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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 3100 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
391.1 million Swiss francs in 1974,

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 1974 is 227.1 million Swiss francs
and the staff totals about 350 plus 10
Scientific Associates.

CERN COURIER is published monthly
in English and French editions. It is
distributed free to CERN employees
and others interested in sub-nuclear
physics.

The text of any article may be re-
printed if credit is given to CERN
COURIER. Copies of most illustrations
are available to editors without charge.
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From 24-26 April, CERN is the scene
of a ‘Meeting on Technolagy arising
from High Energy Physics’. Over
300 participants, including industrial -
ists, directors of applied research,
senior staff from technical Universities,
science journalists, etc. are invited for
three days of review talks on advanced
technology. They will also have the
opportunity of touring an exhibition,
with over 250 exhibits, of equipment
and -techniques which have emerged
from the European high energy physics
programme,

The main purpose of CERN is to
provide Europe’s scientists with first
class facilities for high energy physics
research. In so doing, it is a strong sti-
mulus and support to the quality of
physics in Europe and to the quality
of science education in the European
Universities where most of the phy-
sicists using CERN are based. The
output is measured in new knowledge
and in trained people. On these crite-
ria, CERN can stand comparison with
any Laboratory in the world and this
main purpose is being fulfilled on a
considerable scale,

A second purpose, which was even
predominant at the time of CERN’s
formation twenty years ago, is the
welding together of the efforts of
many European countries to work for
common aims. This purpose remains
valid today and also seems well ful-
filled. The Organization has been
blessed with people of vision and
ability (both from the governments of
the Member States and from the high
energy physics community), who have
kept the European spirit very much
alive.

If there is cause to feel reasonably
satisfied about the way in which these
main responsibilities are being dis-
charged, there may be areas where
CERN has something to contribute and
where it has not bheen particularly
active up to now. The field of technol-
ogy is a possible example. A great

deal of advanced technology is invol-
ved in carrying out high energy physics
and, although knowledge of CERN's
work is freely avaitable, not much has
so far been done to project this know-
ledge around Europe to people who
could find it useful.

This concern has been a trigger for
the April Meeting. In a kind of 'techno-
logical accounting’ exercise, CERN
will spread out some of the achieve-
ments in the field of technology from
the European high energy physics pro-
gramme for the participants at the
Meeting to see. The emphasis will be
on straightforward presentation, with-
out trying to anticipate possible appli-
cations. Whether aspects of the tech-
nology will be of use to many people
is not known and one of the objects of
the Meeting is to discover the degree
of interest. At least a more positive
effort is being made to ensure that
people are aware of the techniques
and abilities that have been developed.

The development has not, of course,
been confined to the boundaries of
the CERN site. The technological
needs have arisen in implementing
high energy physics in Europe; re-
sponding to them has involved CERN
staff, their colleagues in the national
Laboratories and Universities, and
many branches of European industry.

Another unknown on the techno-
logical front is the extent to which the
collaboration with Laboratories helps
industry to develop techniques, create
new products, improve existing pro-
ducts and so on. It is sometimes put
forward as an additional reason for
supporting high energy physics that
industry gains from having to push
back the frontiers of technological
expertise in meeting the extreme
demands of frontier research. How-
ever, no-one has yet produced figures
to support this belief. A study has
started at CERN which, although very
incomplete, seems to show that
industry often does reap subsequent

economic benefit, in ways it would
have been difficult to predict before-
hand, from having worked on CERN
projects. Certainly it has been shown
that some of the technology we gener-
ate or extend has immediate applica-
tions elsewhere.

The April Meeting may therefore do
an important job in spreading know-
ledge of the technology arising from
high energy physics. It will be interest-
ing to see whether some of the rela-
tions with industry and governments
merit developing along paths opened
up by the Meeting.

The programme of the Meeting
gives the mornings to review talks and
afternoons to touring the exhibits.

The review talks cover - Magnetic
and electrostatic deflecting devices
(W.C. Middelkoop), Particle detectors
(G. Charpak), Superconductivity (D.
Thomas - Rutherford Labaoratory),
Ultra high vacuum (E. Fischer}, Cryo-
genics (M. Firth), Realization of high
energy projects in CERN (C. J. Zilver-
schoon), Control computers (M.
Crowley-Milling), Synchrotron radia-
tion (C. Kunz - DESY Laboratory),
Tight tolerances for large physical
structures (J. Gervaise), Handling of
data from experiments (H. Davies). In
addition there is an evening talk on
‘What we have learned from high
energy accelerators” by L. Van Hove.

The exhibits are divided into eight
categories. In the following pages we
tackle each exhibit category and give
brief information on just a few of the
items on display. This can give no
more than a taste of their wide variety,
of their range in scale and of the num-
ber of technological disciplines which
are involved. Associated with each
exhibit, a ‘Technology Note’ has been
prepared and Note numbers (e.g. B14)
are gquoted when mentioning an
exhibit. Copies of the Technology
Notes are available from the Public
Information Office.




Beams and Radiation

Signals given by the jonization beam scannet
in the course of a single acceleration cycle of
the proton synchrotron which took

1.2 seconds. The signal peaks indicate the
position of the beam in the vacuum chamber
ahd this moves about as the different
operations of using the beam onto internal
targets and of ejecting beam from the machine
are carried out.

This category has been drawn up to
cover a very wide range of technology.
Itincludes the techniques of beam pro-
duction in ion sources (where the
aims are to achieve high intensity,
good guality beams), instrumentation
for beam monitoring (measuring beam
intensity, position, size and density
distribution), target techniques (with
the problems of radioactivity, temper-
ature control, etc.), particle detectors
(ranging through plastic scintillators,
spark chambers, Cherenkov counters,
etc.) and the special requirements of
radiation maonitoring in the environ-
ment of high energy accelerators.
Beam monitoring devices have been
developed in a variety of configura-
tions to respond to different needs.
They have ranged from the insertion
into the beam of fluorescent screens
watched by a closed circuit television
camera, to a beam profile detector in
the Intersecting Storage Rings which
‘sees’ the beam via ionization caused
in a jet of sodium gas fired across the
vacuum chamber, to a variety of
current transformers to measure beam
intensity, to the use of secondary emis-
sion chambers where the number of
particles striking thin foils can be
measured by observing the electrons
they cause to be knocked out.
Another device collecting electrons
is the ionization beam scanner (B23
The gas ionization beam scanner)
which uses a completely non-destruc-
tive technique to gather information
on beam size and the density distri-
bution of the protons in the beam.
The 1BS makes use of the electrons
prcduced by ionization when the
beam passes through residual gas in
the accelerator vacuum chamber. The
number of electrons liberated per
unit volume is proportional to the
number of protons passing through
that volume and the aim is there-
fore to pull out the electrons in
such a way that their position of
origin is known. Crossed electric and
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magnetic fields are used to do this.
The electric fields are pulsed in
stich a way that an equipotential line
is swept across the vacuum wvessel
scanning a cross-section where the
beam has passed. A magnetic field of
about 200 Gauss is applied along the
beam direction and the result is that
the liberated electrons spiral around
the equipotential to arrive at an elec-
tron mulbtiplier. The multiplier thus
receives an electron signal varying
according to the position of the equi-
potential and the number of electrons
in the region of the equipotential.
The IBS operates satisfactorily in
pressures from 10-% to 10~ torr and
above 10-° torr the electron multiplier
may not be necessary to achieve ade-
quate signals, depending on the fre-
quency at which the equipotential is
scanned across the beam region. The
frequency can be varied from d.c. to
1 MHz when there is a pressure of
10-° torr but the upper limit decreases
to 1 kHz at 10-° torr. With beams of
fow intensity (up to 10 mA) the
measurements of beam size and den-
sity can be accurate to better than
0.1 mm. (Further information from
T. Dorenbos or C.D. Johnson.)
Among particle detection tech-
niques, the most dramatic change in
recent years has followed the devel-
opment of multiwire proportional
chambers (MPCs) at CERN in 1968.
Basically they consist of a flat sand-
wich of three planes of wires with a
special gas in the gaps between the
planes. The ceniral plane is con-
structed of very thin wires (10 to
20 um) held at a high positive d.c.
voltage (3 to 4 kV). When a charged
particle crosses a chamber it produces
ionization in the gas and a liberated
electron initiates an electran ava-
lanche on the nearest central wire due
to the high electric field around the
wire. Thus the traversing particle can
be located by virtue of the signal
collected from the central wire.
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Demanstrating the abilities of muftiwire
proportional chambers as X-ray and gamma
detectors.

1. An X-ray photograph of a leaf taken using
a MPC to detect the transmitted X-rays. A
spacing of 1 mm between the wires achieved
goad definition.

2. MPC detects gammas, emitted from radio-
isotopes in a thyroid gland, after they have
passed through a grid collimator.

3. A prototype multivire proportional chamber
which was developed for use in the Spiit Field
Magnet detection system at the Intersecting
Storage Rings.

Such a chamber is capable of very
fast data taking rates and has other
properties which put it in the front
line of present particle detectors.
Generally at least two MPCs are
positioned one after the other. One
central wire plane then locates a
particle say in the vertical direction
while the second central plane, with
its wires at right angles to the first,
locates the particle in the haorizontal
direction. However, a traversing par-
ticle produces not only a negative
signal on a central wire but also a
positive signal on the outer plane of
wires due to the positive ions which
it also liberates. This is a siower
process and the two chamber array is
preferred for high energy physics
experiments. 1t is, nevertheless, a way
of gaining positional information on
low energy neutral particies {B34 Mul-
tiwire proportional chambers as posi-
tion-sensitive X and v ray detectors).

In trying to measure such neutral
particles, the secondary particles they
create in a chamber do not usually
emerge to bhe spotted also by a
second detector. Using an MPC with
the central and outer wires at right
angles the positive and negative pulses
can be used to locate the incoming
neutral particle. The technique can he
used for taking X-ray ‘photographs’ or
for detecting gammas emitted, for
example, from isotopes fed into a
human being. The spatial resolution
is limited by the spacing of the wires
{usually about 1 mm) but this is com-
pensated by its much greater sensi-
tivity than conventional photography
since it records every X ray which
produces ionization in the chamber
gas.

Work on MPCs for neutral particle
detection is going on in several
hospitals. CERN has concentrated on
trying to improve the spatial resolution
which can be achieved in the cham-
bers, on extending their energy range,
and on their possibilities for the
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detection of other neutral particles
such as neutrons.

Applications of MPCs in this way
can be seen in high energy physics
research, in medicine and biology, in
X ray astronomy, in crystallography
and in solid state physics. (Further
information from G. Charpak.)

The radiation protection’ problems
around accelerators are in many ways
different from the thoroughly inves-
tigated problems of the nuclear power
industry. There is induced radio-
activity in accelerator components
which can include complex families
of isotopes formed by spallation due
to the high energy of the incident
particles. There is the radiation which
comes directly from the machines
when they are in operation, which is
unique in type and energy. To ensure
safety in these conditions has required
careful study of the radiation pheno-
mena and the development of special
instrumentation.

A very compact monitor has been
produced for measuring the total
radiation dose received at specific
points around the accelerators. It is a
calorimeter using an epoxy resin
absorber (B27 Calorimeter for radia-
tion dosimeter). A calorimeter meas-
ures the energy deposited in a sample
of known mass, geometry and com-
position and is the only way of
obtaining an absolute measure of the
absorbed radiation dose. Such devices
are well known around reactors where
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they deal with dose rates of 10° rad
per hour which produce a significant
temperature rise and calorimeters had
been developed to measure down to
10° rad/h. Around accelerators, dose
rates much lower than this are
encountered and special techniques
are needed to detect very small
temperature rises.

The absorber in the calorimeter
used for radiation dosimetry at CERN
is a small epoxy resin cylinder 30 mm
long and 5 mm in diameter enclosed
in a jacket of electrically conducting
plastic. The absorbed energy is de-
tected as a temperature change using
thermistors. One thermistor is located
at the centre of the epoxy resin
cylinder and is one arm of a Wheat-
stone bridge. The output voltage at
the bridge is calibrated in units of
absorbed dose which is recorded as a
function of time so as to have infor-
mation on the dose rate as well as
the integrated dose.

The calorimeter can cope with inte-
grated doses of from 2 x 10° to
2 x 10° rad with dose rates of from
5 x 10? rad per hour. It is used as a
standard to calibrate other dosimeters
around the accelerator and there may
be interest in such a compact and
sensitive device in other fields where
the comparatively low radiation doses
are encountered such as in hospital
radiotherapy units and in sterilization
plants. (Further information from
M.H. Van de Voorde or K.P. Lambert.)
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Cryogenics and Superconductivity

Low temperature technigues have
been used around high energy physics
Laboratories for many years. They have
been required, for example, in order
to sustain large volumes of liquid
hydrogen in bubble chambers and
small volumes in targets. More recently
the techniques have been extended in
order to make use of superconductivity
to achieve higher magnetic fields. This
has involved the study of supercon-
ducting magnets, for both d.c. and
pulsed operation, and of the associated
refrigeration techniques needed to
establish the near zero temperatures at
which superconductivity manifests
itself.

Very large d.c. superconducting
magnets have been built for the 3.7 m
European bubble chamber and (using
a novel forced-cooling technique in
hollow conductor) for the Omega
spectrometer. Other d.c. bending and
quadrupcle focusing magnets are
used in beam transport lines. Pulsed
superconducting magnets are being
developed at the Laboratories of
Karlsruhe, Rutherford and Saclay
where a variety of prototypes have
been built.

CERN has concerned itself also
with a few rather more unusual aspects
of the technology of superconductiv-
ity. A superconducting field shield
(described in vol. 11, page 155) has
been used to protect low energy beams
from being disturbed by the fringe
field of the 2 m bubble chamber. A
cylinder of superconductor resists the
penetration of magnetic field inside its
bore where the particles pass. This
property achieves a permanently field-
less region but the inverse application
can be used to achieve a perma-
nently field-full region. Such devices
are being tested at CERN (C 25 Per-
manent superconducting magnets).

In this application a cylinder of
superconductor is introduced into a
magnetic field but its temperature is
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kept high so that the superconducting
state has not been reached and field
can readily penetrate the cylinder and
its bore. The tube is then cooled down
and the surrounding magnetic field is
slowly switched off when the cylinder
has become superconducting. The
field change is resisted by the super-
conductor which sets up its own cur-
rents to retain the field previously
existing. In normal conductor this
effect would be rapidly damped out;
in superconductor, with zero resist-
ance to the induced currents, we are
left with a cylinder holding a magnetic
field.

Applying different external fields
can produce permanent superconduct-
ing magnets with different field
configurations. Care has to be taken in
construction to ensure continuous
superconductor current paths and to
ensure efficient cooling. Configura-
tions have been built at CERN for
dipole and solenoid permanent mag-
nets and stable fields up to 25 T
using niobium-titanium superconduc-
tor and 4.5 T with niobium-tin.
{Further information from E.U. Hae-
bel.)

Superconductivity can also be used
to eliminate the losses normally en-
countered in radio-frequency cavities
{(C16 superconducting r.f. cavities
for particle separation and accelera-
tion). Such cavities are used in pairs to
separate different types of particle tra-
velling down a beam-line. For exam-
ple, it may be required to separate
negative kaons at a momentum of say
5 GeV/c from negative pions and anti-
protons. A magnet will select the kaons
by bending them the right amount bug
will, since its bending is proportional
to momentum, allow through some
higher velocity lower mass pions and
some lower velocity higher mass anti-
protons. Applying r.f. fields causes a
deflection to all particles in a first
cavity and then, because of the time

difference due to their different veloci-
ties, different deflections to the differ-
ent particles in a second cavity posi-
tioned some tens of metres away.
Only the desired particle will there be
deflected so as to continue down the
beam-line.

Using conventional copper cavities
requires megawatt pulses of r.f. power
and can only be applied for micro-
seconds because of the high rf.
losses. Superconducting cavities allow
d.c. operation with power losses of
only 30 W per cavity and can thus be
used to provide longer beam pulses.
They are made of niobium or lead in
rather complicated structures with
extremely high quality factors (10* to
10"). Niobium cavities are being built
for CERN at Karlsruhe and have invol-
ved the development of much new
technology in the machining and
welding of this metal, since very high
quality surfaces are essential. A pro-
gramme of surface treatment, electro-
polishing, anodising and heat treat-
ment under ultra high vacuum is car-
tied out. Unlike d.c. superconductivity
the resistance with r.f. does not fall
to zero below the transition tempera-
ture but decreases exponentially to
reach zero at O K. To achieve suffi-
ciently low resistance, an operating
temperature of 1.8 K is used involving
the use of helium Il for cooling and
requiring powerful refrigerators to
supply 100 W of refrigeration power
at 1.8 K.

* A superconducting r.f. separator to
supply separated particles to the
Omega spectrometer is being con-
structed ready for the coming into
action of the SPS. It has a working
frequency of 2855 MHz (S-band) with
two irisloaded niobium deflectors each
3 mlong. A deflector is assembled from
five separate 20 cell sections machined
out of high purity niobium (99.98 %)
and electron beam welded around the
outer circumference. They are de-
signed to provide deflecting fields of



The multi-wheeled scene during the winding of
the superconducting coils of the magnet for

the 3.7 m European bubble chamber, BEBC
(C23 Winding workshop for a huge magnet),
In addition to the superconducting strip,
mechanical reinforcement, spacers to allow
helium to circuiate and insufation were afl wound
in together. Exceptionally high engineering
precision was required. (Further information
from F. Wittgenstein.)

2 MV/m. (Further information from
H. Lengeler.)

With large-scale superconducting
systems becoming more common, the
efficient transfer of liquid helium
which establishes the necessary low
temperature of the superconductor,
has become more important. Efficient
transfer will also be a crucial aspect of
any superconducting synchrotron,
where distributed refrigerators  will
probably be needed each feeding
helium to the cryostats of several
magnets, and will be a crucial aspect
of superconducting power transmis-
sion lines for electricity networks,

Several types of transfer line have
been developed (C 10 Liquid helium
transferlines with vapour cooled radia-
tion shields). A classical vacuum inst-
lated line with only reflective insula-
tion to reduce cooling can result in a
considerable amount of heat being
transmitted to the helium and hence
require extra refrigeration power. The
lines at CERN use the fact that helium
vapour will inevitably be produced
when passing the liquid across the
pressure difference to the cryostat
{typically invalving about 5% of the
liquid). If this vapour fs returned via
a tube which surrounds the tube
where the liguid flows (separated by
a vacuum space), it can absorb nearly
all the heat coming from outside
without climbing so high in tempera-
ture that it transmits it further to the
liquid.

Rigid lines (using nickel-iron alloy
to keep the differential thermal con-
tractions between the various elements
fow) and semi-flexible lines (using
ductile pure aluminium tubes and
convoluted vacuum jackets) have
been built, Special methods are needed
for their mechanical construction.
(Further information from D. Leroy
or M. Firth.)

The preceding paragraph is a good
indication that the selection of mate-

rials for cryogenic applications is very
important. Quite apart from the speci-
fic property for which they are needed,
they must retain that property reliably
at near zero temperatures and must not
be adversely affected by being cycled,
possibly many times, from room tem-
perature to cryogenic temperatures.
A specific example is the seal used at
the bottom of the 3.7 m European
bubble chamber, BEBC (C 21 Elasto-
plastic seal for the chamber bottom of
BEBC).

The problem was to achieve a tight
seal between the chamber body and
the bottom plate. The seal has a dia-
meter of 2 m. It mustwithstand an oper-
ating pressure of 6 kg/cm® at a temper-
ature of 2b K (liquid hydrogen) and
not deteriorate over several heating
cycles up to room temperature. lts
sealing abilities must cope with local
imperfectians in the surfaces of up to
0.2 mm.

The elastic body of the seal is made
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of cold-drawn stainless steel (23 %
cromium, 15 % nickel) of C shaped
cross-section. The dimensions and
shape were selected following work
at Saclay for the Mirabelle bubble
chamber now in operation at the
Serpukhov Laboratory near Moscow.
The plastic part of the seal, which is in
contact with the surfaces to be sealed,
is made of indium fitted in a groove.
The elastic defarmation of the body
of the seal retains pressure on the plas-
tic part which takes up any surface
imperfections and allows the mating
surfaces to move slightly relative to
one another.

Two such seals are in use in BEBC.
They have fulfilled their specification
and have also proved robust enough
io withstand the dismantling of the
components several times. (Further
information from S. Peraire.)
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Data processing

The category covers most of the rami-
fications of the use of computers at
CERN. This is a vast subject in itself
and was reviewed, for example, in a
special 60 page issue of CERN
COURIER in March 1973. There is a
computer centre, among the biggest
in the world, built around a CDC 7600
with two other CDCs as front end’
computers. Here the bulk of the
experimental data analysis is done.
It is in action 24 hours a day, seven
days a week, processing over 10 000
jobs per week for over 500 users.

In addition there are a 100 other
computers scattered around CERN.
Some are powerful machines, such as
the CIl 10070 linked on-line to the
Omega spectrometer and the Split
Field Magnet detection system. Others
are small computers, such as PDP 11s
devoted to on-line use for a single
experiment or to specific bubble
chamber film scanning equipment.
The computers are used for data
acqguisition, component monitoring,
mathematical coemputation, bubble
chamber film analysis, interactive com-
puting in problem solving or com-
ponent design, control of the acceler-
ators or in administration. In reporting
a few items displayed at the Meeting
we will steer away from the main
themes that we have covered many
times before.

An indication of the sheer volume of
computation done by the CERN com-
puters, quite apart from its complexity,
is in the number of punched cards fed
to the machines (35 million in 1973),
the number of magnetic tapes storing
data (60 000 in 1973 and growing at
the disturbing rate of 12000 per
year) and in the quantity of paper
used to print cutput {30 million pages
in 1973). The last figure may he
reduced in the future because the use
of microfilm is being promoted
(D30 Computer output onto micro-
film). This involves presenting output
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as a picture on a cathode ray tube and
photographing the picture so that the
information is made available on a
piece of film.

A Ferranti EP 140 microfilm plotter
was installed in 1971 and can give
output nine times faster than the
conventional pen and ink plotter. It is
a much more efficient device when-
ever large numbers of drawings or
very complicated drawings are re-
quired. The output is either on 35 mm
film (developed in an independent
processor) or on aperture cards (devel-
oped in the EP140 itself); the cards
are much more expensive. Plots are
viewed by using microfilm readers and
can be copied on film, projected on a
screen or enlarged onto paper.

Very recently a NCR Quantor 105
microfiche recorder has come into
use, At present, it operates off line,
taking output reels of magnetic tape
from the CDC 7600 and converting
them to microfiche at a speed of up to

The central computer installations, ene of the
largest computer centres in the worfd. It is buift
around a COC 7600 and handles a large pro-
portion of the data processing required in the
analysis of the results of the CERN particle
physics experiments.

10 000 lines per minute (equivalent
to about ten line printers), but it is
planned to connect it directly to the
7600 to reduce the tape handling
involved. A single roll of film corre-
sponds to 200 microfiche each
147 x 105 mm? The film is developed
and cut in the Q-105 after exposure
and output is  available within a
minute of the computer handling the
data.

Various reduction ratios are pos-
sible, the maximum giving 270 indi-
vidual frames (18 rows, 15 ceolumns)
on a single fiche. The top row is
written in large characters so that it
can be read by the naked eye and the
bottom right frame is an index for
the fiche.

A fiche carrying more than 50 frames
is more economic than using paper
output. It is more easily stored (an
envelope of ten fiche contains as
much information as a 22 cm high
heap of paper) and easily copied and
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Smiling presentation of the touch screen
developed for use in the controf system of the
SPS. Etched almost invisibly on the screen are
capacitors which are changed in value by a
farge factor when touched. They are etched so
as to form four rows of four “huttons” and the
computer writes the title of each button on a
cathode ray tube behind the screen. This can
serve to control any number of parameters
since the computer can call up the relevant
conirols and rewrite the button titles. In this
way the touch screen can replace, at a single
operation console, a multitude of controls to be
found in a conventional coniraf room.

distributed. (Further information from
D. Stungo.)

The extensive use of computers in
accelerator control is, surprisingly, a
comparatively new feature. However,
though they arrived quite late they
have made their presence felt very
quickly and contro! of the new SPS
will be entirely based on a linked
series of small computers. The SPS
system will push many of the tech-
niques of computer control a stage
further. It incorporates some novel
devices for the operator's control
console.

One of these is a panel to enable
the operator to call all the control
functions he wishes to exercise to a
single console (D26 Touch buttons).
The aim is to condense the hundreds
of controls which clutter the con-
ventional control room so that the
operator is only confronted with the
information he needs for a particular
control function.

The panel is a glass sheet on which
capacitors are thinly etched in copper.
The proximity of a flat conductor
such as a finger increases a capaci-
tance by a large factor and thus the
selection of a particular capacitor by
pressing the panel at a particular
point can be detected as an elecirical
signal. The capacitors are arranged as
buttons in four rows of four and a
television tube behind the touch panel
can write titles on each button as
instructed by the computer. An earthed
pattern on the unused parts of the
panel prevents interference between
adjacent capacitors.

The panel is manufactured by nor-
mal printed circuit techniques but
exceptional care is needed since the
conductors comprising the capacitors
and leads are only 80 um wide. [on-
sputtering, depositing the copper
slowly, gave sufficiently strong adher-
ence to the glass. Thin gold plating is
applied as a protection against corro-

sion and a thin transparent cover,
integral with the glass sheet prevents
actual control between a finger and
the capacitors.

The capacitance is about 200 pF,
rising by about 10 % when a finger
tip is brought close. For each capa-
citor, a phase-locked oscillator circuit,
available as integrated circuit chip,
running at 120 kHz locks to a refer-
ence oscillator (one of the chips) and
a change in capacitance gives a
detectable change in phase. The firm
Ferroperm is now producing socme of
these touch button panels. (Further
information from F. Beck.)

The extremely fast data collection
rates which are now possible from
multiwire proportional chambers and
drift chambers bring in their wake an
acute problem of analysing enormous
quantities of data. A few seconds of
operation of the MPC detection sys-
tem in the Split Field Magnet at the In-
tersecting Storage Rings could drown
even the large CERN computer centre
for an hour. It is not much use being
able to collect information a hundred
times faster than a few vears ago if
data processing techniques cannot
keep pace. Fortunately new proces-
sors have recently emerged which wil
take the edge off this problem. (D48
Special hardware processors for wire
chamber data.)

A high proportion of the analysis
task previously assigned to a large
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general purpose computer is of a
rather simple and repetitive character.
With a magnetic field and an array of
multiwire proportional chambers, for
example, it has to perform pattern
recognition — identifying unambig-
vously where particles traversed a
detector and tracing tracks through
the system. Conventional computer
architecture nevertheless makes this
a laborious job. The hardware pro-
cessors are given this limited, well de-
fined task and need not follow a
sequential route in the calculations.
They make maximum use of the paral-
lelism inherent in the problem using a
programmable logic array which
results in parallel execution of all the
program ‘instructions’.

For both point and track finding it
has been found that special hardware
processors {using normal MSI| TTL
logic) is 40 times faster than using a
Fortran programme in the CDC 7600.
Using content addressable memories
it is believed that in the near future
the performance can be improved
still further. (Further information from
C. Verkerk.)
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Electronics

Advanced electronics are part and
parcel of all modern scientific research
and at CERN they are behind almost
everything from the operation of the
accelerators, to the collection of the
experimental data and to its subse-
quent analysis. The volume of electro-
nics involved is very high but standard-
ization has been achieved to a con-
siderable extent — through the NIM
system and more recently through the
CAMAC system (see vol. 8, page 314)
which has simplified life for the users
and for the electronics industry.

A particular CERN requirement is
for very high speeds. Nanosecond
timescales are called for when car-
rying out measurements on high
energy particles. For example the
new deteciors, such as multiwire pro-
portional chambers and drift chambers,
have a voracious appetite for collect-
ing data on particle events and the
speed of the associated electronics is
an important aspect of their abilities.
in general, high energy physics is still
pushing for faster instrumentation. It
has been one of the first fields where
integrated circuits have been used on
a large scale and has called for
devices to achieve ultra fast switching
at nanosecond or even sub-nano-
second speeds.

An example of instrumentation
developed for special requirements is
a device called the Digitron to be used
in the ‘g-2" experiment (E24 Multi-
channel time recorder — Digitron).
The experiment requires the precise
timing of electrons emerging from
the decay of muons orbiting a small
starage ring. From this timing, via a
series of steps which is beautiful phys-
ics all the way (see vol. 6 page 152},
it is possible to deduce the g-2 value
of the muon to an accuracy of few
parts per ten million and thus to
test rigorously the theory of quantum
electrodynamics and to probe the
nature of the mysterious muon.
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Many time measurements are re-
quired and conventional systems of
scalers would be complex and expen-
sive. The Digitron circumvents this by
using only four scalers and a buffer
memory. It can make 200 time meas-
urements with a precision of + 5 ns.
The timing precision comes from a
crystal-controlled 100 MHz clock
which runs continuously. Its pulses
are counted by the scalers controlled
by a recirculating shift-register which
has a single bit and three zeros. Thus
only one scaler counts at a time. The
arrival of a signal due to an electron
being detected stops the scaler, thus
recording a time interval, and the shift
register moves on to start the next
scaler. The shift takes place between
two clock pulses which avoids lasing
a count; this is covered by having the
input signals also pass via a time-
quantizer which assigns them to the
nearest 10 ns time-bin.

When a scaler is stopped, its timing
information is passed to a buffer
memory the transfer taking 500 ns.
Thus several scalers can be queuing
to pass their information to the
memory. However, the chance that
all four scalers are so occupied is
likely to be very small in most appli-
cations. (Further information from .
Pizer.)

The refined use of electronics in da-
ta analysis equipment is illustrated by
a special digital to analogue converter
built for the ERASME system for
measuring tracks on film from the
3.7 m European bubble chamber,
BEBC. ERASME looks for tracks on
the film with a cathode ray tube flying
spot and the spot is made to scan the
film by powering two deflection coils.
High performance digital to analog
(DAC) converters control the currents
to the two coils (E12 High speed 186 bit
digital to analogue converter and
digital deglitcher).

Since 12 hit DACs could easily be

purchased, it was decided to build the
required 16 bit devices by adding
units designed and built at CERN to
cope with the 4 most significant bits.
The full converter then includes a high
speed 12 bit DAC, an ultra high stabi-
lity voltage reference, four fast swit-
ches, a high stability resistor network
(using metal film technology) and an
amplifier with high slew rate and very
fast settling.

With 16 bits an accuracy of 1 in
65 000 is possible, corresponding to
150 .V in 10 V output, but special pre-
cautions have to be taken to achieve
such accuracy. A 12 hit DAC with low
cross-talk between digital and ana-
logue signals was necessary and,
throughout the converter, special care
had to be taken with component posi-
tioning, ground distribution, mini-
mizing white noise and electromag-
netic radiation and with thermal sta-
bility.

It has also been important to sup-
press ‘glitches’ — a sort of bounce of
the output when many bits in the
DAC are changed at the same time.
A digital ‘deglitcher’ has been built
which removes the problem by intro-
ducing delays between a synchronous
counter and the DAC to compensate
for the delays of each bit and the lack
of symmetry of positive and negative
edges. (Further information from
J.C. Wolles.)

Another 16 bit DAC is involved in a
different application at the Inter-
secting Storage Rings (E10 Precision
reference source). The need is for a
very precise, ultra stable voltage ref-
erence for the power supplies to the
ISR magnets since the stability of the
currents in the magnets is crucial for
the good performance of the ISR.

The reference source is suitable for
any application where a power supply
must give ultra high performance.
It is designed as a self-contained unit
which can be readily incorporated



in any system, heing either set locally
or set remotely by computer. At the
ISR, the control computer sends its
requirements as digital signals which
emerge from the unit as an analogue
reference voltage.

It is a completely solid state, elec-
tronic device with no mechanically
moving parts. From 10 V to zero its
output can be varied in steps of 150
vV thus giving steps of 15 parts per
million in selecting the reference vol-
tage. As with the DAC mentioned
above, special care is needed in the
design and construction to achieve
such accuracy and some additional
measures were taken to reduce output
variations with temperature to as little
as 7-5 parts per million.

A new technique, which recently
emerged from the aerospace industry,
is used to ensure precise switching.
Electronic components do not give
such a distinct difference in the ‘on’
and ‘off’ situations as mechanical

relays but positioning several of them
in parallel in shunt positions, rather
than in series in the resistor network,
results in switching errors of less
than 1 part per million. A second new
technique is to compensate for
changes due to temperature by chang-
ing the 10 V primary reference
voltage in the opposite direction. Thus
if higher temperatures are tending to
drift the output reference voltage
upwards, the primary reference voltage
is lowered to keep the output steady.
This works to accuracies of better
than 4 parts per million over a 30 °C

range. (Further information from
J. Pett)
To put alongside the lilliputian

world of transistors, integrated circuits
and so on, CERN has also been involv-
ed in large-scale electronic systems,
in particular in order to provide high
power radio-frequency systems for
the acceleration of charged particles.

The rotary capacitor which will be used to
provide the 600 MeV synchro-cyclotron with
radio-frequency power to accelerate a more
intense beam of protans. ft gives a time varying
capacitance so as to cover g frequency range
from 30 MHz to 17 MHz and has to handle up to
50 MVA of r.f. power. The electronic and
mechanical problems involved were not easy
to solve.

The latest equipment of this type is
the rotary capacitor which is to be
incorporated in the radio-frequency
system of the 600 MeV synchro-cyclo-
tron presently undergoing a series of
improvements. (E28 The new SC
radio-frequency system: essential
technological features of its rotary
capacitor.)

[t is required to provide a time
varying capacitance, with a rotor car-
rying 3 rows of 16 teeth moving
between 4 rows of stator blades, and
has to handle up to 50 MVA. The
rotor-stator gap is 1.1 to 4 mm with a
tolerance of 0.1 mm. The rotor speed is
2200 rpm.

CERN and AEG confronted the
problems of building such a device to
operate in high vacuum, free of hydro-
carbon vapour, and in high r.f. fields.
Water cooling is necessary for the
system, including the rotor, which for
r.f. reasons could only be supported
by a cantilevered shaft so as to leave
one side free. The high mechanical
tolerances make it necessary to use
pre-stressed ball-bearings which have
to be Jubricated, cocled and protected
from r.f. currents.

The lubrication and cooling is done
by pumping oil with an automatic
centrifugal system brought into action
by movement of the rotor. The oil has
to be prevented from entering the high
vacuum region and a special steel and
carbon-ceramic seal has been devel-
oped. The problem of rf. current
flowing through the bearings is remov-
ed by establishing a capacitance
bridge with the bearings in one of the
balance arms. The bridge is set so as
to be in balance at the centre of the
frequency range covered by the rotary
capacitor. {Further information from
H. Berger, A. Fiebig, R. Hohbach or
S. Talas.)

118



Magnets and Electricity

Under '"Magnets and Electricity” come
the design and construction of mag-
nets for accelerators, beam-lines and
detectors, the precision measurement
of magnetic fields and properties, the
design of special power supplies, and
the high wvoltage and high current
techniques for pulsed and d.c. appli-
cations.

Magnets have obviously been a
CERN speciality since the early days
of building the synchro-cyclotron and
proton synchrotron. The CERN work
at that time had an important impact
on European industry. It led to the
use of low carbon steel rather than
the more expensive low silicon steel.
Low carbon steel then proved ideal
for small electric motors and thus a
few francs have been chipped off
. such things as washing machines,
etc. .. Also the use of araldite in large
electrical installations was promoted
by CERN and this is now a standard
technique, for example for the gluing
of transformer laminations.

Nowadays it is in the use of super-
conductivity that high energy physics
research is pushing magnet technol-
ogy. Nevertheless even with con-
ventional magnets, new skills are
being used in the building of the
thousand magnets for the ring of the
SPS. The problems are nicely illus-
trated in the huge Assembly Hall of
Laboratory 1l where magnets are
being built and measured. Many now
lie stacked waiting to be wheeled into
the machine tunnel. it is a mass pro-
duction situation where high precision
has still to be retained (covered in
Technology Notes M25, M26 and
M27).

During construction of the ISR, a
new type of cable (M10 Water-cooled
cable and terminations) was develop-
ed in collaboration with Kabel-Metal
for passing current to the magnets of
the storage rings. Previously current
had been transmitted to magnets via
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preformed rigid structures of hollow
copper or aluminium bar. During the
ISR construction it was realized that,
with the sizes involved, it is feasible to
wrap conductor around a thin-walled
copper pipe. This has been achieved
resulting in a flexible cable which can
be transported by drum and cut to
measure when installation is in pro-
gress.

The cross-section of the cable is
900 mm? and it has a minimum bending
radius of 600 mm. It withstands a
voltage to ground of 2 kV and the
current it can carry depends on the
available water pressure between inlet
and outlet. The central water channel
is 16 mm in diameter. At the ISR,
where 14 km of this cable are installed,
the current rating is 1900 A. The
insulation and outer sheath are made
of special radiation resistant poly-
ethylene.

One problem was to design ter-
minations for the cable where they
join the magnets because the paossi-
bilities of water leakage in high
voltage conditions could obviously
lead to breakdown. A method was
evolved whereby the lug is crimped
to the cable with a hydraulically
operated tool and then insulated with
radiation resistant epoxy resin. This
type of cable has subsequently been
used in the construction of the PS
Booster and will link the SPS power
supplies via the access shafts to
busbars in the ring tunnel. (Further
information from S. Pichler.)

The measurement of magnetic field
has become a highly automated pro-
cess. An example is the system
developed to remeasure the 600 MeV
synchro-cyclotron (M35 A high pre-
cision device for the measurement of
the magnetic field in the synchro-
cyclotron). The magnet, which is 5 m
in diameter, has received a number of
modifications during the improvement
programme at the machine, including

The water-cooled cable which was developed
to power the magnets of the intersecting
Storage Rings. It is a high current conductor
but is Hlexible and can be transported on a
drum and cut to size where it is to be used.
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the installation of new coils and the
boring of an axial hole to give access
for a new type of ion source. A remap-
ping is needed because the beam
intensity which it will be possible to
accelerate depends crucially on estab-
lishing the correct relationship be-
tween the r.f. accelerating voltages
and the field.

The field is about 2 T and the re-
quired measurement precision is
+ 2 x 10-*. The measuring gear con-
sists of an aluminium bar 3.5 m long
carrying 100 Hall plates, temperature
stabilized to 25 £0.1 °C, mounted
with a 3 cm spacing. Before mounting,
each plate is calibrated in a test
magnet by comparison with a proton
resonance probe. The bar is fixed to a
turntable positioned at the centre of
the magnet aperture and can be
swung azimuthally with a precision of
0.01 degree. by a step motor con-
trolled by a computer. The Hall plates
are also linked to the computer via a



Construction of the electrostatic septum for the
beam efection system of the SFPS. Its special
feature is a precisefy aligned plane of thin wires.
The wires are individually held taut across the
aperture where the protons pass by means of
springs. On the left, the wires are already in
place. On the right a new frame of wires is
being positioned and the springs which will
hold them can be seen protruding below on
sach side.

120 channel analog scanner. The
plate voltages are read channel by
channel by a digital voltmeter and
passed to the computer in digital form.
The voltages are converted to field
values while the bar moves to the next
position. The time needed for a
complete map of the field with
36 Q00 readings is only about
40 minutes. (Further information from
E. Braunersreuther.)

High voltage techniques are well
illustrated by the switch developed
for the full aperture kicker magnet of
the proton synchrotron (M20 High
voltage switch for kicker magnet
applications). Such magnets, like the
electrostatic septum discussed below,
are used in the ejection of protons
from an accelerator. They take advan-
tage of the fact that the protons orbit
the machine in bunches. The aim is to
allow a bunch to pass and to bring
the magnet to its required power in the
interval before the next bunch arrives.
This bunch will then feel the kicker
magnet field and be ejected from the
machine.

At the PS the interbunch interval is
only 85 ns and therefore the design of
the kicker and its pulse switching
system has to allow very fast opera-
tion. The switch discharges a 15 ohm
cable pulse forming network, charged
to 80 kV, into a transmission line
leading to the kicker magnet and
terminating resistor. The switched
current is 2.7 kA.

An English Electric Valve Co. thyra-
tron (CX 1171A) is the essential ele-
ment of the switch. It is operated with
a floating cathode so that the sup-
plies to the heater, reservoir and grid
have to be fully isolated. To achieve
fast rise time the thyratron is mounted
in a close fitting coaxial housing
{25 mm radial clearance). Oil and
solid dielectric provides the insulation
between the anode and the earthed
housing; the oil also serves for cooling.

Some of the supplies are drawn from
an insulated Faraday cage which
enables the reservoir heater voltage

to be rapidly adjusted and this
determines the switch rise time.
The switch has been rigorously

tested during 5000 hours of operation
and 100 million pulses. Ten of them
are now in operation at the PS power-
ing ten kicker modules. They give a
rise time of 30 ns with a time jitter of
less than 6 ns and can provide a pulse
every 30 ms. During development
tests, a variant of this design provided
pulses once every 50 us at 40 kV with
about the same rise time conditions.
(Further information from D. Fiander,
D. Grier, K.D. Metzmacher or
P. Pearce.)

Returning to the SPS, an unusual
device is the electrostatic septum
which will be used to eject protons
with energies of several hundred GeV
from the accelerator (M32 The electro-
static septum of the SPS). The septum
slices off part of the circulating beam
and the sliced off protons are sub-
jected to an electrostatic field of
100 kV/cm. Protons of such high
energy are very ‘stiff’ to bend out of
the machine and the electrostatic
septum has to be 12 m long (it is
built in four 3 m modules). In order
that as few protons as possible
collide with the septum it has to be
very thin and straight. [t must also
withstand being heated to 300 °C by
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the beam and the whole device has
to be bakeable so that a vacuum of
10-*° torr can be achieved.

To meet these requirements each
septum module has a line of 2000
tungsten or molybdenum wires,
0.15 mm thick spaced 1.5 mm apart,
each wire being held taut by two
springs. Having a plane of wires under
tension avoids the possibility of dis-
tortion which could happen if a foil
was used as the septum. At the same
time it minimizes the volume of
matter which is put in the way of the
protons, In the event of a wire break-
ing, the springs will pull it out of the
path of beam. The deflecting field is
established by having a titanium alloy
cathode, held at —200 kV during
normal operation, positioned 10 to
30 mm away from the wire plane.

The whole system has to be cor-
rectly aligned to +0.05 mm and
careful stress-relieving has to be
carried out on all the component parts.
Alignment rods project outside the
vacuum tank. They carry targets for
optical alignment and an alignment
control system using a stretched wire
as a stable reference. Final alignment
will be done using the beam itself as
the reference, the aim being to
minimize the loss of protons in ejecting
therm from the machine. This can be
done by watching, with infra-red
detectors, the temperature rise of the
wires hit by the protons. (Further
information from Y. Baconnier.)
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Photography and Optics

The interest in these fields has been
mainly connected with the optical
systems needed to record the visual
signs of the passage of a charged
particle (bubbiles in a bubble chamber,
sparks in a spark chamber, tracks in
nuclear emulsions).

In recent years the urge to collect
large volumes of information quickly
has required much faster data-taking
rates and thus much faster operation
speeds from the optical systems. An
example from the bubble chamber
waorld is a camera (P 13 Pulsed high
speed camera) developed for the
2 m chamber at CERN. In the more
leisurely years gone by, the chamber
was pulsed so as to record tracks of
particles once every acceleration cycle
of the proton synchrotron. This meant
that the camera system had a few
seconds to recover, move onto the
next frame of the film and so on. Now
it is required to take several pictures
per cycle — the accelerator can send
particles to the chamber in bursts
separated by the order of a tenth of a
second.

The camera has to be capable of
taking four photographs in 0.3 s (the
photographs being 170 mm long on
50 mm wide film). It has to move a
new length of film into position in less
than 60 ms without pulling it with a
force greater than 2 kg (so as not to
break it) and to hold the filmveryflat (sc
asto bewell infocus whenthepicture is
taken) before releasing it and pulling
a new length across. Environmental
problems were to ensure operation of
the mechanical and electronic compo-
nents in a stray magnetic field of 700
gauss and to ensure safety in a hydro-
gen area.

A loop of film sufficient for four
photographs is pulled into a right-
hand vacuum pocket from the spool of
unexposed film. This is done on a
signal from a capacitative device
which measures the length of film in
the pocket. A motor driven capstan, in
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The signals from the plumbicon cameras
recording sparks produced by the passage of
charged particles in the banks of optical
chambers in the Omega spectrometer. This view
of the event is reconstructed by the on-fine
computer. The cameras are able to take data at
such a high rate that to record 700 000 events
per day is not unusual.
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one revoluticn, pulls one frame of film
from the pocket into position for expo-
sure and it is held flat on the film back
(made of 0.3 mm diameter quartz
capilliary tubes fused together and
ground optically flat) by suction. After
exposure a burst of compressed air
releases the film from the film back
and it is wound into a left-hand
vacuum pocket while a new frame
moves into position.

This type of camera has been in use
on the 2 m bubble chamber since
1969. (Further information from L.
Naumann, M. Schmitt, M. Dykes or
R. Stierling.)

A very different camera system
(P 29 Automatic recording of spark
chamber pictures by means of a
computer controlied television camera
system) has been developed, mainly
by a Birmingham/Rutherford/\West-
field College collaboration, to photo-
graph particle interactions in the
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Omega spectrometer. The aim was to
convert the visual information from
spark chambers into electronic form
without the need for the intermediate
stage of photographs which then
require scanning and measuring. The
camera system operates only when
triggered by counters which indicate
that an interaction of interest has
taken place. It uses TV plumbicon
cameras to scan the volume of the
spark chambers (3.7x1.5x1 m?).
When a trigger occurs, the spot in
each TV tube, which has been conti-
nually scanning in an ‘erase mode’ to
remove background illumination, re-
turns to the corner of the picture and
starts an ‘event mode’ scan roster
covering the image of each spark
chamber gap in turn. The image
is retained on the tube surface for
some milliseconds after the sparks
occur. At the start of each scan line a
train of clock pulses is fed to scalers.
The first scaler stops when the first



spark is encountered, the second
scaler when the second spark is
encountered and so on. Thus spark
positicns are immediately in digital
form and can be stored on magnetic
tape for subsequent computer analysis.

Using a fiducial light system, to help
correct for scanning spot speed and
for distortions and non-linearities in
the camera tube, sparks can be located
to the required accuracy of 0.5 mm.
Collecting all the necessary informa-
tion takes only about 18 ms and
Omega is then ready to record the next
event. Using these cameras the data-
taking rate is therefore very high —
100 000 events per day is not excep-
tional and 10 million events were
clocked up during 1973. No system
based on conventional cameras, no
matter how fast, could get anywhere
near these rates quite apart from the
advantage of having data immediately
in digital form. (Further information
from Q. Gildermeister.)

Also grouped under ‘Photography
and Optics’ are the refinements in
survey techniguss which have been
necessary to achieve the tenth of a
millimetre order of alignment precision
when dealing with accelerator systems
spreading over kilometres. In partic-
ular, automatic instruments have
been developed to give fast and accu-
rate measurements of length and
direction.

One of them, called the Distinvar
(P 14 Precise length measuring auto-
matic device}, has been in operation
for some years and was used in con-
struction of the Intersecting Storage
Rings and the PS Booster and is now
used for the SPS. It uses a calibrated
invar wire, 1.65 mm in diameter, to one
end of which is attached a balance
beam. A carriage carrying the balance
can be moved to and fro along a pre-
cision micrometer screw until a centre
of equilibrium is reached at which a
1.5 kg weight produces a 15 kg trac-

Developing refined survey instruments in the
hygienic conditions of a laboratory is quite
another thing from using them on a construction
site. Here a gyrotheodolite is in use in the tunnel
of the 8PS while an umbrefia protects its
operator from seeping water. Use of the gyro-
theodolite has been automated so that no highly
delicate operations are necessary.

tion in the wire. This position can be
read off and gives the difference be-
tween the true measured length and
the calibration length of the wire.

The Distinvar can be used for length
measurements from 0.4 to 50 m — the
accuracy is not determined by the
length to be measured but by the sensi-
tivity of the balance. Accuracies of
better than one part in a million can
be achieved. Each measurement need
take only a few minutes, the reading
itself involving only a few seconds.
The Distinvar can be used for absolute
measurements, as in site surveys when
the lengths are calibrated against a
standard length, and for differential
measurements, such as are needed in
the construction of bridges, tunnels,
buildings, etc. {when calibration is not
needed).

A second instrument (P 17 Auto-
matic gyrotheodolite) has been used
for direction finding in the SPS tunnsl.
Using a gyroscope to find the meridian
plane (i.e. the geographical North)
can be a delicate operation when
accuracies of a few seconds of arc are
required. An automatic device was
therefore developed using a gyrotheo-
dolite and measuring (with photo-
transistors) the transit time of oscilla-
tions to right and left. The difference
between the right and left oscillations
is a function of the angle between the
gyrotheodolite axis and North.

In the SPS tunnel any survey direc-
tion can be found with a standard
deviation of only 25 centisimal sec-
onds by using the automatic gyro-
theodolite three times to find North,
All the surveyor needs to do is to direct
the gyrotheodolite roughly in the
direction North and the correct read-
ings can be printed out. (Further
information from D. Bois or J. Olsfors.)

Standard techniques may need con-

- siderable adaptationwhen broughtinto

the environment of an accelerator.
Television cameras can be used close
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to the machine to watch fluorescent
screens in monitoring the position of
an accelerated beam and in a variety
of other ways to provide an eye into the
machine region where radiation levels
prevent access during operation. A
camera has been developed for such
use (P 11 Miniature radiation resistant
television camera). It can withstand
high radiation doses, aperates in fields
of 100 gauss, is highly reliable and
easy to maintain.

Nuvistorised circuits are used since
they can accept radiation doses of
over 10° rem_compared with the 10°
rem of transistors. The camera is in
two distinct parts — the head (with a
nuvistor preamplifier, a vidicon tube
and deflection unit) and the control
equipment (power supply, pulse gen-
erator, scanning circuits and video
amplifier).

The deflection unit is the most
sensitive to magnetic field and it is
protected by shielding and by having
the camera casing in mu-metal. The
unit is mounted on slides so that the
camera can be easily focused even on
very close objects, either manually or
remotely via a motor.

The camera head is only 82 x
92 x 237 mm or, if the transistorised
preamplifier is incorporated, 82 x
184 % 234 mm. lts weight is 2.6 kg or
4.6 kg respectively. It is now being
manufactured by CEMEL. (Further
information from P. Monnet or J,
Robert.)

123



Vacuum

The needs for high vacuum have been
around at CERN for a long time. The
region in which protons are accel-
erated has to be evacuated so that
collisions with residual air molecules,
especially at lower energies, does not
cause loss of beam or serious deterio-
ration of beam quality. However, it
was with the coming of the [ntersect-
ing Storage Rings that the require-
ment to establish ultra high vacuum in
large scale systems pushed the known
technology inte new fields.

In the conventional accelerator a
protan beam spends a few seconds in
the machine and pressures in the
region 10-° to 10-7 torr are adequate.
In the storage rings the protons may
be retained for a day and the vacuum
in which they orbit has to be several
orders of magnitude better. When the
ISR were designed, the aim was to
achieve pressures of 10-* torr around
the rings with 10-"" torr in the inter-
section regions where the experimen-
tors want to be sure that they are
seeing true proton-proton collisions
and not collisions with residual gas
molecules.

This was already a challenging
requirement. It meant building a
system 2 kilometres in extent to hold
ultra high vacuum such as was pre-
viously achieved only in small-scale
apparatus in the [aboratory, This chal-
lenge has been met and far exceeded
because it was found, when the
machine came into operation, that
vacuum conditions can be the major
obstacle to reaching high stored beam
currents because of a phenomenon
known colloquially as ‘pressure
bumps’. The present aim, which is
largely realised, is to establish vacuum
of 10-" torr around the full circum-
ference of both rings, with 10-"2 torr or
better in the intersection regions, and
to be able to sustain such a vacuum for
a year if necessary (V17 How we get
next to nothing in the ISR).

The vacuum chamber in each ring
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is a ‘'doughnut” about 1 km in circum-
ference and 160 mm diameter in cross-
section (160 x 56 mm elliptical cross-
section in the magnet apertures). It is
built of nitrogen enriched austenitic
stainless steel. The stesl is baked at
800 °C for a few hours in a vacuum
oven at 10-* torr before the vacuum
tubes are made. This reduces the
guantity of gas trapped in the steel
(mainly hydrogen) which subse-
quently diffuses out and is the major
source of gas input in the ISR cham-
bers.

When the chambers are installed,
there is further baking in situ by
means of heating tapes wrapped
around the tubes. They are baked for
24 hours at 300°C (controlled to
within 10 °C by thermocouples) while
rotating vane turbo-molecular pumps,
distributed along the chamber at
intervals of about 25 m, pump down
to a pressure below 10-° torr, The
temperature is then allowed to fall
to 200 °C while the pressure continues
to be pulled down to about 10-¢ torr,
Titanium  sputter-ion pumps are
brought into action while the turbo-
molecular pumps are valved off. The
pressure dips further to around 10-7
torr when sublimation pumps and
vacuum gauges are degassed ready
foraction. The "hakeout’ is stopped and
the chamber temperature falls back
to room temperature while pumping
continues. After five hours the pres-
sure is usually in the 10" torr range.
The sublimation pumps then start to
‘getter’”  (actively pump) and this
additional pumping speed brings the
pressure in the chambers to the low
10~ range and even below.

The ‘pressure bump’ phenomenon
mentioned above has called for very
careful detective work on wvacuum
conditions in the chambers. It mani-
fests itself as a localised region of
about 10 m length where the pressure
rises when the orbiting beam current
exceeds a certain value. lons produced

by the protons in collision with residual
gas molecules strike the wvacuum
chamber wall, release more gas caus-
ing more ions’ to be produced so that
an avalanche effect can develop and
destroy the beam.

Studying this phenomenon revealed
that the stainless steel surface is
covered with *a layer of strongly
absorbed gases in addition to hydrogen
{water molecules, carbon monoxide,
carbon dioxide, methane, hydrocar-
bons) which are only released by ion
bombardment. Running a high pres-
sure (10-2 torr) inert gas discharge in
the vacuum chamber can help remove
these contaminants — subsequent gas
release under ion bombardment is
then reduced by two or three orders
of magnitude.

Many other refinements have been
brought into the ISR vacuum system
after completely new investigations
into ultra high vacuum properties. But
equally important in achieving the
exceptional vacuum conditions in the
machine has been the extremely high
reliability of a multitude of apparently
commanplace components. To cite
one example — over ten thousand
demountable flanges all have to be
leak-tight simultaneously. A thorough
approach to every detail of the
vacuum system has been vital, (Fur-
ther information from E. Fischer or
R. Calder.}

Research on the vacuum properties
of materials is continuing (V27 Choice
and conditioning of ultra high vacuum
materials). One approach is to see
whether the diffusion coefficient of
hydrogen, particularly in stainless
steel, can be reduced. This can be
studied by following the evolution of
hydrogen from a sample of the mate-
rial using, for example, a gas chroma-
tograph.

Two methods of lowering the
coefficient are being examined. The
first method is to introduce more dis-



locations in the crystal lattice by cold
working of the material (the density
of dislocations is closely related to
cold strain). Since hydrogen diffuses
interstitially through the lattice, the
dislocations might act as barriers to
delay the passage of the hydrogen
molecules. The second method is to
set up traps of a chemical nature for
the hydrogen by implanting halogen
ions in the matertal.

These methods may help but the
techniques to reduce the quantity of
hydrogen present in the material have
proved the most efficient. For this
purpose, a high temperature vacuum
furnace capable of treating com-
ponents up to 3.5 m long by 1 m
diameter will soon be in operation at
CERN. It will operate at 1000 °C and a
pressure aof 10-° torr (later to be
improved to 10-® torr) for outgassing
stainless steel and it is hoped that an
order of magnitude improvement in
the final outgassing rate will be
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achieved. (Further information from
K.S. Niel or F. Thizy.)

The search for better materials is
peinting towards titanium (V14 Com-
ponents of a prototype titanium va-
cuum chamber). Titanium sleeves
have been successfully introduced
into the ring vacuum chambers and a
prototype chamber is now being
constructed for installation at an
intersection region to replace the
standard stainless steel bicone. Tita-
nium has the added advantage that,
compared with stainless steel, it is
twice as transparent to the particles
emerging from the collisions towards
the detectors.

Forming complex structures with
titanium is however not so easy. The
separate parts are all cold formed by
pressing, rofling and pressurising.
Special machines have been con-
structed for carefully welding the
parts together in an argon atmosphere

Vacuum chamber for one of the intersection
regions in the ISR under test before installation
in the machine. The pressure in the chamber is
required to be about 7102 torr. Note the strange
conical form on two of the arms; these are
upstream of the crossing beams and have very
thin walls so that particles produced in the
protan collisions can emerge through the
minimum amount of matter to be detected.

to avoid a brittle joint which results
from hydrogen absorption. (Further
information from |. Wilson, J.C. Bru-
net, W, Jeker or E. André.)

To reach 102 torr or better in the
intersection regions, cryopumping
techniques have been studied (V13
Condensation cryopump). A surface
cooled to very low temperature acts
as a trap io immobilise any gas
molecule which falts on it. Unfortu-
nately hydrogen is the most recalci-
trant of all the gases (with the excep-
tion of helium) and at 4.2 K (boiling
temperature of helium at atmospheric
pressure} its vapour presstre is still
10-* torr. However, cooling to 2.3 K
takes it to the 10-'° torr region and in
theory a cryopump should achieve
the pressures required.

In practice, it initially proved im-
possible to get beyond about 10-'° torr.
This was due to thermal radiation
from the wvacuum chamber walls
causing the condensed hydrogen to
be desorbed again, the rate depend-
ing in a complex way on the quality of
the cooled surface. A cold screen, of
the Chevron baffle type cooled to
80 K, shielding the surface, greatly
reduced this problem though at some
cost in pumping speed. The screens
have a molecular transmissivity of
about 0.24 and a radiation transmis-
sivity of about 7>10-*. A silver surface
coated with a few monolayers of con-
densed nitrogen proved the most
efficient and these measures enabled
a pressure of 10 ™ torr, with the sur-
face operated at 2.3 K, to be obtained.

Four pumps have been built and
two have operated successfully in an
intersection region of the ISR. A
model has been standardized for
general use and six condensation
cryopumps are being prepared for
installation in 1975, (Further infor-
mation from C. Benvenuti or R. Calder.)
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Workshop Techniques and
General Engineering

CERN’s major construction projects
are obviously implemented via Euro-
pean industry. There are, however,
many small-scale ‘one-off’ jobs that
industry is not keen to take on, or that
need unusual skills, or that cannot be
cleanly specified before they are
tackled. There is also the need for
on-the-spot engineering support. To
meet these needs CERN has built up
a workshop force of very high standard
where skills exist appropriate to the
needs of the research programme.
A few of these skills are picked out
here.

A large amount of sheet metal
work is done for producing vacuum
chambers, cryogenic systems, high
voltage electrodes etc. . . It can involve
special features such as large areas
of very thin metal (which must gain
mechanical strength in some other
way}, the use of materials which are
difficult to work, or the specification
of very tight tolerances which are
unusual for the size or the type of
material being worked.

Rolling, angle forming, tube bend-
ing, swaging and drawing are all
performed with advanced techniques.
Examples of sheet metal work (de-
scribed in W27 Sheet metal work for
uitra high wvacuum and cryogenic
applications) are — an aluminium
alloy magnetic deflector, 2 to 3 mm
thick, built in six conical sections of
different dimensions with a base di-
ameter of 2.4 m, a total iength of 5 m
and a tolerance of only 0.2 mm;
r.f. cavity made of 20 mm thick steel
coated with 5 mm copper, 1T m long
and 0.9 m diameter with a tolerance
of 1 mm; a variety of elliptical cross-
section vacuum chambers in stainless
steel, aluminium alloy and titanium,
and a complex titanium vacuum
chamber (0.6 mm thick} for an inter-
section region at the ISR. (Further
information from G. Dervey or J. Tal-
lon.}
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One way of tackling the problem of
joining such delicate components

together is to use electron beam
welding (W32 Electron beam weld-
ing). An electron beam can cause
melting in very smail volumes so that
deformation and shrinkage are limited.
lts high power density make it suitable
for the welding of refractory materials
as well as high conductivity materials
and its high penetration allow welds
to be made on thick sections in one
operatior:. Welding is performed under
vacuum so that contamination, par-
ticularly of highly reactive metals
such as titanium, is avoided.

The technique has been used on
components of aluminium, copper,
titanium, molybdenum, niobium, tan-
talum, rhenium and alloys of alu-
minium, nickel, cobalt, stainless steels
etc. .. Heterogeneous welds such as
stainless steel to copper have been
made. Using an electron gun operat-
ing at 150 kV and 7 kW, a weld 25 mm

The teleoperator in action. On the left at the
‘master unit’, the operator using the delice
walches the progress of the manoesuvres on
television screens. On the right, the ‘slave’ unit
brings a quick release fange into position while
TV cameras survey the operation.
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thick is possible in one operation
with copper, 30 mm with aluminium,
35 mm with stainless steel. (Furtherin-
farmation from B. Thony or B. Trincat.)

Work on a minute scale has been
needed to meet the demand for
prototype printed circuits (W29 Photo-
mechanical and chemical etching
techniques). Chemical machining of
metal involves dissolving unwanted
areas of the metal while protecting the
required pattern with a mask. The
master drawing can be produced by
hand or by machine using an auto-
matic co-ordinatograph {(possibly with
an optical plotter head) on photo-
sensitive film. The machine can be
computer programmed. Scales as high
as 1000 to 1 can be used for producing
integrated circuits drawing on areas
up to 1 x 1.5 m? with a minimum line
width of 0.1 mm. Line spacing of at
teast 0.2 mm is necessary and allow-
ance has to be made for the chemical



Familiar works of scuipture at high energy
physics Laboratories — light guides to convey
the light signals produced when charged
particles traverse sheets of plastic scintillator to
photemultipliers, which convert the

information into electronic form. Thase particular
specimens were made in the CERN West
Workshop.

attacking the edges of the desired
pattern under the mask.

Careful photography of the master
drawing can give resolution of 300 to
600 lines per millimetre for a 1 m? sur-
face and even 2000 lines/mm over a
150 mm diameter surface using high
resolution lenses in the camera. Nor-
mally, flexible or rigid supports (such
as plastic or glass) can be used to
carry the high contrast photographic
emulsion but, for high resolution,
glass plates are preferred with an
evaporated chromium layer about
1 um thick photo-engraved for in-
creased stability and resistance to
corrosion.

The mask can be produced by
impressing (when high precision is
not needed), by serigraphy (giving at
best 60 um line width) or by using
photosensitive resin {where the reso-
lution is, in theory, unlimited — resin
thickness and cleanliness give the
resolution in practice). Sprinkling is
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used for the actual engraving, reducing
the engraving time and the problem of
edge attack. After engraving the resin
is dissolved away.

Printed circuits of size up to 1.2 x
0.5 m® have been produced. Chemical
machining has also been carried out
on silver, aluminium, nickel, stainless
steel, tungsten, etc. . . since no internal
stresses are introduced by the process.
(Further information from J. Birabeau,
A. Gandi or P. Guerineau.)

Also in this category are investiga-
tions into remote handling technigues
(W13 Teleoperator — long range high
speed remote handling). A radio-
active environment prevents normal
human intervention at the accelerators
when they are in operation. Even
when the machines are shut down
there are zones, such as where targets
are located, where induced activity is
high and which are inaccessible for a
considerable time. There is also, from

time to time, need to handle highly
radioactive components. Remote han-
dling techniques are one solution to
these problems but the conventional
manipulators used in reactor and
radiochemical laboratories are not
appropriate because of the distances
involved. A variant of the switch
operated eléectric arm type of mani-
pulator was therefore tried in proto-
type form at the PS.

The arm was mounted on a crane
bridge accompanied by cameras and
lighting. It could travel around the
ring and a method of automatically
plugging-in its cables at connection
boxes spaced around the accelerator
tunnel wall has been developed.

The manipulator operated with a
range of 40 m from a plug-in box and
was controlled from a building at the
centre of the accelerator ring. The
prototype proved useful for many jobs
such as remote dosimetry and beam-
loss detection and for dismantling
radioactive components. It was clear,
however, that higher speed and ver-
satility was needed.

A Selenia Mascot Electronic Servo
Master-Slave has been acquired to
continue these investigations. The
manipulator has two arms and equals
the hot cell type in its dexterity. Each
arm can lift 20 kg and the operator can
feel the forces being applied via a
feedback to the master arms. Since
master and slave stations are linked
electronically the slave can, in prin-
ciple, work anywhere around the
accelerator. To match the increased
abilities of the Mascot, the supporting
units have been improved (faster
carrying bridges, better cabling and
link mechanisms, compact cameras,
motorised pivots for the arms).

With these improvements the new
teleoperator is a hundred times faster
than the prototype and in many
cases can approach the speed of
direct manual working. (Further in-
formation from R. Horne.)
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Around the Laboratories

ORSAY
On-line separator
in action

A newcomer in the family of on-line
isotope separators came into action
at the Orsay synchro-cyclotron at the
beginning of March. It is known as
ISOCELE and will be used for nuclear
spectroscopy on short-lived isotopes.

The synchro-cyclotron is used to
produce beams of protons (0.2 A at
157 MeV), deuterons (79 MeV),
alphas (157 MeV) and helium 3 ions
(236 MeV). It will soon be modified to
reach 200 MeV for protons with more
intense beams, 7 pA. Accelerated
protons are brought to a target/ion
source which will initially be of the
kind pioneered by R. Bernas (see, for
example, vol. 13, page 185). The
source and acceleration stage is fol-
lowed by an analysing magnet, which
separates ions according to mass.
Finally an electrostatic switch can
send selected, focused ion beams to
any of three experiments.

The first successful run in March
bombarded a target of molten gold.
Mercury isotopes, down to 186, were
detected in high intensities. Another
series of tests is now under way to
check the performance of different
types of target and to look at operation
with a helium ion beam into the target
rather than a proton beam. Regular
operation for physics experiments is
expected to start in May.

OXFORD
SIS for high energy
particle detection

A team at Oxford University has pro-
posed a new variant of the muitiwire
proportional chamber/drift chamber
techniques to identify particles up to
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very high energies. They have bap-
tised their system ISIS (ldentification
of Secondaries by lonisation Sam-
pling) — a respectful reference to the
name of the river which flows past
the dreaming spires of their University.

We have referred many times before
to the difficuities of experimentation at
energies of several hundred GeV. To
identify and measure particles at NAL
and SPS energies using the techniques
which have been applied at energies
of tens of GeV can require detectors of
great size, complexity and cost. Rising
to this challenge, ideas have not been
lacking as can be seen, for example, in
the report of the Frascati [nstrumen-
tation Conference last year {vol. 13,
page 175b). At that Conference drift
chambers were in the limelight. To
collect their signals the drift chambers
use the multiwire proportional cham-
ber principle where individual wires
receive an avalanche of electrons ini-
tiated by a charged particle passing in
the vicinity. The word ‘drift" refers to
the movement of the electrons pro-
duced by ionization of the gas in the
wake of the particle. They drift to the
wires under the influence of an electric
field gradient. The time that this takes
can be measured and gives a highly
accurate estimate of the distance of
the particle from the wires. Signals
from the wires can give position
measurements accurate to fractions of
a millimetre.

The Oxford work tries to add an-
other piece of information — distin-
guishing between particles by means
of the ‘relativistic rise of ionization
loss”. As a charged particle approaches
the speed of light, the electric field
which is associated with it spreads
out in the plane at right angles to the
direction of motion. If we consider the
particle at rest as a tiny sphere it
expands, flattening into a disc due to
relativistic effects as its velocity in-
creases. lts electric field then brushes
against more atoms in the gas through

which it passes, causes more ioniza-
tion and the particle therefore suffers
more ignization loss. For the different
types of particle, at a given momen-
tum, the ionization [oss is different.
For example, there is about 15 % more
loss for pions than kaons and about
10 % more loss for kaons than protons
over a wide rarfge of energies (b to
100 GeV). If we can measure the
ionization loss by counting the num-
ber of electrons liberated in the gas we
can distinguish between the particles.

What has held back the application
of this attractive property is that the
variation in energy loss for a particular
particle in passing through a small dis-
tance of gas is considerable. Most
measurements will cluster around an
average value but a significant number
will be much higher; the graph of
number of measurements against ener-
gy loss tails off slowly (known as the
Landau tail since L. Landau was the
first to investigate it in 1944). It is
necessary to take a series of measure-
ments on the same particle (well over
a hundred) as it passes through a
series of small distances of gas so as
to avoid being confused by the higher
energy [osses which can occur as
Landau fluctuations.

The use of the ionization loss phe-
nomenon is being applied in a device
being constructed by the Track Cham-
bers Division at CERN which will be
used to identify high energy particles
emerging from the 3.7 m European
bubble chamber, BEBC. Because of
the need to take a large series of
measurements on the same particle,
the device is rather complex with
many arrays of wires,

The ISIS proposal is to enclose a
large volume of gas {parameters might
be 5 m along the beam direction, 4 m
across and 1 m deep) in which a uni-
form electric field is established, A
line of wires is strung vertically along
the centre of the box. They are sand-
wiched closely between two planes



Schematic diagram of ISIS showing the
arrangement of drift field and signal wires

which is rather different from other detectors.
The signals, resulting from the drifted electrons
liberatad by high energy particles traversing the
device, can, by their timing and their amplitude,
convey information on position and on type

of particle.

The T m test module for ISIS which has given
encouraging results in use at the Rutherford
Laboratory NIMROD synchrotron. In the module
the drift direction is vertical rather than
hotrizontal as foreseen in the large detector
proposed for use at the SPS.

of high voltage wires which, together
with electrodes along the sides of the
box, give the field gradients across
the box producing a drift region on
each side of the central wires.

Particles can be expected to tra-
verse the box roughly parallel to the
central wire plane. The electrons liber-
ated along a track will drift towards the
central wires which act as in normal
multiwire proportional chambers. Close
tothe wires an electronavalancheisini-
tiated as the drifting electrons arrive
and each wire records a signal, the
timing of which depends on the time
taken for the drift electrons to arrive.
This in turn depends on the position of
the charged particle track. Different
particles arrive in general at slightly
different times but even with several
in the box at the same time, cleverelec-
tronics should be able to separate
them. Even with drift distances of as
long as 2 m, position measurement
accuracy of 2 mm or better is antici-
pated.

The second piece of information
comes from measuring not just the
time of arrival of each pulse on a
central wire but also its amplitude.
This is related to the number of elec-
trons produced in the ionization of
the gas and thus the ionization loss,
making it possible to identify the
particles as discussed above.

A technical problem is to select an
appropriate gas to feed into the box.
It is important that the electrons from
the ionization all arrive at the wires and
are not captured by the gas molecules.
Also the electrons must travel cleanly
under the influence of the electric
field and not be bounced around by
the gas molecules so that they finish
on the wrong wires. A mixture of
argon (which with its full atomic shells
has no interest in capturing more
electrons) and 20% carbon dioxide
{which ‘cools’ the electrons reducing
their random velocity) has proved
highly suitable.

Uniform
electric

drift field

Uniform

electric
———EE tield

A test detector based on these
ISIS principles has been built. It has
a 1 m wide drift space, a wire plane
30 c¢cm by 30 cm with wires 30 um
thick located every 1.5 cm. This device
was tested on the 7 GeV proton syn-
chrotron, Nimrod, at the Rutherford
Laboratory. It was shown to be pos-
sible to distinguish between pions
and protons and to record track posi-
tions to better than 2 mm (information
checked by a surrounding system of
time-of-flight, Cherenkov and shower
detectors).

One limitation of ISIS in these days
af voracious data-taking is that maxi-
mum detection rates are of the order
of 10* per second. This is because the
positive ions also created in the
avalanche near the central wires,
amble slowly (compared with the elec-
tron velocities) towards the negative
electrodes on the walls of the box and
enough of them have to be out of the
way before the next data is taken.

There are, however, many experiments
for which such a rate is ample. For
example, an ISIS plus rapid cycling
bubble chamber detection system ‘is
currently being studied for use at the
CERN SPS.

Late news. OQn 17 April, the accelerator
at the National Acceleratar Laboratory
Batavia became the first synchrotron
to top 1073 protons per pufse. Despite
comparatively low transmission effi-
ciency of the 8 GeV booster (which was
receiving 10 protons from the 200
MeV linac with multiturn injection
but transmitting only 16 %/, to the main
ring) and 389 Joss in the main ring, a
beam of 1072 protons was accelerated
to 300 GeV with one pulse every
6 secands. Even this record figure may
therefore be exceeded and NAL could
reach their seemingly extremely ambi-
tious design intensity of 5 x 1073 ppp.
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Model 2228

Model 2249

12-Channel ADC

® 12 ADC’s in single-width
CAMAC module,

® 10-bit (1024 channel)

resolution.

Built-in fast linear gate.

Built-in fast clear.

DC-coupled inputs.

0.25 pc/count

sensitivity.

Full LAM functions.
Built-in test mode.

High digitizing speed.
Power dissipation within

@ CAMAC limits.

Model 370L
8-Channel Strobed
Coincidence
= § |ogic inputs,
one common gate.
m 4 NIM overlap
outputs/channel.
B |[ow 3 ns input-
output delay.
B Double-pulse
resolution < 8 ns.
Single-width
maodule.

Octal 10-Bit TDC

® 8 channels in single-
width module.

® Resolution 100 ps/count

on 102 ns range,

200 ps/count on

204 ns range.

Precision on-line

test capability,

® Common front-panel

fast clear.

Rejects stops without

starts.

Fast digitizing rate.

® Full LAM functions.

Power dissipation within

CAMAC limits,

Model 335
Model 333 Quad Linear
Dual Linear Amplifier
Amplifier ® Four x6 amplifiers

® 2 ns risetime.

® Bipolar operation.
® Direct-coupled.
]

in single-width
module.

B <2 ns risetime.
Gain variable from ® Direct-coupled.
x1 to x10 in ® Delay <2 ns.
2 db steps. ® Bipolar operation.
"

Low time slewing.
® Rapid overload
recovery.

High stability.

Noise <100 uV rms,
referred to input.

® DC stability 0.2 mV
per degree C.

HYBRID

CIRCUITS
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Model L7205
Proportional Chamber Front End

Two complete Discriminator-
Delay-Registers.

Threshold variable from 2-20 mV.
Differential inputs.

Individual fast outputs.

Delay variable from 350 to 650 ns.
No crosstalk under 30 db.

Gated and ungated TTL outputs.
0.8” x 2” x 0.1 package size.

Model LD602: Drift Chamber Discriminator
® Threshold variable from 3mV up.
® Hi Z input; may be terminated with
external resistor.
®m Qutput variable from 5-25 ns.
B MECL or NIM level outputs.
B Time slewing 1.5 ns, 2x to 20x.
® Directly compatible with standard TDC's.

Model QT-100B: Charge-to-Time Converter
For sample/hold or current-integrating ADC’s.
Direct-coupled.

Virtual ground input impedance.

Built-in linear gate.

Open collector TTL output.

256 pc full scale = 50 ps.

Built-in fast clear.

16-pin dual in-line (DIP) package.

Low power consumption.



pace-setting
advances in
fast electronics

Model 222 g

Dual Gate O
Generator -
® Combined gate and o

Model 688L
Level Adapter

delay generator.
® NIM and TTL start

06
f

10 ns to 11 sec.

& Built-in bin gate
drivers.

= Highly stable,
rate-independent
operation.

® Switch-selectable
inverting or non-

No duty cycle

times and falltimes.

inverting operation.

limitations, fast rise-

6 outputs/channel.
Output durations
from 5 to 1000 ns.
Time slewing < 1 ns
Within NIM power
limits.

and stop inputs. = ®m 8 NIM to TTL and
= NIM (normal and ~ 8 TTL to NIM con- Model 621L
complement) and = verters (16 channels Quad Updating Model 620L
TTL outputs. in all). Discriminator 8-Channel
= NIM level blanking ® TTL outputs drive ® Threshold variable Discriminator
input. terminated 50 Q —30 to —600 mV, & 30 to —600 mV
EANIM level delayed cable. ® Threshold monitor commonly variable
output. ® Qutput durations point. threshold.
® Delay and output equal to input ® 8 ns double-pulse m Stability < 50 uV
duration range durations. resolution. per degree C.

3 outputs per

channel,

® Qutput widths
variable 5-20 ns.

= 100 MHz operation.

= Stage delay < 8 ns.

300 GeV accelerators, storage rings, and colliding beams
are rapidly changing the electronics used in particle
physics. New techniques —such as proportional and drift
chambers, lead glass hodoscopes and shower counters,
“high resolution time-of-flight — are requiring a whole
new generation of fast electronics.

And LRS is setting the pace. Already the world leader
in fast instrumentation, LRS is introducing many new
circuits to meet the requirements of tomorrow’s experi-
ments. These innovative designs, some of which can
be seen on these pages, are engineered to do physics
accurately, reliably, and at a reasonable cost.

If you would like more information on these LRS
Pace-Setters, call or write Raymond Chevalley, Technical
Director, LeCroy Research Systems SA, Geneva, or your
local LRS Sales Office.

LRS

Innovators in
Instrumentation

LeCroy Research Systems SA
81, Avenue Louis Casai » 1216 Cointrin-Geneva = Switzerland
Phone: (022) 34 39 23 ' Telex: 28230

LeCroy Research Systems Corp.
126 NORTH ROUTE 303 WEST NYACK, N. Y. 10994
Phone: 914/358-7900 » TWX: 710-575-2629 = Cable: LERESCO

SALES REPRESENTATIVES IN:
SWITZERLAND GERMANY

LeCroy Research Systems S.A. Canberra Elektronik GmbH
81, Avenue Louis-Casai 6000 Frankfurt/Main 70 Victor House, Norris Road
1216 Cointrin-Geneva Geleitstrasse 10 Staines, Middlesex 131
Switzerland West Germany England

UNITED KINGDOM
A.E.P. International Ltd.



THE BURNDY PCB FOR CAMAC:
A HIGH PERFORMANCE EDGE TYPE PC CONNECTOR

The new advanced and revolu-
tionary circuitry techniques, by the
use of high performance compo-
nents, do optimize the circuit design
and the reliability features of the
to-day electronic systems. As a
result, the packaging concepts of
those systems impose new perfor-
mance parameters to the concerned
connecting devices.

The new BURNDY PCB connec-
tor, an edge type PC connector with
2,54 mm spacing, is designed to be
fully in compliance with these
requirements. Its design combines
the results of intensive research
conducted on materials, manufac-
turing processes and protective
coating technigues.

The PCB connector is designed to
accommodate PC boards with 1.47
to 1.80 mm thickness range for
board to board or board to wires
applications.

“What does BURNDY PCB
offer you?”’
The PCB connector

A PCB connector body molded of
reinforced thermoplastic material,
Polysulfone, which offers high and
constant dielectric properties as
well as dimensicnal stability. Con-
nector body with close controlled
dimensions * assures a perfect
contact location and alignment the-
reby guaranteeing the optimum PC
board insertion conditions. Those
features are also enhanced by the
chamfered card slot and the built-in
care guides at card slot ends.

The PCB contact concept

High performance one beam pre-
loaded spring contact, made of
phosphor bronze, efficiently com-
bines the required electrical and
mechanical characteristics. The
preloaded spring contact assures
the adequate contact force at
minimum deflection guaranteeing
low and stable electrical contact
resistance. Oxide films are ruptured
to eliminate circuit discontinuities

BURNDY ELECTRA A.G.
Hertistrasse 23 — Tel. (01) 934818
Telex 55 549 — 8304 Wallisellen

especially in low level signal circuit
conditions. .

The spring contact beam has very
smooth and perfectly radiused con-
tact area to optimize durability fea-
tures and prevent undue protective
plating wear, base metal exposure
and oxide film generation. This
radiused contact area allows also
a better registration of the spring
contact with the printed contact
onto the PC board.

The contact surface condition
assures more uniform and homo-
genous protective platings thereby
eliminating porosity and improving
substantially the corrosion and
abrasion resistance features. The
contacts are gold over nickel plated.
The contact is retained in the
connector body, in such a way, that
the stresses generated by the
wiring process will not affect the
required spring contact functions.
This also maintains the spring
contact alignment in the required
tolerances.

The PCB contact terminals

The PCB connectors are available
with 0.6 x 0.6 mm terminals for
solderless mini-wrap or dip solder
type terminations. Terminals for

hand solder type termination are
also available. The terminal dimen-
sions, location and straightness are
in the tolerances specified by the
applied wiring processes.

The PCB connector
polarization

Polarization is achieved by remov-
able plastic key located either on or
between the contact positions. This
allows to make full use of all
contact positions.

The PCB connector sizes

The BURNDY PCB connector type
CAMAC is available with 43 contact
positions. For specific applications,
the connector size with 31 contact
positions has been added.

The main BURNDY PCB
connector performances

Current rating: 3A
Operating
temperature:  —5b°C to +125°C
Operating

voltage: 230V AC, 330V DC
Contact resistance: < 0.007 Q
Insulation

resistance: 5000 M € (Min)
Contact retention: > 3 kg
Contact force: > b0 gr

!
B |

.
=
/
/3
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Control and Signal Cables
Miniature Control Cables

Branch Highway Cables (CAMAC listed)
Coaxial and High Frequency Cables

Special Wires and Cables for Electronic Use from our
Standard Range or Tailored to your Requirements

Interconnecting Cables for Data Transmission

Equipment Wires
Flat Cables, bonded or woven

We are ready to help you solve your wire and cable problems

Leonische Drahtwerke AG

Marienstrasse 7

D 85 NURNBERG (Federal Republic of Germany)

Telephone ; (0911) 204881

Telex: 06/22111

VACANCE DE POSTE

Titre : Ingénieur

Lieu de travail : Laboratoire de I’Accélérateur linéaire
Groupe des anneaux de collisions
ORSAY (France)

Poste: Ingénieur contractuel & IN2P3 (CNRS)

Connaissances requises en électricité, mécanique, vide.

- Habitude de travail sur chantiers.

Activités prévues: Assisterle Directeurdu Projet (P. Marin)
dans les activités d’installation, de montage, de mise en
route, et de vérification de l'anneau de collisions e+e-
(DC1} de 1,5 GeV actuellement en construction a Orsay.
Une expérience équivalente sur un autre accélérateur est
souhaitée.

Salaire et conditions diverses de travail : Suivant titre et
expérience

de FF 6000 a 7000 par mois

Vacances : 1 semaine & Noél
1 semaine & Paques
6 semaines en été

Les personnes intéressées doivent contacter téiéphonique-
ment au 907-78.24, ou par écrit & P. Marin, Laboratoire
de I'Accélérateur lindaire, 91 Orsay.

The World of
TITANIUM

What do you know about Titanium? This versatile
metal combines strength with lightness and economy.

Titanium has made a world of difference in so many
industrial applications.

Shouldn’t you be using it ? Find out by contacting

metallbodio i p.,

P.O. BOX 296 STEINENTORSTR. 20, CH-4010 BASLE
TEL. 061 238953 TELEX 62 270
Agents for
TITANIUM METAL & ALLOYS LIMITED,

2 METAL EXCHANGE BLDS,, LONDON, £,C.3.
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Many manufacturers offer low-priced CPUs. Digital inciuded.
But only Digital can now give you the first Mini-System packages for
30 per cent less than the component prices. Why? Because Digital
manufactures all the elements itself and in larger guantities than any
other mini-computer manufacturer. Pick the low-cost Mini-Systam
that best meets your needs. And get 12-month maintenance, soft-
ware consulting service and access to training.

PDP- ME10 (the Standard-11). Tha rmost versatile standard
computer system ever buill whh disk and tape storage and a choice
of software systemns. Here's what you get:

The new. 16-bit PDP-11E1Q CPU with 16K of 980 nancsecond core
memory and boolloader

An RK-05 2 4-million byte cartridge disk.
A dual DECeassette transport with 160,000 bytes of on-ling storage.

A 30 cps DECwriter for keyboard input and hardcopy output.

The RT-11 Real-Time operating system supporting BASIC and
FORTRAN, or our DOS/Batch system supporting FORTRAN. Take
your pick.

DECLAB-11/40 System. The most complete new laboratory
syslem available. It includes:

A 16-bit PDP-11/40 CPU with 168K of 880 nanosecond core memory
and bootloader.

Two RK-05 2 4-million byte cartridge disks.
A 12-inch diagonal Graphic Display, display processor and light pen.
A 30 cps DECwriter for keyboard input and hardcopy output,




introduces

Systems.

The LPS-11 Laboratory Peripheral System including:

a 12-bit A/D converter, sample and hold, with 8-channel multi-
pléxer and B-cigit LED display;

a pre-amplifier for four A/D converter channels;
a programmable real-ime clock and dual Schmitt triggers.
and a 16-bit buffered digital 1/C.

The lab version of the RT-11 Real-Time operating system supporting
BAS|C and FORTRAN.

Plus four training credits.

GT-44 Graphics System. The price/performance leader in
graphics computing, including:
A 16-bit PDP-11/40 CPU with 16K of 980 nanosecond core memory,
Two RK-05 2.4-million byte carlridge disks.

A 17-inch diagonal Graphic Display, display processor and light pen.

A 30 ¢ps DECwriter for keyboard input and hardcopy output.

The RT-11-GT graphics version of the Real-Time operating system
supporting BASIC.

Plus four training credits

Digital Mini-Systems. You get a lot more for your money.

Digital Equiprment Corporation International — Europe,
87, roule de 'Aire, CH-1211 Geneva 26, Tel [022) 42 7850,

| |
| I want to know mare about the following Mini-System: I
: O PDP-1ET0 0O DECLAB-1/4C 0 GT-44 Graphics =
1 O Please send literature O Please contact me I
: Narne _ _ Position :
1 Company - _ o ]
1 Address ]
1 |
| Telephope |
| I
| |
| |
| i

L—_—-———--—————————--——J

Offices in Reading, London. Manchester, Birmingharn, Bristol, Edinburgh,
Munich, Cologne, Frankfurt, Hannover, Stuitgart, Vienna, Stockholm,
Oslo, Copenhagen, Helsinki, Paris, Grenoble, The Hague. Brussels,
Zurich, Milan, Turin.
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Powerful
" partnership...

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

In meeting the sophisticated DC power needs of nuclear research, two major European names stand
out as leaders—Brentford of England and Smit of Holland. From now on, they will be pooling their
world-wide experience and resources to tackle your future needs in partnership. Now you can be
doubly certain that, if there is a solution to your special problem, their power and electronics technology
teams will find it. Call in either company and a joint design and manufacturing capability will be at
your service. With their background of hundreds of installations world-wide, Brentford/Smit power
supplies can provide outputs from 1 kW to 10 000 kW. Show them your latest requirement—and
get the benefit from this unique pooling of power brainpower.

Brentford =cz Smit

Brentford Electric Limited Manor Smit Nijmegen BV
Rovyal, Crawley, Sussex RH 10 2QF Groenestraat 336,

England, Nijmegen, Netherlands.
Teleph. : Crawley {0293) 27755 Teleph. : 080-558600.
Telex 87252 Telex : 48167.

The power section of a 185 voit 1100 ampere
Brentford/Smit highly stabilised DC power supply.
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Huber + Suhner solve all cable and connector problems. For example:

Different types of Teflon-insulated
SUHNER cables are available for the)
most varied applications. Here are.
three examples:

tubing and dielectric made of Teflon
PTFE

Muiti-core flexible cable, r'nsun‘ared with
Teflon FEP and fibreglass

SUHNER semi-rigid cable with copper

Flexible SUHNER coaxial cable with
dielectric and jackel made of Teflon
wwz  FEP, Teflon PTFE or PFA

tough evenin the hottest
conditions!

Ordinary plastic-insulated cables begin to soften up at temperatures ranging from

W4 Herzog BSR

70°C to 110°C.

Apart from the mechanical strength the electrical transmission properties also deteriorate. Whereas
SUHNER Teflon cables function perfectly.

he reasons for the occurrence of

extreme temperatures are manifold.

Dielectrics and insulations made of
ordinary thermoplastics get damaged
even during assembly by the soldering.
High temperature fluctuations due to
climatic coenditions or wiring in ovens
and freezers also demand a high insu-
lation resistance to temperature.
Power transmigsion in high-frequency
and heavy-current engineering re-
quires Tefion insulation due to the high
conductor temperatures that occur.
Other advantages such as higher
propagation velocity (digital signal
transmission) and chemical resistance
to aggressive compounds justify the

increased application of Teflen-insu-
lated conduciors and cables.
Huber + Suhner supply:

@®RF cables according to US-MIL
specifications and supplementary
types with dielectric diameters from
0.86 to 7.25 mm

® Low-noise coaxial cables with di-
electric diametres 0.86 and 1.5mm

@ Heat-resistant wiring conductors,
flexible or rigid, cross-section 0.28
to 95 mm?

Teflon is processed in two qualities:
Teflon" PTFE for--270 to +250°C, the

less expensive Teflon™ FEP for -150
to +200°C.

Teflon® =
Du Pont.

H

HUBER+SUHNER AG

Herisau Works

Cable, Rubber and Plastics Warks

9100 Herisau Phone 071/531515
Telex 77426

registered trademark of
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Schlumberger

Enregistreur de laboratoire
type Servotrace

Une gamme compléte
avec un seul
dénominateur:

la qualité SEFRAM!

B enregistreurs potentiométriques ou
galvanometriques a 1 ou 2 voies,
utilisables pour les niveaux les plus bas;
impédance d'entrée >70 MQ, temps de
réeponse < 0,4s

B enregistreurs X/Y avec calibres dés
1 mV pleine échelle et base de temps
incorporée

M enregistreurs suiveurs de spot

B enregistreurs oscillographiques
multivoies ascripteursinterchangeable

Plus de 14 000 enregistreurs
en service

Schlumberger

1207 Genéve
Tél. 022 359950

8040 Zurich
Teil. 01 528880

Miinchen — Wien — Paris — Mailand — Stockholm
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High
Energy .
& Nuclear
Equipment

S.A.

“HENESA was established in Geneva seven years ago 1o act as the technical
ligison link betwegen science based industry and CERN, other similar establish-
ments, Universities, Medical Centres and Industry at large. Our Suppliers —
maostly in the United Kingdom, Canada and the U.S.A. — emplay over 1000 phy-
sicists, engineers and other technical staff specialized in the design and manu-
facture of Systems, Radistion Detection Devices and associated electronics,
Compact Cyclotroens, NMR Digital Gaussmeters, lan Beam Optical Systems,
very small Reactors, Cobalt-80 Irradiators and Sterflization Systems, Cobalt-60
and other Sources including MAPLE independent Caobalt-680/electrical power
generators, Cobalt Therapy Units, and biological instruments for the rapid
detection of bacteria and for photometric analysis of cells.

We would especially like to draw your attention to the lon Beam Optical Systems,
Instrumentation and Accessories including the NMR Gaussmeter previously
manufactured by SPECTROMAGNETIC INDUSTRIES — now part of the
CYCLOTRON CORPORATION. Many of you will know SPECTROMAGNETIC'S
analyzing, switching and quadrupcle magnets, high resclution precision magnetic
Spectrometers and Spectrographs and we shall be glad to bring you up to date
on the latest specifications.

We would also like to highlight the availability, from stock, of our 8 and 12 Module
CAMAC carrving cases (illustrated in the photograph). These are equally suitable
for NIM units, they are lockable, strong and inexpensive as well as being ideal
for thg “safe sterage of instruments in the lahofatory or when they have to be
moved,

SUPPLIERS

Nuclear Enterprises Ltd. Bio-Physics Systems Inc.

The General Eng. Co. {Rad) Ltd. Atomic Energy of Canada Limited
S.E. Laboratories (EMI) Ltd. Teledyne Isotopes

Computer Instrumentation Ltd. Johnston Laboratories [nc.
T.E.M. Instruments Ltd. Electronics and Alloys Inc.

Laben Photophysics inc.

The Cyclotron Corporation Conographic Corporation

HENESA - 2, chemin de Tavernay, 1218 Geneva. Telephone (022) 98 25 83/82.
All inquiries to this address or by telex-number 23 428, Other companies in
Germany — HE+NE {Deutschland) GmbH, Frankfurt, and Spain and Portugal —
HENESA (Spain), Madrid.

CAMAC-NIM carrying cases

 WE
WRAP
WIRE

The Electronics Division of Vero Precision Engineering
Limited have expanded their services to industry with
the addition of an N.C. Wire Wrapping facility,
comprising wire stripping and wire wrapping machines.

With this facility work can be completed in a fraction
of the time taken by conventional methods, with the
added advantage that cnce the tape has been prepared.,
each assembly produced from the tape, will be identical.

Coupled with this provision for wire wrapping we offer
a fast wire stripping service supplying wire cut and
stripped to customers’ requirements.

We would also drawy your attention to other services
offered by the Electronics Division of Vero Precision
Engineering Limited: Prototype Electronic Wiring.
Productiocn Wiring, Control Panel Wiring, Loom Design
and Assembly Wiring, Wiring and Assembiy of P C B s,
Chassis Manufacture and Wiring, Cubicle Manufacture
and Wiring, Test and Inspection to Customers’
Specifications, Development of Electrical Control and
Swilch Panels for Special Purpose Machinery.

Vero Precision Engineering Ltd,
{ELECTRONICS Division),

(Electronics Division),

South Mill Road, Regents Park, Southampton.

\ Telephone: 771061 Telex: 477603




‘une nouvelle réalisation
. SODILEC . le bloc modulaire

limentation tri-source

: ) Dans un volume Les 3 voies sont protégées contre
, /1{ ommande . 1 e fw’ ¥ de 70120 % 125 mm {1 litre) courts-circuits, surcharges et surtensions.
- @... e Voie 1:5V -2A Régulation : < 2.10~*
o0 - ; Voie 2: +105Va + 165V -0,15A Ondulation résiduelle : <1 mV ¢/c
Lt LY Voie 3: —10,5Va — 165V -0,15A

Souplesse d'utilisation : Concue pour
alimenter & la fois circuits logiques

(DTL, TTL, MOS et CMOS), et analogiques
{Amplis opérationnels,...)

Lo oo P Possibilité de symétriser et dissymétriser
e o WW A les voies 2 et 3 par potentiométre

" . . /«\' - >

Tk - S0 G080 5@159@ : INCorpore.

N Ay B Bigot ;

Notice sur demande.

Sadilec

7, avenue Louvise 93360 NEUILLY-PLAISANCE
él. : 927.38.07 TELEX : UPIEX 22 429 F

G NEUHLLY PLER

AGIGROUP/GALIBERTI 464

PARTICLE ENERGY MEASURING GLASS

SEVERAL NEW GLASS TYPES* ~— NOW AVAILABLE FROM BOURNS
CERENKOY SOUNTER PEMG t PEMG 2 PEMG 22 PEME 4 PEMG 5

Pb Content—3% by Wt. 50.0 45.0 45.0 55.0 61.0
Specific Gravity 3.85 3.61 3561 4.08 447
Radiation Length (cm) 2.84 ki) 3.22 2.54 217

Obara PEMG glasses are distributed throughout North America and Eurepe by Bourns Optical
Blass, Dur glasses are kaown arcund the world for highest quality, reasonable prices, and re-
fiable dativery. Finely polished pieces ready for use are supplied in square, rectangular, hex and
dise shapes made to your specific reguirements.

Fer more Information such as Internal transmittance data, physical, chemical and mlmlci
properties, users iist, and a proposal, please contact sither office.. :

1790A Springfield Ave. P.0. Box 45708

. BOURNS New Pravidence, N. J. 07974 Les Angeles, GA. 90045

e Phone: 201-665-1686 Phone: 213-641-2485
OPTICAL GLASS  Telex: 1-36469 TWX: 910-328-6158

AD. NO. 73-32
MARLBOROUGH ASSOCIATES, INC.,
1234 IOWA AVE., RIVERSIDE, CALIF. 92506
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amplificateurs et préumplif
en “couches minces”
pour compteurs proportionnels

CIT
Heael

DEPARTEMENT PHYSIQUE ET MECANIQUE
MICROELECTRONIQUE - SERVICE COMMERCIAL

%

41, rue Périer - 92120 MONTROUGE - Tél. 253.37.90 - Télex : 27431 F

140




Another ===
Instant

Camac
Package

Why look further?

i
e

Circuits |mpr|mes

CICair&l (€]

Ch. de Rionza 5 — 1020 Renens/Suisse
Telex 25640

Technical R“ubber
and Plastic Goods

This is your
address :

8051 Zurich
Tel. (01) 4011 00

___________ —

Ask for free literature by sending this coupon

hose catalogue

hydraulic hose catalogue

air hose catalogue

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

Ooooooudod

Name . Lo

Department
internal telephone No

Special interests

I Signature Date

We have special radiation resistant rubber compounds that give
unique service - please contact us for hoses, profiles, sheets,
seals, cables.
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Ultra 123 i Ultra GG o 105 Ultra

le taraud le taraud ¥ le taraud
obuste spécial " universel
pour matiéres pour fonte,
difficiles a rendement
a travailler supérieur

Notre programme Uitra
est une speécialité
131 Ultra de toute premiére classe
CRETET et signifie pour vous:
spécial ‘ meilleur rendement!
pour trous Avec ces quatre types Ultra
borgnes vous résoudrez
F a0 a rendement tous vos problémes
- supérieur de taraudage.

o 4

A Charles Manigley+Cie

2572 Sutz - Suisse Teél. 032-7 1151 Telex 34 451

U

TRY

SEMRA BENNEY
FOR :

NIM INSTRUMENTATION (CERN RANGE) e g e ] s
NIM HARDWARE (FULL RANGE) T et e
CAMAC HARDWARE (MODULES) | *

CAMAC CABLES (88 & 132 WAY)

MODULAR POWER SUPPLIES (STABILISED)
CUSTOM-DESIGNED EQUIPMENT
COMPLETE SUB-CONTRACT FACILITIES

SEMRA BENNEY (ELECTRONICS) LTD.,
BRICKFIELD LANE, CHANDLER'S FORD
EASTLEIGH, HAMPSHIRE, UK, SO5 3DP. TEL. (04215) 61147 & 5477
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The novel features
of these
components...

...are also incorporated in the new
BALZERS ionization vacuum gauges!

The novel features of these components and the newly conceived circuit design, combined with the dependable prin-
ciple of the hot cathode jonization, are the primary requirements for advanced designs in the field of vacuum measuring
instruments. The vacuum user is mainly interested in the benefits he gets from advanced designs. The most outstanding
are enumerated below. In addition, comprehensive documentation will be gladly submitted to you upon request.

S A

P

. Con s el T e

asedaddh

Ry

Measuring range: tot-
al 107t 10°% Torr -

Measuring  systems:
HiFi and BA gauge
heads. Accurate pres-
sure read-out on
strictly log. display.
Qutput signal 10V
1/2-19 rack panel. Ad-
justment and centrol
of zero and emission
current not reguired,
Automatic monitor-
ing of cathode cur-
rent.

BALZERS-owned Sales Companies in:
Zirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (5}, Berkhamsted (GB),

Santa Ana (USA), Meudon (F), Milano (I}

Measuring range: 2-10-3 t0 1072 Torr. Mea-
suring system: BA gauge heads. Digital read-
out and automatic range selection. Analog and
digital signal outputs for process control and
computer connection. 1/1-19 rack panel.

Measuring range: 10310 102 Torr. Measuring
system: BA gauge heads. Analog read-out and
manual range selection with LED range read-
out. signal output 10V/5mA per decade. 1/1-
197 rack panel.

Extended emission current range. Degas and modulater device. Multiple protection for elec-
tronic system and gauge cathodes. Remote control for cathode, Excellent and very stable ampli-
fiers for measurements and emission current control insure high standards of accuracy of the
measuring data.

In addition to the equally new UHY gauge head, type IMR 132
{flange NW 35 CF), most commercially available BA gauges
can be used.

BG 800019 PE DN 5493

BALZERS

BALZERS AKTIENGESELLSCHAFT
fur Hochvakuumtechnik und Dianne Schichten
FL 9496 Balzers
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Are NbTi magnets
limited to 60-70
kiloGauss?

At IGC (where we build
Nbi:Sn magnets to 165
kiloGauss) we are apply-
ing new techniques and
building stable Nb-Ti
magnets and magnet
systems to fields of
B8kG at 4.2K, and 110kG at
temperatures slightly above
the helium % point (2.18K).
These new |GC Nb-Ti magnets
are compact, operate at low currents {generally 40 to
75 amperes) and offer reliable persistent mode capability.

TABLE OF PERFCRMANCE SPECIFICATIONS

Quench Field at 4.2K 88 kiloGauss

Quench Field at 2.2K 110 kiloGauss

Clear Bore Diameler 30 mm

Quter Diameter 130 mm

Length 125 mm

Operating Current st 110kG 69 Amperes

Field Homogeneity * 5x10*ina5mmDSV™
Time to 110kG Under one minute
Waeight 7 kilograms

Average Current Density in
Winding Space at 110kG

*Representative only of magnel shown: higher homogeneity available.

25,000 A/cm®

This is one more reason to consider 1GC, whatever your
requirements — superconducting materials, ultrahigh field
maghnets, or complete turnkey systems. Rely on the one
company with across-the-board capability . . . Intermagnetics
General Corporation. For more information, write or call:
Paul Swartz, Vice President of Marketing and Sales, Charles
Park, Guilderland, New York 12084. Telephone: (518) 456-5456.
TWX No. (710) 441-8238,

INTERMABRETIES /1/=711.

CORPCRATION

New Kamer Road Guilderland, New York 12084
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HOKE GYROLOK
FLARELESS
TUBE FITTINGS

116" TO 17 0.D. /3 MM TO 12 MM
HIGH VACUUM — PRESSURE —
TEMPERATURE — CRYOGENICS...

DISTRIBUTOR FOR SWITZERLAND

MATKEMI AG
4106 Therwil

Erlenstrasse 27
K I Telefon 061 /734822
Telex 62440




LEYBOLD-HERAEUS

@

Pompes rotatives
a palettes

FELDMUHLE
AKTIENGESELLSCHAFT

D-731 Plochingen (Germany)
Telefon 07153-611
Telex 07266 825

Molded
parts made of
sintered aluminium oxide
96 — 99,8% Al,O,

Aluminium Oxide
Ceramics
MoMn-Ni- and
WNi —
metalized.

Ceramic/Metal
Combinations
particularly
Vacuum- Chambers

UHV-Feedthroughs

Pompes -trivac®-§ et -trivac-D

Bon vide limite avec ou sans lest d’air

Débit élevé méme dans les basses pressions
Fonctionnement silencieux et exempt de vibrations
Raccordement par brides PNEUROP
Grande robustesse, méme en service continu
Filtrage d’huile en continu
Vanne de sécurite incorporée
Programme d’accesseires trés complet

LEYBOLD-HERAEUS AG

Qerlikonerstrasse 88, Téléphone 01 46 58 43

8057 ZURICH

The tapered slabbing and reaming drill is
econamical and very useful

DRILLFILE

special drill

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

TIPSWITOOL
1564 DOMDIDIER/Switzerland
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® Corps matricé en
laiton ou inox

® étanchéitévis-a-vis
de l'extérieur meé-
tallique.

ROBINETS INDUSTRIELS ET NUCLEAIRES
R SOUFFLETS METALLIQUES

ROBINETS
A SOUFFLETS
METALLIQUES

Etudes par nos services de
tous problémes spéciaux et
de série.

¥ 4
\\TJ.\“
_

-~

) 5 a 200 mm @ Corps droit ou équerre ® Température: — 270°C a - 650°C @
Pression: ultra-vide & 500 bars @ Réglage d'ouverture & levée totale, a passage
direct @ Signalisation électrique ® Commande pneumatique et & distance @ Indica-
teur de position.

Catalogue sur demande

62, rue de la Villette,
75019 PARIS FRANCE
Tel. 607.35.29 - 205.38.26

LASER CHRONOLITE
UND
HOLOGRAPHIE-LASER

ein im Q-switch-Betrieb arbeitender Rubin-Impulslaser, der
zwei in kurzen Zeitabstanden aufeinanderfolgende Laser-
Lichtimpuise abgibt. Der Zeitabstand ist im Bereich von 1 ms
bis 10 us stufenlos variabel und kann auf Wunsch nach oben
und nach unten erweitert werden.

Die Halbwertsbreite des Laserimpulses liegt bei 20 ns. Wellen-
lange 694 nm. Kohérenzldngen von mehr als 1 m sind erreich-
bar. Die Impulsenergie von 50 mWs reicht aus, um in Reflek-
tionsholographie eine 13 x18 ¢m Photoplatte zu belichten und
Objekte von 10 bis 20 ¢m Durchmesser auszuleuchten.

Bitte fordern Sie Unterlagen an bei

_‘é:h IMPULSPHYSIK GmbH

2 Hamburg 56 (Rissen) Silldorfer Landstr. 400
‘-’ Tel. (040) 812151 / FS 02189514 ffid

(1) = IEEEED

Entreprise de peinture

Suisse
Moyen-Orient
Espagne - ltalie
Afrique du Nord
lle de la Réunion
Belgique

C.E.R.N. - GENEVE

Prézioso International S.A.

Siége social :

15, avenue Victor Hugo
75 — PARIS 16°

Direction administrative :

B.P. Ne 2
SAINT-CLAIR DU RHONE
38 370 Les Roches de Condrieu

Tél. {74) 855307
855228
Télex: 90404 F
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OUR NEW | e

16 INPUT | 924
PATTERN UNIT | %
STANDS HEAD
AND
SHOULDERS
ABOVE

THE REST

FIVE ¥ FEATURES

¥ 16 LED'S - one for each input.

%* All inputs contraolled by a
single gate.

¥ Front-panel push-button resets
the pattern register.

Switchahle L-request mode.

All inputs DC-coupled and
protected against over-voltage.

=

ELECTRONIGQUE
1211 GENEVE 13 - SUISSE Case postale 39 - 31, av. Ernest-Pictet - Tél, (022) 442940 - Télex 23359 - Cables SENELECTRON

m— L ————
Zurich Hamburg
SEN ELEKTRONIK AG SEN ELEKTRONIK GmbH
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Affiliate

[0\ ; PRECISION MUNOLITHIC;LNC.

TEST OUR SUPERIOR VERSIONS OF

935725 SERIES

INSTRUMENTATION OP-AMPS

S$SS = SUPERIOR SECOND SOURCE

Our advanced processing technology and im-
proved circuit design yield superior versions
of popular cp-amps like 725 series.

QOur devices exceed the indusiry-standards
in a number of characteristics.

We specify our products with stringent
MIN/MAX values and we guarantee to meet
or exceed these specifications.

S88 725 op-amp models are available in se-
veral grades for full Military {(-55°... +125°(C)
and Commercial (0°... +70° C) temp. ranges.

Examples of the guaranteed Specifications
(SSS 725 A)

Offset Voltage ..
Offset Current .
Offset Drift ...

0,1 mV MAX
1,0 nA MAX

086 uV/°C MAX
. 20 pA/°C MAX
CMBR e 120 db MIN
Voltage Gain .. 109 MIN

........ and all 725 models are now specified for max. £22V continuous differential input voltage!

CONDENSED PMI PRODUCT GUIDE:
6 —8 - 10 bit D/A Converter Line
aim Dac-100, mono Dac-01, -02, -04

8-10-12 bit A/D Converter Line
mono AD-124

Precision Operational Amplifier Line
mono OP-O1, -05, -10

Superior Second Source Op-Amp Line
888 725,741,747

Precision Voltage Comparator Line
mono CMP-01, -02

Special Products
High-voltage display drivers.
Ultra matched dual transistors.

{00 PMI...

LEADERS IN LINEARS!

Bourns (Schweiz) AG
Tel.042 232242

148

Baarerstrasse 8, 6301 Zug
Telex 78722



FLUKE INFORMATION

Nouveau multimetre
digital
Fluke 8000 A

"N
|

|L'|l.‘i§ j‘,“.“.

LR
gav gl Il&lllt [

W 26 gammes
m O, AC, DC, courant et tension
Push buttons serie 21 W 3,5 digit (£2000 digits)
Lighted push buttons Serie 11 | ] résolution: 100 }LV DC+AC, 100 nA- DC+AC; 0,1Q
P ) o
— goldplated snap-action switch 5A/ 250V~ W précision en DC: 0,1% sur 1 année
— illuminated with Bi-Pin longlife lamp T1 B options avec accumulateurs ou sortie BCD
— momentary or push-push actien, 1/2/3 pole m Prix Fr.1160.—
— factory guarantee for 2x10% mecanical operations ’ )
— round mounting hole ;- 8/12 mm
Demandez la documentation compléte
E Elektro-Apparatebau Often AG, Tannwaldstrasse 88 Kontron Electronic AG
CH-4600 Olten, Teleton 062/2119 81 Bernerstrasse 169, 5048 Ziirich, Telefon 01 62 B2 82, Telex 57432

W03 E

Blocs de puissance Blocs Alimentations
modulaires | spéciales

B SAPHYMO-SBAT

DEPARTEMENT
ALIMENTATIONS

" THOMSON - CSF

51, rue de Amiral-Mouchez
75013 Paris

Tél: 588.45.39-588.16.39
Télex: 25731 F. TESAF!

CAMAC
Chassis alimentation CAMAC
Type C7 AL DW

Sept Tensions

Puissance maximale 200 W

Demandez la documentation A10 A1

NIM

Chassis alimentation NIM
Type G7 ALN13
Puissance maximale 200 W

Nouvelle raison sociale:

SAPHYMO-STEL

RPI 953t
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. camac

ICP 11

Schlumberger

— Link between a CAMAC crate and a PDP 11
computer

It provides 25 interrupt vectors for the CAMAC
branch (24 GL and one external request).

Two modes of operation
& programmed mode

® direct memory access mode :
— either normal DMA mode {N, and A un-
changed during the operation})

— or Automatic DMA mode {N and A au-
tomaticali incremented)
Two options :
ICP 11 for short distance transmission (<X 30 m}
ICP 11Aforlongdistance transmission (2250 m).

- Interface builtin the computer, realised in a

standard DEC system unit type BB 11. Six ICP

11 can be set into a single DEC crate type
BA 11.

FOR MORE INFORMATION PLEASE CONTACT :

SAIP/SCHLUMBERGER : BP 47 - 92222 Bagneux (France}
Tel. : (1) 655.22.11 Telex : SAIPEX 25075 F



RPA in the
nucliear industry

Hinkley Point Power Station. Reproduced by kind permission of the C.E.G.B. South Western Region.

REYPAK 75 series equipment
For Neutron Flux Measurement
Neutron Flux Scanning
Gamma and Area Monitoring
lodine and Effluent Sampling

Chemical Analysis
Temperature Monitoring

Mechanical Assemblies
Gas Circuit Instrumentation
Reyrolle

For Complete System Engineering: Parsons
development, design, manufacture, Automation

installation, commissioning Limited
Telex: 537040 ‘Automate’ GHEAD

Kingsway, Team Valley Trading Estate, Gateshead

Co. Durham, England. NE110QJ Telephone 0632 870811.

Agents in Switzerland: Airtechnik AG, 8153 Riimlang ZH,

Siintisstrasse 6, ZURICH, Tel. Zurich 01/81774 71, Telex 55 204BH |Reyrolle Parsons Group




Procedes
de soudage

avec les gaz
Carba

Techniques autogénes Soudage MAG

avec l'acetylene- avec CO, "S", l'acide
dissous et 'oxygéne carbonique de Carba
soudage: téles minces, avec pureté garantie
tubes, métaux non pour: les aciers de

Soudage MIG
avec les mélanges

Carinox 4, Carbac 30)
largon et I'hélium

'@
()

W)
<
0
T

CA

Techniques Plasma
Soudage, coupage,
rechargement par
pour: I'aluminium et ses projection

alliages, les aciers avec Carbac, I'argon

Soudage TIG
avec l'argen, 'hélium,
Carba (Carmig, Carmox, Carinox 3 et Carbac

ferreux construction, les aciers’ pour: les aciers faible- inoxydables de toutes et d'autres meélanges

brasage, oxycoupage, chaudiére, les tubes,
chauffage, redresse- les aciers a grain fin.
ment, trempe, projection
et décapage alaflamme.

ment et fortement
alliés, l'aluminium,
le cuivre et leurs

alliages.

compositions, les mé-  pour tous les métaux
taux cuivreux et a base

de nickel, le titane et

d’autres métaux

spéciaux.

by

.

it bt

FLOSSIGER
SALERSTOFF

L

Bale Zurich Lausanne



