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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 | and CERN Labo-
ratory |Il.

CERN Laboratory | 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 | site covers
about 80 hectares almost equally
divided on either side of the frontier
between France and Switzerland. The
staff totals about 3200 people and, in
addition, there are about 1000 Fellows
and Scientific Associates. Twelve Euro-
pean countries contribute, in proportion
to their net national income, to the
CERN Laboratory | budget, which totals
410 million Swiss francs in 1975.

CERN Laboratory Il came into being
in 1971. It is supported by eleven
countries. A ‘super proton synchrotron’
(SPS), capable of a peak energy of
400 GeV, is being constructed. CERN
Laboratory Il also spans the Franco-
Swiss frontier with 412 hectares in France
and 68 hectares in Switzerland. Its bud-
get for 1975 is 237.9 million Swiss francs
and the staff totals about 450.
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Cover photograph: A view of the sky in the southern hemisphere as seen by the

7 m Schmidt telescope of the European Southern Observatory, ESO,

stationed on the La Silla mountain in Chile. The photograph reveals three
distant galaxies (centre of the picture), some 300 million light years away,

which seem to be interlinked by bridges of matter. The scale of these
phenomena is very many orders of magnitude from those studied at high

energy accelerators but their understanding often seems to invoke the same

physical processes that figure in individual particle interactions. It is a nice

touch that CERN is helping ESO prepare its 3.6 m optical telescope to study

astrophysical phenomena more closely. (Photo ESO)



Physics Nobel Prize 1975

Before 1949 every physicist knew that
the atomic nucleus does not rotate.
The reasoning behind this erroneous
belief came from the following argu-
ments. A quantum-mechanical rotator
with the moment of inertia J can take
up various energy levels with rota-
tional energies equal to h*(I+1)I
/8rn?J, where h is Planck’s constant
“nd | is the spin. As an example, | may
nave values O, 2, 4, etc. If the
nucleus is considered as a rigid body,
then the moment of inertia J is very
large and the rotational energies
become correspondingly very small.
Consequently states of high spin and
low excitation energy would exist and
isomers would thus decay rapidly
via these states. Since isomers do in
fact exist, it seemed that the nucleus
does not rotate.

In 1950, J. Rainwater pointed out
that the observed large nuclear qua-
drupole moments could be accounted
for by unifying the Mayer-Jensen
nuclear shell model and the Niels
Bohr liquid drop model into a picture
which has since been elaborated con-
~ijderably by A. Bohr and B. Mottelson.
Jsing these ideas, large quadrupole
moments can be combined with small
effective moments of inertia and both
low lying isomer states and higher
lying rotational states can occur.

In the terms of A. Bohr, one has a
deformation that travels as a surface
wave. This point nowadays sounds
trivial but at the time it was first

0. Kofoed-Hansen

mooted, it was a major breakthrough
in thinking about the nucleus and
opened a whole new field of research
in nuclear physics. This work has for
years been guided by the inspiration
of Bohr and Mottelson.

An entire industry of nuclear
research thus began with Rainwater’s
brief contribution to Physical Review
in 1950 entitled ‘Nuclear energy level
argument for a spheroidal nuclear
model’. Today a fair-sized library is
needed in order to contain all the
papers written on deformed nuclei and
on the related experimental results.
Some of the major results concern
rotational states, Coulomb excitation,
intensity rules in decay branches, the
nuclear physics equivalent of super-
conductivity, vibrational states, the
Nilsson model, models of fission, etc.

Bohr, Mottelson and Rainwater
received the 1975 Nobel prize in
physics for this work. All three remain
active in physics and have repeatedly
opened new doors. Bohr and Mottel-
son have stayed mainly in nuclear
physics while Rainwater has moved
to higher energies. Needless to say,
they are all three highly respected
members of the scientific community.

Aage Bohr was born in Denmark
in 1922. At the time when he would
normally have been concentrating on
his studies, life in Copenhagen had its
difficulties and he and his father,
Niels Bohr (Nobel Laureat 1922),
escaped to join a British research team

Nobel prize winners, left to right, A. Bohr,
B. Mottelson and J. Rainwater.

(Photos Keystone Press, Photopress)

from 1943-45. From December 1943
he was actually in the USA. Back in
Denmark after the war, he obtained
his Ph. D. in 1954 for work on rota-
tional states in atomic nuclei. His
thesis was thus based on the work for
which he has now been recognized at
the very highest level. He is Professor
at the Niels Bohr Institute of the
University of Copenhagen and a
member of the CERN Scientific Policy
Committee.

Ben Mottelson was born in the USA
in 1926 and has, for many vyears,
been a naturalized Dane. | know little
about his education and pre-Danish
background. He seems studiously
to avoid filling in the forms which
the innumerable ‘Who's Who' com-
pendiums have sent to him. The sub-
sequent write-ups are all very laconic
and most frequently list him simply as
a Professor at NORDITA without
further comment.

James Rainwater was born in the
USA in 1921. He studied at the
California Institute of Technology and
later at Columbia University, New
York (Ph. D. in 1946) where he has
felt at home ever since. He has major
research achievements in many other
fields. He invented and applied
(together with W. Havens) the time
of flight method for neutron spectro-
scopy, he is the constructor of the
Nevis synchro-cyclotron, he introduc-
ed the field of mesic atoms and has a
long list of experiments to his name.




CERN News

Storing data on
video tape

One of the present problems in doing
high energy physics experiments is the
handling and storage of the large
volume of data which may need to be
collected. Many detection systems,
particularly those using multiwire pro-
portional chambers and drift cham-
bers, are able to accumulate informa-
tion at very high rates when recording
multi-particle events. It is not unusual
for an experiment to need a thousand
magnetic tapes to store the data pour-
ing out of the detectors. As a result
CERN'’s bank of data tapes stands at
over 60 000 reels and is being added
to at a growing rate (10 000 in 1974).

In addition, some experimenters
advocate an ‘open’ philosophy towards
data collection. Rather than rigidly
triggering their detection system so
that only information on well defined
types of interaction is collected, they
aim for a ‘loose’ or ‘combined’ trigger
which will store a lot of data on several
types of event. The tapes holding the
data can then be scoured repeatedly
to gather information on different
features each time. The tapes become
like a stack of bubble chamber pictures
which can be rescanned many times
looking for additional information.
This philosophy obviously also implies
much more stored data.

We discussed some techniques for
data storage in the March issue 1972.
Since then, ‘conventional’ magnetic
tapes have been considerably im-
proved. Those normally used at CERN
can now hold 1600 bits per inch, and
tape units are now being marketed
which use improved techniques for
writing and reading data to achieve
6250 bits per inch. Such high density
tapes are in successful use for example
at Stanford.

It was realized some years ago that
a much more radical improvement is

344

possible if video-tape technology
can be adapted for use in digital
data collection. This is because video
recorders make more efficient use of
the available tape surface area, and
avoid the problems of tape skew and
head contact and wear at high trans-
port speeds. A project to develop such
a system for CERN use was initiated
by C. Rubbia in 1972 and has resulted
this summer in the implementation of
a data handling system incorporating

The video tape data recording system which has
recently come into use for an experiment

at the Intersecting Storage Rings. The IVC

tape unit is on the left and alongside is the
controller the minicomputer and CAMAC
electronics. The system can pack data on tape
so that one reel holds as much information as
250 or more conventional magnetic tapes.

Below: A closer look at the video tape deck. The
crucial element appears in the centre of the
picture where the tape winds in a helix

around the cylinder carrying the recording heads.
Data is written at an angle across the width

of the tape as the cylinder revolves at high speed.
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an IVC MMR-1 video recorder for an
experiment located at intersection 1-6
of the Intersecting Storage Rings. The
experiment is a charmed particle
search by a CERN/Harvard/Munich/
Riverside/Northwestern collaboration,
and A. Staude has taken the project
responsibility for the group. The
video-tape software was written by
S. Cittolin, and the engineering devel-
opment of the system has been the
responsibility of B.G. Taylor.



The MMR-1 recorder is linked to
the experiment via a controller, a
small HP 2100 A computer and
CAMAC. The small computer is also
linked to an IBM 360/44, giving
enough computer capacity to do
sample analysis of the data during
recording, and most of the off-line
analysis on playback. The small com-
‘puter runs foreground monitoring
tasks, while background programs
simultaneously control the data acqui-
sition system, the video-tape unit and
the data link.

Data are written on the 1 inch wide
tape with a density of 10° bits per
square inch, allowing 9 Gigabytes of
information to be stored on a single
reel. The tape loops in a helix around
a cylindrical scanner containing the
recording heads, and it is this helical
scanning technique which enables
data to be packed so much more
closely than in conventional longi-
tudinal recording. While the tape mo-
ves past at only 6.9 inches per
second, the heads rotate at high
speed, recording information in scan-
lines across the width of the tape
at an angle of 5° to the direction of
motion.

The way in which the system is
organized is for the buffer store of the
HP 2100 A to collect data until it has
enough to fill a scanline on the tape.
This information is then written, and a
‘write status’ track is updated with the
run number to indicate that the corre-
sponding address has been filled. The
tape continues to wind on until
another line's worth of information is
ready to be written. When a file
equivalent in length to a few con-
ventional magnetic tapes has passed
the scanner, the tape rewinds at high
speed and the process continues with
empty lines being filled in with fresh
information. This technique elimi-
nates the requirement for a staging
disc and a large capacity high-speed
data buffer. The data are interleaved

Representation of some of the results emerging
from the R 605 experiment where the video
data storage system is used. The

experiment, located at intersection /-6 of the
Intersecting Storage Rings is a search for
charmed particles by a CERN/Harvard/
Munich/Riverside/Northwestern collaboration.
They catch electrons and then look at the
related particles to see whether they correspond to
the special conditions which are expected

to prevail when a charmed particle has been
produced.

The horizontal axes in the figures plot the energy
of the particle (as measured in a lead glass
counter system) against the momentum of the
particle (as measured in a magnet spectro-
meter system), the vertical axis being the
number of events. Figure 1 is data for electrons
lying around the 45° line since for

relativistic electrons energy and momentum

are proportional. Figure 2 opens the trigger

to pions also. For them energy and momentum
are not proportional and they cluster along a
particular quite low energy value at the lead glass
counters while their momenta are picked up

by the spectrometer.

S

5
5!
X5

.
3
SRR
SR

5
%

1.
along the tape, which is normally
filled up to over 95%. On closing
each file, the system automatically
performs a read check and generates a
performance report. During the play-
back of data for analysis, the tape
winds to the desired file at the ‘search
speed’ of 400 inches per second. A
‘quick-look’ facility provides the opet-
ator with a status directory to the file,
and ‘read status’ information is re-
corded as each scanline is processed
so that selected runs can be read and
re-read at will.

The video-tapes used are not cer-
tified for digital recording and exhibit
error rates of 1 in 107 to 10° bits. The
errors are detected by the read
electronics and any event containing
a data error is rejected, which results
in the loss of typically one eventin ten
thousand. It is anticipated that a
point-finding hardware processor (see
April 1974 page 116) will soon be in
use to increase the analysis rate, with

a track-reconstruction processor pos-
sibly to follow.

There were many problems to be
solved in developing the system to a

satisfactory state, including major
modifications to the video recorder
during 1974. Also the associated soft-
ware to make maximum use of the
data storage potential took time to
perfect. The system is now in regular

production operation, amassing data

with a compactness which makes one
video tape equivalent to 250 con-
ventional 1600 bits per inch tapes
orto 400 of the 800 bpi tapes. Besides
its contribution to data storage, the
system proves convenient during the
running of an experiment since the
need for tape changing is very in-
frequent (once every few days) and
one-experimenter shifts are practical.
Other features are its ability to work
at high data rates of up to 1 Mbyte/s
(which matches well the maximum
rates of CAMAC electronics) and the
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lower tape costs (a factor of more
than ten down on the conventional
equivalent).

The video-tape data handling sys-
tem has now run for over 2500 hours
and is performing well. It is a pioneer-
ing project in that no other high
energy physics laboratory has vyet
attacked the on-line data storage
problem in this way. Video tapes can
at least dent the problem considerably
and could be the most appropriate
and economical technique in many
applications.

POP
goes the plexiglass

One of the experiments scheduled for
the North Area of the 400 GeV proton
synchrotron is a study of high trans-
verse momentum leptons and hadrons
emerging from hadron collisions. It
will be carried out by a CERN/Ecole
Polytechnique/College de France/
Orsay/Saclay collaboration and will
involve a vast array of detectors —
including many multiwire proportional
chambers, multi-cell Cherenkovs, large
aperture superconducting magnet,
lepton and hadron calorimeters.
‘Calorimeters’ are detectors which
measure the total energy of a particle.
They have moved higher on the
popularity list of detectors in recent
years and examples can be found at
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the CERN PS and ISR, at the Stanford
SPEAR storage ring, at Fermilab, etc.
They are usually some sandwich
arrangement of converter and scintil-
lator enabling an estimate of the
energy to be made by measuring the
total light output generated by the
shower of secondary particles initi-
ated by the incoming high energy
particle.

When moving to Fermilab or SPS
energies, the volume of a calorimeter
to contain the secondary particle
shower becomes large. Therefore
before launching into the production
of the calorimeters for the North Area
some prototype work is under way
during the course of which a cheaper
scintillator has been developed.

Prototypes of a hadron calorimeter
and an electron calorimeter were built
in the West Workshop and have
recently been successfully tested in
the PS South Hall using electrons and
hadrons in the energy range 5 to
20 GeV. The hadron variety has
40 scintillator plates, 1 m wide, inter-
leaved with 40 iron plates 26 mm
thick. The electron variety has 24 scin-
tillator plates interleaved with 24 lead
plates 5 mm thick. These are babies
compared to what will be needed at
the SPS. The hadron calorimeter will
then be an interleaved assembly 5 m
wide by 5 m high by 2.5 m deep with
36 modules. The electron calorimeter
will have 240 modules. The total
weight will be around 250 tons and

Prototype calorimeters being developed to be
part of a vast collection of detectors which will
be used to study high momentum transfer
particles in the North Area of the 400 GeV
proton synchrotron. The calorimeters are to
take energy measurements on hadrons
(prototype on the right) and leptons

(prototype on the left). They use a new type

of plastic scintillator called ‘plexipop’.

will include about 1000 m? of plastic
scintillator plate.

With such a large surface area of
scintillator it was worth taking a fresh
look at the production of scintillator
material to see if costs could be
brought down while still retaining
adequate properties. This has been
done by CERN/Ecole Polytechnique
and Saclay members of the collabora-
tion and reported in NP 75-12
(‘Scintillator developments at CERN’).
They worked in collaboration with
Rohm (Federal Republic of Germany),
Perlite (France) and Polivar (ltaly).

They tried doping the cheap plastic
called plexiglass with a variety of
known scintillating agents and wave-
length shifting substances. They
emerged with a three component dope
(naphthalene, PBD and POPOP)
which can be introduced into plexi-
glass to give adequate light produc-
tion, light transmission and speed of
response for use in the calorimeter.
The plastic scintillator thus produced
has been blessed with the name

‘plexipop’.

Spotting
3000 new galaxies

The 1 m Schmidt telescope of the
European Southern Observatory, ESO,
stationed on the La Silla mountain in
Chile has photographed an impressive
number of new objects in the Southern
sky. The analysis of 150 photographic
plates carried out in collaboration with
the Uppsala Observatory, has revealed
more than 4000 interesting galaxies
including some 3000, giving off very
little light, which have never been
observed before.

Since August, the ESO astronomers
have been making a spectroscopic
study of these objects with the 1.5 m
telescope at La Silla. Of the first thirty
objects observed, seven galaxies ex-
hibit fairly strong emission lines in



their spectrum, and the recession
velocities, which can thus be cal-
culated attain 48 000 km/s for some of
them. According to Hubble's empirical
law, this corresponds to distances of
three thousand million light-years.

Galaxies with emission lines in
their spectra are rare and astro-
physicists seize upon them like doctors

n a pathological case. The ‘nucleus’
In such galaxies must be subject to
some mechanism resulting in very
high energy emission. Of the seven
investigated in detail so far, two
(judging by the width of the emission
lines) exhibit a movement of the
nuclei with speeds of 1000 km/s. This
corresponding to a very considerable
momentum and they seem to be
galaxies of the Seyfert type.

These first spectroscopic observa-
tions in the ESO-Uppsala programme
whet the appetite for the use of the
ESO 3.6 m telescope which is now
being built in collaboration with
CERN. This large optical telescope
could give a much better idea of the
physical processes which are taking
alace within the nuclei of these newly
Jbserved galaxies.

Later news: On 5 November a new
comet was discovered at the ESO Sky
Atlas Laboratory at CERN. The comet
was recorded on three photos taken
with the Schmidt telescope at La Silla
when compiling the Atlas of the
Southern sky.

The comet has been named Comet
West after its discoverer, R.M. West,
who already has another comet to his
credit this year. West communicated
the comet positions on the three
photographs to B. Marsden at the
Smithsonian Observatory, Cambridge,
USA who calculated the orbit. It is
anticipated that the comet will pass
within 30 million kilometers of the sun
on 26 February 1976. It is at present
a very faint object in the southern
constellation of Sagittarius but it may
be visible to the naked eye next year.

In view of the restrictions that the Member States
have found it necessary to impose on personnel,
CERN is having to resort to desperate

measures. Here the Director General of
Laboratory Il is seen brazing bus-bars in the
SPS tunnel. J.B. Adams was actually closing
the magnet bus-bar circuit in the ring on

24 October, two and a half months ahead

of schedule. He needed no briefing to perform
his ceremonial task because he became

expert in copper brazing when coping with the
tricky component manufacturing problems of
the early days of radar.

Comet West, discovered on 5 November at the
Sky Atlas Laboratory at CERN in the examination
of film from the Schmidt telescope of the
European Southern Observatory at La Silla

in Chile. The comet is named after R.M. West and
is the second that he has found this year.

(Photo ESO)
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Atomic beam resonance equipment of the
Gaoteborg/Uppsala team working at the ISOLDE
on-line separator. It has been used to measure
five new nuclear spins of gold isotopes

and has a big programme of spin determinations
to do. An atomic beam starts from the right

in the picture and passes through a sextupole,
dipole (where the spin flipping r.f. field is
applied) and, finally, quadrupole en route

to the detector.

Nuclear spins of gold
isotopes

At the ISOLDE on-line isotope separa-
tor a Goteborg/Uppsala team (C. Ek-
strom, |. Lindgren, S. Ingelman,
M. Olsmats, G. Wannberg) has meas-
ured the nuclear spins of five gold
isotopes for the first time.

The spins were measured using the
atomic beam magnetic resonance
method which has been known since
the work of I. Rabi in the 1930s. The
method is based on the fact that the
effective magnetic moment of an atom
as a whole depends on the magnetic
field in which it finds itself. The total
magnetic moment comes from the
movement of the electrons and from
the fact that the nucleus also has a
spin which influences the possible
energy states of the electrons (hyper-
fine structure). Generally, the con-
tribution of the electrons is well

~
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understood and it is in seeing the
hyperfine effects that it is possible to
calculate back to obtain the spin of
the nucleus which caused them.

Equipment to study these effects has
been built at Uppsala and used for se-
veral years mainly with samples from
the synchro-cyclotron of the Gustaf
Werner Institute. It has been used to
measure about one third of the known
nuclear spins of radioactive isotopes.
The move to ISOLDE at the CERN
600 MeV synchro-cyclotron aims to
extend the measurements to shorter
lived isotopes and to benefit from
higher beam intensities. It is only by
using the high intensity extracted
proton beam from the improved SC
that it has been possible to produce
enough gold atoms far from stability
to measure their nuclear spins.

The experiment on gold atoms
proceeds as follows. The proton beam
impinging on the ISOLDE lead target
yields mercury isotopes. These are

|
I

filtered out by mass separation and a
particular isotope is collected on a
platinum foil. (For later experiments
on shorter lived isotopes it will be
possible to go direct into the oven
system of the atomic beam apparatus
but since the gold isotopes are
moderately long-lived, over 5 minutes,
the foil collection technique can be
used.)

The foil is then introduced into an
oven and heated to 1500°C. Gold iso-
topes evaporate off and enter the
inhomogeneous field of the first
magnet, a sextupole, which polarizes
the atomic beam according to the
sign of the effective magnetic mo-
ment of the atoms (negative in this
case). The atoms then enter a weak
homogeneous field where a r.f. field
is applied. A particular quantum of
energy from the r.f. can flip the atoms
from the energy level associated with
negative effective moment to one
with positive moment. The atoms pass
into the inhomogeneous field of a
third magnet, a quadrupole, and only
those atoms which have changed
from negative to positive effective
moments are able to pass through t
a collector.

Knowing the field in the central
magnet and the applied frequency
which allowed atoms through to the
detector makes it possible to calculate
the nuclear spin. Values for five nuclei
186Au' 187Au, 188Au, ‘“”Au, 189m Ay have
been found (3, 1/2, 1, 1/2, 11/2
respectively). Information on dipole
moments of the nuclei will also be
looked for by seeing the effect of
applying the r.f. in higher magnetic
fields. The experiment has moved to
studying rubidium isotopes and three
resonances have been found so far.
With "*Rb the system clearly separated
between two isomers; thus at the
ISOLDE facility it is possible to filter
elements, then masses and then
isomers.

The longterm aim is to survey



At first sight this looks like some sinusoidal
function being reproduced on an oscilloscope
screen. In fact it is a self-supporting spacer
used in large area multiwire proportional
chambers. Chamber wires form the background
to the picture. The spacer is a kapton strip

100 p.m thick which has conducting silver

paint on its edge (so that the efficiency

of the chamber is not decreased over too

big a region where the self-supporting

spacer touches the wires). The spacer is
positioned between the high voltage wire plane
and the anode wires which receive the signals.
It helps solve instability problems for the

anode wires besides sustaining the gap

between the large wire planes.

nuclear spins over a wide range of
isotopes bringing in the shorter lived
isotopes by having on-line operation
(beginning with cesium in December).
Results from systematic spin meas-
urements will determine trends over
the whole nuclear chart and test
nuclear models. Knowing spins is
also vital information for spectro-
scopy studies and for interpreting
other nuclear phenomena.

Preparing to send
beam to the SPS

The PS has to supply a beam of
10'* protons per pulse with an
energy of 10 GeV to be spread around
the 7 km circumference of the 400
GeV synchrotron. This will involve
‘shaving” the PS beam over several
revolutions to send a long ribbon of
protons towards the SPS (a process
also known as ‘continuous beam
transfer’).

In the PS, the protons orbit in
twenty bunches whereas in the SPS
they will be regrouped in 4620 bun-
ches. It had been planned to de-
bunch the beam in the PS and to
impose on it the bunch structure of
the SPS (200 MHz). However, serious
difficulties were encountered in en-
suring stable de-bunching in the PS,
even with modest intensities, and it
was decided to carry out this opera-
tion in the 400 GeV machine.

The first step will, however, be to
reduce the r.f. voltage in the PS,
which will lengthen the bunches,
and some 200 MHz structure will then
be imposed. The SPS monitoring
stations can fasten on to such a
structure right away so that they do
not need to cope with a very wide
range of frequencies. One of the
latest decisions is that beam shaving
will be effected not over 11 but over
10 PS revolutions so that, at injection,
a gap is left in the ribbon of protons

around the SPS circumference. In
this way the voltage in the inflector
can drop to zero before protons pass it
again, and they will not have their
orbit disturbed by the inflector field.

The ejection system in the PS
consists of dipoles to deform the orbit
of the beam, an electrostatic septum
which serves as the knife to shave the
beam and a septum magnet to com-
plete extraction from the machine.
Four dipoles will be used for deforma-
tion of the orbit — two for directing the
beam close to the electrostatic sep-
tum, and two further on to cancel out
the deformation for particles remaining
in the machine. To ensure that the
desired fraction of the beam crosses
the electrostatic septum on each re-
volution, the magnet field in these
dipoles must increase in steps in
unison with the revolutions in the
machine. In fact, one dipole will have
a constant field while the second will
receive increasing current pulses to
increase its field at each revolution
during the ejection. The main com-
ponents for this system were installed
at the end of October.

The electrostatic septum is 1.91 m
long and consists of a 0.1 mm metal
foil. With a cathode gap of about
18 mm, the deflection of the particles
crossing the septum will be 1.06 mrad.
In order to reduce particle losses at the
septum, a set of two quadrupoles will
expand the beam horizontally in the
region of the septum. On completion
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of successful laboratory tests, the
septum was also installed at the end
of October and high intensity ejection
tests started in November.

The extraction septum magnet is not
yet in position, but has passed tests
in the workshop; it has withstood
more than 5 million pulses at 30 kA.
The first beam ejection tests were
carried out with old septa which had
smaller length or aperture, but they
showed the behaviour of the beam and
the equipment to be as expected.

During the annual shutdown of the
PS at the end of this year the remain-
ing ejection equipmentwill beinstalled.
Intensive tests will then take place
for a month, so that the PS will be
ready to serve as SPS injector. A high
quality beam will be needed at the
end of March to feed the 400 GeV
accelerator using one out of every two
PS machine cycles with a 1.2 s flat-
top at 10 GeV. A second 2.4 s cycle
will be used for the normal experi-
mental programme and for filling the
ISR.

Successful tests have already been
carried out in the common beam
transfer line used for filling the ISR
and for carrying protons part of the
way to the SPS. This line is pulsed in
order to take, from one PS cycle to the
next, either a 10 GeV beam for the
SPS or a beam with an energy of up
to 26 GeV for the ISR.
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Around the Laboratories

BROOKHAVEN
Finding where
the proton goes

The Brookhaven Laboratory has
received a grant of $ 0.5 million to
look at some problems in the use of
accelerated particle beams in the
treatment of cancer. The research will
be done in collaboration with scien-
tists from Stony Brook and the Nassau
County Medical Center.

We have touched many times in
recent years on these applications
which are occupying such centres as
Harvard (protons), Los Alamos
(pions), Berkeley (heavy ions), Ham-
mersmith (neutrons)... and some of
the further information is given below.

The Brookhaven work will, initially,
tackle the problem of knowing where
the particles in a beam deposit their
energy. This is obviously crucial in
achieving successful irradiations of
cancerous tissue while leaving healthy
tissue virtually unharmed. If the map
of the energy disposition could be
accurately established, a compensat-
ing mask could be introduced in the
beam in front of the patient. The mask
could be shaped so as regulate the
penetration of the beam into the
patient in the desired way.

The method under investigation is
to make use of radioisotopes created
by the incoming particles. Since
oxygen is so abundant in the body
(about 65 %) an obvious candidate is
the short-lived oxygen-15 isotope. A
high energy particle can create
oxygen-15 from the stable oxygen-16
and, with a half life of about two
minutes, oxygen-15 will reveal its pre-
sence by the emission ofapositron. The
positron will rapidly annihilate with an
electron of a nearby atom giving two
gamma rays emerging in opposite
directions. Gamma ray detectors sur-
rounding the irradiated body could
map where the beam has been deposit-
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ing its energy and the absorber
material to be used as a mask can then
be tailored in consequence.

Preliminary calculations and experi-
ments have been going on during the
past three years with encouraging
results. However before this technique
of beam localization ‘in vivo' can be
applied in actual treatments, a
thorough study of its feasibility is
necessary. This will now be under-
taken using ‘spare’ protons from the
200 MeV proton linac. The linac’s
main task is to feed the 33 GeV proton
synchrotron but the synchrotron needs
only one in ten of the pulses the linac
can provide. Linac protons are already
in use for the production of radio-
isotopes.

DUBNAJ/ITEP
Medical applications
of proton beams

Since 1967 at the Joint Institute for
Nuclear Research, Dubna, and 1968
at the Institute for Theoretical and
Experimental Physics, Moscow, accel-
erated protons have been used in
medical applications. Proton radio-
therapy is carried out at both centres
by staff from the Moscow Institute of
Experimental and Clinical Oncology.
The Dubna work is centred at the
680 MeV synchro-cyclotron; the ITEP
work is centred at the 10 GeV proton
synchrotron using 200 MeV mini-
pulses between the main machine
pulses. (Preparations are also under
way for the use of protons from the
1 GeV synchro-cyclotron at the Gat-
china Laboratory near Leningrad in
medical applications).

At Dubna the protons are reduced
in energy to 185 MeV by passing them
through a liquid moderator and are
then focused and collimated to an
intensity of about 10° per s. The beam

is in general rather large (56x10 cm?)
and small beams of adequate intensity,
such as are needed in some applica-
tions, cannot yet be produced. Irradia-
tions are made by shuttling the
position of the Bragg peak (the range
at which the stopping protons deposit
most of their energy) backwards and
forwards across the tumour area while
rotating the patient. A remotely con-
trolled (using a MINSK-22 computer)
water column of variable length is used
to move the Bragg peak as dictated by
the signal from a tiny semiconductor
introduced into the centre of the
tumour. When this feedback system
cannot be applied the isodose distribu-
tion is calculated, using a BESM-6
computer, prior to the irradiation.

Over 90 patients have been treated
so far. The initial irradiations were for
surface tumours and they have now
advanced to include cancers of the
larynx, bone, esophagus and lung.
The reaction of patients to proton
treatment has compared favourably
with the reaction to treatment by the
conventional X-ray method.

In 1977 it is hoped to rebuild the
680 MeV synchro-cyclotron as a four-
sector AVF cyclotron. The design
aims are to achieve an internal proton
beam of 50 pA (compared with the
present 2.3 pA) and to achieve
extracted beam intensities a hundred
times higher. The medical facilities
will then include a better collimated
proton beam, with two areas for pro-
ton treatment, and a negative pion
beam which will also be used in
therapy.

At ITEP, proton beams are drawn
from the synchrotron at energies from
70 to 200 MeV and tailored to a
pencil beam which enters the treat-
ment room. Typical beam sizes are
6 to 7 mm diameter and broader
beams, up to 100 mm diameter, can
also be delivered. A tumour is irra-
diated while rotating the patient with
great accuracy in position, 0.5 mm, so



that beams approach from up to
25 directions.

Over 260 patients have been treated
so far for cancers of the cervix, larynx
and esophagus. The beam quality has
made it possible to do small volume
irradiations such as the pituitary gland.
They intend to treat other lesions of
the cranium soon, for example tumours
-at the bottom of the eye which have
already been irradiated with success
in tests with animals.

All the irradiations were carried out
prior to the synchrotron shutdown for
an improvement programme which
started in 1972. The machine came
into operation again in 1974, upgraded
from 7 to 10 GeV, and medical work
has not yet been taken up again due to
running in and reliability problems.
Treatments are expected to restart
soon on an extensive scale. Better
beam quality and better techniques
for patient positioning are hoped for
and a novel acoustical method of
Bragg peak localization, in vivo, will
be tried.

BERKELEY/HARVARD
Tomography with
alphas and protons

There has been a dramatic increase in
the use of X rays to produce three
dimensional density maps (or tomo-
graphs, since they are assembled from
maps of a series of slices) of parts of
the body. This has come particularly
from the arrival on the market of the
EMI scanner which is one of the great
commercial successes in the medical
world in recent years. It gives ‘com-
puterized axial tomographs’ detecting
density differences of the order of 1 %
and locating the differences with an
accuracy of millimetres.

Still greater density sensitivity and
accuracy in location may be feasible

Inside the Alvarez section of the 800 MeV
proton linear accelerator, LAMPF, at Los Alamos
during cleaning operations which were carried
out earlier this year in the “great shutdown’.
The machine is now back in action and has
succeeded in accelerating a beam of 100 uA
with less beam loss than was previously
experienced accelerating a beam of 10 yA.
While on the general subject of medical
applications of accelerators — the use of
negative pion beams for cancer therapy is being
pioneered at LAMPF and a programme of
further treatments of patients is lined up.

- Large amounts of radioisotopes for diagnostic

purposes are also produced.

(Photo Los Alamos)

Drawing of the set-up at the Berkeley cyclotron
used to investigate the use of alpha particles

to produce accurate three dimensional density
maps. They are known as tomographs since
they are built up from a series of exposures
seeing different slices of the body. The aim

is to improve on the conventional X-ray
tomographs while exposing the patient to a
smaller radiation dose.
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using heavy charged particles (pro-
tons, alphas, heavy ions) to take
radiographs. These improvements
could also be accompanied by the
advantage of lower radiation dose to
the patient. Two further investigations
of these possibilities have been re-
ported. At Berkeley, K.M. Crowe,
T.F. Budinger, J.L. Cahoon, V.P.
Elischer, R.H. Huesman and L.L. Kan-
stein used a 910 MeV beam of alpha
particles from the 184 inch cyclotron.
At Harvard, A.M. Cormack and A.M.
Koehler used a 158 MeV beam of
protons from the cyclotron.

For the alpha radiographs, the
changes in energy of the incoming
alpha, caused by the density of matter
they have traversed, is detected by a
system consisting of multiwire pro-
portional chambers and a range coun-
ter of scintillators. The detectors are
linked to a PDP-15 computer for three
dimensional reconstruction after tak-
ing multiple views of the subject
rotated to different positions. Radio-
graphs were taken of various ‘phan-
toms’ and it was demonstrated that
density differences of less than 2%
can be detected with radiation doses
one tenth of those necessary using
X-rays. Only one of three wire cham-
bers was installed and an improvement
of a factor of three should be achieved
with the full system in action. Approval
for tests with patients has been given.

For the proton radiographs, a detec-
tion system of two sodium-iodide
counters was used which was not
considered as optimised. A lucite
phantom had annular and cylindrical
apertures which could be filled with
substances of different densities (su-
gar solutions, polystyrene). The exper-
iments showed that differences of
0.5 % can be seen clearly and sharply.

The use of heavy ions has been
investigated also at Berkeley by C.A.
Tobias and E.V. Benton using neon
ions from the Bevalac. We may have
more on this in a future issue.
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HAMMERSMITH
Neutron treatment
of tumours

Over a period of three years, clinical
trials of fast neutron beams for the
treatment of advanced tumours have
been carried out at the cyclotron of
the Hammersmith hospital in London.
The results were reported this summer
to the UK Medical Research Council
by M. Catterall, I. Sutherland and
D.K. Bewley.

About 50 patients were involved
and their reaction to the treatment
was compared with that of a similar
number submitted to conventional
X-ray or gamma ray exposures.

The neutron beam had a mean
energy of 7.6 MeV and was applied
some twelve times during four week
periods to deliver a total dose of
1440 rads to the tumour. In 37 cases
the local tumour regressed among the
neutron patients and there were no
recurrences. This compared to 16 re-
gressions with 9 recurrences among
the X-ray patients. Mortality rates
were, however, not significantly dif-
ferent between the two groups. It is
believed that the better reaction to
neutron therapy is due to its more
favourable biological effects.

Longer term studies are being
undertaken in the next stage of these
tests by treating patients at an eatrlier
stage with smaller tumours. The
Hammersmith team are already suffi-

“ciently confident in their results to

maintain that the place of neutron
beams in cancer therapy should be
established as soon as possible.

Bubble chamber film
in education

A pedagogic experiment on the use of
bubble chamber film to transmit some

basic concepts of physics is being
carried out in several high schools in
France on the initiative, particularly,
of J. Duboc. Seven schools were
involved in the 1974-75 school year
and twelve schools in the present
school year. The relevant age group
is 16-17 years old.

Some 12 000 pictures of 2 GeV
proton-proton interactions were taker
in the CERN 2 m hydrogen bubbr..
chamber and from them ten elastic and
ten inelastic scattering events were
selected. The criteria for selection
were that the events be ‘flat’ (so as to
avoid the necessity of reconstructing
in three dimensions), clear (unclut-
tered by other particle interactions)
and with their vertex near the centre
plane of the picture giving 40 to
50 cm of track length for the measure-
ments.

Each high school is then provided
with four large pictures (100x70 cm),
two elastic and two inelastic, of events
and with a set of templates to measure
track radii. If the exercise is to spread
throughout the education system, it is
important that costs be kept down.
The initial cost was 350 Swiss franc_
per school; it will probably decrease
by a factor of two this year.

Measurements of the track radii are
made followed by computations of
momentum, knowing the momentum
of the incoming particle. Elementary
ideas on relativity have already been
taught. Momentum conservation tests
first establish whether the event is
elastic or inelastic. Energy conserva-
tion tests are carried out on the elastic
events using non-relativistic and rela-
tivistic formulae. This demonstrates
the necessity and validity of quantum
mechanics.

For the inelastic events, the ‘mis-
sing momentum’ is calculated and
several hypotheses

p + p — ppr’/prtn/mipn
are compared and checked by energy
conservation. Only one of them fits the



energy balance. This demonstrates
particle creation and the energy-
matter relationship.

No practical problems have been
encountered during the experiment so
far. The students seem to have no
difficulty in establishing that the
relativistic approach is more exact than
the non-relativistic or in selecting
from amongst the possible particle
creation hypotheses.

If the success of the experiment
continues, it may be incorporated in
the standard physics teaching pro-
gramme. Although more sophisticated
concepts are conveyed at University
level using bubble chamber photo-
graphs (for example, in the physics
course of the Open University in the
UK) it is believed that the French
experiments is the first extensive one
to be carried out at high school level.

BROOKHAVEN
New accelerator
for applied research

Brookhaven has recently requested
funds from the ERDA Division of
Controlled Thermonuclear Research
to design and construct a linear accel-
erator to investigate radiation damage
of materials for fusion reactors. We
first mentioned this project in the
November issue of last year; it aims to
tackle some of the basic problems
involved in mastering thermonuclear
fusion.

The development of materials for the
so-called ‘first wall’ of a fusion reactor
is one of the major hurdles to sur-
mount before such a reactor becomes
feasible. The plasma containment
vessel will be subjected to very high
14 MeV neutron fluxes (over
10"/s/cm?) in addition to the lower
energy neutrons which are common
in fission reactors. At present, there is
no 14 MeV neutron source which can

Students in a French high school measuring

film from the CERN 2 m bubble chamber.
Pictures of proton-proton interactions

are being used in the physics course in

several schools to help communicate concepts of
relativity, the mass-energy relationship

and so on. :

An example of a proton-proton event which is
used in the high schools. A few pictures

of elastic and inelastic scattering events were
selected. They are ‘flat’ (to avoid reconstruction in
three dimensions), clear (uncluttered by

other interactions) and give long tracks for
momentum measurements.
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Still in the field of education, the series of spirals
below emerge from an interactive computer
program developed by S. Brandt (Siegen)

and H. Schneider (Heidelberg) as an aid in
University physics teaching. The computer plots
proton trajectories in a constant

homogeneous magnetic field such as is
encountered in a cyclotron. The various

figures emerge from changing the conditions
applying to the proton by manoeuvring the
computer program. Figure 1 is for a non-
relativistic particle exposed to a normal
cyclotron accelerating field, Figure 2 is for a
relativistic particle in a normal cyclotron where
the particle slips out of phase with the
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accelerating field. Figure 3 is for synchro-
cyclotron conditions where the accelerating field
frequency decreases in step with the revolution
time. Figure 4 is a repeat of synchro-cyclotron
conditions with a higher magnetic field.

Using this interactive program gets across
accelerator physics and computing techniques.

produce fluxes high enough to simu-
late the fusion reactor environment or
to accumulate rapidly radiation expo-
sures of the order of 10?' to 10?2 neu-
trons/cm?.

The idea, put forward at Brook-
haven in 1973, is to build a linear
accelerator to take a high intensity
deuteron beam to about 30 MeV.
Firing such a beam on to a lithium
target results in deuteron break-up
and the production of a forward neu-
tron beam with an energy spectrum
peaked at about 14 MeV. To achieve
a flux of 10" neutron/s/cm? within a
reasonable  experimental volume
(about a litre) requires a 100 mA con-
tinuous deuteron beam. The total
yield of such a system is expected to
be over 10'® neutrons/s.

The proposed 30 MeV accelerator
consists of eight rf. accelerating
cavities in a single vacuum tank, each
cavity being powered by its own
amplifier operating at 50 MHz. The
cavities contain 66 drift tubes includ-
ing strong magnetic focusing. The
vacuum tank dimensions are about
4 m diameter and 40 m long. With a
continuous beam of 100 mA the beam
power is 3 MW; the necessary power,
including r.f. losses in the accelerating
cavities, is then 4.5 MW.

The injectors are two 500 kV d.c.
accelerators, one to supply D+ ions
and the other D- ions. They can be
used simultaneously, since the ions of
different sign can be accelerated in the
different halves of the accelerating
cycle, or one can serve as a spare in
case of breakdown or maintenance of
the other.

The target system is separated from
the accelerator by about 60 m so that
the bunched beam from the cavities
can debunch and become a virtually
continuous beam. The separation also
serves to isolate the high radiation
levels in the experimental area from
the accelerator. The target area has
four target caves and a beam dump.

With D+D- operation, two targets can
be operated simultaneously, using a
magnet to divide the ion beams, while
experiments are being set up in the
other two caves. A typical target
consists of a liquid lithium jet, 1.5 cm
thick and 12 cm wide, crossing the
beam with a velocity of about 10 m/s.
Analysis of heat deposition in such a
jet indicates that the 3 MW of beam
energy in the target receiving D+ ions-
can be dissipated.

The accelerator has been designed
to be very versatile, providing adjust-
able neutron fluxes, variable neutron
energies, simultaneous acceleration of
two independent deuteron beams,
operation of two independent target
facilities and flexibility in neutron
delivery from short pulses (such as
would be produced in Theta-Pinch
type fusion reactors) to d.c. fluxes
(such as would be produced in steady-
state Tokamac type fusion reactors).

It is hoped that the project will be
funded in 1978. The interest in this
type of facility is now so great that
three other Laboratories in the USA
are also preparing proposals using the
same concept.

MICHIGAN
Scatter focusing

In the September issue, we reported
work at Harwell and Los Alamos on
proton scattering radiography. The
technique can pick out the edges of
objects very cleanly because Coulomb
scattering enhances the flux of par-
ticles just beyond an edge (where
direct and scattered particles arrive)
while depleting the flux just inside the
geometrical shadow (where a lower
number of scattered particles arrive).

L.W. Jones looked at this pheno-



menon in 1963 while working on the
external beams of the Brookhaven
3 GeV Cosmotron. He has recently,
together with D.G. Koch at the Uni-
versity of Michigan, explored the
possibility of using this scattering to
focus particles. The seeming paradox
of scattering in order to focus can
work provided a lot of the particles
can be thrown away while achieving
a concentration of the remaining
particles. A particular interest is that
‘scatter focusing’ can also be applied
to neutral beams which are impossible
to get hold of by the usual electro-
magnetic methods.

The application to charged particle
beams is likely to be attractive only in
very special circumstances. A beam
passing through a block of matter
shaped as a lens, for example with a
plane face to the beam and a concave
face downstream, will have a scatter
focus but the local enhancement in
flux will only be by a factor of typically

about 3. This compares with factors of
several hundreds which can be
achieved using magnetic lenses and
also involves producing a higher
radiation environment due to the many
scattered particles not retained in the
beam. The advantages are that the
scatter lens, once introduced into the
beam could sit there doing its job
without attention and without need
for electrical power.

The application to neutral beams is
more interesting. Several scatter lens
configurations (rings with a central
aperture, coaxial cylinders of different
materials, etc.) have been considered.
The flux gains for multi-GeV neutron
beams or for neutral hadron beams are
less than 50 % but chromatic aberration
in the lenses can concentrate the
neutrals around a desired momentum.
This concentration in momentum can
be further improved by going to a
two-stage lens system but then there
is a considerable loss in flux.

Proposed layout of the heavy ion accelerator,
GANIL, which is to be built at Caen in France.
On the left are the two sector-focused cyclotrons
(CSS1 and CSS2) with their injectors. To the
right is a layout of beams to feed many
experimental areas.

CEA/IN2P3
The Heavy lon
Accelerator GANIL

In the September issue (page 278)
we reported the French government’s
decision to construct the heavy ion
accelerator known as GANIL. It is a
joint project between the Commis-
sariat a I'Energie Atomique (CEA)
and the Institut de Physique Nucléaire
et de Physique des Particules (IN2P3).
In this article we shall describe the
main characteristics of this machine
which, from 1980 onwards, will make
possible more thorough studies of
many nuclear reactions, thanks to
beam characteristics not achievable
elsewhere. GANIL will meet the
requirements of experimental nuclear
physics with ion beam energies,
intensities and inherent qualities
(energy resolution, emittance and
duty cycle) which will be exceptional.
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The maximum value of the energy
is a strong function of the mass of the
accelerated ion — from 100 MeV per
nucleon for lightions (carbon, neon...)
up to 8 MeV per nucleon for heavy
ions (uranium). For a beam of
optimum quality, the intensity will
vary from 10" particles per second in
the case of light ions to 10" pps for
heavy ions. For a beam that is ‘not so
good’ the intensity may be ten times
higher.

The intrinsic quality of the beam is
determined by the energy resolution,
emittance and duty factor. For the
‘good’ beam, the aim is to achieve a)
an energy resolution better than
4 x 10-* for the light ions (atomic
number less than 60) and 10-* for
the heavy ions (over 60), b) maximum
horizontal and vertical emittances at an
energy of 10 MeV per nucleon of 50
mm.mrad for light ions and 100
mm.mrad for heavy ions, ¢) a duty
cycle of the order of 100 %. For the
‘not so good’ beam, an energy resolu-
tion of 10-* will be accepted for the
light ions with an emittance of
100 mm.rad, whilst the duty cycle
remains unchanged.

It is also important that adjustments
to the machine are straightforward,
rapid and stable, that the output
energy is variable in very small
steps and that the overall reliability
is high. To achieve these requirements
with an accelerator which is to be
partly operative in 1980, it is necessary
to use techniques which, if not fully
proven, are at least reliable extra-
polations of existing systems.

In view of the above considerations,
and bearing in mind economic con-
siderations, the CEA/IN2P3 working
group has decided to build a system
around two identical separated-sector
cyclotrons (CSS1 and CSS2) used in
sequence with further ion stripping
between the two. Injection is by
means of a compact cyclotron (CO).
For reasons of reliability, two injectors
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will be provided (CO1 and CO2)
capable of alternate operation. The
combinations CO1 + CSS1, CO2
+ CSS2 will also make it possible to
use each CSS independently.

The cyclotron injector

Each injector is a compact cyclotron
with a conventional PIG source at its
centre. This type of source defines the
highest charge states with intensities
that can be used by GANIL (1 to
40 mA peak per charge state). A
Lyon/Grenoble team is at present
studying the possibilities of this sour-
ce (intensity, emittance of beam,
possibility of extending the range of
ions hitherto used...). The ions are
then accelerated in the cyclotron
and ejected towards CSS1.

An experimental study of the central
region of the cyclotron (which will
have four geometries, one for each
operating harmonic) is at present
being carried out in the CERN
Synchro-cyclotron Division by a joint
SC/GANIL team. It will also be
possible to use a 1 MV electrostatic
platform as an injector for the heaviest
ions, the advantage being that this
type of installation can easily be
adapted to new types of source which
may be developed in the coming
years.

The separated sector cyclotrons

The separated sector cyclotrons have
a great number of advantages over
the compact cyclotrons. The most
important are: stronger focusing,
higher energy gain per turn (hence
shorter spirals and a better separation
between the turns at the extraction
septum), better beam accessibility
and the possibility of inserting numer-
ous devices for beam diagnosis.
However, one CSS alone is not
sufficient to achieve the final energies
required. In order to optimize the

A diagram illustrating the energy potential
of GANIL. The y-axis gives the energy plotted
against the mass of the accelerated ion.
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technical and economic character-

istics of the two CSS machines, it
was decided to make them identical.
This simplifies the design of the_
magnetic sectors and r.f. accelerating
cavities.

The beam supplied to the experi-
ments must also have good energy
resolution. This considerably restricts
the phase acceptance of the CSS
(and therefore the final intensity),
if use is made only of the usual r.f.
cavities. To increase the intensity
it is necessary to flatten the top of the
sinusoidal r.f. wave, which can be
done by adding additional cavities,
known as ‘flat-topping’ cavities, in-
creasing the phase acceptance from
around 2° to as high as 15°.

The main characteristics of the
magnets are set out in the table. An
anti-saturing pole profile enables a
field of 0.5 T to 1.6 T to be obtained.
A solution with superconducting coils
is at present under study in conjunc-



CO + CSS

CO ejection radius

magnet gap

peak field

weight of iron

weight of copper

number of Dee electrodes
peak voltage

frequency range

CSS ejection radius

magnet gap

peak field

weight of iron

weight of copper

number of Dee electrodes
peak voltage

frequency range

Parameters of GANIL

Energy ranges CO + CSSI + CSS2

Peak intensity (particles per second)

4-100 MeV/A
4-50 MeV/A
1013

0.375 m

20 cm

191 T

b4 t

41

2

110 kV
5.5-14 MHz

3m

10 cm
16T
1600 t

16t

2

250 kV
5.5-14 MHz

tion with a conventional coil solution.
A 1/4 scale model of the sectors has
been ordered and magnetic meas-
urements will take place about mid-
1976. Similar measurements were
made this year at Oak Ridge on a
four sector model (with a scale of
1/6). The measurements proved to be
very valuable to magnet designers and
theoreticians.

The conventional r.f. cavities are
Dee-type co-axial resonators, split
in the horizontal plane to allow the
passage of the beam. Unlike the
arrangement in a compact cyclotron,
the cavities are not located inside the
magnet gap. This enables the self-
capacitance of the Dee to be kept
at the upper end of the frequency
spectrum, which reduces the r.f.
power required.

A study of ion dynamics showed
that it was not necessary to insert the
flat-topping Dees inside the main
Dees. It is even possible to use only

one cavity, with a limitation being
imposed on its radial extension in
order to simplify construction. Studies
are now under way on this type of
cavity.

The ion transmission will be as
high as 80 % in each CSS with a
vacuum of 5 x 10-® torr in CSS1 and
3 x 10-7 in CSS2. A combination of
pumps (cryogenic, titanium sublima-
tion and turbomolecular pumps etc.)
will provide the necessary pumping
speed (150 000 to 200 000 I/s).

Beam injection and ejection will
take place in the same straight section
using a series of magnets together
with magnetic and electrostatic septa.
In certain cases, these will not be easy
to make because of the space limita-
tions at the centre of the cyclotron
where the available room in the
magnet gap is less than 6 cm.

The charge states of the ions
emerging from the PIG source are
not sufficient for a single CSS to be

able to give the required maximum
energy, and it is therefore necessary
to strip the ion beam further. The
final charge state increases more or
less rapidly with energy of injection
into the stripper depending on the
nature of the ion. A beam stripper is
therefore located between CSS1 and
CSS2 in order to obtain a fourfold
gain (except in the case of light ions
where such a gain is not possible).
It is this factor of four which dictates
the ratio of four between the ejection
radius of CSS1 and the injection
radius of CSS2.

This stripper may be of the gas
type for light ions. In the case of
medium and heavy ions it must be
solid (carbon foil) and its ‘thickness’

~will be of the order of 10 ug/cm®.

Crossing this target involves an energy
loss (which has to be compensated),
an energy spread and an increase in
transverse emittance, besides causing
a progressive deterioration of the
target foil.

An experimental study of all these
effects is now being made by a
combined Strasbourg/GANIL team
using the beam of a tandem acceler-
ator. Initial results show that the
life of the targets is very satisfactory
(several hours for about 1 pA of gold
ions) but that the energy spread is
greater than that predicted.

The control system will have a
modular and centralized data system
incorporating a MITRA 125 computer.
There will be two machine operating
modes. In the manual mode during
normal exploitation the machine will
be controlled from the main console
in the control room and during mainte-
nance periods from local consoles
near the actual equipment. In" the
automatic mode, the machine will be
controlled by computer programms
or respond to the requests of an
operator.

The main functions of the MITRA
125 will be:
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— systematic acquisition of a large
number of machine parameters in
order to track down rapidly the causes
of failure, indicate operating con-
ditions, keep a record of operation
and acquire a better knowledge of the
beam dynamics;

— occasional acquisition of certain
beam parameters which cannot be
measured without destroying the
beam;

— automatic setting at pre-deter-
mined values of the machine and
beam transport lines which will con-
siderably facilitate changes in operat-
ing conditions (particularly in ener-

gy).

Construction programme, staffing
and cost

After publication of a preliminary
report (July 1973) prepared by a
combined CEA/IN2P3 group of phy-
sicists and engineers which recom-
mended the construction of the
accelerator broadly as described
above, a project group was formed
to carry out feasibility studies. A
second report, published in July 1975,
confirmed the initial options as correct.
Following the decision in August 1975
to build GANIL at Caen and the
release of money (25 MF) to get the
project under way, it was possible to

make a quick start on construction.
It is planned to obtain a beam from
CSS1 in 1980 and one from CSS2
in 1981. From 1979 onwards, a
staff of 120 will be required to meet
these target dates. The predicted cost
(January 1975) of construction is
175 MF (excluding taxes and salaries,
and with only the first construction
phase of the machine hall).

With GANIL it will be possible to
explore a new area of nuclear physics.
In a coming issue we shall examine
the experiments that can be carried
out with this facility which will be the
only one of its type in the world.

GRENSON

Economical Cern Compatible
Camac Power Supply Umt

Giving 200W of stabilised power with a full 25A at
4+ 6V and bA at +-24V, the C-PU/16 offers real value

for money.

Fully compatible with the CERN standard crate it
meets the general requirements of 46-03 but with
simpler protection, monitoring and alarm facilities at

very much lower cost.

Also available with CERN crate or alternative

simplified crate.

+6V at 25A
—6V at 25A
Total Stabilised Power 200W
124V at A J
—24V  at bA
200V DC at 0.03A 117V AC at 0.5A

GRENSON ELECTRONICS LIMITED

High March Road, Long March Industrial Estate, Daventry,
Northants NN11 4HQ, England. Telephone : 03272 5521 Telex: 311245
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interchange

you can fit any of these
compatible supply units
into our NIM and CAMAC crates.

S [Ee: v

+6V 65 or 25A
-6V 25 or 65A
max output is 80Amps

450N 300 watts / L a 120 watts

+6v 6V
+12v +12V
+24v +24V
+200V 117VAC
17V AC

PS 2057 [5« m__ﬁ

POWER SUPPLY |

INFUT 220VA0

 Sh—-—

QUTPUTS
&

N

SEN ELECTRONIGUE sa Case Postale 39 1211 GENEVE 13 tel (022) 44 29 40 tix 23359ch

SEN ELEKTRONIK A Im Zentrum 18 8604 VOLKETSWIL, ZURICH tel (01086 51 03 tix 58257ch

SEN ELEKTRONIK GmbH Postfach 223 2000 WEDEL- HAMBURG tel 04103 6282 tix 2189 548d ELECTRONIQUE



Hewlett-Packard calculators for science and business

Business

Science
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The first family

If you can justify a serious pocket calculator,
make your choice from the first family.

Many years experience in advanced elec-
tronics and in computation-from sophisticated
desk-top calculators to powerful time-share
systems—enabled Hewlett-Packard to develop
the world’s first advanced pocket calculator.

The pioneering HP-35 offered more than an
impressive array of pre-programmed functions; it
also introduced the RPN logic system which
_combined with a 4-register operational stack

1akes all the first family conspicuously easy to use
and virtually eliminates the need to note down
intermediate answers—as more than one million
users already know!

The Hewlett-Packard touch

Whatever your field, you will find the
calculator you need in the first family. One with
the Hewlett-Packard touch. A special look and feel
of quality. A mind-expanding ability that continually
helps you to discover unsuspected capabilities in
the instument and yourself. Stand-alone calculating
power fully supported with software.

Rechargeable batteries and
re-charger/mains adaptor, comprehensive,
example-packed manual and soft carrying case.
are standard: so is a meaningful warranty.

FIRST with engineering notation
(scientific in multiples of 10°) HP-25. Plus
practical programmability, 72 pre-programmed
functions and a total of 13 memory registers.

FIRST pocket calculator with computer-
like memory power-HP-45.48 pre-programmed
scientific functions: 14 memories-9 seperately
addressable.

|

=

HEWLETT (np; PACKARD

Sales and service from 172 offices in 65 countries.

FIRST four dimension pocket
calculator- HP-55. 20 addressable memories:
86 pre-programmed scientific and statistical
functions: 49 steps of program memory, built-in
timer.

FIRST fully programmable pocket
calculator-HP-65. Powerful memory: full range
of pre-programmed keyboard functions:

100 program steps: built-in card reader.

FIRST Multi-purpose calculator for
management-HP-22. Pre-programmed to solve
general business, financial, statistical and
mathematical problems.

FIRST financial calculator-HP-80.
For simple,automated solutions to well over 100
complex business and financial problems
without tables or formulae.

Built-in 200 year calendar!

FIRST of a new generation of pocket cal-
culators-HP-21. 22 sophisticated scientific
functions.

For full details of the first family calculators
that interest you contact your nearest HP office:

Austria: Hewlett-Packard Ges.m.b.H.
Handelskai 52/53, P.0. Box 7, A-1205 Vienna
Belgium: Hewlett-Packard Benelux S.A./N.V.
Avenue du Col-Vert, 1 (Groenkraaglaan) B-1170 Brussels
Denmark: Hewlett-Packard A/S, Datavej 52, DK-3460 Birkerod
Finland: Hewlett-Packard Oy
Nahkahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21
France: Hewlett-Packard France
Quartier de Courtabeeuf, Boite postale no 6, F-91401 Orsay
Germany Federal Republic: Hewlett-Packard GmbH
Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140,
D-6000 Frankfurt 56
Italy: Hewlett-Packard Italiana S.p.A.
Via Amerigo Vespucci, 2, 1-20124 Milan
Netherlands: Hewlett-Packard Benelux N.V.
Van Heuven Goedhartlaan 121, P.O. Box 667, NL-1134 Amstelveen
Norway: Hewlett-Packard Norge A/S
Nesveien 13, Box 149, N-1344 Haaslum
Spain: Hewlett-Packard Espafiola S.A., Jerez no 3, E-Madrid 16
Sweden: Hewlett-Packard Sverige AB
Enighetsvagen 1-3 Fack, S-161 20 Bromma 20
Switzerland: Hewlett-Packard (Schweiz) AG
Ziircherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Zurich
United Kingdom: Hewlett-Packard Ltd.
King Street Lane, GB-Winnersh, Wokingham, Berks, RG11 SAR
European Headquarters: Hewlett-Packard S.A.
7, rue du Bois-du-Lan, P.O. Box 349, CH-1217 Meyrin 1,Geneva, Switzerland
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Nuclear transmutation

KRUPP steel in the service of man. KRUPP steel
in the service of research. KRUPP steel in physics,
chemistry, medicine and biology. We do a lot in these
fields.

We supply magnets for accelerators, spectro-
meters and beam transport, with forged or laminated
poles and yokes, rough or finished, as individual com-
ponents or fully assembled. The material used is our

)

We are there, wherever there is researc
into the peaceful uses of nuclear energy

“Minimum RA’’ special low-carbon mild steel, resistant
to ageing and free from impurities. With a minimum
spread of induction, “Minimum RA’ combines high
permeability and low coercive force. Any questions?
Our specialists are ready and willing to answer them.

FRIED. KRUPP HUTTENWERKE AG, D-463 BOCHUM
WEST GERMANY

&) KRUPP STEEL tor the workd of tomorrow

Double bending magnet
for beam transport
made of KRUPP STEEL



Sensitivity: 5 x 10° ASA
Light level: 5 x 10-° lux

Light levels required by conventional
vidicons prevent their use in
numerous industrial-television
applications.

These limitations do not apply to the
THOMSON-CSF Nocticon®. Its
exceptional performances enable
coping with the ultimate in low-light
conditions.

The Nocticon has an S 20 -type
photocathode and a silicon-diode-
array target, scanned by an electron
beam from a gun similar to that of a
regular Vidicon.

This structure ensures:”

- wide spectral response

- sensitivity of 300 mA/lumen

- low dark current

- low lag

- alarge dynamic range.

The Nocticon’s design also provides
high resistance to damage by intense
light and exceptional ruggedness,
allowing its use under severe
environmental conditions.

Coupling the fibre-optics window of
the Nocticon directly with an image-
intensifier tube results in the Super-
Nocticon®, with a sensitivity more
than ten times that of the Nocticon.
Possible applications for the Super-
Nocticon range from photon counting
to surveillance on particulary dark
nights.

\

e
THOMSON-CSF

Low-light-level TV applications
often require particular functions.
Tomeetthisneed, THOMSON-CSF
has also designed a series of
video-storage units, among

which the TH 7501, which
includes an image-freeze feature,
Electronic Zoom *, and enables
image integration for up to several
seconds.

Controlling the Nocticon photo-
cathode by short pulses'gives the
possibility of capturing fast
phenomena. The image, stored in
the TH 7501, can then be observed
at leisure on the screen of a
conventional TV monitor.

DIVISION TUBES ELECTRONIQUES / 38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL. : (1) 604 81 75
Germany - THOMSON-CSF Elektronenréhren GmbH / 6 FRANKFURT/MAIN / Am Leonhardsbrunn 10 / Tel.: (0611) 70 20 99
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71/ ROMA / Tel. : (6) 638 14 58
Japan - THOMSON-CSF JAPAN K K. / Kyosho Building / 1.9.3. Hirakawa-cho / Chiyoda-Ku / TOKYO / ¥ 102 / Tel.: (03) 264 6341
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9/ Tel.: (1) 226 76 09
Sweden - THOMSON-CSF Elektronrér AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 22 58 15

United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Ringway House / Bell Road / Daneshill / BASINGSTOKE RG24 OQG / Tel.: (0256) 29155 / Telex: 84 9171

U.S.A.- THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015/ Tel.: (201) 779 1004




)

DEGUSSA

CAPILLARIES, TUBES AND LABORATORY
EQUIPMENT

made of DEGUSSIT ®, the really heavy-duty material.

(Capillaries, open and blind tubes
— to protect and insulate
thermocouples or other measur-
ing probes, tiles, annealing
cabinets, crucibles and rods —
for annealing and melting
metals and glass, for the
evaporation of metals and salts,
as a tile for the production of
monocrystals, etc.

Write for documents
and expert advice from our

@cialists. /

\

Degussa (Schweiz) AG
Postfach 2050, 8040 Zurich. Phone 01-54 39 00. Telex 57946

Add to your nuclear instrumentation
with the following which
provide im

on the'

PEN DOSIMETERS

DASAL

Personal detector with an adjustable alarm level. Audible
warning with three levels.

BALISE 224

A wall-mounted or portable instrument for monitoring
the level of radioactivity. Visible or audible warning.

S E 0 7 7 mg/cm? (skin dose). Remote control for outdoor operation.

Good internal insulation, daily leakage less than 0.5%. Manu-
factured in accordance with French standards — DIN or
British standards on request. CEA-LCA system.

LA PHYSIOTECHNIE

34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL - FRANCE - TEL : 7351610 +

Measures the absorbed dose in soft tissues at a depth of
300 mg/cm?, due to photons of 50 keV or above and electrons
of any enegy.

Measures the absorbed dose in soft tissues
s E 0 6 at a depth of 300 mg/cm?, due to photons of
10 keV or above and electrons of any energy.
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Higher technology
means higher performance.
But it doesn't mean higher price.

o
.3
B
Ortec’s new CAMAC &
amplitude digitizer, time 'y
digitizer, and 200-MHz scaler vEo

give you the best perfor-
mance money can buy.
And, thanks to high packing
density, you can have this
performance at the most
attractive cost per function.

TD811 11-bit octal TDC

Eight time-to-digital converters in
one low-cost module. Dynamic
range is 0-200 nsec with 100-psec
resolution. Stability: <+.02%/°C.
Nonlinearity: <+.1% integral,
<+2% differential. Fixed conver-
sion time of 90 usec (independent
of start/stop) facilitates deadtime
calculations. Unigue front-panel
fast clear input for 1.0-usec. reset.
Fully CAMAC-compatible LAM
structure. All eight channels easily
tested. Software-interchangeable
with AD811 at right.

AD811 11-bit octal ADC

Ideal for nuclear spectroscopy
applications. Low-cost unit com-
prises eight peak-detecting ADCs,
each measuring positive unipolar
or bipolar signals from 0 to >2.0V
with 1.0-mV resolution and 2047-
channel range (plus overflow).
Unique front-panel fast clear input
for 1.0 usec reset. Fully CAMAC-
compatible LAM structure. All
eight channels easily tested.
Software-interchangeable with
TD811 at left.

For complete information on
these and other CAMAC
modules by EG&G/Ortec,
contact your nearby
EG&G/Ortec representative or
EG&G/Ortec Incorporated,
110 Midland Road, Oak
Ridge, Tenn. 37830. Phone
(615) 482-4411. Telex
055-7450. 74 offices in 49
countries providing sales and
service around the world.

S$424F 200-MHz quad scaler
24 bits. Typical speed: 220 MHz.
Continuous operation at 200 MHz
guaranteed. Non-incrementing,
high-impedance bridging inhibit.
Protected data inputs. Many op-
tions for overflow handling using
fully CAMAC-compatible LAM
structure. Software-interchange-
able with the Ortec S424B
150-MHz and S242S pos/neg
50-MHz quad scalers, so you don’t
have to spend time or money on
new software.

S\ EG:zG/ORTEC

Discover what you've been missing.

@© Ortec 6285A
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POUR L'ULTRAVIDE

une nouvelle génération
de roulements a billes

dont les éléments - bagues, billes et
cages a billes - permettent pratique-
ment d’éviter le soudage de contact
que favorisent I’'ULTRA-VIDE et les
HAUTES TEMPERATURES, et d‘as-
surer une longévité particuliérement
remarquable grace:

a la grande dureté des chemins de
billes,

aux billes adaptées a l'application et
a la cage de nature autolubrifiante.

Tableau de durées de vie comparatives dans I'ULTRA-VIDE

Durée en heures

a 3000 t/min.p 0 1000 2000 3000 40?0 k 5000
1 1 1 1
1 L) L] T 1
Roulements L 4 20° C, secs: durée <30 min.
standard a20° C, avec traitements autolubrifiants: durée <100 h.
en haute température = 450° C: durée minimum 1000 h.
Nouvelle | N S N A
génération en vide propre & 20° C: durée minimum 4000 h.
de roulements S W W W W
RMB en ultra-vide a 20° C: durée plus de 5000 h.
[ } } } } }
Nombre de tourspp 0 1,8.108 3,6.108 5,4.108 7,2.108 9.10%

Note: Ces valeurs, réalisées en laboratoire, n‘'engagent pas RMB

Roulements Miniatures SA, Eckweg 8, Tél. 032 414721, CH-2500 Bienne (Suisse)




e Composants lourds nucléaires

e Echangeurs de chaleur nucléaires

@ Boucles expérimentales

@ Masses polaires en acier moulé

e Tuyauteries en aciers alliés et inox

e Portes, dalles et bouchons

o Compresseurs d'air et de gaz

e Turbines, groupes turbo-alternateurs

e Traitement des minerais d'uranium
(broyeurs, centrifuges de filtration, etc)

@ Appareils de levage et manutention,
ponts roulants

® Piéces sur plans

7, rue Montalivet - PARIS 8¢
2 265.22.01 et 742.21.19 - Télex : FIVCAIL 65328 - Télégr. : FIVCAIL-PARIS

Code postal : 75383 PARIS CEDEX 08

L

Le clapet de retenue
extrémement compact

«uni» offre
© @ au technicien:
un grand choix de modeles
@ a l'achat:
un prix intéressant
@ a 'utilisation:
fiabilité grace a sa qualité
Demandez notre documen-
tation détailiée

i‘.

ALFA
Ingenieurbureau AG
rosINeTTeriE inousTRieLLe| 4310 Rheinfelden

Telefon 061-87 65 25

HVES-GAIL BABGOGK

e Heavy nuclear components

@ Nuclear heat exchangers

e Experimental loops

® Cast steel magnets

@ Alloy and stainless steel tubing

e Air tight doors, plugs

® Air and gas compressors

e Turbines, turbo-generators

e Uranium ore processing
(grinding mills, centrifuges, etc)

@ Hoisting and handling equipment,
overhead travelling cranes

® Job-engineered parts

SAGAL Publicité - 558

| SCOPE CALIBRATOR

Type 192 ““Four Instruments in one"’

Voltage-, Time- & Risetime Calibration,
Synchronisation & Trigger Check

10 wV to 20 V/division in 1, 2, 5 steps
100 ns — 0.5 s/division in 1, 2, 5 steps
1 ns risetime

Fr. 5880.—

Datasheets available

Telemeter Electronic AG
8027 Ziirich Tel.01 2567872
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Powerful
partnership...

Now, Hazemeyer of Holland and Brentford of England
bring you a vast pooled
experience in higly stabilized DC power supplies

Brentford of England and Hazemeyer, formerly Smit Nijmegen, of the Netherlands have pooled their
vast experience in DC power supplies for nuclear and plasma research. With their background of hun-
dreds of installations all over the world Brentford/Hazemeyer power supplies can provide outputs from

1 kW to 20 MW.
Show them your latest requirements and get the benefit from this unique pooling of power brainpower.

Examples:

@ Highly stabilized DC power supplies for currents up to 20 kA and voltages up to 2 kV are powering
amongst others bending - and focussing magnets for particle accelerators in Geneva (CERN), Ham-
burg (DESY), Harwell (Rutherford Laboratory), Daresbury (NINA).

@ Pulsed power supplies are producing large magnetic fields in septum magnets.

® Accurately controlled power supplies are charging capacitor banks for plasma physics experiments.

@ High voltage rectifiers are supplying pulsed ionsources up to 6 MW.

® Heavy current rectifiers are generating large magnetic fields in Z coils to stabilize toroidal plasmas.

Hazemeyer

Hazemeyer B.V. RT - department
P.O. Box 23, Hengelo,

Brentford Electric Limited Manor
Royal, Crawley, West Sussex RH 10 2QF

England, Holland,
Teleph.: Crawley (0293) 27755 Teleph. 05400 - 62723
Telex 87252 Telex 44892

The power section of a 185 volt 1100 ampere
Brentford/Hazemeyer highly stabilized DC power supply.



[(DIWEe | Electronic

information
GOULD-ADVANCE

Switching Power Supplies

New
Reliable
Light weight
Small size

Many units working at CERN

5V 10/20 A
5V 40/60 A
12V 8A
15V 7/14 A

24V 4/ 8/12 A

‘Ripple 10 mV rms

Overload- and Overvoltage Protection
Efficiency > 70%

Series and Parallel Operation
Programmable

New:

MGT 5/20 5V, 20 A
+15V, 1,75 A
(£ 12 V optional)

All units from stock Zu;i@h

Seestrasse 561 Tel.01 451300

Dewald AG
Telex 52012

8038 Ziirich

LEYBOLD-HERAEUS —
The complete knowledge of vacuum technology and
its scientific and industrial applications:

Research and Development. Production of Equipment. After Sales Service.

The New LEYBOLD-HERAEUS lonization Gauge:

IONIVAC IM 51
for modern process control
in the UHV range

IONIVAC IM 51 — universal extractor ionization gauge for the
measurement of pressures in the range between 10-12 and
10-3 mbar.

The IONIVAC IM 51 is particularly suitable for monitoring and
control of ultra-high vacuum systems in research and industry.

Linear and logarithmic scale

Digital display of index

Control unit operates extractor gauges as well as
Bayard-Alpert gauges

Extractor gauge tube and nude gauge bakeable

up to 400 °C

Measuring range of extractor gauge down to 10—-12 mbar
without modulation

High accuracy and zero stability

Remote control output

TORROSTAT S 20 pressure switch with two switching
points, designed as a plug-in unit

Please ask for further information on IONIVAC IM 51 and our

wide range of other vacuum gauges.
We shall be glad to advise you.

n LEYBOLD-HERAEUS
N1l 05000kt - Postiach 510760

oooooooooooooooo%
o @

® Information Coupon °
ot Please let me / us have O offer L4
[ ] . . . .

O further information O technical advice @
L4 Name ®
®  Company o
®  Address [ )
o : ®
OO0 000000000000 0000 00
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FOR MULTIWIRE PROPORTIONAL CHAMBERS

the answer from industry to your read-out problems,
an 8-channel monolithic integrated circuit
(amplification, discrimination, fast or, delay, strobe, memory, memory or, read-out gate)

[0 MOS technology [140 Pin DIL ceramic package [] Threshold voltage: 3 mV [J Strobe pulse width: 90 ns [J Power dissipation:
200 mW/channel [] Radiation proof up to 2.10"« (645 MeV)/cm? or 2.10'p (1 GeV)/cm?

REFERENCES
0 CEN-SACLAY 0 CERN O SIN-VILLIGEN 0 OSAKA UNIVERSITY

used on large MWPC spectro meta on test
N O W |

We propose: a fast, compact and powerful CAMAC read out system too!
We quote: Mass production prices that save you the pain of designing your electronic system.
A 35% decrease on our prices!

less than 20 F.F. per channel for the I.C.
High volume prices less than 32 F.F. per channel for the on-chamber module
less than 40 F.F. per channel for the system

Do consult us for data sheets, application reports, delivery time, prices or any information you
may need for your particular application, experiment:

Write or call

E.F.C.LS.
BP. 85, Centre de Tri 38041 GRENOBLE CEDEX (FRANCE)
Tel.: (76) 97 4111 — Telex: ENERGAT GRENO 32 323F
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What

thermometer would YOU
replace your Germanium
Resistor with?
\

THIS IS 100 TIMES THICKER
THAN SOME OF OUR METAL FOILS (

Goodfellow Metals are well-known for supplying
scientists throughout the world with foils, wires,
tubes and powders. Over 70 different metals and
alloys up t099.999%; purity are available from stock in
small quantities: normal despatzh 2/3 days, rush 24

hours. Please send for further information to
Goodfellow Metals Ltd, Cambridge Science Park,

Milton Road, Cambridge CB4 4DJ, England. Tel: =

Cambridge (0223) 69671 Telex: 81683 Carbon Glass Resistor!

The Cryogenic Thermometer of the future
available today from

GOODFELLOW METALS
FOR RESEARCH LAKE SHORE CRYOTRONICS

Compare these features to your present
thermometer:

¢ 0.3 K to 300 K range

* Monotonic R vs. T and dR/dT curves

¢ Repeatability <0.0005 K at 4.2K

e Magnetic field induced error at 4.2 K
— 10 mK at 20 kg

. . — 40 mK at 40 k

Boutons-poussoir lumineux — 75 mK at 62 kG

et commutateurs a clef — 0dakat190 kG
Sé"e 31 Available with 4.2 K resistance values of ¢ 250
— Boutons-poussoir lumineux avec calottes plates e 1000 » 2000 » 5000 » 10,000 ohms.

ou concaves, grande surface lumineuse a graver . . .
: _commutateu,fa clef avec“ombina;sonsg Carbon glass calibrations available from 0.3 K

de verrouillage to 300 K.

— microrupteur, plaqué or 10 4, 250 Vev, 5 A, cos. P1 )
— fonction momentanée ou maintenue 1-4 p6|es For more de t(l‘LlS on the CARBON GLASS RESISTOR and the

— style raffiné, profondeur réduite solution to your particular cryogenic thermometry and
— partie frontale 18x24 ou 18 x 18 mm imstrumentation needs, write or call

LAKE SHORE
CRYOTRONICS, INC

9841 Sandrock Rd., Eden, N.Y. 14057 (716) 992-3411
Developers and manufacturers of the most complete line of
CRYOGENIC THERMOMETRY and INSTRUMENTATION
in the world!

Y/

Cryogenic Digital Thermometers
o Temperature & Liquid Level Controliers e Accessories
o Engineered Systems e Calibration Services 30 mK to 400 K.

Overseas Representatives

Holland Germany, Switzerland, Austria
Nenimijb. v. GTW
Laan Copes Van Cattenburch 76-78 Lindenstrasse 45
P.O.Box 1702 8 Munich 90
Elect A ils Olt S A ?ﬁeﬁver?h?gedZOH West Germany
- e Netherlands 0811/646784 Te!ex 524564 CRYO D
e_c ro pparel s .en . 070-469509 Telex: 31706
appartergisdfz rcnggz;nuigdsoitv(é?ﬁs;ggs:':atIOn United Kingdom France, Portugal, Spain Israel
; d Cryogenic Calibrations MERIC John Hess
commandes Pitchcott, Nr. Aylesbury 22 Boulevard Jean-Jaures 13 Giladi Street
Buckinghamshire, England 91 Arpajon Jerusalem, Israel
Tannwaldstrasse 88, CH-4600 Olten, téléphone 062/2119 61 029-664 259 (Whitchurch 259)  France
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ANTRIEBSELEMENTE AG CH-8055 ZURICH
Birmensdorferstr.470 Tel.01/358706 Telex 54506 tzco

STROJNA

@® Réducteurs 4 vis sans fin
@ Réducteurs doubles
@ Réducteurs a engrenages

@ Exécutions a pied et a flasque
avec ou sans moteurs

@ Puissances 0,25—4 KW

@ Couples jusqu’a 100 mkp

@ construction robuste

® longue durée de vie

@ délais de livraison courts —
partiellement ex stock

@. Demandez notre documentation
détaillée

GYROLOK

Flareless
Tube Fittings

AVAILABLE

@ in brass, 316 SS,
steel, monel and
aluminium

@ in sizes from
1/16" to 1" OD /
3 mm to 12 mm

@ for high vacuum
pressure — temperature —
cryogenics

MATKEMI AG
4106 Therwil
Erlenstrasse 27

Tel061/7348 22
Telex 62 440

m
e

Distributor for Switzerland

N /

Circuits imprimés *

(o eonelll]

Av. de Provence 20 - 1007 Lausanne/Suisse
Tél. (021) 256666 - 65 Telex 25640

L .
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@ Software support, including:

. test routines

— cross assembler for use with a PDP 11 - 4 - ,
— real-time operating system 4500 SOLOTHURN 2, SWITZERLAND
- — and many more to come  tel: 065/311131 telex: 34228
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VALLORBE

Manufacturing line

Precision files
Machinist files
Chain saw files
Diamond files
Saws for metal
Band saws for metal
Rotary files

Shell mills

End mills -
Engravers’ gravers
Cravers

General tools

‘\3
After 5 years of constant research, we
offer the hardest files known
(hardness : 1100 HV).

WIALITTAN]

With VALTITAN files it becomes possible
(without breaking teeth) to work on
materials hitherto considered unmana-
geable, stainless steel, refractory steel,
nickel and alloys, plastics, reinforced
plastics, castings, molybdenum and alloys,
titanium and alloys, graphite, as well as
all light alloys.

USINES METALLURGIQUES DE VALLORBE
1337 VALLORBE / SWITZERLAND Tel. (021) 832121

Débitmetres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés
pour liquides et gaz

livrables ex stock Zurich type 1100

Vannes
a pointeau

en acier inox
au chrome 4421
et chrome-nickel-molybdéne 4436

Armatures Phonix

vannes d’arrét et de réglage

Hofer

technique a haute pression

Demandez la documentation auprés de

.EAE Oerlikonerstrasse 88
v VI tél. 01/464040

vorm. WISMER AG 8057 Zurich

MRS-BIMBA-Zylinder

mit berihrungsfreien Zylinder-
schaltern, ersparen Endschalter,
verringern den Montage-
aufwand, steuern direkt Ventile
Bohrung 27 bis 63 mm

TECALTO AG
Hydraulik und
Pneumatik

Rautistrasse 58
8048 ZORICH
¢ 01522550




PEREZ PUBLICITE 99 A

e - - - = o
T " e e ——

21 POWER TRANSISIORS

SESEIS SN

THERMAL FATIGUE FORWARD OPERATION :
INSPECTION SAFE OPERATING AREA

. High performances :
Chip _ Molybdenum support (lf) o BUX 10—15 (150 W)

: BUX 20—25 (250 W)
/ / 7 o o

Heat sink _J

Mounting silicon chip

] Economical :
BUX 39—45 (120 W)

Fast switching :
Low switching losses

on a molybdenum header High voltage :—>500 V
bounds mechanical constraints o | . High intensity :— 50 A
and provides maximum insurance
against thermal fatigue (for Industrial and professionnal
150 and 250 W SeﬂeS) applications .
Pulsed test : T e e e - mot.gr_conttrol

- rapid inverter
(10000 cycles) REVERSE OPERATION : el
on” : 2 minutes TESTING CIRCUIT oPr -
“off” - 1 minute (directly supplied from

220 V mains)

t case : 125°C max. Va :
- ultrasonic system

At case : 110 °C max.

25mH

This is a new generation of
high reliable switching
power transistors.

/)

THOMSON-CSF

SEMICONDUCTOR DIVISION
50, rue Jean-Pierre-Timbaud / B.P. 120 / 92403 Courbevoie

Téléphone 788 50 01 Télex .S‘escom 61560 F

SALES REPRESENTATIVES IN EUROPE
BELGIQUE - Bruxelles- Thomson S.A. Tel.648.64.85Twx : 23.113 — BRD - Miinchen - Thomson - CSF GmbH Tel. (089) 76.75.1 Twx : 5.22.916 - DANMARK - Kgbenhavn - Scansupply Tel. Aegir 5090 Twx : 19037 —
ESPANA - San Juan Despi (Barcelona) - Componentes Electronicos S.A. Tel. 319.46.50 Twx : 53.077 —~ FINLAND - Helsinki - OY Sufra AB Tel. 49.01.37 Tlg : Pierrejoly Helsinki — GREAT BRITAIN - London -
Themson CSF UK Ltd Tel. (01) 579.55.11 Twx : 25.659 - ITALIA - Milano - Sescosem Italiana Tel. 68.84.141 Twx : 31.042 & ROMA Tel. 31.27.22/35.30.05 Twx : 61.173 Telonde —~ NEDERLAND - La Haye - Compa-
gnie Générale d'Electricité Tel. 60.88.10 Twx : 31.045 —~ NORGE - Oslo - J.M. Feiring A/S Tel. 02.68.63.60 Twx : 16.435 - OSTERREICH - Wien - Transalpina Tel. (0222) 56.15.71 Twx : Ausland
12.717 —~ PORTUGAL - Lishoa 2 - Sd. Com. Rualdo Tlg: Rualdo Lishoa Tel. PP.C 33 725 SUISSE - Berne - Modulator S.A. Tel. 232.142/43 Twx : 32.431 — SVERIGE - Solna - Elektroholm AB Tel. DQ/

82.02.80 Twx : 19.389
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LEADING
SUPPLIERS
TO THE

] 9 Vg NUCLEAR
crrer INDUSTRY

ELECTRO-MAGNETS AND COILS

::< Specialist suppliers for high energy physics and
nuclear fusion applications

3% Comprehensive design and production facilities
>%  Solid or laminated steel cores
>:< Water or gas cooled coils

:"< All types of insulation — vacuum impregnated
epoxy resin-glass to concrete

> Complete magnets of 200 tonnes; individual coils
of 17 tonnes and 6 metres length

> Major customers in Switzerland, Germany,
Netherlands, U.S.A. and U.K.

GLOVE BOXES AND GAS PURIFICATION SYSTEMS

>:< Comprehensive range of standard boxes to
) U.K.A.E.A. design

Inert gos purification ; . W ‘1~ Capacities from 110 to 1360 litres

I TSI ,
and recirculating system > Spepnallsatlon in glove boxes to customers’ own
. designs
“I° Fullrange of accessories
* Inert gas purification and recirculating systems
for use with glove boxes

>'|< Provide an assured pure atmosphere to 1 V.P.M.

of oxygen and moisture

%

3%  Givea flow rate of up to 7,560 litres of argon
or nitrogen per hour

ION BEAM SYSTEMS

sl

4~ lon Implantation Systems and Isotope Separators
::< lon Implantation Systems used for semiconductor
processing in U.S.A., Japan and Europe

> Produces the desired ion species, accelerates
gand sort them according to mass, and then
implants them uniformly over the target surface

><  Extensive choice of ionised material or dopant

sle Wide beam current range from milliamperes to
microamperes

r Energies from 5-400 keV

Lintott lon

Implantation System

;:: Lintott/ Harwell lon Implantation Sample Service

>:< Approved suppliers to national research
organisations and government establishments

3K Comprehensive fabrication and machining
facilities

> Work to any required specification

< Vacuum and pressure vessels to customers’
requirements

>:< Experimental test gear, underwater inspection
vehicles, shielding assemblies

’*  Strictinspection and quality control procedures

@&
T el T=1% T

A custom built ] LINTOTT ENGINEERING LTD. Foundry Lane, Horsham, West Sussex, England.

- A A T o e~ s




Where the result is dependent on purity and
silence of running — there you will find the

PFEIFFER TURBO

As, for instance, in combination with this high
vacuum coating plant BAE 120 for electron micro-
scope preparation technique and many other
units where contamination-free samples are one
of the absolute requirements.
Of course, the PFEIFFER TURBO
offers even more; its vibration-
free running, high compression
ratio for hydrogen and other &k
volatile gases, its easy servicing, W
low operating cost, high relia-
bility, wide working range at
constant pumping speed, ...
there is still much more in it
that is decisive!

BALZERS-owned Sales Companies in:

Ziirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (S), Berkhamsted (GB),
Santa Ana (USA), Meudon (F), Milano (I)

It is not for nothing that PFEIFFER is the leading
manufacturer of turbomolecular pumps.

Do you know already the PFEIFFER TURBO?
The TPU 200 or the TPU 4007 We shall be plea-
sed to provide you with techni-
cally important information on
these pumps. Your post card
with the catch word ,,PFEIFFER
TURBQO” will do. By return mail
you will receive detailed litera-
i ture.

PM 800 003 PE 7309

ARTHUR PFEIFFER VAKUUMTECHNIK GMBH

Postfach
D-6330 Wetzlar

A company of the BALZERS-Group
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WHEN IT

BREAKS

DOWN !?2...

Tektronix Oscilloscopes are reliable and sturdy but sometimes they do need service. Then it is important that you know that
Tektronix Maintenance Facilities are located in Cointrin, only 4 km away from CERN. The address is:

81, Avenue Louis-Casai, 1216 Cointrin. Tel. (022) 348243.

This repair center has been in operation since 1970. At present 7 well-trained maintenance technicians are employed there.

If you have problems with your Tektronix and Telequipment Instruments, please contact the Geneva repair center directly at the
above address. Direct contacts avoid unnecessary delays and allow faster, more efficient service.

DO YOU KNOW...

that a Tektronix Field Engineer visits CERN regularly every week? He is there, free of charge, to...

— assist you in sorting-out measurement problems

help you in getting the best out of your Tektronix and Telequipment Instruments

— help you in obtaining a fast service

— help you in selecting the right (not necessarily the most elaborate and expensive) instrument for your application.

WE CARE FOR YOU...

You are over 3000 possible users. We cannot contact you all individually simply because we do not know you all. We will be
pleased to place you or your group on our mailing list and provide you with a regular flow of information.

WE ARE WAITING FOR YOUR CALL

Yt
Gubelstrasse 11, 6301 Zug. Tel. (042) 219192
®
E(TRONIX 81, av. Louis-Casai, 1216 Cointrin. Tel. (022) 348243
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LRS, 612

12~CHANNI PLIFIER

SYSTEMS COR®

] LaCRDY RESEARCH

i 3 ERIAL NO.
west wrack Wy 3¢
NEw YORK ¥

Increase the performance of
your photomultipliers with
uncompromising gain from
LeCroy’s new wideband,

. “* . direct-coupled 10x amplifier
mpur—ﬁ 1

+5V TO +6V

THE VV-100...IN MODULAR OR
INTEGRATED CIRCUIT FORM

By substituting highly stable, external amplifica-
tion for that extra gain typically squeezed out of
a photomultiplier by raising the high voltage, it is
now possible to prolong the life of the tube and
improve the linearity and signal-to-noise ratio
at an extremely low cost. Consider these revolu-
tionary features of the new VV-100 . ..

FLEXIBLE PACKAGING Either a standard 16-pin DIP
hybrid circuit (VV-100), or a 12-channel NIM module
(Model 612). In its hybrid form the VV-100 may be
designed directly into your phototube base, or in-
cerporated as a component in a subsequent circuit.
It's ideal for applications constrained by a lack of
space. In its modular form, the VV-100 is packaged
12-fold in a standard NIM module for convenient,
general-purpose laboratory use.

WIDE GAIN-BANDWIDTH Offering a gain of 10, the
VV-100 has a characteristic risetime of less than 2
nsec, yielding undistorted amplification at high pulse
input rates. VV-100's (or individual channels of the
Model 612) may be cascaded without appreciable
signal degradation for gains up to 1000x.

TWO OUTPUTS PER CHANNEL . . . permit the user
requiring photomultiplier outputs for both energy
measurements and coincidence or counting applica-
tions to take advantage of the additional gain of the
anode stage for both uses. This feature also elimi-
nates the need for two cables (one each from anode
and dynode) when the electronics are distant from
the phototube.

TREMENDOUS LINEAR RANGE Integral non-linearity
of less than 0.1% extends to -5 volts, permitting use
of the VV-100 in applications demanding analysis over
a wide dynamic range.

EXCELLENT DC AND GAIN STABILITY Negligible
variation of output DC level with either supply voltage
or temperature changes assures less than 1 mV long
or short-term output drift under typical operating con-
ditions. At last, a direct coupled amplifier suitable for
ADC work!

LOW COST The VV-100's basic price is just a fraction
of the cost of any comparable amplifier. In addition,
further savings can be realized through lower high
voltage supply costs, reduced cable costs, increased
packaging density, and increased phototube life.

OUTPUT

The stability of the VV-100, together with its excellent
linearity, speed, and noise characteristics, come very
close to the ideal of a “'transparent gain” element that
simply magnifies the input without significant distor-
tion or operating constraints.

For further information, contact the LeCroy Particle
Physics Division in West Nyack, New York, or your
local sales office.

LRS

LeCroy

Innovators in Instrumentation

LeCROY RESEARCH SYSTEMS CORP.; 126 N. Rte. 303; West Nyack, N.Y. U.S.A.; (914) 358-7900; TWX: 710-575-
2629. LeCROY RESEARCH SYSTEMS SA; 81 Avenue Louis-Casai; 1216 Cointrin-Geneva, Switzerland; (022) 34 39 23 o
LeCROY RESEARCH SYSTEMS LTD.; 74 High Street, Wheatley, Oxfordshire OX9 1XP, U.K.; (08677) 3540 « CANBERRA
ELEKTRONIK GMBH; 6000 Frankfurt/Main 70; Geleitstrasse 25, West Germany; (0611) 624074 « APTEC ENGINEER-
ING LTD.; 4251 Steeles Avenue, West; Downsview, Ontario, Canada M3N 1V7; (416) 661-9722 e WORLDWIDE
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Procedes
de soudage

avec les gaz
Carba

Techniques autogénes Soudage MAG Soudage MIG
avec l'acétylene- avec CO, "S”, l'acide avec les mélanges

Soudage TIG
avec l'argon, I'hélium,

dissous et 'oxygéne carbonique de Carba  Carba (Carmig, Carmox, Carinox 3 et Carbac
soudage: toles minces, avec pureté garantie Carinox 4, Carbac 30) pour: 'aluminium et ses

tubes, métaux non pour: les aciers de argon et I'hélium alliages, les aciers
ferreux construction, les aciers’ pour: les aciers faible- inoxydables de toutes
brasage, oxycoupage, chaudiére, les tubes, ment et fortement compositions, les mé-
chauffage, redresse- les aciers & grain fin.  alliés, 'aluminium, taux cuivreux et a base
ment, trempe, projection le cuivre et leurs de nickel, le titane et

et décapage a la flamme. alliages. d’autres métaux

spéciaux.

Techniques Plasma
Soudage, coupage,
rechargement par
projection

avec Carbac, I'argon
et d’autres mélanges
pour tous les métaux

E a I h a Berne

Bale Zurich Lausanne




