


CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for collaboration 
among European States in nuclear re
search of a pure scientific and funda
mental character, and in research 
essentially related thereto'. It acts as a 
European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned with 
the fundamental questions of the basic 
laws governing the structure of matter. 
The Organization has its seat at Meyrin 
near Geneva in Switzerland. There are 
two adjoining Laboratories known as 
CERN Laboratory I and CERN Labo
ratory II. 

CERN Laboratory I has existed since 
1954. Its experimental programme is 
based on the use of two proton ac
celerators — a 600 MeV synchro-cyclo
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage rings 
(ISR), are fed with protons from the PS 
for experiments with colliding beams. 
Scientists from many European Uni
versities as well as from CERN itself 
take part in the experiments and it is 
estimated that some 1500 physicists 
draw research material from CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equally 
divided on either side of the frontier 
between France and Switzerland. The 
staff totals about 3000 people and, in 
addition, there are about 850 Fellows 
and Visiting Scientists. Twelve Euro
pean countries contribute, in proportion 
to their net national income, to the 
CERN Laboratory I budget, which totals 
382.9 million Swiss francs in 1973. 

CERN Laboratory II came into being 
in 1971. It is supported by eleven 
countries. A 'super proton synchrotron' 
(SPS), capable of a peak energy of 
hundreds of GeV, is being constructed. 
CERN Laboratory II also spans the 
Franco-Swiss frontier with 412 hectares 
in France and 68 hectares in Switzer
land. Its budget for 1973 is 188 million 
Swiss francs and the staff will total 
about 370 people by the end of the year. 
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Comment Looking 
at the 
nucleus 

This month we are leaving aside 
high energies and taking a look at 
what is going on at intermediate 
energies, legally defined in the USA as 
covering the range from 100 to 
1000 MeV. In particular we are 
leaning on nuclear physics (some
times also typed as 'unclear physics'). 
The opening article covers some 
topics on what we think we know 
about the nucleus and some topics on 
what we are sure we do not know 
about the nucleus. 

The nuclear physics theme carries 
through in a brief description of the 
experimental programme at the 
CERN 600 MeV synchro-cyclotron 
and some experiments at the on-line 
isotope separator ISOLDE. 
We are not trying to give detailed 
accounts of particular experiments 
(this tends to come up in a one-off 
way in normal issues of CERN 
COURIER) but to give an overall 
view which tries to say what sorts 
of things are going on and why. 

We have information on the 
planned improvements at the SC and 
ISOLDE andr in the 'Around the 
Laboratories' section, on the 
important new intermediate energy 
facilities at LAMPF, TRIUMF and 
SIN. These machines (often referred 
to as 'meson factories') aim to crack 
nuclear physics problems mainly by 
greatly increasing the intensities 
of the particle beams used to probe 
the nucleus. It has also recently 
been decided to build a meson 
factory near Moscow. 

Two other methods of attacking 
the nucleus have blossomed 
particularly in the last few years. 
One is the use of high energy 
beams — we have some information 
on nuclear physics at the CERN 
synchrotron and there is similar 
research, for example, at the Saclay 
and Rutherford synchrotrons. The 
other is the use of accelerated heavy 
ions. Some of the possibilities that 

this opens up are mentioned in the 
first article and we covered heavy ion 
work at the Berkeley Bevatron last 
November (page 380). The proposed 
combination of the Bevatron with 
Super-Hilac is the most exciting 
project for nuclear physics with 
heavy ions. 

Less energetic, but carrying with 
it the refined properties of the tandem 
Van de Graaff, is the 20 to 30 MV 
nuclear structure facility under 
detailed study at Daresbury which 
would be capable of accelerating 
a range of ions. This project recently 
received the approval of the UK 
Science Research Council. 
At Darmstadt a versatile heavy ion 
linear accelerator known as UNI LAC 
is under construction and is 
scheduled to produce its first beams 
at the end of 1974. The high intensity 
electron linac at Saclay has 
a nuclear structure programme. In 
addition there are many cyclotrons, 
some of which we reviewed in the 
context of the Vancouver cyclotron 
conference (see vol. 12 page 282), 
carrying out research in various 
aspects of nuclear physics. 

Another growing area of research 
links nuclear physics with particle 
physics. Knowledge collected 
independently in the two fields is 
being brought together to 
investigate phenomena which would 
otherwise be inaccessible. One type 
of experiment is described briefly 
on page 40. 

Much more than nuclear physics 
goes on at intermediate energy 
machines as will be evident, for 
example, from the description of the 
experimental programme at LAMPF. 
The energy range has been under 
study for sufficiently long to have 
yielded knowledge which can now 
be used. Applications in medicine, 
industry and agriculture are 
extensive and growing fast. 

The study of the nucleus began sixty 
years ago when we found out it was 
there. Rutherford fired alpha particles 
at thin gold foils and, from the way 
they bounced off, it could be deduced 
that nestling at the heart of the atom 
is a solid lump carrying almost all the 
mass of the atom. 

During the subsequent twenty years 
or so, there were glorious achieve
ments in interpreting the atom, partly 
because existing experimental tech
niques made it possible to get in 
amongst the external cloud of elec
trons which predominantly dictate the 
atom's behaviour. In that context not 
so much was learned about the 'solid 
lump', except in the global way of 
determining some properties (those 
influencing the electron cloud) of the 
nucleus as a single entity. Neverthe
less, in understanding the atom, theo
ries of particle behaviour which have 
carried over into nuclear and particle 
physics were evolved. 

It was quickly shown that the 
nucleus has constituents itself. In 
1919 Rutherford bombarded nitrogen 
gas with alpha particles and observed 
the break up of the nitrogen nucleus. 
It was known that the nucleus con
tains protons and other constituents, 
which were initially interpreted as 
electron-proton combinations. The 
surfeit of protons (those not neutral
ized by electrons) gives the number of 
positive charges equivalent to the 
number of surrounding electrons and 
is different for each chemical element. 
In 1932 the neutron was identified 
and replaced the electron-proton con
cept. 

The number of neutrons in nuclei of 
the same element was known to vary 
for many elements and these various 
manifestations of the same nucleus 
were called isotopes. 

In 1935 Yukawa's theory postulat
ing a new force in Nature (now called 
the strong nuclear force) was perhaps 
the first real insight into the workings 
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of the nucleus. The new force, acting 
over very short distances (of the 
order of nuclear sizes) explains how 
the protons and neutrons can hold 
together so powerfully despite the 
disruptive presence of positive charges 
in close proximity pushing away from 
one another. The theory also intro
duced the mesons into the list of the 
particles as the carriers of this strong 
force (though they had to wait an
other ten years before being separately 
identified). 

Experimental techniques then began 
prising open the nucleus much further 
when new accelerators, starting with 
Lawrence's cyclotron, made available 
the MeV energies which are necessary 
to penetrate the nucleus. The 'solid 
lump' was shown to have a structure 
every bit as intricate as that of its 
surrounding electron cloud. 

The study of rather different aspects 
of nuclear behaviour then became 
dominant. For a long time the emis
sion of particles from nuclei had been 
known — alpha, beta, and gamma 
decay were well documented and 
partly understood. Then, at the end of 
the thirties, the phenomenon of fission 
— the break up of a heavy nucleus 
into smaller fragments — was dis
covered with shattering results for 
mankind. Bohr and Wheeler put 
forward their 'liquid drop' model to 
explain what happens. The addition of 
another neutron to the heavy nucleus 
(regarded as initially spherical) was 
interpreted as initiating oscillations 
which disturb the energy balance in 
the nucleus and (like a drop to which 
too much liquid has been added) it 
can change into a dumb-bell shape 
and finally divide when the surface 
energy can no longer hold it. 

The process liberates energy; the 
mass of the products is less than the 
mass of the original heavy nucleus and 
this mass difference is converted to 
energy. The way to initiate fission by 
sending in a neutron to tip over the 

stability of the nucleus was quickly 
learned and controlled fission in 
nuclear reactors and uncontrolled fis
sion in atomic bombs were with 
us. 

It was also realized that the inverse 
phenomenon to fission, where nuclei 
from light elements are welded toge
ther to form a heavier nucleus, is also 
a source of energy — a mass difference 
again occurs. This was used in an 
uncontrolled way in the hydrogen 
bombs and is still the subject of a lot 
of applied research in the attempt to 
achieve controlled thermonuclear fu
sion. 

Use of accelerators opened up the 
understanding of the nucleus in 
several different ways. For example, 
by throwing particles at the nucleus it 
became possible to break into an 
existing nucleus and either to trans
form it into the nucleus of another 
element or to produce an isotope of 
the same element. In this way new 
elements were artificially produced 
heavier than uranium, which, with 
ninety two protons in its nucleus, is 
the heaviest found in Nature. (Not 
quite true — last year a Los Alamos 
search found minute traces of pluto-
nium, which has ninety four protons, 
in a rare earth ore called bastnasite.) 
Creating isotopes has been fruitful 
both for studying the behaviour of 
nuclei and for a wide variety of practical 
applications. 

But, in terms of attempting to under
stand the nucleus, most effort at the 
accelerators went into nuclear spec
troscopy. A stage earlier, atomic spec
troscopy had given vital insights in
to understanding the electron cloud. 
Observing the way the cloud emitted 
and absorbed discrete packets of ener
gy (in the optical and X-ray wave
lengths) as electrons moved between 
their allowed energy states, made it 
possible to calculate those energy 
states and to work out how the electro
magnetic forces operating between 

the positive nucleus and the negative 
electrons cloud gave these energy 
levels. 

The nucleus exhibits remarkably 
similar characteristics. This time the 
packets of energy emitted are greater 
(gamma rays) but again they have 
discrete values for a particular nucleus 
and the allowed energy states can be 
calculated. This has given us a 'shell 
model' of the nucleus with the idea of 
orbiting particles swirling around in 
the nucleus similar to the shell model 
of the orbiting electrons around the 
nucleus. But the strong force acting 
between nucleons is not known as 
well as the electromagnetic force and 
the interpretation of what we observe 
cannot be carried through with the 
same thoroughness. 

We know that we can build up 
nuclei using from one to about 
250 nucleons; we observe that, in 
general the heavier the nucleus the 
more the number of neutrons exceeds 
the number of protons. We can under
stand, in outline, why the nucleons 
hold together via the strong force but 
we do not know exactly how the pi 
meson plays its role in the nucleus. 
Though a lot of information has been 
gathered on the role of the meson in 
particle to particle interactions (learned 
from high energy physics experi
ments), we do not know how this is 
modified in the multi-particle com
plexity of the nucleus. Given a bunch 
of protons and a bunch of neutrons, 
we still cannot say with certainty 
which are the possible ways in which 
they can live together and, more 
importantly, why they can live to
gether. 

Another source of information is to 
measure the shape of the resulting 
nuclei and, in general, we see it grow 
as the number of nucleons increases 
in the way we would anticipate for a 
spherical nucleus (the mass being 
proportional to the cube of the radius). 
It is known however that some nuclei 
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are slightly deformed into ellipsoidal 
shapes. 

High energy electron scattering 
experiments have shown that par
ticles over the bulk of the volume of 
heavier nuclei are rather uniformly 
packed but that there is a fuzzy sur
face region (the 'nuclear atmosphere') 
where the average density of particles 
falls off. The lighter nuclei have not 
enough volume to talk of an interior 
region and can be considered all 
'surface region'. From there on, inter
pretations begin to get more difficult. 
Some maintain that neutrons dominate 
at the surface (thinking of minimum 
energy configurations, the neutrons 
would have a larger radius distribu
t ion), but it can be maintained that 
protons and neutrons are there in 
equal numbers ('exotic atom' informa
tion is probably the best route towards 
answering this question and is near 
to achieving the necessary precision), 
and others maintain that they have 
a tendency to cluster there as alpha 
particles (based on scattering experi
ments). 

If we are so unsure about what goes 
on at the surface of the nucleus, we 
are even less sure about what goes on 
deep inside in the sense of knowing 
about the tightly bound states. Most 
experimental indications are that the 
protons and neutrons remain discern
ible as such and do not transform for 
example into complex resonances. 
This is supported by data from scatter
ing experiments and by the emission 
of individual nucleons. However, as 
D.H. Wilkinson remarked, 'It has been 
noted before that the extraction of a 
bark from a dog does not prove that 
dogs are made of barks'. 

Deep in the nucleus, the protons, 
neutrons and mesons may be meshed 
together in intricate ways. To find 
whether such intricacies are there or 
not and, if they are, to unravel them 
has been impossible up to now. The 
nuclear states we can get at are those 

of the outer energy levels. It is as if we 
had only been able to study in detail 
the outermost valence electrons in the 
atom and were not certain that the 
picture which emerged carried through 
to the more tightly bound electrons. 

The nucleus has been under study 
for a long time and most of the present 
research is taking our knowledge of its 
behaviour a little further — gathering 
more details on energy levels and 
nuclear shapes, checking whether the 
known behaviour continues to prevail 
for nuclei pushed into extreme condi
tions, and so on. But the research is 
still capable of throwing up consider
able surprises. 

Last year, for example, a CERN, 
ETH, Imperial College, Milan team 
reported results of a particle physics/ 
nuclear physics experiment (coherent 
production of multi-pion systems and 
study of how the multi-pion system 
scattered on nucleons). Essentially 
what they found is that a three-pion 
or five-pion system can wriggle its 
way through nuclear matter more 
easily than one pion — as if five pions 
were smaller than one. What this type 
of experiment can tell us about the 
way in which protons and neutrons 
are distributed in the nucleus could be 
something completely new. 

There are other potential sources of 
completely new information. One is 
the study of the hypernucleus where 
a neutron is replaced by a lambda 
particle. The lambda can filter down 
into the deeper energy states of the 
nucleus and we might be able to find 
out about those states in a way which 
is not possible with protons or 
neutrons. 

Another area of study is that 
opened up by the acceleration of 
heavy ions. Here it will be possible to 
throw nuclei together in a new way. 
With the acceleration of individual 
particles we have probed the nucleus 
rather like firing a bullet at a custard 
pie, the high energy disturbance being 

concentrated in a small part of the 
nuclear volume. Now we can fire 
custard pies at custard pies. The 
results could be equally interesting 
(and could be equally difficult to 
tidy up). 

Knowledge of the gross features of 
nuclear behaviour has been enough 
to yield applications which have had 
a tremendous impact on man's en
vironment. Work on the detailed 
features is continuing. A great deal of 
new knowledge, and even occasional
ly some new understanding, is being 
added by nuclear physics experi
ments and the theoretical treatment 
of their results. 
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At the synchro-cyclotron 

The physics programme at the 600 
MeV synchro-cyclotron has included 
eighteen experiments in the course of 
the past year (not counting those at 
the isotope separator, ISOLDE, which 
we mention separately) involving 
scientists from about thirty research 
centres. The experiments have been 
mainly concerned with nuclear physics 
but there are several studying aspects 
of particle physics, where intermediate 
energies are appropriate (providing 
different information to that coming 
from synchrotron or storage ring 
energies). There is also a modest pro
gramme of radiobiology. 

At ISOLDE, fed by the SC, short-lived 
'exotic' nuclei are under study and the 
themes of several experiments are 
covered in the next article. Within the 
SC experimental areas there are related 
experiments such as an Orsay investi
gation of fragmentation which pro
vides astrophysics with data on stellar 
and interstellar interactions and a 
Cologne study of the effect of SC 
beams on targets of lunar rock compo
sition so as to estimate the effect of 
cosmic rays on the surface of the 
moon. 

The energy of the synchro-cyclotron 
was selected so that the machine 
would be capable of copious produc
tion of pions. This ability has been used 
in a long sequence of experiments 
where pions have been fired at nuclei. 
One important experiment by an 
IISN Brussels, Orsay team compiled 
an unusually complete catalogue of 
data on the scattering of pions on the 
carbon 12 nucleus. The measurements 
cover the scattering in detail as a 
function of energy and angle. The 
welter of data makes it possible for the 
theoreticians to test pion-nucleon dis
persion relations in a detailed way for 
the first time. 

Other pion-nucleus experiments are 
continuing. To take a single example; 

a CERN, Goteborg, London, Oxford, 
SIN team are measuring total cross-
sections with both positive and nega
tive pion beams on a variety of nuclei. 
They recently finished data taking on 
positive pion-deuterium elastic scat
tering in the backward direction (when 
the pion would bounce off towards 
the direction from whence it came if 
we converted the interaction into 
centre of mass terms, i.e. as if the pion 
and nucleus were flying at one another 
rather than the pion hitting a stationary 
nucleus). The results are in good agree
ment with a model involving multiple 
scattering within the nucleus but at low
er energies the angular distribution of 
the scattered pions shows the agree
ment with the predictions of the model 
becoming steadily worse. These agree
ment/disagreement results have not 
yet been explained. 

Another disagreement with theory 
came in a series of measurements on 
nuclei such as helium and carbon 
which have isospin zero. Sending pions 
into these nuclei should give the same 
total cross-section for positive and 
for negative pions when account is 
taken of Coulomb effects due to the 
positive charge of the nucleus. How
ever when the Coulomb correction is 
made there still remains an unexplained 
difference of close to 10 %. 

Similar measurements with positive 
and negative pions on nuclei, such as 
beryllium 9, which have isospin of one 
half, give information on the real part 
of the scattering amplitude connected 
with the important pion-nucleon cou
pling constant. There is a link, via 
several manoeuvres in the theory, with 
the nuclear coupling constants in beta 
decay. 

Another particle available at the SC, 
in addition to the accelerated proton 
and the secondary pion, is the muon. 
A long series of experiments have used 
muon beams and four of them are in 
the current programme. One concerns 

the production of muonic atoms where 
the muon becomes a satellite of the 
atom in the same way as an electron. 
In a later article we survey the types 
of information that 'exotic atoms' from 
muonic to sigmic have brought or 
might bring us. Both muonic and 
pionic types have been staple diet at 
the SC for many years. 

To avoid too much repetition we 
will just point out here a few of the 
measurements which are possible. 
When the muon is in the higher atomic 
energy levels, it is sensitive to the 
quadrupole moment of the nucleus — 
the muon orbits will be partly dictated 
by any asymmetry in the way the pro
tons move around in the nuclear 
volume. In this way it has been possible 
to measure the quadrupole moment 
which is associated with the rotation 
of ellipsoidal, or cigar-shaped, nuclei. 

The measurement of the X-rays 
emitted as the muon falls through its 
allowed orbits is an extremely sensitive 
measure of the energy levels. It is 
possible, for example, to detect a 
difference between the shape of an 
excited nucleus and a ground state 
nucleus. Very recent developments in 
experimental technique have taken 
the accuracy to the 1 % level. 

With the pionic atom, the strong 
interaction adds itself to the electro
magnetic. The pion in its orbit is sensi
tive not only to the way the charge is 
distributed in the nucleus but also to 
the way all the strongly interacting 
nucleons are distributed. Hyperfine 
structure effects due to the strong 
interaction have been observed in a 
qualitative way but the intensities of 
the SIN cyclotron (see page 43) are 
awaited to feed some numbers into 
the observation. 

A new use of muonic atoms is an 
attempt to do a Lamb shift measure
ment on the difference between muon 
energy levels rather than electron 
energy levels. The original experiment 
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When the SC is rebuilt the internal target 
system will be changed. The targets shown in the 
photograph can be moved into the desired 
position (radially, azimuthally and axially) by 
remote control using a system of linear motors. 
With the increased repetition rate, the targets 
will receive much more beam; they have been 
designed to dissipate 1 kW of heat by radiation. 

The new 'hooded arc' ion source will be 
introduced into the centre of the synchro
cyclotron from below on this long positioning 
device. It has four eccentric shafts which 
make it possible to position the source and the 
central electrodes. 

by W.E. Lamb and R.C. Retherford in 
1947 used atomic beam and micro
wave techniques to measure the ener
gy difference between levels (2S and 
2P) in the first excited state of the 
hydrogen atom. They found that the 
energy levels did not precisely line 
up with theoretical predictions. Quan
tum electrodynamics had to take into 
account the effect of the electron 
interacting with its own field. When 
this reformulation was incorporated in 
the energy level calculations, the 
Lamb shift was explained. 

The Lamb shift measurement re
mains one of the most refined tests of 
the validity of the brillantly successful 
QED theory. Lamb, this time with M. 
Skinner in 1950, observed an even 
greater shift in singly ionized helium 
and it is this ion with a muon passing 
between the 2S and 2P levels that is 
studied at the SC. The experiment calls 
for highly refined techniques since the 
muonic helium ion does not exactly 
hang around to be measured. A me
thod of stacking in the SC (as in the 
ISR) has been developed so as to 
feed short high intensity pulses of 
muons into a helium target at about 
40 atmospheres pressure. A 50 ns 
pulse of light is fed in from a tunable 
laser and its frequency can be varied 
around 8150 angstroms, to flip the 
muon ion into the higher energy state. 
The frequency at which the X-rays from 
the muons falling from the 2P to 1S 
state peak to a maximum will give the 
energy level difference and hence the 
muonic Lamb shift. Up to now the 
laser frequency has been swung 
over a range from 8220 to 8160 
angstroms and the data on the emer
ging X rays is being analysed. 

These are just a few of the experiments 
at the 600 MeV synchro-cyclotron but 
they serve to indicate the sort of work 
that is under way. We will pass now to 
a little information on the machine 
itself. 

Machine performance 
and improvement programme 

During the past year the synchro
cyclotron provided protons for physics 
for just over 7000 hours. With mul
tiple use of the beams this meant 
many more actual hours for experi
ments. The peak internal beam current 
is about 1.5 ptA and to increase this by 
a factor of ten, and, at the same time, 
to raise the extraction efficiency well 

CERN 59.4.72 

above its present value of around 6 % 
are the main aims of an improvement 
programme. 

The new operation figures will be 
achieved by replacing several impor
tant machine components. The first is 
the ion source. At present, an 'open' 
type Is used which prevents high ac
celerating voltages being applied In the 
source region to obtain a large change 
of radius per turn. A 'hooded arc' 
source and new central electrodes wil l 
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The rotary condenser of the r.f. acceleration 
system for the improvement programme at the 
SC photographed in its vacuum housing with 
the end shield removed. The eight 
symmetrically placed electrodes couple the 
condenser to the oscillator valve via the coaxial 
feed in the centre. The new r.f. system is 
designed to provide higher accelerating 
voltages and increase the pulse repetition rate 
of the synchro-cyclotron from 55 to over 
500 Hz. 

be introduced to make fast accelera
tion possible which helps achieve 
good beam quality. Tests with a 
15 MeV central region model cyclo
tron show that the desired current and 
beam characteristics (essential to 
achieve high extraction efficiency) 
can be achieved. The source and 
electrodes require a special mounting 
system which protrudes into the 
machine from below. It has been 
built and tested. 

To take advantage of the hooded 
arc source however it is necessary to 
have higher acceleration voltages than 
the present radio-frequency system 
can provide. A new r.f. system has 
been designed to be capable of 
providing voltages as high as 30 kV, a 
frequency modulation from 30 to 
16.7 MHz and a repetition rate of 
about 500 Hz. The mechanical tuning 
element is a rotary condenser (de
scribed in vol. 11 page 10). It has 

presented the major technical diffi
culties in the improvement programme 
and has in fact delayed implementa
tion of the programme for over a year. 

By now, the first of two rotary con
densers, which are being built, has 
undergone mechanical tests and it 
was shown that the stringent dimen
sional requirements have been met. 
Vacuum tests were also successful — 
full speed operation for 24 hours saw 
no deterioration in the high vacuum. 
Electrical tests began in October and 
correct behaviour as regards the 
frequency range was achieved. It is 
now being prepared at the manufac
turers for the vital high voltage 
tests. The design figure as stated 
above is 30 kV, but a lower voltage 
could still give a considerable im
provement on present performance. 

Other elements of the programme — 
a regenerative beam extraction system 
using a current bearing septum to give 
high extraction efficiency, radiation 
cooled internal targets to cope with 
higher currents, a Cee electrode for 
long bursts with small energy spread, 
a pulsed field coil to increase the duty 
cycle to over 50%, a new vacuum 
chamber and new radiation resistant 
magnet coils — are ready, or can be 
completed as soon as they are needed. 

The shutdown to carry out all these 
improvements to the synchro-cyclo
tron is scheduled to last just under a 
year. What is not definitely fixed is its 
starting date, since the crucial rotary 
condenser has still not been fully 
tested. There is a strong recommen
dation from the improvement pro
gramme Advisory Panel (consisting of 
representatives of physics users) to 
bring the condenser to CERN and to 
complete it here after a preliminary 
test at the manufacturers. If this test 
does not reveal any major technical 
difficulties it is hoped that the shut
down could start before the middle 
of the year. 
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At ISOLDE 
Isotope separator on-line 

There are now about sixty scientists 
coming to CERN as visitors to take 
part in the experimental programme 
of the isotope separator on-line, 
ISOLDE. The facility was described in 
vol. 7, page 23. Its essential ability is 
to make possible the study of short 
lived nuclei (far from the stability line) 
produced by bombarding targets with 
protons accelerated in the 600 MeV 
synchro-cyclotron. 

A great many of the experiments 
are in the traditional field of nuclear 
spectroscopy — the painstaking work 
of pinning down the excitation ener
gies, quantum numbers, etc., observed 
in the decays of the rare nuclei. 
Ultimately, the mapping of nuclear 
properties is the touchstone against 
which our attempts to interprete the 
nucleus stand or fall. We will mention 
three other experiments. 

The first (by a Mainz team led by 
E.W. Otten) involves 'optical pump
ing', which has become familiar in 
connection with the laser, and a whole 
range of other atomic and nuclear 
techniques in order to unearth pro
perties of nuclei far from stability. 
The panoply of techniques is necessary 
because the nuclei are in most cases 
available in very small numbers. 

Without going through the experi
mental method again (see vol. 11 , 
page 321) we will simply report their 
most intriguing result. They measured 
the atomic energy levels along a long 
chain of mercury isotopes and com
pared them with a stable isotope. This 
energy level difference (the 'isotope 
shift') is related to the nuclear shape 
(more specifically — the mean squared 
radius of the nucleus). For measured 
mercury isotopes from mass 205 
down to mass 107 a neat straight line 
could be drawn through the measured 
energy differences corresponding to 
the expected decrease in nuclear 
radius with decreasing neutron num
ber. Then, abruptly, for isotope 185 

the energy difference veered a long 
way from the straight line — the 
change from 107 neutrons to 105 
neutrons in the nucleus abruptly in
creased its effective radius. This 
change is sustained in measurements 
on mercury 183 and (a very recent 
result) 181. 

The popular explanation is that for 
these three isotopes the nucleus is 
deformed into an ellipsoidal shape 
(such as is familiar for the rare earth 
elements). However another conse
quence of this type of deformation 
would be the possibility of rotation 
of the nucleus (again as with the 
rare earths) which should lead to 
observable fine structure in alpha 
decay. A newly developed target 
system has made it possible to 
look at mercury 184 produced from 
the alpha decay of lead 188. The 
experiment which was carried out by 
a team from Aarhus, CERN and Copen
hagen, showed no sign of rotation. 

A new type of liquid metal target for the 
isotope separator, ISOLDE. An alternating 
current (the high current leads can be seen 
behind the target) keeps the metal at this 
glowing temperature in a tantalum container 
which is placed axiaily in the path of the 
SC beam, ions of barium, cesium, xenon, 
iodine and tellurium, for example, can be 
obtained from a lanthanum target. 

CERN 1.1.72 

An alternative idea, promoted by 
C.Y. Wong in October 1972, is that 
the nucleus transforms into something 
like a bubble with particles clustering 
around the outside of the sphere. This 
gives calculated energy differences in 
line with the Heidelberg results but 
needs other experimental investigation 
before it becomes more than an intri
guing surmise. 

A second series of measurements 
at ISOLDE has concerned the energy 
spectra of nuclei emitting 'delayed' 
particles. In the early studies of ura
nium fission it was observed that 
nuclei which are unusually rich in 
neutrons can sometimes survive for 
several seconds after their formation 
(an enormously long time on the 
nuclear timescale) before they emit 
neutrons. The same phenomenon for 
protons has been observed in a num
ber of heavier nuclei at ISOLDE (see 
vol. 10, page 5) and at Dubna. 
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Cut-away view of the planned ISOLDE 
experimental area. The 600 MeV proton beam 
from the SC enters through a switching 
magnet (1) and focusing quadrupoles to 
the ISOLDE target and ion source (3). 
A beam of radioactive ions is set up by means 
of the acceleration electrodes (4) and mass-
analyzed in a magnet (6). Individual masses are 
selected electrostatically in the switchyard (7) 
and taken to the various experiments (11) via 
secondary beam lines. Up to four experiments 
will be able to operate on-line simultaneously. 
A novel feature will be a second magnetic 
analysis stage (13) which is expected to provide 
a very clean beam for special low-intensity 

experiments. It is possible that at a later stage 
this beam will be taken by electrostatic 
deflectors up to the low background area (16) 
which also houses the controls of the isotope 
separator. 

In recent work the fluctuations in 
the delayed particle spectra have been 
studied. This has revealed fine struc
ture which is very reproducible for a 
particular nucleus but which varies in 
a seemingly random way from nucleus 
to nucleus. This is a way of looking at 
the nuclear 'noise' and the treatment 
of the results has followed the theory 
of noise in electrical circuits. From 
the measured spectra the average 
densities of the nuclear energy levels 
were deduced. Also information about 
how the levels are populated emer
ges. 

The last series of measurements 
we wil l single out concerns the 
'strength function' behaviour in beta 
decay. In the decay of nuclei far from 
stability, a very large number of states 
can be populated because the energy 
available is large. Instead of studying 
individual transition probabilities to 
isolated levels, their strength function 

behavfour can be studied — that is 
the total transition probability per 
unit energy interval with any trivial 
energy dependence removed. Studies 
as a function of mass number and 
atomic number has shown some sur
prising effects. 

Beta decay of a particle inside a 
nucleus is very different from the 
beta decay of the same particle in the 
free state because the other nucleons 
affect the properties of the particle. 
One phenomenon is collective beta 
decay in which the beta decay process 
is produced jointly by a group of 
nucleons. Similar processes are known 
to occur in electromagnetic transitions 
in nuclei and in muon capture. The 
collective effects in beta decay mani
fest themselves by a different energy 
dependence for electron and positron 
emission. This can be seen by com
paring the CERN data with that taken 
at the Studsvik reactor and also from 
analyses of delayed neutron emission 

results by A.C. Pappas and Y. Taka-
hashi. 

These studies indicate new 'simple' 
excitations of the nucleus. They may 
also be relevant to theories of stellar 
synthesis — the attempts to explain 
how the heavier elements (beyond 
lead) were built up when stars were 
formed. 

Plans have been prepared for a 
major revamping of ISOLDE to go on 
at the same time as the SC shutdown 
so as to be able to make full use of 
the higher intensities. In fact a 10 jxA 
SC beam is probably as much as the 
ISOLDE target could reasonably hold 
down and the SC improvement pro
gramme lines up well with the wishes 
of the IS€LDE collaboration. 

Because of the high radiation levels 
a new layout will put the separator 
behind a shield wall with the target 
behind a second shield wall. Another 
change will be that the analysing 
magnet will be in the shield wall 
structure. Mobile electrostatic lenses 
will give much greater flexibility in 
beam selection to each experiment 
and should provide up to four simulta
neous secondary beams in the experi
mental area. 

Recent work on targets looks very 
promising. A new type of molten target 
and surface ionization source has been 
developed. The source has been fitted 
with a rhenium tip (which has a high 
work function) and it is then possible 
to have nuclei of earth alkalies and of 
certain rare earths accelerated into 
the separator. A high temperature 
oxide target (developed by the Copen
hagen group) wil l be used to obtain 
the elements from thallium up to 
radon. Another development is a 
target where it is possible to vibrate the 
molten metal in order to get at the very 
short lived nuclei. 

These modifications will open up 
further possibilities in the ISOLDE 
programme wi th the improved SC. 
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Nuclear physics at the PS 

The use of the 28 GeV proton synchro
tron for nuclear physics experiments 
has increased remarkably in the past 
two years. An indication of its grow
ing role in the PS physics programme 
is that on 25 January the setting up 
of a PS Nuclear Structure Working 
Group was announced. We will de
scribe four types of experiment here. 

Probably the most fruitful series of 
experiments has been the study of 
exotic atoms. This began at the SC 
and extended to the PS when kaons 
and antiprotons were required which 
are beyond the energy capability of 
the SC. A detailed description of 
particular experiments can be found 
in vol. 10 page 251. Here we will run 
through the different types of atom 
and indicate what sorts of information 
they can tell us. 

A non-exotic atom has its electron 
cloud and we recalled in the opening 
article how much was learned by 
watching the X-rays emitted as elec
trons excited to higher energy states 
tumbled back through the allowed 
energy levels to the original unexcited 
state. In exotic atoms an electron is 
replaced by another negatively 
charged particle and different informa
tion can be drawn by watching the 
X-rays as this particle tumbles down 
through its energy levels and, in some 
cases, by watching its subsequent 
interaction with a nucleon. 

The most obvious candidate is the 
muon which for most purposes can 
be regarded as a heavy electron. 
Being heavier, their lower orbits go 
closer to the nucleus (and even pass 
through the nucleus) and are more 
influenced by the distribution of pro
tons in the nucleus. Another advan
tage is that they are leptons, unaffected 
by the strong force. Thus their be
haviour is dictated only by the electro
magnetic interaction and is thus easier 
to interpret. There is still a discrepancy 
between QED theory and observation 

in muonic atoms which has not been 
explained away. 

Next comes the negative pion. 
Here the strong force comes in and 
the pion-nucleon interaction, so im
portant for understanding the nucleus, 
can be got at. Precise measurement of 
the energy levels in pionic atoms has 
also given the most accurate value yet 
of the pion mass. 

Higher energy beams have made 
possible the formation of kaonic, 
antiprotonic and sigmic atoms. The 
negative kaon also feels the strong 
force and is not so happy to be in the 
nucleus as the pion. It interacts 
readily when it encounters neutrons 
or protons and thus provides a way of 
investigating the nuclear surface by 
detecting when the kaon X-rays 
stop — the kaon orbit having run into 
a nucleon, The absorption of the kaon 
by the nucleus has proved much 
stronger than anticipated. 

Antiprotonic atoms are providing a 
way of checking that the magnetic 
moment of the antiproton is equal and 
opposite to that of the proton. This 
can be checked by observing the 
splitting of each antiproton energy 
level into two levels very close 
together, according to the two pos
sible orientations of the magnetic 
moment. The effect has been observed 
but more precision is needed to give 
a clear result. 

Sigmic atoms are interesting for the 
same reason. The negative sigma 
hyperon has a magnetic moment that 
is difficult to get at because, unlike 
its positive equivalent, the orientation 
of its moment in a magnetic field 
cannot be watched via the orientation 
of its decay products. Energy level 
splitting in sigmic atoms looks to be 
the most promising way to unearth a 
measurement and the measurement is 
important since there are detailed pre
dictions of the value of the magnetic 
moment from particle theories such as, 
for example, the quark theory. 

Another way into nuclear properties at 
the PS is via hypernuclear spectro
scopy. A hypernucleus is one in 
which a lambda hyperon has taken 
the place of a neutron. They are pro
duced at the PS by bombarding a 
target, such as beryllium, usually with 
negative kaons. The kaon has the 
right properties to interact with a 
nucleon to give a lambda. In general 
the bombarded nucleus will break up 
and the lambda will be lodged In a 
daughter nucleus (often referred to 
as a hyperfragment) such as helium if 
the target was beryllium. 

The first observations of hyper-
fragments in 1953 were made by 
groups from Poland and from Imperial 
College London. The Polish group has 
been prominent in this research at the 
PS since then and celebrated the 
10th anniversary of their first observa
tion by detecting a double hyper
fragment, with two lambdas in a 
nucleus, in 1963. The early work was 
done using nuclear emulsions but 
recently counter techniques have taken 
over. 

Up to now, twenty species of 
hypernucleus have been seen ranging 
from hydrogen to carbon. The lambda 
is an unstable particle and the hyper
nucleus thus rapidly decays, the 
energy involved often breaking up the 
hyperfragment. Studying these phe
nomena has established lowest energy 
states for the hypernuclei. Measure
ments on the four lightest hypernuclei 
(variants of hydrogen and helium 
nuclei) have given information on the 
lambda-nucleon interaction which 
seems more solid than hyperon-
nucleon scattering data obtained from 
bubble chambers. 

There is still not enough known 
about this interaction to be able to 
interpret most of the data from hyper
nuclei. However, several of the un
knowns should be cleared thanks to 
new information now being collected. 
Up to now hypernuclei have been 
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studied mainly using nuclear emul
sions where all the tracks were 
measured and information was gather
ed on the ground states of the hyper-
nuclei. Now gamma spectroscopy 
and pion spectroscopy using electronic 
techniques are coming into play. In 
1971 there was the first confident 
observation, using electronic tech
niques, of gammas from a hyper-
nucleus formed from a lithium target 
at the PS. This observation of excited 
states falling, with the emission of a 
gamma, into lower energy states is an 
approach to nuclear energy levels 
which could bring a lot of new 
information. 

Another batch of nuclear physics 
experiments concerns the search for 
superheavy nuclei. This was stimu
lated two years ago by examination of 
a target from the PS by a Rutherford, 
Manchester team. They conjectured 
that hitting the target nuclei with 
multi-GeV protons could knock for
ward very heavy recoil nuclei with 
high energy thus setting up, on a tiny 
scale within the target, the sorts of 
conditions achieved at high energy 
heavy ion accelerators. 

Such conditions could glue heavy 
nuclei together and there are theore
tical reasons for believing that we 
have not yet produced the heaviest 
nucleus that would be stable. Using 
accelerators we have produced a 
dozen nuclei heavier than those of 
elements found in Nature reaching 
element 105. Theory predicts that 
around element 114 there should be 
several nuclei of reasonable stability 
if only we could throw enough pro
tons and neutrons together hard 
enough to produce them. 

The work early in 1971 suggested 
that traces of element 112 existed in 
the PS target. The evidence now 
seems to be believed less but the 
novel idea of looking in targets 
submitted to high energy bombard

ment for signs of superheavy element 
has been taken up by several teams. 
At the PS some are looking for the 
superheavies directly, others are look
ing for signs that the high energy 
heavy ion process, crucial to the 
whole idea, does in fact take place. 

Finally, there has been an important 
programme of mass spectrometry by 
Orsay teams (the research being 
initiated by the late R. Bernas) which 
has been running intermittently at the 
PS for many years. One team is cur
rently doing studies of exotic nuclei 
which has much in common with the 
work at ISOLDE described earlier. 
They concentrate on unstable light 
nuclei such as sodium and lithium. 

Measurement of the production 
rates for the exotic nuclei is part and 
parcel of the experiments and is 
particularly important in the work of a 
second team. They are concerned 
with fragmentation cross-sections to 
feed more data into astrophysics calcu
lations. We are aware that space has a 
fair share of high energy particles and 
we are aware that high energy envi
ronments in the various stages of star 
evolution are far more common in 
Nature than the mild environment we 
encounter on earth. 

To understand many cosmological 
and astrophysical phenomena we 
need to learn, at our accelerators, 
what happens in high energy con
ditions. The Orsay team is currently 
contributing information on what hap
pens to nuclei when bombarded 
with high energy cosmic rays. 

It will have been obvious from the 
descriptions of several types of exper
iment in the earlier articles that 
knowledge of collective nuclear phe
nomena and knowledge of individual 
particle interactions are often meshed 
together. Watching how particles 
behave in the special environments of 
nuclei rather than in interaction with 
other individual particles can tell us 
new things about the particles and 
new things about the nucleus. 

To give a particular example: It is 
difficult to study how very short-lived 
particles (resonances) scatter on other 
particles just because they are short
lived and disintegrate before they can 
even cross the distance between two 
nuclei. If however we produce the 
resonance in a multi-particle nucleus, 
it is closely surrounded by nucleons 
and can scatter from a nucleon before 
disintegrating. Thus the nucleus pro
vides an environment to study the 
scattering of short-lived particles and 
this is the only way their scattering 
can be studied. 

The interest in gathering information 
on resonance scattering emerges from 
the realization in symmetry theory that 
these particles are on an equal footing 
with their more stable brethren. The 
possibility of observing, in nuclei, the 
way in which they scatter is just as 
fundamental a piece of data as any of 
the more conventional scattering data 
concerning the stable particles and 
simply adds to the information which 
may help to unearth hadron structure. 

The particular experiment men
tioned in the introductory article con
cerned the production of multi-pion 
resonances and the measurement of 
their scattering cross-section. A CERN, 
ETH, Imperial College, Milan collabo
ration did this measurement in nuclei 
for the 3rz and the 5TT state. For the 3n 
state they emerged with a cross-
section of 25 to 30 mb and for the 5TT: 
state with a cross-section of 20 mb, 
which is smaller than the cross-
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section for a single pion. Thus a five 
pion resonance can find Its way 
through nuclear matter more easily 
than one pion! 

This has been one of the most pro
vocative pieces of information to 
emerge from nuclear/particle physics 
in recent years and has led to a great 
deal of scratching of theoretical heads. 
One possible explanation from L Van 
Hove and C. Wilkin is that the forma
tion time of the resonance is longer 
than the time taken to cross the inter-
nuclear distance and that we are thus 
considering the scattering of an evolv
ing state rather than the finished 
resonance. Though we do our sums 
on the finally observed multi-pion 
state, the intermediate stage may 
concern what happens when the 
components of the resonance are 
swirling through the nucleus (com
ponents here being not pions but 
partons or quarks or whatever other 
objects are constituents of a hadron). 

This is something completely new 
and is certain to be followed up by 
other related experiments. If the ideas 
which have emerged in attempting to 
understand the multi-pion results are 
correct, there should be important 
effects observable in the scattering 
of very high energy protons on dif
ferent nuclei. It looks as if a new 
range of phenomena involving the 
evolution of hadrons towards their 
resonance states is opening up. 

The problems associated with radiation and 
induced radioactivity are among the most 
difficult that meson factories have to solve. One 
of the LAMPF solutions is to have a mobile 
iron shield box known as Merrimac (after one of 
the first iron-clad steam frigates of civil war 
renown). It has a 200 ton box mounted from 
a self-propelled gantry which can drive along 
the top of a shield wall. Beam-line components 
are serviced by lowering the box through 
openings normally closed by large steel doors. 
It has manipulators to work on or remove 
targets or faulty equipment. It can bring them 
into the box and wheel them to hot cells. 

(Photo Los Alamos) 

LOS ALAMOS 
LAMPF prepares 
for experiments 

The Los Alamos Meson Physics 
Facility, LAMPF, produced its first 
design energy beam ahead of schedule 
on 9 June last year. It accelerates 
protons to 800 MeV, comfortably 
above the pion production threshold, 
and aims eventually to give high 
quality beams of very high intensity 
(1 mA, composed of 0.9 mA protons 
and 0.1 mA negative hydrogen ions). 
Initially the current will be held way 
below this figure until the accelerator 
is thoroughly mastered so that radia
tion and induced radioactivity prob
lems will be kept to managable levels. 

The machine design incorporated 
several features which were then new 
in accelerator technology — post-
coupled Alvarez cavities, side-coupled 

waveguide cavities, extensive com
puter control, simultaneous accelera
tion of positive and negative particles. 
Information on the machine itself can 
be found in vol. 8 page 132. We will 
concentrate here on the preparations 
which are in full swing for the immi
nent start of the experimental pro
gramme. 

The layout of the experimental area 
and the beams foreseen for the first 
years of operation are shown in the 
diagram page 42, the caption indicates 
anticipated beam intensities.Theaccel-
erated protons and negative hydrogen 
ions are separated In the beam switch
yard where the negative ions are bent 
off. Stripper foils convert the ions to 
protons giving three beams — one 
wil l be directed to a high resolution 
(50 keV in 800 MeV) spectrometer in 
Beam Area C for proton-nucleus 
experiments, another will be fired at a 
liquid deuterium target to produce a 
high energy flux of neutrons in Beam 
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Area B for neutron-nucleus experi
ments and the third (with very small 
angular divergence) wil l be used in 
small angle scattering experiments. 

The accelerated proton beam will 
continue straight on through the 
switchyard (though there is provision 
for diverting a few percent of the 
beam to a target as a source of pulsed 
neutrons for time-of-flight experi
ments). It can pass through a thin 
target various types being available 
for use in radiochemistry experiments. 
These experiments will collect data 
particularly on the properties of the 
short-lived nuclei produced in the 
collisions. The target will be accessible 
via a pneumatic 'rabbit' and products 
can be pulled back into a nuclear 
chemistry building for spectroscopic 
analysis. 

Two targets then confront the proton 
beam (and there is provision for 
installing a third) to give pion and 
muon beams into Beam Area A 
extending on both sides of the proton 
beam — their properties are given in 
the caption to the diagram. Further on, 
two more targets are positioned to 
receive the remaining proton beam 
which is likely at this stage to be 
down to half its initial intensity and 
to have lost 100 to 200 MeV in 
energy. One target wil l serve the 
future biomedical facility and the 
second the isotope production facility. 
An on-line mass separator of the 
ISOLDE type is planned in this region 

also for some later date. The remain
ing protons will plough into a beam 
stop and even this will be used as a 
source of neutrinos and of low energy 
neutrons which will be used for 
studies of radiation damage. 

Simultaneous operation of many 
beams will be possible and in the first 
year of the experimental programme it 
is hoped to feed sixty experiments 
which have been approved for beam-
time. Proposals for about twice that 
number of experiments have been 
received by the Programme Advisory 
Committee. Over half of them are in 
the broadly-defined field of nuclear 
physics and about a third in particle 
physics. 

The nuclear physics experiments 
wil l benefit from the very intense 
beams of protons, pions and muons to 
study such things as the nuclear 
charge and mass distributions and 
nuclear energy levels, via elastic and 
inelastic scattering, mesic X-rays, 
gamma spectroscopy, single and 
double charge exchange.. . The par
ticle physics experiments will study 
such things as the conservation laws 
(conserved vector current, T violation, 
Fermi interaction), the mass of the 
muon neutrino, pion production by 
pions and, later, neutrino-electron 
scattering (a crucial topic in present 
weak interaction theory). 

Nuclear chemists will be invading 
LAMPF in force because they will 
have the thin recoil target, high 

intensity pion and muon beams, both 
high and low intensity proton beams 
(making possible the study of rare 
proton-rich isotopes) and the isotope 
production facility. Experiments are 
planned to study such things as pion 
induced fission and spallation, frag
ment emission, pion-nucleon knock
out reactions . . . It will be possible to 
produce a wide range of isotopes 
many of which wil l have practical 
applications in medicine, agriculture 
and industry. Several large radio
pharmaceutical companies are in con
tact with LAMPF. 

The biomedical facility will also be 
the scene of practical applications in 
the field of medicine. Radiation the
rapy is planned there using the 
exceptional properties of negative 
pions for cancer treatment. Negative 
pion beams of carefully controlled 
energy spread and carefully directed 
could be much more effective than 
X-rays or gammas in destroying 
diseased cells. LAMPF will be capable 
of delivering an average dose rate of 
about 1 rad per second to small 
tumours. Doctors from the Cancer 
Research and Treatment Centre at 
Albuquerque will participate in this 
work aimed at realizing the full pro
mise of negative pion beams in cancer 
therapy. The biomedical facility is 
now being designed. 

A practical application of LAMPF 
which is less demonstrably positive 
for the benefit of mankind is a weapons 
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Schematic diagram of the beam layout 
in the experimental area at the 800 MeV 
proton linear accelerator, LAMPF. The possible 
ways in which the accelerated particles and 
secondary beams can be distributed to 
experiments are indicated. Predicted 
intensities and energies not indicated in the 
diagram are as follows: Low energy pion beam — 
3 x / O 9 positive or 8 x 708 negative pions per 
second at energies up to 300 MeV; High energy 
pion beam p3 — 7 0 1 0 positive or 10* negative 
pions per second at energies between 100 and 
600 MeV; EPICS pion beam — 4* 108 positive 

or 108 negative pions per second at energies 
between 50 and 300 MeV; stopped muon 
beam — 5 x W1 positive or W negative pions 
per second at energies up to 165 MeV; 
Neutron flux in Area B — 2 x 101 per cm2 

per second at an energy of 755 MeV; Neutron 
flux from the beam stop — 10g per cm2 per 
second at energies from 1 to 20 MeV; 
Biomedical beam — 2 x JO5 negative pions 
per second at energies between 80 and 
100 MeV; Neutrino flux — 5 x W per cm2 per 
second at energies between 20 and 50 MeV. 

1. The ring cyclotron photographed in 
September 1972 when the last of the eight 
magnet sectors was being assembled. One r.f. 
cavity can be seen in place on the left. The beam 
from the injector cyclotron will come into the 
centre of the ring from the direction at the top of 
the photograph and full energy (590 MeV) 
protons will be extracted towards the bottom 
of the photograph. 

research facility where neutron beams 
will be used in studies of neutron 
absorption in materials used in weap
ons, for neutron cross-section meas
urements, etc. 

Preparations for the experimental 
programme have been hindered by a 
cut of $3 million in the budget for 
fiscal year 1973. It is planned to have 
a low intensity beam (about 1 [JLA) 
available to feed Beam Area A in 
April. About six months later it is 
hoped to have enough shielding in 
place and to have mastered the 
accelerator sufficiently to be able to 
increase intensities to between 10 
and 100 jxA. Growing experience with 
the accelerator and with running the 
experimental programme will then 
dictate how quickly the climb to 
design intensity goes. 

VILLIGEN 
SIN cyclotron 
nears completion 

Assembly of the isochronous cyclotron 
at the Swiss Institute for Nuclear 
Research (SIN), Villigen, is nearing 
completion. All eight sector magnets 
of the ring accelerator are in place 
together with two of the four r.f. 
cavities. Complete assembly is sche
duled for October of this year and the 
first protons wil l be extracted in 
December. The project was last de
scribed in CERN COURIER vol. 11, 
page 164. We wil l concentrate here 
on progress since then and a brief 
summary of the initial experimental 
programme. 

The accelerator consists of two 
cyclotrons. An injector cyclotron, built 
by Philips, is designed to provide 
100 fiA of protons at 72 MeV to a ring 
cyclotron and also to provide a variety 
of ions and polarized beams at 
variable energy for an experimental 

programme at low energies. The ring 
cyclotron will continue the accelera
tion up to a peak energy of 590 MeV. 
It receives particles on an internal 
radius of 2.05 m and accelerates them 
via four r.f. cavities to a radius of 4.5 m. 
Since the central region has effectively 
been lifted out by having an injector 
cyclotron, high accelerating voltages 
can be applied in the cavities leading 
to considerable separation between 
the turns at extraction energy. This 
greatly simplifies the extraction prob
lem and should result in very high 
extraction efficiency (95 % is aimed 
for). 

The magnet of the injector cyclotron 
arrived on site about eighteen months 
ago and by the end of 1972 detailed 
field measurements had been taken. 
The calculated particle orbits show 
that good isochronism has been 
achieved and the field configuration 
seems suitable for a precessionai 
extraction scheme. The r.f. system was 

successfully tested at Eindhoven and 
wil l soon be transported to Villigen. 
A polarized ion source, developed at 
the University of Basel, is being 
installed. 

During 1972 the eight sector 
magnets of the main ring cyclotron, 
each weighing 250 tons, were pro
gressively installed. Field measure
ments were carried out on the indivi
dual sectors and side shims were 
added to ensure a field configuration 
which does not deviate from the 
condition for isochronism by more 
than ± 1.5 x 10- 4 . 

In October a quarter of the ring was 
completely assembled including an 
r.f. cavity, vacuum chambers and elec
trostatic components of injection and 
extraction channels. It was then sub
mitted to normal operating conditions 
(but without a beam, of course) to test 
component interaction, etc., as 
thoroughly as possible. A good-va
cuum was achieved within three days 
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2. Isometric drawing of the cyclotrons and the 
experimental hall. Upper right are the low 
energy experimental areas. On the left, the 
full energy beam travels initially along the wall 
before being bent onto two target stations 
from which pion, muon and nucleon beams 
will be drawn. 

(Photos SIN) 

of pumping and all components 
behaved satisfactorily. Particularly gra
tifying was the performance of the r.f. 
cavity. After it had been opened up 
for minor modifications, a voltage of 
up to 650 kV could be sustained which 
is comfortably in excess of the design 
value. This increases confidence that 
the desired extraction efficiency will 
be achieved. At present, work is going 
on to complete half of the ring so that 
there can be further tests, this time 
with injection and extraction magnets 
powered so that any effects on the 
isochronous field can be measured. 

The general layout of the beams for 
experiments has remained unchanged. 
The experimental hall is divided into 
two regions. One will be fed by the 
injector cyclotron with low energy 
beams (protons up to 72 MeV, 
deuterons, alphas and ions up to 
oxygen at 100 MeV). The larger region 
will be fed by the 590 MeV proton 
beam and secondary beams will be 
drawn from two targets in series — a 
thin carbon target presenting 1 g per 
cm 2 to the beam for the production 
of pions and polarized protons and a 
thick target of about 20 g per cm 2 , 
which may be of carbon, beryllium or 
molybdenum, for the production of 
pions and neutrons. 

The design of the targets has been 
changed completely from the original 
helium gas cooled type. They now 
consist of radiation cooled rotating 
wheels. Tests of the new type, in
volving thermal simulation of the 
effect of the beam, were successful 
and showed that the problem of lubri
cation in vacuum had been overcome. 
Construction of prototypes is well 
advanced. 

Among the special features of the 
beams and experimental equipment 
will be two muon beams using super
conducting elements. A high intensity 
muon channel wil l have an 8 m long 
superconducting solenoid of 120 mm 
internal diameter. A 1 m section has 
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7. A photograph taken at TRIUMF about a year 
ago when the lower half of the magnet was 
in place. The spiral shape of the six magnet 
pole pieces is clear. At that time, the lower coil 
was welded in position but not insulated (the 
right-angular connections near the outer rim of 
the pole pieces can be seen). Around the magnet 
are the twelve support columns with lifting 
jacks in place. This type of photograph could 
no longer be taken because the 'vault' where 
the machine is installed has received the first layer 
of its concrete shielding lid. 

been tested at Karlsruhe and has given 
a field of 4 . 5 T with 9 0 0 A ( 2 0 0 A / 
mm 2 ) through the intrinsically stable 
superconductor. It is cooled by super
critical helium. Thermal cycling and 
more than fifty quenches had no 
effect on performance. 

A superconducting magnet is also 
being used in a polarized target. Tests 
with butanol, at a temperature of 
0 .5 K and a field of 2 .5 T, have 
achieved 7 0 % polarization in the first 
target. A second is being constructed 
using a split coil configuration. 

It is intended to bring a polarized 
proton channel into action in 1 9 7 4 
using scattered protons from the thin 
target or an accelerated polarized 
proton beam. There will also be an 
unpolarized neutron beam and facili
ties will exist for bringing in a highly 
polarized neutron beam at short notice. 
A high intensity stopped pion beam 
will be used for medical research and 
cancer therapy. 

Twenty eight proposals for experi
ments have been submitted so far. 
They are grouped in three categories: 
( 1 ) intermediate energy nuclear and 
particle physics ( 1 2 proposals); ( 2 ) 
applications of intermediate energies 
( 9 proposals); ( 3 ) low energy physics 
using beams from the injector cyclo
tron ( 7 proposals). 

In the first category there are 
searches for processes that are now 
commonly believed to be forbidden: 
the decay [ x + - ^ e + y (ETH group) 
and ( J t ' - ^ e 1 1 1 conversions in nuclei 
(Bern-SIN). Other groups want to 
measure certain particle properties 
with greater precision: the charged 
pion and neutretto masses (Bern and 
ETH-SIN); the magnetic moment of 
the muon (ETH-SIN). Mesic X-rays 
will be studied by ETH-Fribourg and 
ETH-SIN groups. The Lausanne-
Munich-Zurich group plans to use 
a large solid angle gamma detector 
(magnetic pair spectrometer) for a 

series of nuclear and particle physics 
experiments. An ETH-SIN group pro
poses a pion-proton asymmetry experi
ment with the polarized proton target. 
Pion-nucleus interactions are going 
to be studied with a high resolution 
magnetic pion spectrometer (ETH-
Grenoble-Karlsruhe-Neuchatel). A 
Geneva group will continue their 
pp-scattering programme with the 
polarized proton beam, and a group 
from Freiburg will work with the 
unpolarized neutron beam. 

In the second category of proposals, 
the possible use of pions in cancer 
therapy plays a dominant role (pro
posals from Bern-Zurich, Karlsruhe, 
Triemli and Waid Hospitals Zurich). 
Other proposals in the field of applica
tions come from Munich, ETH-Zurich-
Karlsruhe, Zurich, ETH-Fribourg and 
EIR (Eidgenossisches Institut fur 
Reaktorforschung) groups. 

In the third category, beams from 
the injector cyclotron will be used by 
EIR, Fribourg, Basel, ETH-Basel, 
Zurich-Basel, Neuchatel-Zurich, and 
Vienna groups. There will be a pro
gramme of isotope production for 
which the injector cyclotron para
meters are well suited. Also EIR, which 
is located next door to SIN has all the 
necessary facilities for handling iso
topes. There is particular interest in 
proton-rich isotopes from the medical 
world. 

It is expected that the experimental 
programme will start in Spring 1 9 7 4 . 

TRIUMF 
At stage of magnet 
commissioning 

The TRIUMF cyclotron, being built 
in Vancouver, has cleared several 
important milestones during the past 
year despite a serious labour dispute 
eating into construction progress 
during the summer months. The candle 
is now being burned at both ends to 
recover as much as possible of the lost 
time. 

The cyclotron (see vol. 8 page 1 3 6 
for design details) will accelerate 
negative hydrogen ions aiming to 
achieve near 1 0 0 % extraction effi
ciency when they are stripped to 
protons (the cyclotron magnet itself 
bending the particles of opposite 
charge out into the experimental 
areas). The cyclotron is of the sector 
focused type designed to provide 
beams of continuously variable energy 
from 1 5 0 to 5 0 0 MeV (and maybe a 
little higher) with intensities about 
1 0 0 [JLA at peak energy. Two experi
mental areas on opposite sides of the 
machine wil l receive proton beams. 
Secondary beams of pions, muons 
and neutrons wil l feed several experi
ments simultaneously. 

The buildings are essentially com
plete and assembly of the machine 
itself is well advanced. About a year 
ago the last of the six sectors of the 
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lower half of the magnet (total magnet 
weight 4200 tons) was put in place. 
The bottom of the huge vacuum tank 
(about 18 m in diameter) was carried 
to the machine vault from one of the 
experimental areas where it had been 
welded, and laid on the magnet. The 
lid of the vacuum tank followed ten 
days later. Prior to assembly in the 
machine the tank was tested and no 
leaks were found In the stainless steel 
welds. With only part of the pumping 
system in action and without any 
baking, a pressure of 2 x 10~7 torr 
was achieved. 

By the end of March the top half of 
the magnet was in place and work 
began on installing the overhead 
support structure. In mid-April this 
was complete and the upper tie rods, 
which run from the structure to the 
vacuum tank, were attached. These 
rods hold the tank against atmospheric 
pressure when it is pumped out (it 
then experiences a force of about 

2700 tons). The support structure is 
also fitted with jacks so that it can 
raise the top half of the cyclotron 
(a load of 2200 tons) by just over 1 m 
so as to allow access to the vacuum 
tank. The lifting mechanism has been 
successfully tested. 

Construction, work came to a halt 
in the summer months and It was 
November before the welding of the 
magnet coil was completed. The r.f. 
resonators were then assembled in an 
experimental area for tests 'in air' 
and low power tests began at the end 
of December. The frequency was 
23.22 MHz, just the desired edge 
above the design figure of 23.1 MHz. 

The ion source and associated 
supplies are now being assembled 
together with the beam transport line 
which will convey the negative hydro
gen ions to the centre of the cyclotron. 
One of the major successes of the past 
year has been the excellent operation 
of the injection system used with the 

2. Another 'aerial' view as the huge vacuum tank 
is manoeuvred into position over the lower half 
of the magnet. 

(Photos TRIUMF) 

Commissioning of the TRIUMF magnet began 
in December and the field plot shows part of the 
measurement of field against angle and radius. 

small test cyclotron (central region 
model). A beam from the prototype 
Ion source was bunched, chopped 
and injected and a 10 [iA beam was 
achieved at maximum radius in the 
test cyclotron, thus confirming that an 
intense ion beam can be retained 
during injection and first turns. This 
was regarded as one of the technically 
most difficult features of TRIUMF. 

Current was fed to the magnet for 
the first time on 1 December and 
commissioning began two weeks 
later. A plot of the magnet field 
against radius and angle is shown 
below. The magnet current will be 
automatically controlled via a CAMAC 
system and this will be one of the first 
tests of the control system. 

Preparations for the experimental 
programme have started. Initially, as 
with LAMPF, the accelerated current 
will be held down until the machine 
is mastered and the first experiments 
are therefore designed for low intensity 
beams. There has been an effort to 
broaden the programme to interest 
scientists working in other disciplines 
in addition to the obvious one of 
nuclear physics. Thus chemists, 
applied biologists, metallurgists and 
solid state physicists are involved in 
preparing experiments. In addition to 
the proton, pion and muon beams 
there will be a neutron source (for 
example, for radio-chemistry) and a 
beam for radio-biology and therapy. 

46 



47 



weVe made new contacts... 
Reliability... the most important word in the electronics 

language. And we've improved upon it! Because Burndy, with the 
PI printed circuit connector, offer double reliability! 

Due to a unique concept in contact design, the preloaded 
spring beams have two separate and independent points of con
tact. This technique has many advantages : the double contact 
assures high reliability and unique pressure, as well as a lower 
insertion force. The closed entry design eliminates the possibility 
of mismating, and selective gold plating guarantees long contact 
life combined with economy. 

Conforming to the VG 95324 norm, the PI series has a spacing 
of 2.54 mm, and offers a selection of 16 to 96 contacts, in two or 
three rows. 

The body is molded in thermoplastic material with excellent 
insulation features and dimensional stability. Terminations are 
available for automatic or manual wire-wrapping techniques, or 
for dip-soldering onto a printed circuit board. 

Burndy connectors are designed and manufactured in Europe 
to meet the specific needs of the European Electronics industry. 

BURNDY 
V?ELEKTRA AG 

Where there's life, there's Burndy. 

Burndy Elektra AG - Hertistrasse 23 - 8304 Waliiseilen - Tel.: 93.48.18 - Telex : 55549 



BALZERS vast range of instruments with their 
many special features are a pre-condition for 
resolving most vacuum measuring problems. This 
wide variety increases the probability that 
vacuum can be economically, accurately, repro-
ducibly and reliably measured, monitored or 
regulated in your work range. 
The measurements produced by any instrument 
rely on the physical principle which it uses. In 
order to cover the technical vacuum range, which 
now extends over 1 8 decades, it is necessary to 
utilise different measuring principles. 
The most popular instruments use the indirect 
method of pressure measurement e.g. by means 

of thermal conductivity or ionisation of the gas 
in the vacuum chamber, so that measurements 
are dependent on the nature of the gas. For more 
accurate measurement it is essential to know the 
composition of the gas in the vacuum chamber. 
For this reason, partial pressure measurement is 
becoming increasingly important. Such measure
ment is based on the mass spectrometry principle 
and enables quantitative determination of the 
individual components of a gas mixture. BALZERS 
measuring instruments are designed for use either 
as a bench model or as an assembly for mounting 
in the international standard 19" rack, or if re
quired in the front panels of existing equipment. 

Please let us know at which pressure a problem is ,,pressing" you. 

10 -1 4 10-13 10-12 10-11 10-10 10-9 

We will be pleased to forward literature on: • Total pressure gauges 
• Partial pressure measuring instruments Q Vacuum monitoring or regulating instruments 

BG 800 006 PE DN 1637 A 
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BALZERS-owned Sales Companies in : 
Zurich (CH),Frankfurt/M (D), Wien (A), 
Kungsbacka (S),Berkhamsted (GB), 
Santa Ana (USA), Meudon (F), Miiano (I) 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers 



EMI photomultipliers 
uncover the spectrum 

There are nearly 500 types and sizes of tubes in the standard range of EMI 
photomultipliers, with diameters ranging from 30mm to 300mm, not including 
'specials' to meet individual customers' requirements. 

These tubes are supplied with a wide variety of cathodes and, as the typical 
response curves for 30mm and 50mm photomultipliers indicate, they provide an 
extensive spectral coverage. 

So, whether you're looking for a photomultiplierfor an OEM or scientific 
application, discuss it with EMI at the first concept. Our experience has 

uncovered many new ideas over the broadest spectrum of applications. 
Are you on our mailing list for news of the latest developments ? 

Electron Tube Division, 
EMI Electronics Ltd., Hayes, Middlesex, England. 

01-573 3888, Ext. 2H5. Telex: 22417. 

Cables: EMIDATA LONDON 
I j ! l l 

A member of the EMI Group of Companies, International 
leaders in Electronics, Records and Entertainment. 

Technical Rubber 
and Plastic Goods 
This is your 
address : 

Ask for free literature by sending this coupon 
• hose catalogue 

hydraulic hose catalogue 
air hose catalogue 
o-rings and seals catalogue 
rubber sheeting sample book 
power transmission elements 
rubber and plastics profiles 
protective rubber gloves 
MAAGinform periodical 
dielectric materials 

• • • • • • • • • 
Name . 
Department 
Internal telephone No_ 
Special interests 
Signature _Date_ 

We have special radiation resistant rubber compounds that give 
unique service - please contact us for hoses, profiles, sheets, 
seals, cables. 

4 IMPORTANT JOURNALS 

• HEAT TRANSFER • 
Soviet Research 

Volume 5 — 1973 — 6 issues 
about 1200 pages, $137.00 

• HEAT TRANSFER • 
Japanese Research 

Volume 2 — 1973 — 4 issues 
about 600 pages, $65.00 

• FLUID MECHANICS • 
Soviet Research 

Volume 2 - 1973 - 6 issues 

about 1200 pages, $127.00 

• ELECTRICAL ENGINEERING • 
IN JAPAN 

Volume 93 - 1973 - 6 issues 
about 1000 pages, $137.00 

please send requests f o r sample copies , 
subscr ip t ions , and checks t o : 

scripta publishing company 
1511 K Street, N.W., Washington, D.C. 20005 
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Frightened away by the high cost 
of starting a CAM AC system? 

Used to be, the most basic CAMAC system re
quired an investment of $10,000 to $12,000. 
This amount would cover the crate, power sup
ply, terminator module, cable, Type A-1 crate 
controller, and branch driver. The last item 
alone accounted for the lion's share of the cost. 

While the branch driver is unquestionably 
the most practical and versatile computer inter
face for large and complex CAMAC systems, 
we have blazed trails to develop a less costly 
alternative that would satisfy the needs of 
70-80% of all CAMAC users. 

Frankly, the result exceeded our expecta
tions. 

You can see it in the extreme right-hand 
station of the CAMAC crate in the photo. This 
module, called the DC-011, is dedicated to 
performing the dual role of controller and com
puter interface. You can use several of them in 
multi-crate systems. The DC-011 has a number 
of functional advantages—fast data transfer, 
flexible interrupt structure, software options for 

point address incrementing, etc.—but none are 
as likely to impress you as its low price. 

Thanks to this breakthrough, we can now 
supply a complete basic CAMAC system like 
the one shown here—powered crate, termina
tor module, cable, and DC-011 (everything you 
need except the PDP-11 computer)—for less 
than half of what you'd pay for a comparable 
system using a branch driver and Type A-1 
crate controller. 

For full details, contact your nearby Ortec 
representative or EG&G/Ortec High Energy 
Physics Products, 500 Midland Road, Oak 
Ridge, Tenn, 37830. Phone (615) 482-4411. In 
Europe: Ortec Ltd., Dallow Road, Luton, Bed
fordshire. Phone LUton 27557. Ortec GmbH, 8 
Munchen 13, Frankfurter Ring 81, West Ger
many. Phone (0811) 359-1001. 

H I G H E N E R G Y P H Y S I C S 

Our basic CAMAC system: crate, power supply, DC-011, 
untbus extension cable (terminator cable not shown). 
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Il y a maintenant une alternative au Time-Sharing 
qui se rentabilise en quelques mois. 

Laquelle? Pour le savoir; remplissez I'encart ci-dessous. 
En investissant, une fois pour toutes, quelque fr. 30000.—, 

vous disposez de votre propre Modele 30, calculateur 
autonome et puissant, qui remplace avantageusement un 
terminal de timesharing. 

Le clavier, de type machine d ecrire, est totalement conver-
sationnel; il permet d'acceder directement d la memoire utilisa-
teur interne, d'une capacite maximale de 8K octets, programmable 
en BASIC, et qui, par adjonction d'une serie de blocs de fonction 
enfichables, peut atteindre 16K octets. Le calculateur peut en 
accepter simultanement 8; appeles par clavier, ils permettent de 
resoudre, par Taction d'une seule instruction, de nombreux pro-
blemes particulierement complexes, inversion de matrices et 
chaTnes de caracteres. 

Le Modele 30 permet egalement d'afficher jusqu'd 32 carac
teres alpha-numeriques, comprend une imprimante par page 
imprimant 80 caracteres par ligne d la vitesse de 250 lignes par 
minute, une memoire incorporee d cassette avec recherche bidirec-
tionnelle ultra-rapide sous systeme d'interruption et un lecteur de 
cartes automatique; enfin, il est connectable d tous les peripheri-
ques communs d la gamme des calculateurs Hewlett-Packard 
de la serie 9800. 

# Langage BASIC Le langage BASIC, langage universel, 
simplifie la programmation. II existe une vaste serie de 
bibliotheques de programmes ecrits en BASIC, testes par les 
utilisateurs, allant des applications scientifiques, de genie civil et 

de statistiques, aux travaux commerciaux courants,tels que 
letablissement des feuilles de paie, la facturation ou la gestion 
des stocks. 

Ces caracteristiques, auxquelles viennent s'ajouter la puis
sance du calculateur et ses possibility de mise au point des 
programmes permettent au Modele 30 de resoudre rapidement 
des problemes extremement complexes. II peut done effectuer 
immediatement la plupart des tdches qui, sans lui, attendraient 
leur tour etre traitees par I'ordinateur central. Comme tous les 
autres produits Hewlett-Packard, le Modele 30 benefice d'un 
reseau de 172 points de vente dans 65 pays, qui assurent le 
service apres-vente. 

Pour recevoir une documentation complete sur ce nouveau 
venu dans la grande famille des calculateurs Hewlett-Packard, 
remplissez le coupon-reponse ci-dessous. 

HEWLETT^ PACKARD 

Hewlett-Packard (Schweiz) AG, Zurcherstrasse 20,8952 Schlieren 
Tel. 01 981821 

52 



CAMAC/ 
PDP11 
INTERFACE 
Type 1533 

benilec s.a. 
NEW from PRINCETON GAMMA-TECH. 
Ultra Pure Germanium RAdiation Detectors-UPGRAD series 
Shipping and storage at room temperature. 
No warm-up problems. No Ion Pump necessary. 
UPG RAD detectors do not require factory reprocessing if 
allowed up to room temperature. Just refill cryostat with liquid 
nitrogen to obtain original detector performance. 

TYPICAL SPECTRUM 

F.W.H.M. = 164eV 

N O T E benilec s.a. can supply and maintain partial or complete 
systems from our principals wide range of products. 
P R I N C E T O N G A M M A - T E C H . Detectors Ge(Li)'s, Si(Li)'s, 
Si. Surface Barrier. 
T E N N E L E C I N C . N.I.M. modules. Ultra linear, low noise 
amplifiers etc. 
N O R T H E R N S C I E N T I F I C I N C . Wide range of P.H.A. sys
tems and A.D.C.'s. 

G.E.C. E L L I O T T A U T O M A T I O N L T D . for CAMAC. 

For more information contact BOB BROOIVIFIELD. 

benilec s.a. 
As from 1 March our address will be: 
18, rue Hoffman - 1202 GENEVE 
TEL (022) 33 23 20 / 33 23 29 - TELEX 27347. "COMDA" 

ISi I 

- Low cost Single Crate Controller 

~~ individual priority level selection 

- Transparent operation in Read/Write 
mode. Each crate sub-address appears 
as a peripheral on the Uni-bus 

- Single-cycle operation for all dataless 
Camac functions 

- Two-cycle mode handles 24 bits 

- 16 individual vector adresses speed 
LAM handling 

Via comptementery modules: 

- Auto address scanning and block 
transfers in NPR mode 

- Remote operation up to 200 metres 
or more with Uni-bu$ Extender 

4500 SO LOTH URN 2, SWITZERLAND 
te i ; 065/488 21 telex; 34228 

PERFORMANCE decides! 
Inductive controllers 
and programmers for the operation and 
automation of manufacturing processes 

J U M O y o u r p a r t n e r 

i n m e a s u r e m e n t a n d c o n t r o l 

M . K. J U C H H E I M G M B H & CO - D-64 FULDA 
W. GERMANY 

( J U M P MEASUREMENT 
AND CONTROL 

Glass and dial thermometers, resistance probes 
contact thermometers, relays, thermocouples 
mechanical and electronic temperature 
controllers electrical indicators, controllers and 
recorders pressure and humidity measurement 
and control 
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aiMIWIinWIISffllB catalogues 

Did you get y o u r copies o f these 1973 Catalogues ? 
If n o t , w r i t e or te lephone today . 

Short Form: 
Use the simple mailing card reference system in this com
pact 20-page short form catalogue to specify your particular 
areas of interest, and to request individual product brochures 
from the most comprehensive range of nucleonic instru
ments and radiation detectors in the world. 

N I M : 
With the new 50-page NIM International Series Catalogue 
(No. 65), you may choose from over sixty modules and an 
extensive range of ancillary equipment. NIM units may be 
readily integrated with CAMAC modules. Check the useful 
12-page Systems Design Guide for applications covering 
basic counting, spectrum analysis, timing, data handling 
and special requirements. 

CAMAC: 
The 125-page catalogue (No. 66) gives full specifications 
for the most extensive range of CAMAC units available 
today. These can be supplied individually or as fully 
engineered systems. An illustrated 16-page Systems Design 
Section is included with additional advice readily available 
from NE systems design staff. 

Scintillator: 
This 30-page full colour brochure (No. 68) provides detailed 
information on the extensive range of NE organic and 
inorganic scintillators. The catalogue is as fully referenced 
as ever and a new Technical Data Section is included for 
the major Plastic Scintillators NE102A, NE110, and NE111. 

NUCLEAR 
ENTERPRISES 
LIMITED 
Sighthil l , Edinburgh EH11 4EY, Scotland, 
Telephone 031-443 4060 Cables: Nuclear, Edinburgh. 
Telex: 72333. 
Bath Road. Beenham, Reading RG7 5PR. England. 
Tel: 07-3521 2121 Telex: 848475. Cables: Devisotope, Woolhampton. 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74. 8 Munchen 15, 
Germany. Tel: 53-62-23 Telex: 529938. 
Nuclear Enterprises Inc., 635 Terminal Way, San Carlos, 
California 94070. Tel: 415-593-1455. Telex: 348371. 

Swiss Agents : High Energy and Nuclear Equipment S.A. 
Tel. (022) 98 25 82 - 98 25 83 
2, chemin de Tavernay, Grand-Saconnex, 1218 Geneva 



Big system power. Mini-computer price 
Big power. The new PDP-11/45. 64-bit mult i-accumu

lator floating point hardware with memory expansion to 
248K bytes. Complete memory management hardware for 
dynamic relocation and protection. Dual ported memories. 
Three protected processor environments for multi-program
ming. 16 general-purpose registers. Stack and double-
address operations. 

Mini-COmputer price. OEM prices start at Fr. s. 85 800 
including 8K of core and console terminal - before quantity 
discounts. 

Speed. 300 nanosecond instruction execution. 
Three hundred nanosecond solid-state memories. Fast 
floating point. (Single precision 2-word multiply in 6 micro
seconds. Double precision, 64-bit multiply in 9 micro
seconds.) 

Systems HOW. Systems availablelinclude BATCH-11, a 
batch operating system; RSX-11 D, a disk-based background/ 
foreground real-time system executive; and RSTS-45, a 32-
user time-sharing system. Also fully supported on the 11/45 
is DOS with FORTRAN-IV, a MACRO-11 assembler, a 
complete set of utilities, and more. 

Several PDP-11/45 's are already installed in Europe and w 
have complete descriptive literature. Write or call: 
Digital Equipment Corporation International - Europe, 
81, route de I'Aire, 1211 Geneva 26, 
Tel. (022) 42 79 50. 

Offices in Reading, London, Manchester, Birmingham, 
Edinburgh, Munich, Cologne, Frankfurt Hannover, 
Stuttgart, Vienne, Stockholm, Oslo, Copenhagen, 
Helsinki, Paris, Grenoble, The Hague, Brussels, Zurich, Mila 
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keeping up-to-date on the 
newest developments in the 

DETECTION AND 
MEASUREMENT OF 
• LIGHT 
• X RAYS 
• * RAYS 
• PARTICLES 
is part of your job, let us 
help you, without obligation, 
by enrolling you in Philips' 

FREE TECHNICAL 
INFORMATION 
SERVICE. 
A reply to this advertisement 
will place your name on our 
circulation list.Please writeto: 

Philips Industries 
Elcoma Division - Geb. BF1 
Nuclear Devices Group 
Eindhoven -The Netherlands 

Information will be 
supplied on the following 
nuclear devices and their 
applications: 

Photomultipliers 
Photoscintillators 
Light guides 
Light pulse sources 
Photo tubes 

Semiconductor radiation detectors 
Ge (Li)true coaxial 
Double and single open ended 
Germanium intrinsic planar 
Si (Li) X-ray 
Si (Li) particle 
Silicon surface barrier 
Silicon diffused 

Charge sensitive preamplifiers 
Cryostats 
Dewars 

Geiger Muller tubes 
Proportional counters 

Channel electron multipliers 
Channel plates 

Neutron generator tubes 

Electronic 
Components 
and Materials 

P E A R 
Very High Voltage 

PULSE 
T R A N S F O R M E R S 

Pearson Electronics, Inc. specializes in the develop
ment design, and manufacture of very-high and 
super-high-voltage, high-power pulse transformers 
and related modulator components. Typical pulse 
transformers manufactured by Pearson Electronics, 
Inc. range in output voltage from 40 kV to 600 kV. 
Other Pearson pulse-modulatorcomponentsinclude 
precision current transformers, voltage dividers, and 
charging inductors. Inquiries regarding specific 
requirements for these components are welcomed. 

PEARSON ELECTRONICS, INC. 
4007 Transport St., Palo Alto, California 94303, U. S. A. 

Telephone (415) 326-7285 

P H I L I P S 

B e l l & H o w e l l 

4-366 PRESSURE TRANSDUCER 
GENERAL PURPOSE 

# Small, light weight 
# Easy to install and use 
# 40 mV direct output 
# 350 OHMS source impedance 
# Non-linearity and hysteresis: < ± 0 . 5 % F.R.O. 

MANY OTHER MODELS IN THE PROGRAM 

Please ask for more information or a demonstration (7004 EE) 

Industrievertretungen 
Junkholz 333-CH-8968 Mutschellen Tel. 057 5 46 55 
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bicone pour zone d'experimentation I.S.R. 
bicone for I.S.R. experimental zone 

soufflets metalliques 
types: 

Calorstat 

Hydroformes - A diaphragmes soudes - En 
tous metaux usuels et metaux speciaux 
(TITANES - INCONELS - HASTELLOYS -
etc.). - Electro-deposes miniatures en Nickel 
pur soudable. 

Realisation de sous-ensembles complets 
equipes de souff lets; tuyauteries metal l i 
ques souples avec ou sans tresse. 
Realisation d'ensembles a partir de metaux 
minces hydroformes et soudes (chambres 
a vide pour zone d' intersection de faisceaux 
et pour synchrotron a protons injecteur. 

BP. 1 5 - 91 290 ARPAJON / FRANCE 
Tel. 490 1075 - T e l e x Febrank 69159 F 

metal bellows Hydroformed - We lded diaphragms - Made 
types: of all usual metals as wel l as special metals 

(TITANIUMS - INCONELS - HASTELLOYS -
etc.) - Weldable pure Nickel miniature Elec
tro-deposited. 

Complete sub-assemblies equipped wi th 
be l lows; flexible metal pipes w i th or w i thout 
braid. 
Assemblies consist ing of thin hydroformed 
and we lded metals (Vacuum chambers for 
beam intersection zone and proton s y n 
chrotron booster). 
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COLASIT AG Fabrication of Plastic Apparatus 
Ventilators* and Ventilating plants in plastic 

Centrifugal ventilators 
Roof ventilators 
Airvents (domestic) 
Laboratory plants 
Fume extraction plants 
Special constructions 
Containers and tanks 
Canalization tubes 
General plastic fabrication 
Own installation and 
maintenance service 
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Hallstrom & 0vergaard 

The Cern Lab 2 project became a success to us. 
Thanks to our computer system NORD-10, 
operating systems, and our competent staff. 
(Special thanks to Bobby Fischer.) 

A/S NORSK DATA-ELEKTRONIKK 
0kernveien 145 Oslo 5 NORWAY Phone: 217371 Telex: 18284 

- we want bits of the future 



REN OLD 

Precision roller chains and 
wheels for power transmission 

Chains, wheels and attachments 
for mechanical handling 

Gears and Gear units 

Couplings, clutches and brakes 

Variable speed systems 
And most other associated products for 
power transmission and mechanical handling 

For technical advice on the complete range of power transmission products: 

REN OLD ( S W I T Z E R L A N D ) G m b H 
RINGSTRASSE 16 • POSTFACH • 8600 DUBENDORF 
Tel: 01 85 95 85 Telex: 55574 

RENOLD (SWITZERLAND) GmbH 
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S P E C T R U M A N A L Y S E R 

A CAMAC SYSTEM FOR PULSE HEIGHT ANALYSIS 
This system was developed in CAMAC in order to achieve the versatility required to fulfil 
the varying needs of the nuclear physicist. The basic system may be expanded to perform 
any specific tasks covered by the current range of CAMAC modules*. Additional computer 
peripherals may be used to increase the power of the system. Included in the basic 
system is a dual cassette recorder to facilitate fast data handling and program loading. 
The computer memory is expandable to 64K, but only 8K is required for use with the 
standard system programs. 
16K of system software is currently available. This includes programs for acquisition and 
analysis of spectrums up to 4096 channels and a Basic enabling the computer to be 
used as a powerful desk calculator. All programs include a facility for fully automatic 
operation by means of a macro-programming technique. 
* The current range of SEN CAMAC consists of 37 different modules. 

For further information contact: 

e l e c t r o n i q u e 31, av. Ernest-Pictet -1211 GENEVA 13 - SWITZERLAND - Tel. (022) 44 29 40 

b I n E L U ) ^ : S E N E l e k t r o n i k - Haidbrook 23 - Postfach 223 - D-2 Wedel/Hmb. 

R E P R E S E N T A T I V E S \ 

Denmark: J. FJERBAEK i/s, Ingenior, M. AF l 
Hoeghsmindevej 23, 2820 Gentofte/Copenhagen 

France: ORTEC SARL, 2, Quai du Pare, F-94 Saint-Maur 
Italy: ORTEC-ltalia S.p.A., Via Monte Suello 9, 1-20133 Milano 
South Africa: DENBIGH SMITH & PHILLIPS LTD., 

Honiton Road 33, Plumstead, Cape 

Sweden: 
UK: 

USA & 
Canada: 

POLYAMP AB - Fack - S-163 04 Spanga 
ORTEC LTD. - Dalroad Industrial Estate - Dallow Road 
Luton Lu11su/Beds 

EG & G/ORTEC - 100 Midland Road - OAK Ridge, Tenn. 37830 
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| ^ H Y B R I D S Y S T E M S C O R P . 

NOUVEAU PRODUIT 

ADC 560 
Prix: des Fr. 450.— 

Convertisseur rapide 12 bits 
— Permet la mesure de rapports 

ou de valeurs absolues 
— Rapide : conversion 20 |is 
— Pret a I'usage : pas de composants externes 
— Technique : approximation successive 
— Code de sortie : Two's complement, offset binary : 

binaire, 3 decades BCD 
— Entree :Z > 10 MO 
— Vieillissement : min. 72 heures 
HYBRID : Plusieurs references au CERN 

Technique Moderne Electronique S.A. 
1844 Villeneuve Tel. 021 / 60 22 41 

The tapered slabbing and reaming drill is 
economical and very useful 

DRILLFILE 
special drill 

for the economical mounting of car aerials and car 
radios, car calling units as well as telecommunication 
devices DRILLFILE is recommended by leading firms 
all over the world. In its measurements DRILLFILE 
accommodates all requirements. 

T I P S W I T O O L 
1564 DOMDIDIER/Switzerland 
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For further information 
please apply to 

We produce: 
Cryostatically Stabilized Superconductors 
Applications: Big magnets of high stored energy 

Intrinsically Stable Filament Conductors 
Applications: Reliable magnets on laboratory scale 

Superconducting Braids 
Applications: Pulsed D. C. magnets for use in 
high energy physics. 

V A C U U M S C H M ELZE G M B H • D 645 H A N A U 






