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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 1100 Fellows
and Scientific Associates. Twelve Euro-
pean countries contribute, in proportion
to their net national income, to the
CERN Laboratory | budget, which totals
382.9 million Swiss francs in 1973.

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 1973 is 188 million Swiss francs
and the staff will total about 370
people by the end of the year.
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Cover photograph: Recent aerial view over the region of France and
Switzerland where the CERN Laboratories are situated. The camera looks

along the North Area beam-line (indicated by a dashed white line) towards

the SPS ring. The ring will always appear on aerial views as a dashed line

rather than a circular mound or building since it is being built underground.

CERN Laboratory I, with the Proton Synchrotron and Intersecting Storage
Rings, lies beyond the SPS ring. The Franco-Swiss border is picked out

by small crosses and in the background can be seen the ribbon of the river Rhone

and the Jura mountains. (Photo Swissair)



Progress in construction of the SPS

Part Il: Controls, R.f., Civil engineering and Experimental areas

The continuing saga of the building of
the Super Proton Synchrotron... Last
month we described how far things
had advanced with the injection-
ejection systems and with the ring
magnets and their power supplies.
This month we turn to other major
features of the machine — the control
system, the radio-frequency accelerat-
ing system, the civil engineering work
on the site of the new machine and the
two experimental areas which will
receive the accelerated protons.

Keeping contro!

Work on the control system of the SPS
has now moved to the hardware phase
as the detailed requirements have been
fixed. This follows a thinking phase
when the general philosophy was
worked out; the think has resulted in
a control system with novel features
which will extend the techniques of
- accelerator controlin several directions.
. It is hard to imagine that only four
years ago the use of computers in
machine control was still a subject for
debate (see, for example, vol. 9,
page 166). Now accelerator controls
are built around computers and the
debate is only on how best to use
them. The SPS team were able to
learn from the work of other Labora-
tories (particularly on the 400 GeV
synchrotron at NAL and LAMPF at
Los Alamos) and to make decisions
in the light of the experience that had
been gathered.

One novelty is to move away from
the concept of a large central control
computer overseeing small computers.
Instead of this monolithic approach,
the control tasks will be divided be-
tween many small or medium sized
computers which are effectively inter-
changeable. Even at the control con-
soles themselves there will be three
virtually identical computers whose
function will be dictated only by the
software which is brought into them

at a partlcular time. This approach loses
the number crunching ability of a big
computer but this is rarely called upon
in machine control and for the few
occasions when it is needed (such as
quadrupole positioning during com-
missioning) a bicycle ride with a
magnetic tape to a link to the CERN
central computers will not be too
arduous.

The small computer solution is also
cheaper. Norsk Data-Elektronikk (Nor-
way) is to provide 24 computers of
their NORD-10 type. By early Decem-
ber, six had arrived at CERN and,
apart from some minor teething trou-
bles with faulty memories (now com-
pletely cured), they are performing
excellently. A NORD-I was lent
within two months of the contract
being signed and was operating satis-
factorily within a few hours of being
plugged in. In addition to seven at the
control centre, they will be sprinkled
in the six service buildings around the
circumference of the SPS ring and in
the experimental areas.

Novelty number two is in the
mysterious realm of software. A major
problem in the past has been the
interdependence of programs that
have to be ‘compiled’ as a separate
process before they can be run in the
computer. A system has been adopted
in which the programs are kept as
statements of a specially developed
control language ca:l'led NODAL.These
statements are interpreted directly
when the program: is run and the
‘interpreter’, resident in each com-
puter, has access to all the information
necessary to enable it to make the
required cross-references and links.
Avoiding separate compilation means
that changes can be made without
disturbing the whole software system.
The statements in NODAL are very

similar to those used in everyday -

speech in accelerator control. This
results in great simplicity, flexibility
and a large measure of ‘instant pro-

gramming’ — which is so essential for
commissioning, maintenance and ma-
chine studies.

The programs can be called on and
adapted individually without disturb-
ing anything else. Also the mini-
programs can be run on any of
the computers. One thing which is
lost is speed of execution. However,
for almost all control applications, a
millisecond is not forever and the
speed is entirely adequate.

All the computers are linked through
a Message Transfer System and one
computer can ask another to perform
some measurement, control function
or calculation by using a few simple
typed statements.

A lot of thought has been given to
the layout of the central control room.
It will have three identical consoles.
Only one will be needed for routine
machine operation but for commis-
sioning and machine development it
will be necessary to have extensive
and separate control over such systems
as the r.f., magnet power supplies, etc.
In this case it will simply be necessary
to call for the appropriate software to
be switched to a particular console.

The stage at which the human being
comes into the picture (the ‘operator
interface’) will also have its novelties.
In addition to some conventional
control aids, such as black and white
television display screens and com-
puter input keyboards, there will be
colour display screens (enabling more
information to be transmitted and
absorbed on one display), a new type
of touch button screen (to select the
desired control function) and a knob
with feed-back from the computer
(stiffening the turning mechanism so
that, for example, megawatts cannot
be twirled with a little finger).

The whole gamut of lights and
switches and knobs etc., which clutter
the control rooms of yesteryear have
to be represented on a single console.
It is via the touch panel that the
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A control console being used to optimize the
various control facilities which will be available
to operate the accelerator. It is linked to one of
the NORD-10 computers which can be seen on
the right.

Below: Not the result of a life test on a machine
operator but simply a bit of ergonomics while
working out the best layout of the consoles for
the SPS control room.
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required abilities are brought to the
operator. Each button has a label
written on it by the computer. Pressing
a button changes the electrical capa-
city at that point behind the panel and
selects a particular function. The com-
puter can re-write the labels on the
buttons at will — the operator can
thus choose the system he wishes to
adjust, the particular component, the
property he wishes to change and
then implement the change itself.’

The computers are linked to the
equipment via CAMAC units and a
multiplex system involving nearly 3000
electronic units which will be manu-
factured by Borer (Switzerland). The
message transfer system will be pro-
duced by TITN (France) and the many
kilometers of cable will come mainly
from Thompson-Brandt (France).
Oddly enough, cable which is more
resistant to radiation (using poly-
ethylene) and is enclosed is a flame
retardant sleeve, came out cheaper
than the normal cable (using PVC).

Instrumentation for monitoring the
beam includes much standard equip-
ment (beam current transformers,
screens and television, etc.) such as
is found on lower energy accelerators.
One problem arose in the development
of the pick-up stations. If they were
to cope with the injected beam, which
they could detect because of the
modulations it had hanging around
from its time in the PS, and in addition
cope with the 200 MHz that the SPS
r.f. system subsequently introduced,
the associated electronics would be
uncomfortably complicated. To over-
come this a 200 MHz modulation wiill
be induced in the beam before it
leaves the PS so that 200 MHz is the
only frequency the pick-up stations
need worry about.

The r.f. system

Work on the radio-frequency accel-
erating system is building up to the



time next year when tests can be
carried out on a complete full-scale
assembly of a. cavity and power
amplifier. This will be the moment of
truth for the R.f. Group because the
tests which can be carried out up to
that stage can only simulate some of
the operating conditions but not all at
the same time.

Manufacture of all the necessary
components is now under way. The
two large travelling-wave cavities
which will sit in the SPS ring are
being manufactured by Leybold Her-
aeus (Federal Republic of Germany).
The copper-clad steel sheets were
ready in the middle of the year and
the first cavity sections have been
rolled, welded and machined. Because
of the manufacturing technique, the
copper surfaces do not emerge gleam-
ing as r.f. accelerating structures often
do. However, when the sections were
tested, they revealed Q values of 95 %
of the theoretical value, at the design
frequency. This is much better than
could be expected and the somewhat
unaesthetic appearance can therefore
be most happily accepted.

A half-scale, two-cell model has
been used to check the effects of
errors in the important dimensions.
This was necessary because it is
intended to do the tuning of the cavities
by carefully controlling the mechan-
ical dimensions during manufacture
so that no tuners will be needed on
the finished cavities.

Other important tests have con-
cerned the phenomenon of multi-
pactoring. This can be a problem in
the operation of r.f. equipment — it
involves electrons bouncing around
between the walls of the structure
under particular conditions, sucking
up a large part of the power fed into
the cavity as they do so. A full-size
two-cell section has been operated
with currents and voltages in excess of
those which will be experienced in
the SPS. It was installed in the 28 GeV

The power amplifier unit which operated for the
first time at the manufacturers on 4 December.
Five of these 125 kV units are built into each
power amplifier feeding a radio-frequency
accelerating cavity.

(Photo SIEMENS)

A full-scale two-cell model of the r.f. cavity to
be used in the SPS shown installed for a series
of tests in the proton synchrotron ring. It was used
to study multipactoring, rebunching and the
performance of the SPS phase lock system.

CERN 254.9.73
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synchrotron to observe its behaviour
with a proton beam and no multi-
pactoring was detected after the sec-
tion had been conditioned for a short
while.

Each cavity will be fed with 500 kW
of r.f. power at 200 MHz which will be
provided by an amplifier using five
125 kW power tubes. Three of these
amplifiers are being built at Siemens
(Federal Republic of Germany). The
first batch of tubes was successfully
tested at full power in October and,
on 4 December, the final version of
the amplifier cavity was operated for
the first time. Anyone who has played
with high frequencies will be aware
how parasitic modes can creep in
everywhere in these systems. There
are so many possibilities that it is
virtually impossible to calculate them
all in advance and to take steps to
avoid them. They need to be elimi-
nated while commissioning. A 500 kW
unit is scheduled to be assembled at
CERN by November of next year and
it will then be possible to test the full
chain of the r.f. system.

Components for transmitting this
r.f. power from the amplifier to the
cavity will also be on hand by then.
Among the trickiest of them are the
ceramic vacuum windows which link
the feeder lines to the cavities. A novel
design has been developed which, by
avoiding an r.f. structure giving tem-
perature gradients which such win-
dows normally experience, has elimi-
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nated the source of mechanical stress
which often causes such windows to
fracture. In addition, the design makes
it possible to change a window
rapidly and this could be an important
asset in the high radiation environ-
ment of the accelerator tunnel.

Another important task is the con-
trol of the high power r.f. system to
provide efficient acceleration and
handling of the beam (capture, tran-
sition and debunching). The
power r.f. comprises several closed
loops controlling r.f. parameters. One
example is the phase lock which, by
picking up signals directly from the
bunches of protons orbiting the ring,
ensures that the r.f. cavities give the
kicks of further energy at exactly the
right time. It is the first time that a
phase lock has been required for a
proton synchrotron operating at a
frequency of 200 MHz and the timing
precision involved is unusually high.
All the manoeuvres will be done at an
intermediate frequency around 20 MHz
using coherent mixers. A prototype
has been made and successfully
tested with the PS beam.

Radial steering of the beam during
acceleration will require accurate con-
trol of the frequency which will be
done with the help of a dedicated
computer. The longitudinal behaviour
of the beam, and hence the perform-
ance of the r.f. system, will be moni-
tored by a wide band pick-up station
(operating at up to several GHz).

low

In the depths of the earth at the location of
straight-section No. 2. The mole has disappeared,
continuing its burrowing around the ring,

down the tunnel on the right. Emerging from the
tunnel is part of the train which carries concrete
lining sections towards the mole and brings back
the molasse which has been cut out.

Here the major difficulties are to steer
clear of waveguide modes which can
arise from the electrodes and from the
vacuum chamber itself.

Very civil engineering

We have tended to keep in touch with
the civil engineering work in the pages
of CERN COURIER because, up to
this stage of the game, it has been the
most spectacular manifestation of the
activity on the SPS project. We
restrict ourselves here, therefore, to a
quick run through of the progress
which has been achieved so far.

Some tens of metres below ground,
the mole has continued its boring way
round the 7 km circumference of the
SPS. On 12 December, the Robbins
machine emerged at the location of
straight section 4 having thus carved
out the tunnel halfway around the
ring.

On average, it has advanced at the
rate of 20 m per day and has reached a
peak of 35 m per day. In general the
work has gone smoothly apart from
running into pockets of methane
which required special measures for
ventilation. The explosive methane
was sometimes accompanied by liquid
hydrocarbons but, alas, not in quanti-
ties which would have the slightest
impact on the present fuel crisis.

Soon the access shaft, PP4, near
straight section 4 will take over as the
point where spoil is removed from the
tunnel and where the concrete lining
sections are introduced. This will
liberate the half of the ring which has
already been bored out so that it can
be tidied up ready for the installation
of machine components.

The tunnels which will house the
injection beam-line, bringing the pro-
tons from the PS, and the two ejected
beam-lines, taking the protons to the
West and North experimental areas,
have been excavated. The access
shafts around the circumference of the



ring are dug out and most of them have
their concrete lining.

Meanwhile, on the surface, all the
office and laboratory buildings have
been completed, the last of them
(Block IIl) opening its doors to the
Laboratory |l staff in November. Such
signs of civilization as a post office
and a bank are in action and they will
be joined early next year by a res-
taurant.

The power line, to bring electricity
at 380 kV from the nearest point on
the European grid at Génissiat to the
site, is under construction and should
be completed in April of next year.
Provision for bringing the other im-
portant commodity, water, is also well
in hand. Two large reservoirs (5000 m?*
each) are being built on the Swiss
part of the site and the pipe-lines,
which will carry the water from the
pumping station at Le Vengeron on
Lac Léman, are being laid.

The experimental areas

The last major decisions concerning
the SPS project were taken towards
the end of the year. They determine
the general scheme of the particle
beams which will be available for
experiments during the first years after
the accelerator has come into opera-
tion. These decisions are extremely im-
portant (because, after all, an experi-
mental programme with very high
energy beams is the purpose of the

exercise) and the whole of the
particle physics community in Europe
has been involved in working out the
best possible solutions within the
available boundaries of money, man-
power and time.

The process started, under the
auspices of ECFA (European Com-
mittee for Future Accelerators), many
years ago before the project was
authorized. ldeas were up-dated and
refined by Working Parties which
presented their conclusions during a
study week at Tirrenia in 1972 (see
vol. 12, page 318). Finally, the SPSC
(the 300 GeV Experiments Com-
mittee) has received the first ‘letters of
intent’ concerning the experimental
programme. This vast accumulation
of information has led to the following
scheme:

The accelerated beam ejected to-
wards the West experimental area can
be directed, in an underground switch-
yard, either onto a target (T7) to
provide secondary particles for an r.f.
separated beam, or onto a target (T9)
to provide neutrino parents, or it can
travel on as a proton beam. The pro-
ton beam and the r.f. separated beam
climb to the surface in the same tunnel
emerging near the West Hall. The r.f.
beam goes to the 3.7 m European
bubble chamber, BEBC; the proton
beam can be split to bombard three
targets (T1, T3, TS) giving a series of
secondary beams.

Both the r.f. separated beam and

The general scheme of beams which are fore-
seen for the West experimental area of the SPS.
A neutrino beam reaches BEBC and other
detectors via beam-line N1. BEBC is also fed by
an r.f. separated beam (S3), which climbs to the
surface in the same tunnel as an ejected proton
beam-line bringing protons to three targets

(T1, T3, T5). These generate hadron and
electron beams for experiments in the West Hall.

the West Hall beams will be generated
from a primary proton beam of
200 GeV maximum energy. The r.f.
beam (S3) can then select pions,
kaons, protons or antiprotons up to a
maximum energy of 150 GeV. An-
other r.f. separated beam (S1) can be
drawn from target T1. It will serve the
Omega spectrometer (using super-
conducting r.f. cavities being built at
Karlsruhe) with pions, kaons, pro-
tons and antiprotons up to a maximum
energy of 40 GeV.

This second r.f. beam might also be
used as an electron/photon beam-line
to Omega (when it is referred to as
S1/E1). Alternatively electrons and
photons could reach Omega via a
different beam-line (E1) which could
be used for other experiments not
involving Omega. Target T3 provides
high energy hadron beams (up to
150 GeV along beam-line H1) and
target TS5 will be the source of special
beams, a hyperon beam being a
probable example.

It is the West Area Neutrino Facility
(WANF) which has seen the major
changes since we last discussed the
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The general scheme of beams which are foreseen
for the North experimental area of the SPS.

The ejected proton beam is split onto three targets
(T2, T4, T6) which generate secondary particle
beams for experiments in the two zones. Note
that the scale has been greatly reduced along the
beam direction and exaggerated at right angles
to it, so as to present the division of the beams.

Target enclesure
I k< 4 3

Zone I

=
s L

SPS experimental programme in our
pages. Previously it had been intended
to use BEBC with neutrinos generated
from a target bombarded with protons
up to a maximum energy of 200 GeV
and to have higher energy neutrino
experiments in the North experimental
area. It has now been decided to make
WANF an all-singing, all-dancing
neutrino facility and to have no neu-
trino work in the North, at least in the
early years of the experimental pro-
gramme.

First of all the beam-line is being
built so that it can cope with primary
protons of energy up to 400 GeV.
Secondly, it will provide either wide-
band or narrow-band neutrino beams.
Thirdly, more detection systems will
be set up in addition to BEBC.

Pions and kaons produced from
bombarding target T9 with high
energy protons, will be focused and
pointed towards the detectors. They
travel down a tunnel where they
decay producing the neutrinos and
also muons. These muons need to be
filtered out of the beam and iron disks
will be installed along 170 m of
tunnel (followed by a further 170 m
of earth) to achieve this.

The wide-band beam gives maxi-
mum neutrino intensity and is pro-
duced by pointing the primary protons
towards the detectors before they hit
the target and attempting to catch the
maximum number of pions and kaons
using a focusing horn and reflector.
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Neutrinos will then have energies
ranging up to about 300 GeV but with
the peak flux being in the region of
some tens of GeV. The narrow-band
beam gives lower neutrino intensity
but more precisely known energies
cutting out the lower energy peak.
This is done .by selecting, with a
magnet system, the energies of the
pions and kaons which are allowed to
travel on to decay into neutrinos and
the primary proton beam is not
pointed towards the detectors so as
to avoid neutrinos of different ener-
gies, coming from other interactions
initiated by the protons, reaching the
detectors.

It is proposed to move Gargamelle
near BEBC to participate in the neu-
trino experiments, to add an external
muon identifier and to install detec-
tors for neutrino counter experiments.

The North area plans have also been
considerably modified. The slow eject-
ed proton beam rises towards the sur-
face from the accelerator over a
distance of 590 m. It can then be split
between three targets (T2, T4, T6)
housed in a separate target enclosure

which is also crowded with the first,

components of six emerging beam-
lines. From T2 and T4, four beams are
drawn to serve experiments in Zone .
This Zone is now to the West rather
than East of the continuing beam-
lines.

Target T2 gives particles down the
beam-line H2/P2 (which is a high

resolution hadron beam with maximum
energy up to 350 GeV or an attenuated
proton beam up to the full machine
energy which could be used as the
source of special beams within Zone |)
and down the beam-line H4/E4 (which
is a medium energy hadron beam of
up to 270 GeV or an electron/photon
beam). Target T4 gives particles down
two further beam-lines, H6 (which is
another medium energy hadron beam
of up to 200 GeV) and H8 (which is a
high resolution hadron beam for
energies up to 350 GeV).

Now that neutrinos will go West, it
is intended to limit Zone 2, at least ini-
tially, to proton and muon experiments.
Beam-line P4 will carry protons up to
full machine energy and beam-line
M2 will carry muons of energy up to
250 GeV.

Experimental Zone 1 will be covered
by a huge hall (560x290 m?). The
arrangements for Zone 2 are not yet
frozen. Though this will be more
expensive initially than covering exper-
iments with individual ‘igloos’, it will
give greater flexibility in the use of the
beams and over the years of exploi-
tation of the accelerator will be much
more convenient and cheaper.

The precise form that the experi-
mental facilities are to take has,
understandably, been the last major
aspect of the SPS project to be
decided. They offer a wide range of
possibilities to Europe’s high energy
physicists.



CERN News

PS intensity record
broken

We squeezed a ‘late news’ paragraph
into the last issue giving brief infor-
mation of an increase in the acceler-
ated beam intensity of the 28 GeV
proton synchrotron during a neutrino
experiment with the heavy bubble
chamber Gargamelle. During this ex-
periment, which began on 14 Novem-
ber at 19.00 h and lasted for seven-
ty-six hours, the average intensity
was b5.2x10'? protons per pulse at
26 GeV/c an intensity increase of a
factor of three over the usual PS
average.

This achievement is one of the most
spectacular results of the improvement
programme of the machine which has
been on hand for several years now.
The two main aims were:

— to increase the machine repetition
rate (this was done in 1968 when a
new magnet power supply was com-
missioned shortening the cycle time
to 2 s at 26 GeV/c);

— to increase the number of protons
accelerated per pulse.

In 1969, the intensity climbed to
about 2x10'? ppp, a limit dictated
mainly by the injection energy of
50 MeV from the linac. The space
charge effects, which all increase
with the density of the protons in the
beam, can be overcome only by
increasing the injection energy. The
solution adopted was the construc-
tion of a synchrotron injector, or
Booster, inserted between the linac
and the PS ring, thus raising the pro-
ton injection energy into the ring from
50 to 800 MeV.

To use the capabilities of the
Booster, it was necessary to modify
the linac considerably so as to attain
currents of 50 mA with a pulse dura-
tion of 100 ps. Going further puts the
linac under severe strain; a new linac
will be built (see November issue,

p. 332) to cope with these require-
ments with comparative ease.

Each pulse from the linac is injected
over a maximum of fifteen turns into
the four, 50 m diameter, super-
imposed rings of the Booster. Each
ring accelerates five bunches of pro-
tons up to 800 MeV and the bunches
from the four rings are then trans-
fered, one ring after another, into the
PS ring to provide the twenty bunches
which are further accelerated to GeV
energies.

When the November run began, the
Booster immediately looked in good
health. The doctoring it had received
seemed to have cured the problems
which were encountered earlier in the
year (see July issue, page 219). The
beam instabilities were studied during
the summer and, at least as far as the
intermediate intensities at which the
Booster is now operating are con-
cerned, they seem well mastered.

It has been possible to suppress the

The 800 MeV Booster at the CERN proton
synchrotron whose excellent performance in
November enabled the average intensity of the
synchrotron to be increased by a factor of three.
The photograph is taken at the location where
the 50 MeV beam arrives from the linac (at the
top). The four superposed rings of the Booster
curve round on the right and the beam-lines
which bring protons from the four levels in the
Booster go off to the synchrotron on the left.
(Two beam-lines are visible and these are
merged into one before the:synchrotron ring.)

CERN 27.10.72

longitudinal instabilities partly by in-
creasing the energy spread of the linac
beam, and partly by improving the
beam control with the aid of the r.f.
system. A longitudinally stable beam
is now being obtained. The transverse
instabilities are more of a problem. It
is now possible, thanks to work on
optimising the operating points in the
Qy Qy plot, to prevent slow beam
blow-up during the acceleration cycle,
but the beam can still blow up
rapidly at injection.

The horizontal transverse instabil-
ities (betatron oscillations) are. the
hardest to eliminate. To transfer oscil-
lation amplitudes to the vertical plane
‘skew’ quadrupoles (a quadrupole
with its axes inclined at 45° in relation
to those of a focusing or defocusing
quadrupole) can be powered. This
operation increases the efficiency of
multiturn injection and reduces the
likelihood of vertical blow-up during
the acceleration cycle. The beam
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emittances thus obtained are still
acceptable to the PS main ring.

Many transfer -tests into the PS
were made during August. The beam
recombination system, which brings
the bunches from the four Booster
rings to the PS, works well. Fine
adjustments still have to be made to
reduce differences existing from one
ring to another, but, although such
adjustments take a painfully long
time, they are not fundamentally
difficult. Matching Booster emittance
to the acceptance of the PS is im-
proving at every test.

A stable beam was obtained from
the Booster in the middle of Septem-
ber and was progressively improved
during October. On 10 October trans-
fer tests began using Booster ring 3.
The 1.7x10'? ppp beam circulating in
this ring was trimmed vertically to the
nominal emittance before being passed
to the PS. The remaining 1.2x10"
protons were all captured and accel-
erated without any longitudinal beam
blow-up. Transfer of the untrimmed
beam was also tried, and 85 % was
captured, 1.5x10'* protons being
accelerated without difficulty.

The tests then moved to the use of
the four rings of the Booster. The
intensity in the transfer line reached
6x10"2 ppp but there was a 30 % loss
on injection. Nevertheless, the average
intensity in the PS reached 4.3x10"
ppp with acceleration to 26 GeV/c
taking place in good conditions. On
this occasion, the gamma transition
jump proved particularly effective
and the beam remained stable.

On 19 October, the PS beam inten-
sity climbed, onaverage,to 5% 102 ppp.
The fast ejection system was tried and
ejection took place with about 97 %
efficiency. During the first few days of
November, the trimmed beam from
the Booster was fully captured by
the PS. It was then possible to carry
out the experiment with Gargamelle
and, from 14 to 17 November, to send
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the PS beam by fast ejection towards
the large heavy liquid bubble cham-
ber for the neutrino experiment. The
beam was very stable and the average
intensity for the experiment was
5.2x10"* ppp. The percentage of
time loss through breakdowns was
only 3.3 %.

The important factors are, firstly the
efficiency in the PS of nearly 100 %
(injection, acceleration, ejection).
Secondly, the behaviour of the beam
was similar to that at 2x10'? ppp
without any longitudinal blow-up and
with vertical blow-up by a factor of
two occurring at high energies due to
coupling resonances.

From the point of view of the neu-
trino experiments with Gargamelle,
this increase in intensity is reflected
by a factor three increase in the inter-
action rate in the bubble chamber,
which is an important help in the
investigation of weak interactions and,
especially, of neutral currents (see
October issue, page 291), a subject of
great topical interest in the world of
high energy physics.

Experiments with BEBC

The 3.7 m European bubble chamber,
BEBC, took photographs in November
for an experiment being carried out
by the Birmingham/CERN/Glasgow/
Heidelberg/LPHE Paris collaboration.
This first experiment with the cham-
ber started in June with a 9 GeV/c
negative kaon beam but was inter-
rupted in July, as scheduled.

The June-July run had a triple aim:
to check the improvements made
following the engineering run in
March, to determine the optical para-
meters required for the geometrical
reconstitution of the tracks, and to
take the first batch of photos for a
physics experiment.

The results were promising: good
quality photos, successful tests of the

masks placed between the objective
and the film, removal of spurious
bubbles at the fish-eyes and their par-
tial elimination on the Scotchlite. On
the other hand, some difficulties
appeared. It was not possible to use
all four cameras, since one of the fish-
eyes had cracked during tests. Also
the piston was surrounded by spurious
bubbles because the lip seal was not
tight enough and a guide had
become badly worn, apparently due
to a 2 mm misalignment of the piston
when cold. Moreover, the incoming
beam was not in good shape.

Beginning in August, a number of
modifications and repairs were carried
out, and the chamber was brought
back into operation in mid-October.
There was an unpleasant surprise
because, despite the meticulous resett-
ing of the piston, its position when
cold was 4 mm out of true. This
indicated that the cause of the phe-
nomenon had nothing to do with the
initial alignment. Several days’ tests
suggested that it was a thermal effect
— convection in the hydrogen gas
between the cold piston head and the
warm end of the rod setting up an
asymmetrical temperature gradient and
causing the rod to bend. This diag-
nosis proved correct: eliminating con-
vection by injecting warm hydrogen
gas along the rod, immediately cured
the 4 mm fault. It is only a temporary
remedy, however, since it has the dis-
advantage of introducing heat below
the piston head, which disturbs the
temperature in the visible volume of
the chamber. It can give rise to
spurious boiling on the bottom of the
chamber.

The second problem which emerged
during the summer run was resolved
by using a lip seal. This considerably
reduces the spurious boiling around
the piston; a ring of small bubbles
remains but it is mainly an aesthetic
drawback since it does not interfere
with track measurement and could be



Tracks recorded, at the end of November, in the
3.7 m European bubble chamber, BEBC. The
picture covers the whole of the chamber and
shows three areas. In the centre is the piston sur-
rounded by a ring of bubbles. The bottom of the
chamber has valves and pressure and temperature
sensors which appear as eight black dots (soon
to be screened by Scotchlite). The wide circular
area is the cylindrical wall of the chamber

further reduced if necessary. Other
improvements have been made since
mid-October. All the fish-eyes (one
for each of the four cameras and one
for the periscope) are now in place,
the beam has the required quality (the
chamber receives about twenty kaons
per pulse) and the quality of the
photos is very good.

Between 14 and 17 November, the
28 GeV proton synchrotron operated
with the Booster and the heavy liquid

covered with Scotchlite strips. Six windows can
be seen, two of which are already covered by
Scotchlite. The lowest window Jis the beam
access port, the others allow the secondary
particles to leave. The parallel tracks are of
negative kaons of 9 GeV/c; the other tracks are
of cosmic rays or particles produced by inter-
actions outside the chamber.

bubble chamber (Gargamelle) and
did not provide beam for other experi-
ments. Immediately afterwards, the
PS had its usual four-day maintenance
shutdown. During these eight days,
when there was no beam for BEBC,
various magnet and chamber tests
were carried out. On 18 November,
the nominal magnet current of 5700 A
was obtained, corresponding to a
field of 3.5 T in the chamber volume.
The cameras and the expansion sys-

tem continued to function normally in
spite of the strong fringe field. How-
ever, after the third test at full field, an
intermittent fault appeared in a super-
conducting coil — probably a mo-
mentary short-circuit. After system-
atically powering the coil with in-
creasingly higher currents (up to
3900 A), the fault disappeared.
BEBC is now operating with a
metal piston and photos are being
taken with a magnetic field of 2.2 T in
the chamber. Everything seems to
indicate that it is now in a good
enough state to take up its experi-
mental programme in which scientists
from all over Europe are involved.

Computing School

The 1974 CERN School of Computing
will be held in Godeysund near
Bergen, Norway, from 11-24 August
1974. It is the third School in this
series and is open to high energy
physicists and computer scientists
working in the CERN Member States
or in Laboratories closely associated
with CERN. The number of partici-
pants will be limited to about 70 and
the programme will include courses
on the following topics:
Programming methods — Program-
ming discipline by 0.J. Dahl (Uni-
versity of Oslo), The Hydra system
R. Bock (CERN), Software engineer-
ing J.N. Buxton (University of War-
wick).

Computer systems architecture —
Introduction to computer systems
architecture C. Otrage (Cll Grenoble),
Virtual memory F. Sumner (University
of Manchester), Multiprocessor sys-
tems L. Bolliet (University of Gre-
noble), Special purpose processors
C. Verkerk (CERN).

Interactive computing — Survey of
interactive computing A.J. Perlis (Yale
University), Erasme W. Jank (CERN),
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The Council of the European Physical Society
met at CERN on 27 November. They are photo-
graphed here in session in the CERN Council
Chamber under the chairmanship of Professor
H.B.G. Casimir, President of the Society.
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Members of the Assembly of the Department de
I’Ain (the French Department where CERN
Laboratory Il is located) visited CERN on

3 December. Dr. J.B. Adams (Director General of
CERN Laboratory 1), who is on the left in the
photograph, welcomes M. Anthonioz (Vice-
President of the National Assembly),J. Saint-
Cyr (President of the Conseil général de I’Ain)
and H. Boucoiran (Préfet de I'Ain).

CERN 29.12.73

Data presentation J.H. Friedman
(SLAC).

All correspondence concerning the
School, including requests for appli-
cation forms and further information,
should be addressed to the Scientific
Conference Secretariat, Mrs. |. Barnett
or Miss D.A. Caton, CERN, 1211

Geneva 23, Switzerland.

Honour for CERN
theoretician

On 29 November, André Martin of the
CERN Theory Division was awarded
the degree of Doctor Honoris Causa of
the University of Lausanne.

Dr. Martin has worked at CERN
since 1959, apart from intermittent
visits elsewhere including a two year
stay at Princeton and Stony Brook in
the USA. His main research has been
working out the logical consequences
of general principles concerning par-
ticle behaviour when they collide.
Working from principles such as the
conservation laws and causality he
has demonstrated how to establish
limits on such things as particle inter-
action cross-sections at high energy.
He has thus made the link between
the abstract general principles of field
theory and the particle properties
which can be observed in experiments.
Martin has earned a world-wide repu-
tation for his work in the theory of
particle physics.

At the same ceremony, two other
well known physicists received the
same honour — Piotr Kapitza for his
contributions in many areas of phy-
sics, from nuclear physics to the study
of the superfluidity of helium, and
David Schoenberg for his research in
solid state physics, particularly re-
lated to superconductivity and to the
electronic structure of metals.




Around the Laboratories

UK Laboratories
EPIC Project

During the past year, the high energy
physics community in the UK has been
studying an ambitious project which is
intended to re-equip their physics pro-
gramme for the 1980s. By then the
two existing accelerators (the 5 GeV
electron synchrotron NINA at Dares-
bury and the 8 GeV proton synchro-
tron NIMROD at Rutherford) would
have had about fifteen years of opera-
tion and are likely to have exhausted
much of the interesting physics in
their energy ranges.

At the present time, throughout the
world, most interest in terms of new
facilities is concentrated on the possi-
bilities of electron-positron-proton
colliding beam systems. In the last
issue, for example, we reported on
three separate meetings related to this
topic. The project in the UK has there-
fore concentrated on such a system,
setting its sights on reaching an
energy of 14 GeV for electrons and
positrons and 200 GeV for protons. It
is known as EPIC — Electron Proton
Intersecting Complex.

During the vyear, eight Working
Groups have been studying the various
areas of high energy physics which
can be attacked by such a system and
accelerator teams from the two Labo-
ratories have produced a machine
design and preliminary cost estimates.
The implications of the project for the
total European programme (and in
particular the relationship with the
work of CERN) are also being consid-
ered and the first moves to get the
project off the ground have been
taken.

The machine design has absorbed
as many of the existing facilities as
possible. This involves building the
storage rings linked to the present
location of NIMROD at the Ruther-
ford Laboratory and bringing NINA to

act as an energy booster in the injec-
tion system for the rings.

Electrons are accelerated in the
NINA linac (probably with its energy
raised) located in the hall of the exist-
ing NIMROD injector. They are then
transported to NINA or are converted
into positrons which also pass into
NINA. NINA sits partially in Experi-
mental Hall 1 and accelerates each
type of particle to just over 2 GeV
before transferring them to the storage
ring.

In the storage ring 10" electrons
and 10'? positrons, distributed in four
bunches (two of each type), are
accelerated to a peak energy of
14 GeV. The ring has a total circum-
ference of 2120 m, average radius of
340 m, with four 185 m straight sec-
tions (insertions) where the bunches
collide. The magnets for the electron-
positron ring are of conventional
type (peak bending magnet field
about 0.28 T, peak quadrupole focus-
ing field about 4.7 T/m).

Protons are accelerated in the
70 MeV NIMROD linac now under
construction and transported to NINA
where, with a new additional r.f.
system, their energy is increased to
4 GeV before transferring them to
their storage ring. Several times 10
protons distributed in four bunches,
are accelerated further in the storage
ring located above the electron-posi-
tron ring in the same tunnel.

Several possibilities for the proton
ring have been studied. The first
involves the use of conventional
magnets (peak bending magnet field
1.6 T) resulting in a maximum proton
energy of 80 GeV. The second in-
volves the use of superconducting
magnets (peak field 4.5 T) around
the ring but taking up only half the
available circumference in a missing
magnet lattice and resulting in a
maximum proton energy of 100 GeV.
The third involves a full ring of super-
conducting magnets resulting in a

maximum proton energy of 200 GeV.
Decisions on this topic will obviously
await the outcome of the latest
stages of superconducting magnet
development which should give an-
swers on reproducibility, reliability
and cost.

With this complex, high energy
interactions of electron-positron, elec-
tron-proton and proton-proton (filling
the electron ring with protons) could
be observed. Much work has gone
into the study of machine lattices and
the interaction regions. It is believed
that luminosities of several times 10*
could be obtained.

The project is of a nature that can
be tackled in several phases. Phase 1,
which is now under serious discus-
sion, is to build the 14 GeV electron-
positron ring. The cost is estimated at
f 20 million and this money could be
found from the foreseeable budgets
for the national UK high energy
physics programme provided that the
existing machines, NINA and NIM-
ROD, are phased out. If this approach
to the re-equipping of the facilities in
the UK is accepted quickly by the
various parties involved, construction
of Phase 1 of EPIC could begin
in 1975.

Construction would not affect the
participation of UK scientists in the
experimental programmes at CERN,
except in the sense that more use of
the CERN accelerators would be
desirable in the absence of domestic
machines while EPIC is being built.
More money would be available for
the CERN programme to accom-
modate this.

Electron-positron colliding beams
of 14 GeV energy will support many
interesting experiments and, after the
completion of Phase 1 of EPIC,
several years around 1980 are likely
to be assigned to these experiments.
It is hoped to have developed the
mechanisms for broad European use of
the facility and European collaboration
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CROSS SECTION OF

8°s.c. MAGNET Mobuie .

Cross-section of the superconducting dipole
magnet operating at Brookhaven. Note that it is
a warm bore magnet and has a separate sextupole
correcting coil. The total length of the two
magnet sections is about 4 m. Other major para-
meters are given below. ’

Aperture diameter 7.3 cm
Magnetic field 4T

Dipole

Ampere-turns 408 000
Current 1200 A
Current Density 30.5 kA/cm?
Sextupole

Ampere-turns 18 000
Current 300 A

Stored Energy 150 kJ per unit
Inductance 0.2 h per unit

will be even more welcome in con-
fronting Phase 1| — the construction of
the proton ring. By then it is hoped that
superconductivity will be thoroughly
mastered so that a 200 GeV ring (or a
100 GeV ring followed by a further
Phase, doubling the energy) could
be built.

BROOKHAVEN
Superconducting

magnet operates at
AGS

At the beginning of November a large
superconducting bending magnet was
brought into operation at the Alter-
nating Gradient Synchrotron. It is
installed to give an 8° bend to the
primary proton beam in a new beam-
line leading to the 7 foot bubble
chamber in the North Area.

The performance of the magnet
seems to have answered several out-
standing questions concerning super-
conducting magnets. One concerns
the reproducibility of magnets. Two
magnet sections have been built and
show identical magnetic character-
istics to one part in 10-° which are
also in agreement with the design
computations. Since the magnets are
made of standard materials using
construction techniques which present
no outstanding difficulties, it should
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be possible to manufacture such
magnets reliably in industry. They are
of a type that could be used in future
accelerators. A second question con-
cerns the ability of superconducting
magnets to withstand heavy doses of
radiation. The magnet withstood large
beam losses without problem. In view
of these results, we give quite a few
of the construction details.

The magnet is constructed in two
sections with a total length of about
4 m. It has a rectangular aperture
(‘window frame’ type) with the iron
core surrounding coils also of rec-
tangular cross-section. The overall
dimensions are 37.8 cm high and
43.5 cm wide. Other parameters can
be seen in the table.

The iron core, wrapped close around
the coil, reduces the ampere turns
required for magnetic fields below
saturation by a factor greater than
two. The magnetic images of the coil
in the iron simulate extended dipole
sheets, producing very uniform fields
below 2 T. Above this field, saturation
requires an auxiliary correcting coil
which is approximately an air-core
sextupole. The correcting coil needs
to be powered at field levels of about
2 T increasing linearly to several per-
cent of the dipole coil ampere turns
by 4 T. The combination of the two
coils permits precise fields to be
obtained at all levels, as well as
providing available sextupole tuning
where desired.

The dipole coil is wound with
340 turns of superconductor com-
posite with a rectangular cross-section
of about 1.4 by 2.9 mm2 In this
conductor, 361 filaments of niobium-
titanium, 75 um diameter, are embed-
ded in copper and the whole matrix
is twisted one turn per inch. Sheets
of anodized high purity aluminium are
placed between each of the vertical
layers of conductor and are grooved
to provide vertical liquid helium cool-
ant channels over 50 % of the sur-
face area. The aluminium gives good
thermal and dynamic stability.

The magnet is immersed in liquid
helium at 4.5 K. It is designed to
operate at twice the magnetic field of
conventional magnets and has been
successfully tested at 4.4 T. This was
reached after a few training quenches
— where the superconductor returns
to the normal state due to a release
of heat in the material. Training refers
to the relief of built-in stresses (under
the pressure due to the magnetic
field) which often gives a small re-
lease of heat sufficient to cause a
quench. After initial training the mag-
nets reached maximum field without
quench even after repeated cool-
downs from room temperature.

The magnetic characteristics of the
two sections agreed to about 0.01%
which indicates that it is practical to
produce many of them with the
expectation that they will be mag-
netically and mechanically inter-



View of the superconducting magnet installed in

the new beam-line leading to the 7 foot bubble
chamber in the North Area at the AGS.

(Photo BNL)

changeable. The mechanical preci-
sion compares favourably with the
best conventional magnets. Designs
already exist on paper for magnets of
even greater precision to give fields
of over 6 T.

Detailed design began a little over
two years ago. Since it is envisaged
as a forerunner of more extensive
superconducting magnet beam trans-
port lines, considerable attention was
given to making it a complete system
which would require little direct
supervision. The helium refrigerator,
located 10 m from the magnet, is
connected to the magnet dewars by
liquid nitrogen shielded transfer lines.
The dewars and refrigerator comprise
a closed loop to which have been
added auxiliary equipment for re-
covering and storing the helium gas.
The magnets, refrigeration and re-
covery systems have instrumentation
for automatic operation and provision
has been made for computer moni-
toring.

In the early hours of 25 October,
the external beam was set up. There
remained the uncertainty as to whether
a beam pulse would be sufficiently
free of stray particles to keep the
heating of the coil due to radiation
within acceptable limits. The pulse
carries an energy of 10 kJ at an inten-
sity of 2x10'? protons and a few mJ
of heat per gram of superconductor
are sufficient to cause a quench. The
magnet passed its maiden pulse with-
out difficulty but, a few minutes later,
a component failure elsewhere gave
rise to a heavy radiation overdose
which quenched the magnets.

In all subsequent studies, the mag-
net performed without incident at
high intensity (5x10" protons per
pulse) even under abnormal beam
heating conditions. During faulty oper-
ation, the magnets received several
hundred joules of radiative energy in
a time of 3 ps without quenching
while small pressure pulses were

observed in the helium bath due to
momentary heating. This ability to
absorb large beam losses is very
significant since future superconduct-
ing accelerators depend on a reason-
able ability to operate under condi-
tions of heating due to sudden beam
loss. This is the first experimental
evidence on this fundamental question.

The happy outcome followed some
times of stress en route to meet the
schedule for operating the North Area
beam-line — including the accidental
destruction of a coil due to over-
heating. The coil had to be spliced
and partially rewound but now per-
forms as satisfactorily as an un-
damaged one. Magnet design and
construction has been led by G.T.
Danby and J. Allinger and the North
Area Extraction work by R. Blumberg.

It is an important achievement in
the field of superconductivity for
Brookhaven. Superconducting tech-
nology is relevant to the future of

is also

high energy physics and
central to many promising develop-
ments in the production and distri-
bution of energy, in transport systems,
etc.

KEK
Synchrotron
construction in Japan

Construction of the 12 GeV proton
synchrotron at KEK (Ko-Enerugi-but-
surigaku-Kenkyusho which means
High Energy Physics Laboratory) is
now well advanced. The Laboratory
is located at the Tsukuba Science City
about 60 km from Tokyo and is a
national centre for particle physics
research in Japan.

Main features of the accelerator are
— 20 MeV linac (single tank 15.5 m
long) to provide a maximum current
of 100 mA at a repetition rate of 20 Hz;
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Aerial view of the synchrotron site at Tsukuba.
The ring shape of the accelerator can be
distinguished upper left. Top left is the building
to house the 75 cm bubble chamber. Adjoining
the ring on the right is the large hall for counter
experiments. Further round in the clockwise
direction is the location of the linac and booster.
It is impressive that fifteen months ago a similar
view would have shown just the preinjector
building and a series of holes.

(Photo KEK)

500 MeV booster (radius 6 m, com-
bined function magnets with peak
field of 1.1 T) to provide a maximum
intensity up to 2x10'* protons per
pulse at 20 Hz; 12 GeV main ring
(radius 54 m separated function mag-
nets with peak field of 1.75 T) to pro-
vide over 2x10'? protons per pulse at
a maximum repetition rate of 0.5 Hz.

The accelerating column of the pre-
injector is in place and has been tested
up to a voltage of 850 kV. An ion
source, with a new type of nozzle type
expansion cup, has vyielded about
200 mA with high brightness. Linac
construction began in April 1971 and
the tank, drift tubes, r.f. power system
and controls are now in place. In
fabrication of the tank and drift tubes,
a method of electro-plating copper
onto steel was used and gave excel-
lent results — the surface is smooth
to within 0.3 um. The first 20 MeV
beam from the linac is scheduled for
April of next year.
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The 500 MeV booster synchrotron
has eight C-shaped magnets and their
installation, together with their power
supplies is almost complete. The r.f.
system is still under construction. The
booster is a fast cycling machine and
will provide nine pulses to fill the
circumference of the main ring during
one machine cycle. It is scheduled to
accelerate beam to 500 MeV in
September 1974 and to transfer pro-
tons to the main ring six months later.

The main ring has 48 C-shaped
bending magnets plus 56 quadrupoles.
Some of these magnets are already in
place and all are due to be delivered
by March 1974. There are four long
straight sections to be used for injec-
tion, fast ejection to a bubble chamber
(see photograph caption), slow ejec-
tion to counter experiments, and for
r.f. cavities. The r.f. system operates
with a harmonic number of 9 and has
a frequency swing from 0.67 to
0.88 MHz. The r.f. units, vacuum

system and injection system will be
built by the end of 1974 so that first
high energy beams will be available
in Autumn 1975.

Preparations for the experimental
programme are about to begin and
early next year groups will be invited
to propose experiments. It is expected
that the machine will serve about
50 bubble chamber physicists and
50 counter physicists. A large number
are likely to move from the 1.3 GeV
electron synchrotron at Tokyo.

Obviously the energy range avail-
able from the first high energy proton
machine in Japan is no longer in the
front line of particle physics research
and the accelerator builders are hoping
to develop further the capabilities of
their facility. A colliding beam scheme
known as TRISTAN (Three Ring
Intersecting STorage Accelerator in
Nippon!) is under study. The first
stage is for a ring 648 m in diameter
which would take protons to 40 GeV
and also electrons to 15 GeV. This
could also be used for electron-proton
experiments. :

This ring would use conventional
magnets but work on pulsed super-
conducting magnets is to start soon
and the second stage of TRISTAN is
seen as two superconducting rings
for proton-proton experiments up to
180 GeV per beam. However, these
additional rings are well in the future.
It is unlikely that the first stage could
start before 1978 and the second
stage is ten years away. The accel-
erator physicists in Japan will thus
have plenty of time to master their
present machine.

ARGONNE
TST tests

A first engineering run using a track
sensitive target took place with the
Argonne 12 foot bubble chamber at



Photograph taken in the 75 cm hydrogen bubble
chamber for the KEK synchrotron at the end of
October. The chamber is being tested at the
electron synchrotron at the Institute for Nuclear
Study, University of Tokyo. 50 000 pictures
were taken with 600 MeV electrons and posi-
trons. The chamber will move to the proton
synchrotron site at Tsukuba mid-1974.

the end of October. Some teething
troubles developed but, nevertheless,
it was possible to check performance
over 23 500 expansions and to con-
firm that quality pictures, recording
particle tracks both inside and out-
side the target simultaneously, could
be taken.

These tests are important since they
are the first time that this new tech-
nique has been used in a large cham-
ber. They show that the technique
can be extended to the new gener-
ation of chambers without great dif-
ficulty.

‘Track sensitive target’ is the name
given to a volume of pure hydrogen
held in a perspex container within
the larger volume of a bubble chamber
which is filled with a hydrogen/neon
mixture. Incoming high energy par-
ticles interact in the hydrogen volume,
thus preserving the advantage of
having interactions occurring on free
protons. Particles emerging from the
interactions may pass into the sur-
rounding hydrogen/neon mixture, thus
gaining the advantage of heavier
liquids — a shorter radiation length
with better gamma detection.

The idea came from CERN and was
developed at DESY and, particularly,
at the Rutherford Laboratory. In col-
laboration with CERN, Rutherford has
carried out a series of experiments
with a TST in the 1.5 m bubble
chamber. They have gathered about
2.6 million pictures and film analysis

The tank of the 20 MeV linac for the KEK
synchrotron. An electro-plating technique
resulted in the highly polished finish which can
be seen on the copper surfaces of the drift tubes
and the r.f. cavity.

(Photo KEK)

is going well. It looks possible to hand
the film to automatic film measuring
machines such as the HPDs and this
will be tried early in 1974 using
60 000 pictures taken with 4 GeV
positive pions as the incoming par-
ticles. This will be a significant exer-
cise because it will greatly influence
the future of TSTs if it can be shown
that the film can be treated as for any
conventional bubble chamber experi-
ment.

(The Rutherford 1.5 m chamber,
incidentally, is now closing down.
The magnet will be used in a multi-
particle spectrometer with its aperture
filled with detectors, & la Omega. The
bubble chamber has had a busy life,
including two years of operation at
CERN in 1964 and 65 and, with the
TST work, it goes out with flying
colours.)

Following the success at Rutherford,
TSTs have been spreading. They have
been built for the 80 inch chamber
at Brookhaven, for the 12 foot cham-
ber at Argonne and are under study
for the 3.7 m European bubble cham-
ber at CERN and for the 15 foot
chamber at Batavia. The 15 foot has
been lucky in that its design came
after the TST idea and has therefore
already incorporated the necessary
plumbing. These two last mentioned
big chambers will especially benefit
from the use of TSTs since they will
cope with beams from the new high
energy accelerators where the shorter

radiation length of hydrogen/neon
will help extend their abilities.

The development at Argonne also
involved CERN and Rutherford people.
The target itself — a box of 8 mm
plexiglas, 200 cm x 36 cm X 8 to
10 cm — was built at CERN by
H. Leutz and J. Tischhauser and
arrived at Argonne in September.
The following month was absorbed
by installation in the 12 foot chamber
with help from Rutherford and CERN
visitors (P. Williams, J. Ayres, E. Fitz-
harris, H. Leutz).

Cooldown was completed on 28
October and operation was tested
under several different operating con-
ditions. To reduce the complications,
both the target and surrounding
volume were filled with hydrogen.
It was demonstrated that the TST
could be kept at a temperature 1 to
2 K below that of the surrounding
liquid and this will be necessary to
give acceptable track quality when
operating with hydrogen/neon.

The Zero Gradient Synchrotron
was accelerating polarized protons to
6 GeV and sent a small fraction of the
beam to the chamber during the tests
so that about 6000 photographs were
taken (from about 23 500 expansions).

Difficulties developed with the hy-
drogen flow adjustment to the cooling
loop which made it impossible to
keep refined control of the temperature
of the target in the region of 28 to 29 K.
Some work on valves and instrumen-
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Diagram of the track sensitive target which has
been tested in the 12 foot bubble chamber at
Argonne. The TST is designed to contain a volume
of hydrogen enclosed in perspex within a larger
volume of hydrogen/neon mixture in such a way
that particle tracks can be photographed in both
liquids.

A photograph taken during the tests which
confirmed that the TST technique can be
extended to large chambers without great
difficulty. Tracks are visible inside and outside
the target. The black shadows in the target
location are there simply because, for the tests,
the perspex enclosure was not constructed so as
to be transparent to the cameras. This will

easily be rectified in the final version.
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tation should clear this. When the
chamber was reopened, a small
crack was discovered near the cooling
loop entrance. The target has been
returned to CERN for detailed exami-
nation. A second target is scheduled
to be built in a few months’ time.

Enough neon is available for a
second engineering run, hopefully in
the late Spring of 1974. By the end
of the year it is hoped that the TST
will be in action for an Argonne/
CERN/Rutherford experiment study-
ing 6 GeV positive pion-proton inter-
actions.

CERN COURIER
Correspondents

We close CERN COURIER for 1973,
recording our thanks to the corres-
pondents from other Laboratories
whose help in gathering up-to-date
information for our pages has, as

always, been very valuable.

ARGONNE T.H. Groves
BATAVIA R.A. Carrigan
BERKELEY W.W. Chupp
BONN H.E. Stier
BROOKHAVEN J. Spiro
CORNELL K. Berkelman
DARESBURY H. Sherman
DARMSTADT H. Prange
DESY E. Dammann
DUBNA V.A. Biryukov
FRASCATI M. Ghigo
JAPAN K. Kikuchi
KARLSRUHE F. Arendt
LOS ALAMOS W.H. Regan
ORSAY P. Lehmann
RUTHERFORD H.F. Norris
SACLAY G. Neyret
SERPUKHOV R.M. Sulyaev
STANFORD S. Kociol
TRIUMF E.G. Auld
VILLIGEN G. Eaton




MODEL 5175

HIGH TEMPERATURE LINEAR POSITION TRANSDUCER

PRODUCT DESCRIPTION

Measures linear position up to 6” and will provide
an equivalent output signal proportional to change
in position. Transducer wiper is positioned along a
precision electrical element thus allowing the input
voltage to be divided as a function of the mechanical
input.

R T
 LINEAR ?Q&IT?QM?&AN&M;W&'&

FEATURES

+ High Level Output Signal

++260°C Operating Capability

+ Stainless Steel Construction

+ Continuous Shaft Rotation

+ Sand, Dust and Fungus Protection

| "CLINEAR POSITION 7m~smwm

PRINCIPLE OF OPERATION

The transducer contacts are positioned along a pre-
cision electrical element which varies the resistance.
Excited by either an AC or DC input voltage, me-
chanical backlash is eliminated by a positive con-
nection between the shaft and contact assembly.

Bourns (Schweiz) A.G., Baarerstrasse 8 6301 Zug
Tel. 042 232242 Telex 78722
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LAP 50

Surveillance equipment must bereliable.
EEV vidicons give you tube reliability you can
depend on.

® Corps matricé en
laiton ou inox

® ¢tanchéitévis-a-vis
de l'extérieur mé-
tallique.

ROBINETS
A SOUFFLETS
METALLIQUES

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

Catalogue sur demande

380

ROBINETS INDUSTRIELS ET NUCLEAIRES
A SOUFFLETS METALLIQUES

N

J

@ 5 a 200 mm @ Corps droit ou équerre ® Température: — 270°C a + 650°C @
Pression : ultra-vide a 500 bars ® Réglage d'ouverture a levée totale, a passage

direct @ Signalisation électrique ® Commande pneumatique et a distance @ Indica-
teur de position.

BMA o 3s79437

62, rue de la Villette,
75019 PARIS FRANGCE
Tél. 607.35.29 - 205.38.26



AND ON EEV VIDICONS.

Reliable operation —hour after hour,
year after year —is essential for closed
circuit cameras. You’re more likely to
get thiskind of consistent reliability
with tubes from the vidicon

- experts: EEV.

EEV vidicons coverall TV
pick-up applications, in mono or
colour, for most cameras—in
electrostatically focused and
magnetically focused types
(separate or integral mesh)

with a range of photo-
surfaces. Special rugged
typesare available to with-
stand shock or vibration.

The EEV vidicon range is wide.
Andit grows. And every tube
offers you the benefits of EEV ex-
perience: good picture geometry and
resolution and a long life expectation.

Write for typelists:orif youhavea

problem, call our camera tube engineers
at Chelmsford.

EEV AND M-OV KNOW HOW.

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. 9 GC’ E

When is a Power Supply Not a
Power Supply?

PROPORTIONING

4~ _ RESISTORS — ’/FEEDBACK
VWA WA

VOLTAGE

R; Ry

+ \
b
—— REFERENCE :

- (input)

E; 1/

Power Operational Amplifier/Power Supply

LOAD

B Bring feedback from current sensor and it will
regulate current

B Bring voltage feedback and it will regulate voltage

M Bring feedback from your load and the power
supply is a servo amp.

Bipolar Operational Power Supply

+15Vto—-15V@20 amps
+36Vto-36V@1.5amps
+ 36V to-36V@5.0 amps
+72Vto-72V@1.5 amps
+72Vto—-72V@5.0 amps

e

Please ask for detailed documentation

Kontron Electronic AG

Bernerstrasse 169, 8048 Zirrich, Telefon 01 62 82 82, Telex 57439

Best wishes for Xmas and
the New Year, from

For 1974 consider :

COMPUTOR BASED P.H.A. FROM TRACOR-N.S.I.
TN-I1 Pulse Height Analyser and Multiple Scaler System.

benilec s.a.

100 mHz- CA,S:E‘;TTE - QUAD
BK. .| | mspLay
ADL. PﬂnﬂlgI?AM SGALER

'«— P.D.P.-11 DATA BUS. —»>,

P.D.P.— 11 C.P.U. 4K. to 32 K.

Fully expandable System to have multiple A.D.C.'s and Quad
Scaler input units as required.

COMPUTOR TERMINALS FROM THE HOUSE OF
BEEHIVE.

MINIBEE Teletype replacement. 12 or 25 lines-80 Char./
line. Tran./Rec. speeds up to 9600 baud.

SUPERBEE High grade unit. 12 or 25 lines-80 Char./line.
Tran./Rec. speeds up to 9600 baud. Full Speci-
fication.

ASK FOR A TRIAL - DEMO MINIBEE IN GENEVA.
For more information contact BOB BROOMFIELD.

benilec s.a.

18, rue Hoffmann — 1202 GENEVE
TEL. (022) 3323 20/33 2329 — TELEX 28268 “'BELEC”
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Where all your attention has to be given to the process
itself — there you will find the

PFEIFFER TURBO

As, for instance, in combination with this high
vacuum coating plant BA 511 and many other
units for which easy handling and simple opera-
tion are absolute requirements.
Of course, the PFEIFFER TURBO
offers even more; its vibration-
free running, high compression
ratio for hydrogen and other
volatile gases, its easy servicing,
low operating cost, high reliabi-
lity, wide working range at cons-
tant pumping speed,... there is
still much more in it that is deci-
sive! It is not for nothing that

BALZERS-owned Sales Companies in:

Ziirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (S),Berkhamsted (GB),

PFEIFFER is the leading manufacturer of turbo-
molecular pumps.

Do you know already the PFEIFFER TURBO? The
TPU 200 or the TPU 4007 We
shall be pleased to provide you
with technically important infor-
mation on these pumps.Your post
@ card with the catch word,,PFEIF-
d FER TURBO” will do. By return
Al mail you will receive detailed
literature.

PM 800 005 PE 7308

BALZERS

ARTHUR PFEIFFER VAKUUMTECHNIK GMBH
Postfach
D-6330 Wetzlar

Santa Ana (USA), Meudon (F), Milano (1)
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The fast
way to
convert
A-to-D
in Gamac

Wenn Sie Fortschritt planen

MESS-UND ®

REGELTECHNIK

Elektronische JUMO-TROWI- und TROFE-
PRINT-Temperaturregler fiir Thermo-
elemente oder Widerstandsfiihler in Pla-
tinenhalterung oder 19“-Einschubkasten
... die idealen platzsparenden Regler auf
steckbarer Europaplatine

Universelle Montage durch Trennung von
Sollwerteinsteller und Reglerplatine.

M. K. JUCHHEIM GMBH & CO - D-64 FULDA
Telefon 0661/831 Telex 04-9701

AJ 19-73
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Dataway Display
DAI 10
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DAI 10
Data pick up module JDA 10
Control and display crate CAl 10

main features :

e DATAWAY LINE DISPLAY by means of light emitting diodes

e SWITCH REGISTER, 24 read switches, on front panel, simulate
the presence of a 24 bit register at the JDA 10 station.

e MANUAL LAM DEMAND

FOR MORE INFORMATION PLEASE CONTACT :

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

Schiumberger



TECNIDATA

Quality, Design and Performances are
exclusive and so are the prices !

Sfrs. 1380.—
V=,Vagc, l=,lac, @

Our best reference :
more than 230 instruments sold in Switzerland, in
1972, and dozens of them being in use at the CERN !

— 2000 measuring points

— large display, lisible at more than 10 m
— very easy operating

— modular construction with metal housing
— accuracy 0,1 p.c.

— BCD-output in standard version

— 24-hours-service.

Technique Moderne Electronique S.A.
l}lﬁ'@ 1844 Villeneuve Tel. 021 /6022 41

ATELIERS DE CONSTRUCTIONS
ELECTRIQUES DE METZ

Société Anonyme au capital de 2400000 francs

Siége social:
7-11, rue Clotilde-Aubertin
57 - METZ

Service commercial :

Voie romaine - Pont-de-Semécourt
57 - MAIZIERES-LES-METZ

Transformateurs de puissance

a refroidissement a air, a I'huile, au pyraléne
jusqu’a 110 000 volts

Usine de Metz:

Transformateurs de 2500 a 100 000 KVA

Téléphone: 686080 et 689080
Télégramme: ELECTRICMETZ
Télex: 86237 F ACEMETZ

Usine de Maiziéres-Les-Metz (57):

Transformateurs de 25 a 2000 KVA

Téléphone: 6026 11
Télex: 86418 F ACEMAIZI

Wide Band, Precision

CURRENT
MONITOR

With a Pearson current monitor and an
oscilloscope, you can measure pulse or
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of
charged particles, at any voltage level up
to a million volts, at frequencies up to
35 MHz or down to 1 Hz.

The monitor is physically isolated from
the circuit. It is a current transformer
capable of highly precise measurement
of pulse amplitude and waveshape. The
one shown above, for example, offers
pulse-amplitude accuracy of +1%, —0%
(typical of all Pearson current monitors),
20 nanosecond rise time, and droop of

only 0.5% per millisecond. Three db

bandwidth is 1 Hz to 35 MHz.

Whether you wish to measure current
in a conductor, a klystron, or a particle
accelerator, it's likely that one of our
off-the-shelf models (ranging from 14"
to 1034 " ID) will do the job. Contact us
and we will send you engineering data.

PEARSON ELECTRONICS INC

4007 Transport St., Palo Alto, California 94303
Telephone (415) 326-7285
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Powerful
partnerslnp...

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 omit

Brentford Electric Limited Manor Smit Nijmegen BV
Royal, 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 volt 1100 ampere
Brentford/Smit highly stabilised DC power supply.
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DURTRAL

Route de Porrentruy 74 RADIO PROTECT'ON
2800 DELEMONT, Suisse
Tél. (066) 22 39 44

Production d’outils coupants et
de pieces spéciales en carbure
de tungsténe.

Bureau de construction
d’outils spéciaux.

Laboratoire de recherche en
nouveaux procédeés d'usinage.

Construction de machines
pour piéces spéciales POLYRADIAMETRE PORTATIF

de haute précision.
IPAB 71 Réf. 500

Autonome, étanche, alarme

CARACTERISTIQUES ELECTRIQUES

- Haute tension: variable de + 200 a + 2200 volts

sur sonde 1 et sonde 2

Echelle de mesure: 10 - 100 - 1000 - 10000 c/s

Précision: meilleure que 5%

Limites de température: - 10°C + 50°C

Seuil du discriminateur: 1 volt

Capacités équivalentes: GM - PM: 0,6 pF
CPA-BF3-diodes 0,04 pF

VIDAR INFORMATION COMPTAGE

Mesurer, surveiller, commander
grace a VIDAC IV

VIDAC IV sert a la surveillance de nombreuses valeurs
limites et & la commande ou a la quittance d'alarmes lors
de dépassement de valeurs de consigne. Aucune pro-
grammation n’est nécessaire. '

ECHELLE DE COMPTAGE SIMPLIFIEE

@® Mesurer de 10...1000 E.C.S. 1 Réf. E. 521
canaux Portative, autonome, 6 décades
® Surveillance jusqu'a 550
paires de valeurs de con- CARACTERISTIQUES ELECTRIQUES
signe

Prétemps: 1 - 10 - 100 - 1000 s (précision 10'3)

. Temps de résolution:<{5ps (fréquence 200 KHz)

©® Commande de depasse- Impulsions a l'entrée : polarité positive ou néga-
ment de valeurs tive durée»100 ns

Réglage du seuil: 0,1 3 10V

Impédance d'entrée : 1000.N

Température de fonctionnement: - 10°C + 50° C

'

Service simple

e O NIARDEUX

85 Bd Gabriel Péri 92240 MALAKOFF - 656-65-35 +

{‘ Usine: 37600 Loches - FRANCE

Kontron Electronic AG
Hardstrasse 235 8031 Zirich Telefon 051 4456 90 Telex 52115
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ERNI+Co. Elektro-Industrie Tél. 01/931212
CH-8306 Briittisellen/Ziirich Télex 53699

DILRID-DUAL-IN-LINE
Relais Reed

1—4 contacts

Le nouveau relais DILRID (DUAL-IN-LINE
14 poéles) offre en 2 hauteurs différentes I'uti-
lisation optimum de répartition de bobines
et d’équipement de contacts. Ce relais peut
étre équipé de max. 4 CONTACTS DE
TRAVAIL Rhodium, ou 2 inverseurs-
rhodium, ou 2 contacts de travail mouillés
au mercure et sans position de montage pré-
férentielle. Hauteur du relais:

5 mm—=—1—2 contacts de travail-rhodium
10,5 mm =1-—2 contacts de travail avec bo-
bine haute résistance, resp.
3—4 contacts de travail-rhodium,

1—2 inverseurs-rhodium, ou
1—2 contacts de travail mouillés

au mercure.

Les relais a haute résistance sont spéciale-
ment adaptés pour le technique des circuits
intégrés IC.

Depuis 25 ans

Un gro\upe d
, \ dans

Manutentions

13008- MARSEILLE 12 bis, boulevard Pébre

01-SAINT-GENIS Route de Genéve

Fournisseur du CERN 3 Genéve, du CEA 3
du CEN a Grenoble, de I'OMS, de I'ONU et

e niveau européen

DNET la prestation de services
Nettoyage industriel
\ ’ Nettoyage d’ateliers, bureaux, laboratoires, cliniques
Hygiéne, désinfection, désinsectisation, dératisation

Prestations de main-d’ceuvre

Office nouveau du nettoyage ONET

tél. (91) 732850

75-PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. 257888
74 - ANNECY 6, avenue de Mandallaz tél. (50) 454641

tél. (60) 411207

Marcoule, Pierrelatte, La Hague,
de I'UIT a Geneéve.
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same light here

conventional
photomultipliers
with unconventional
efficiencies

These new Philips tubes are direct replacements
for the types you're probably using right now.*
That's what we mean by conventional.

Their cathode sensitivities, however, are
anything but. Type XP 2000 gives 100 mA/W and
the XP 2030 is specified at 115 mA/W.

To date that’s the highest conversion efficiency
on the market.

More output for the same light input could
give a competitive advantage. Moreover our
prices are competitive, so this important extra
performance is more or less a bonus.

The main specification figures are given in
the table below. Data sheets and samples for
evaluation are available on request.

XP 2000 XP 2030
Spectral response type D type D
Useful photocathode diameter 44 mm 68 mm
Quantum efficiency at 400 nm 31 % 35,6 %
Gain at 1.5 kV 2,5x10° 2,5x10°
Pulse height resolution for 137 Cs 7,5 % 7.5%

* type XP 2000 is a direct replacement for types 8053, 4523 and 9655;
type XP 2030 for types 8054 and 4524.

For more information on these new tubes plus an
updated product survey of the extensive

Philips range write to :

Philips Industries, Electronic Components and
Materials Division, Eindhoven - The Netherlands

Distributed and sold in the U.S.A. by : Amperex Electronic Corporation
230 Duffy Avenue, Hicksville N.Y. 11802

In Canada : Philips Electron Devices

more electrons here 116 Vanderhoof Avenue Toronto 17 - Ontario

pritps| Electronic
Components pH I Ll p

and Materials
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Chez Alfa-Laval

édiper 40105

chaque jour
nos ingénieurs réalisent
des installations
thermiques.

onsultez-nous,
NOUS POUVONS
certainement
vous rendre service.

Alfa-Laval est & votre service
pour toute étude de procédé.

Les matériels unitaires de Génie
Chimique produits ou diffusés par le
Groupe Alfa-lLaval :

- échangeurs thermiques, filtres

- séparateurs centrifuges

- évaporateurs

- séchoirs a lit fluidisé

- séchoirs par atomisation

- pompes et accessoires (vannes au-
‘tomatiques, etc.) peuvent étre intégrés
dans une chaine compléte vous of-

390

frant des garanties de fonctionnement
et de respect de votre produit.

Les ingénieurs Alfa-Laval peu-
vent étudier votre probléme de pilote
ou de production industrielle suivant
desméthodes originaleset éprouvées.
Des appareils sont disponibles pour
essais en usine. Une station expéri-
mentale située & Nevers permet des
essais d'orientation ou de production.

Les problémes de corrosion sont
souvent résolus par |'utilisation de
matériaux nobles.

Des installations complétes met-
tant en jeu des matériels de séparation
et thermiques sont réalisées a Nevers.

Une installation Alfa-Laval c'est
la combinaison d'ingénieurs qualifiés
et de matériels perfectionnés produits
et assemblés dans de grandes unités
modernes de production.

OC ALFA-LAVAL

département thermique
62-70 rue Yvan Tourgueneff
78380 Bougival - Tél. 977.02.20



RADIO PROTECTION

PORTABLE POLYRADIAMETER

IPAB 71 Réf. 500
Self-powered, waterproof, warning

ELECTRICAL CHARACTERISTICS

- High voltage : can be regulated from + 200 to
2200 Volts

- Ranges: 10 - 100 - 1000 - 10000 cps

- Accuracy: better than 5%,

- Limit operating temperature: - 10°C + 50° C

- Discriminator threshold: 1 volt

- Equivalent capacities: GM - PM - 0.6 pF
CPA - BF3 - semi conductor
detectors 0.04 pF

COUNTING

ELECTRONIC COUNTING SCALE

E.C.S. 1 Réf. E.521
Portable, self-powered, six decades

ELECTRICAL CHARACTERISTICS

- Pretime: 1-10- 100 - 1000s (accuracy 10-3)

- Resolution time : < 5 us frequency) 200 KHz)

- Input pulses: positive or negative,duration>/100ns
- Threshold adjustement: 0.1 a2 10V

- Input impedance : 1000 01

- Working temperature range : - 10°C to + 50°C

O NARDEUX

85 Bd Gabriel Péri 92240 MALAKOFF - 656-65-35 +
Usine: 37600 Loches - FRANCE

It
SAICOR’S
correlator

could talk

 ENSEEEEEEE '’

Location of peak allows measurement and control of flow
velocities and propagatmn time

Chamber pressure characteristics point up jet engine com-
bustion problems

These quotations, and many more, are delivered
by this unique all digital, high speed processing
instrument. It performs auto and cross correla-
tion, signal averaging, and probability, density
and distribution analysis in real time.

The 400 point
SAI-43A has a
minimum At of
0.2 usec (5MHz
sampling rate)
and 800 precomp-
utation delay points, linear and exponential averagmg, digi-
tal bin markers and readout. Full digital input circuitry for
photon counting applications is available. For those applica-
tions requiring only 100 point analysis, the new improved
SAI-42A is available.

Let the SAICOR Correlators tell their own story. Call (516)
234-5700 for a demostration or detailed technical data.

Honeywell 2]

SIGNAL ANALYSIS OPERATION « TEST INSTRUMENTS DIVISION
595 Old Willets Path, Hauppauge, New York 11787 « 516/234-5700
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PR

amplificateurs et preampllflcuieurs
en “couches minces?
pour compteurs proportionnels

multifils

CIT
Healel

DEPARTEMENT PHYSIQUE ET MECANIQUE
MICROELECTRONIQUE - SERVICE COMMERCIAL
41, rue Périer - 92120 MONTROUGE - Tél. 2563.37.90 - Télex : 27 431 F
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CURRENT UNIT LIST

NE 4601 Bin, wired for preferred for12single
voltagesonly modules

NE 4626 Power Control Panel

NE4609 PowerSupply 4- 24V 4 12V

NE 4655 PowerSupply 4= 24V 4+ 12V 4 6V

NE4632 Bin Extender

NE 4607 Ratemeter (linear-logarithmic)

NE4610 Stretcher

NE4611 Scaler5-decade

NE4612 Timer6-decade

NE4613 Scaler7-decade

NE4614 Linear Gate

NE4615 Linear Delay

NE4616 Timing Discriminator

NE 4617 Print Control, for use with serial printers

NE4618 Mixer, eightinput

NE4619 Fast Coincidence Unit

NE 4622 Digital Ratemeter
Option 1 (analogue linear chart recorder
output)
Option 2 (analogue semi-logarithmic
recorder output)

NE 4623 Integral Discriminator

NE4624 Clock

NE4629 High Voltage Distribution Unit

NE 4630 Amplifier/Analyser

NE 4634 Fast Amplifier

NE 4635 Fast Discriminator

NE 4643 LinearInterface

NE 4644 Fast Logic

NE 4645 Time Converter

NE 4646 High Voltage Supply, up to 5mA

NE 4647 Rejector

NE 4648 Restorer

NE 4649 Scaler6-decade

NE 4650 Nanosecond Delay

NE4651 Coincidence Anti-Coincidence

NE 4652 Digital Clock

NE 4656 Analogue Subtraction Unit

NE 4657 Research Amplifier

NE 4658 Amplifier

NE 4660 H.V.Unit, uptobkV

NE 4664 Energy Analyser

NE 4665 Scan Speed

NE 4666 Scan Position

NE 4668 Charge Sensitive Amplifier

NE4669 Analogue Processor

NE4672 Linear Ratemeter
Option 1 (Alarm Circuit)

NE 4674 Pulse Generator

NE4675 Charge Amplifier Discriminator

The Nuclear Enterprises NIM range
has outstanding system capability. its
flexibility is continually being increased
by the addition of new units and the
extension of facilities in existing
modules. The range has all the
excellent performance and charac-
teristics to meet experimental
requirements with high resolution in
semiconductor detectors, high speed
measurements, anti-coincidence tech-
niques and timing analysis. Units are
compatible with CAMAC, permitting
experiments to be computer controlled.
The advice of Nuclear Enterprises
design engineers is freely available in
the selection of units to suit your
particular system requirements.

Write for Bulletin 65

or telephone 031-443 4060.

= oy
[

NUCLEAR
ENTERPRISES
LIMITED

SIGHTHILL, EDINBURGH EH11 4EY, SCOTLAND
Telephone:031-443 4060
Cables: Nuclear, Edinburgh Telex:72333

Bath Road, Beenham, Reading RG7 5PR, England.
Tel: 073-521 2121. Telex: 848475.
Cables: Devisotope, Woolhampton.

Associate Companies

Nuclear Enterprises GmbH Schwanthalerstrasse 74,

8 Munchen 2, Germany. Tel: 563-62-23. Telex: 529938.
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos,
California 94070. Tel: 415 593 1455. Telex: 348371.

High Energy & Nuclear Equipment S.A,,
2 Chemin de Tavernay, Grand-Saconnex, 1218 Geneva.
Tel: (022) 982582/3 Telex:23429.
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Nuclear transmutation

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

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

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

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

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

&) KRUPP STEEL for the world of tomorrow

Double bending magnet
for beam transport
made of KRUPP STEEL
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Nos photomultiplicateurs s'adaptent a votre prob

Les photomultiplicateurs XP 2230 de R.T.C. permettent la détection

en photoélectron unique, en lumiére Cerenkov, en carbotrimétrie.

de grande
envergure

Les XP 2230 de R.T.C. disposent du meilleur rapport rapidité/bruit et

des scintillateurs rapides.
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Ainsi la détection en physique nucléaire

B progresse avec R.T.C.

XP 2230
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RT.C. LA RADIOTECHNIQUE - COMPELEC -130, av. Ledru-Rollin

75540 - PARIS CEDEX 11, tél. 357.69.30.
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NOW ANY LABORATORY
CAN AFFORD TO MAKE ITS
OWN LIQUID HELIUM

CTi’s new Model 1204 Helium Liquefier/
Refrigerator was designed especially
for the laboratory with a growing re-
quirement for liquid helium or continu-
ous cooling of superconducting mag-
nets. It answers the need of research
centers that have always wanted a
reliable in-house supply of liquid he-
lium, but felt that helium liquefiers were
too expensive.

The Model 1204 is a “compact” ver-
sion of the CTi Model 1400 Helium
Liquefier/Refrigerator, widely used
throughout the world in university, in-
dustrial and government laboratories. It
is areliable and inexpensive system
that can provide up to 5 liters per hour
of liquid helium or 15 watts of refrigera-
tion at 4.5°K without liquid nitrogen pre-
cooling. lts optional, integral purifier
and gas collection system allows reuse
of helium gas recovered from experi-
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ments. The Model 1204 is capable of
both intermittent service and continu-
ous, around-the-clock duty without
operator attendance.

And ... its costis low (less than many
scientific instruments commonly found
in the laboratory).

FEATURES

[JHands-off, semiautomatic operation
[[1No foundation required (The Model
1204 can be moved easily) []Simple to
install and operate [] Proven design,
standard components [] Quiet, vibra-
tion-free [] Liquefies directly into any
storage or experimental dewar []
Simple, preventive maintenance twice
ayear (The user can do it) [] Parts and
service available worldwide [] Built and
guaranteed by the world’s leading man-
ufacturer of helium liquefiers

A companion system, the new Model
1220 Helium Refrigerator, is available
to provide 75 watts of continuous-duty,
closed-cycle cooling at 20°K for hydro-
gen recondensing, target cooling, and
cryopumping application.

Write or call CTitoday for complete
technical and price data on the new
economical helium liquefier/refrigerator
that any laboratory can afford. And ask
about CTi's complete line of closed-
cycle refrigerators, liquid nitrogen gen-
erators, dewars, and other cryogenic
accessories.

21 CRYOGENICS AG

CH-8052 Zurich - Glattalstrage 18
Telefon 48 4680 - Telex 53899

Subsidiary of CRYOGENIC TECHNOLOGY inc.



