looking for. 

Currently in use for a wide 
range of radiological shielding 
and non-destructive testing 
applications, balance weights 
for aircraft, colouring 

W i 

compounds for glass and 
ceramics and as a constituent of 
catalysts for the gas industry, 
BNFL commercial uranium is 
demonstrably a versatile 
material of great potential value 
to industry. 

For thirty years BNFL 
has been fabricating commercial 
uranium-casting, machining, 
rolling, forging, extruding. 

For further information 
write to:-
The Commercial Manager, 
Misc. Products Business Centre, 
Room C24, 
British Nuclear Fuels Limited, 
Risley, Warrington WA3 6AS 

B N F L 
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Speed, Versatility, Sophistication 
through FASTBUS 
Build a data acquisition system that meets the large-scale 
requirements of modern experimental physics. The 
exciting new FASTBUS standard provides fast transfer and 
manipulation of data with a protocol for large complex 
systems. Highlights include: 

• High Speed Data Transfer—100 nsec/32-bit word or 
faster. 

• Use of Multiple Masters -a l lows data scanning 
processors and host(s) to operate together. 

• Sparce Data Scan —sophisticated protocol allows 
service requests from anywhere in the crate. 

Economy and High Density through LeCroy 
LeCroy's FASTBUS line provides unsurpassed 
features, high packing densities, and low per-channel 
costs through the extensive use of custom monolithic 
technology and software-selectable control and 
features. Our list includes: 

• ADC's -96 channels/#1 FASTBUS. With 12 or 
15-bit dynamic range. 

• TDC 's - 96 channels/#1 FASTBUS. Digital multihit 
encoding with least count to 2 nsec and o to 
600 psec, both time of arrival and pulse width. 

• ICA's -Up to 32 channels/#1 FASTBUS. Samples 
pulses at rates to 100 MHz with amplitude resolu
tion to 10 bits. 

• Interfaces—Segment Manager/Interface operates 
at FASTBUS speed. Connection to CAMAC and 
UNIBUS®, and LeCroy Multiple Event Buffers now. 
More will follow. 

• Suppor t -A FASTBUS module extender, a CAMAC 
link and a new proto board are useful lab tools. 

For details contact your local LeCroy representative. 

700 S. Main St., Spring Valley, N Y 10977, (914) 425-2000; Geneva, Switzerland, (022) 
82 33 55; Heidelberg, West Germany, (06221) 49162; Les Ulis, France, (6) 90738.97; 
Rome, Italy, (396)320-0646; Botley, Oxford, England, (0865) 7272 75. Representatives 
throughout the world. 

LeCroy 

N E W 

F R O N T I E R S 
IN DATA 

P > ACQUISITION 



LTR SERIES 
2.0K-300K 
OPEN-CYCLE 
REFRIGERATOR 
.. .useful cooling to 
below 2 kelvins 
The new Heli-Trarf ; LTR Series 
open-cycle refrigerator gives 
added cryogenic capability to the 
researcher investigating 
phenomena f rom below 2 kelvins 
to ambient. 
This proven system operates 
simply and reproducibly. It 
requires no vacuum source for 
transfer.. .only for temperature 
reduction at the sample. 
Temperature stability ± 0.01 K 
[liquid region); ± 1 % of absolute 
(gas region). 
Complete system includes sam
ple holder, transfer line, temper
ature controller. 
Write for technical data. Air 
Products and Chemicals, Inc., 
Dept. APD-SG, 1919 Vultee 
Street, Allentown, PA 18103, 
(215) 481-3975, Telex: 84-7416. 

AIR J * 
PRODUCTS ± ^ 

Micropositioning 
with linear and rotary 
positioners. Available 
with micrometer or no 
backlash worm gear 
drives. Suitable for hori
zontal or vertical mount
ing. These modular 
units can be combined 

with Piezo, Stepping Motor 
or DC Motor Drives 

Piezoelectric translators • 
for generation and mea- ral 
surement of distance 
variations to below 
0,01 pm. Stepping motor I P l̂l 
drives with resolution 1 $ § » JM 
up to 4000 steps/revo- L̂ l̂ l 
lution, controls with mm mmgt mHK& 
lEC-Bus interface, pro- M̂HBMMMMMIÎ̂ ^̂ Ŵ 
grammable. 
DC Motor drives for micropositioners; motorized micro
meter drives; DC power supplies. 

B l e i c h i s t r a s s e 8 

© Polyscience AG gfSSSSaa 

Partout ou I'oeil 
ne petit acceder... 

Endoscopes 
flexibles 
a fibres de verre 
pour I'inspection directe de corps creux 

non accessibles aux yeux. 0 3-14 m m , 

longueurs utiles 0,5-12 m. Eclairage 

de I'objet par lumiere halogene integree. 

Alimentation par pile et secteur. 

For optical 
interior inspections... 

horoscopes, 
fiberscopes. 

Ask for details. 

TECH NOKONTROLL AG 
8 0 4 9 Zur ich , lmbisbuhls t r .144 Telefon 01 56 56 33 
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ON VME/VMX 
DSSEDPDX 

HIGH CAPACITY 
DUAL-PORTED MEMORY 

COMPETITIVE PRICE 
-512 Kbytes (DSSEDPDX-1) or 1 Mbyte (DSSEDPDX-2) of 

64K X4 SIP dynamic RAM. 

— High-speed memory access. 

-Entire memory accessible from both VME bus and V M X bus 
(dual ported). 

— High speed logic for dual access ( V M E / V M X ) arbitration. 

—32 bit address decoding. 32 bit data transfer 
on VME bus. 

—24 bit address decoding. 32 bit data transfert 
on V M X bus. 

— Sequential memory access from V M X bus. 

-Broadcast mode for simultaneous writes of identical 
data to several DSSEDPDX modules. 

J 22, rue de Claret 
i e i e Immeuble Edouard VII 
B.P. 1067 34007 MONTPELLIER Cedex FRANCE 
Tel.: (67) 27 32.55 Telex: 490.425 F 

( £ ) © t e ° g Q J ) ( ^ 

s y s t e m s / 
QflSc,0(roeo 2

s ^ 4 8 T h S l r e e l 

TEMPE, ARIZONA, 85282 U.S.A. 
Tel. (6021 438.1492 Telex 165 788 
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The world's best power tubes 
are used in the world's most 
important scientific programs. 
Since 1971, when Varian El MAC 
introduced the one megawatt X-
2159/8974, we have been the 
world leader in design and man
ufacture of high power tubes for 
scientific and communcation 
applications. 
Among the many users of 
EIMAC tubes in high technology 
fusion research, particle accel
eration and other state-of-the-
art investigations are: 
• European Organizations for 
Nuclear Research (CERN) • 
Fermi National Accelerator Lab
oratory • Stanford Linear Accel
erator Center • Lawrence 
Berkeley Laboratory • Los Ala
mos National Laboratory 
(LAMPF and FMIT programs) • 

Oakridge National Laboratory • 
Princeton Plasma Physics Labo
ratory • TRIUMF Laboratory 
(University of British Columbia) 
• GSI Darmstadt (FRG)» Culham 
Laboratory (England) • CEA 
Fountenay-au-Rose (France) • 
Textor-KFA Julich (FRG) • GA 
Technology (Doublet-3). 
Power tubes developed and 
manufactured by Varian EIMAC 
used in the facilities mentioned 
include the 8973, 8974, X-2062K/ 
9009 and Y676A/9013. These 
tube types will be joined by oth
ers in development to meet new 
program requirements. 
More information is available 
from Varian EIMAC. Or the near
est Varian Electron Device 

Group sales office. Call or write 
today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, CA 94070 
415 • 592-1221 

VARIAN AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 868-841 

varian 
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