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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 |l 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.
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Preparations for
physics at the SPS

Throughout the time that the con-
struction of a 300 GeV accelerator
was under consideration in Europe,
the experimental programme that
could be supported by such a machine
was also being discussed. This put
detail into the case for building such
an accelerator and was an important
part of the machine design in that it
pointed to energy. intensity and ejec-
tion parameters to feed the physics
programme adeqguately.

When the project was authorized
in 1971, preparations for the experi-
mental programme gathered momen-
tum thanks particularly to the efforts
of the Working Group under the
Chairmanship of P. Falk-Vairant, set
up by the European Committee for
Future Accelerators. The peaks of
these efforts were visible at two meet-
ings held at Tirrenia (see, for example,
vol. 12 page 318) where the interests
of the whele European community of
users were represented.

The present stage of these pre-
parations has moved to the more
practical and detailed level of specify-
ing beam-lines and experiments. In
general, the detection systems are
large, complicated and costly and the
beam-lines and experimental halls that
feed and house them are a large pant
of the total construction project. They
have, therefore, to be specified well in
advance so that they will be ready to
receive particles just as soon as the
400 GeV SPS is able to supply them.

For this stage, the SPS Experiments
Committee, chaired by P. Lehmann, is
a major source of input from the
experimenters while, within CERN
itself, J.V. Allaby is co-ordinating the
preparations and G. Brianti is leading
the Experimental Areas Group in the
project team. Details of the initial
programme remain to be settled but
its overall form is likely to be very
close to what is sketched here. As far
as possible the programme ftries to
avoid direct duplication of what has

been done, or will be done in the next
few vears, at the equivalent machine
at the Fermi National Accelerator
Laboratory.

The SPS will feed two experimental
areas — the West Area, which will
receive its first beams in 1976, and
the North Area, which will receive its
first beams in 1978. The West Area
will have secondary beams from
targets bombarded by protons up to
an energy of 200 GeV and neutrino
beams generated from 400 GeV pro-
tons. The North Area will have
secondary beams from targets bom-
barded by proton beams up to an
energy of 400 GeV.

The West Area was built as part of
the development of facilities for exper-
iments at the 28 GeV proton syn-
chrotron, its major detectors being the
3.7 m European bubble chamber,
BEBC, and the Omega spectrometer.
The experimental programme that it
will support when the SPS comes

Schematic fayout of the 400 GeV proton
synchrotron, the SPS, indicating its infection
system (the PS} and its two ejection fines to

the West Experimental Area and the North
Experimental Area, The buildings T to 7 seemingly
erected on stilts, are service buildings in fact

at ground level, the machine being below ground.
Note the division of efected beams towards

the two Areas which is described in the article.

into operation can be considered in
two parts — neutring experiments
and electronics experiments.

To generate neutrinos, the ejected
proton beam strikes a target in an
underground cave at machine level.
Pions and kaons which are praduced
are focused by a horn and reflector
and allowed a drift distance of about
430 m in a tunnel rising at an angle of
2.5 degrees in which they decay to
give positive or negatively charged
muons and neutrinos or antineutrinos.
Steel shielding is installed in 180 m of
the continuation of this turnel
followed by a further 170 m of earth
to filter out the muons before the neu-
trino beam emerges at the surface
about 50 m upstream from BEBC
travelling in the direction of the
chamber.

The horn and reflector focusing
system will give a beam of neutrinos
with a wide range of energies. In
addition to this ‘wide band” beam, it
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will be possible to have a ‘dichro-
matic’ beam by using bending mag-
nets and quadrupoles to select pions
and kaons around a particular mo-
mentum. The resulting neutrinos will
then be clustered in two energy
ranges, one fram the pion decays and
the other from the kaon decays. The
dichromatic beam will be of higher
energies than are at present available
at the FermilLab, being centred on a
momentum of 275 GeV/c rather than
170 GeV/c.

The 3.7 m bubble chamber BEBC,
filled with hydrogen, deuterium or
neon, will be the first detector at the
receiving end of the neutrino beam.
It will have a large array of multiwire
proportional chambers (100 m?) in-
stalled close around the downstream
end of the cylindrical iron shield which
contains the field of its supercon-
ducting magnet. This is known as the
external muon identifier, EMI, and
will improve the ability to measure the

muons emerging from neutrino inter-
actions in the chamber.

Next will come a separate detector
using electronic techniques. This will
be a massive assembly of 1400 tons of
magnetised iron in modules, 0.9 m
long and 3.75 m in diameter, inter-
spersed with drift chambers for a
total length of 20 m. It is being pre-
pared for an experiment hy a CERN/
Dortmund/Heidelberg/Saclay colla-
boration. The first section of the
detector also has plastic scintillator
sections between the iron modules to
measure the energy of hadrons emerg-
ing from interactions while the rest of
the detector takes care of the muons.
The interactions could be in the iron
itself or in a volume of many cubic
metres of hydrogen or deuterium
placed in front of the detector. An
additional 320 ton calorimeter of
liquid argon interspersed with steel
plate, to give precise information on
the energy and direction of emerging

Inside the Hall of the West Area, three targets,
(T1, T3, T5) are the source of beams to
electronics experiments including those with the
farge Omega spectrometer. The neutrino

beam (N1) can be seen at the top, heading for
the 3.7 m European bubble chamber, BEBC,
which is also fed with charged particles by an r.f,
separated beam (53).

hadrons, is also being developed by
a CERN/Hamburg/Karlsruhe/Oxford/
Rutherford /Westfield team.

Finally, the heavy liquid bubble
chamber, Gargamelle, which was the
first to detect neutral current neutrino
interactions, will be moved from the
28 GeV proton synchrotron to sit in
the SPS neutrino beam behind the
electronic detector. The construc-
tion of the buildings to house these
additional neutrino detection systems
behind BEBC started at the begin-
ning of November.

The West Area Neutrino Facility,
WANF, will make possible a range of
experiments with high energy neu-
trino beams of an intensity higher than
is available, at present, at the Fermi-
Lab. Typically, BEBC filled with
hydrogen is expected to catch a neu-
trino event once every eight pictures
with the wide band beam. The experi-
ments are likely to cover the study of
elastic and inelastic cross-sections,
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The North Area will have two separale zones
capable of handling particles up to the highest
energies the SPS can provide. Stilf further
downstream of the ejected beam there is scope for
additional detection systems if the experimental
programme should call for such a development
in the future.

hyperon production, neutral current
properties, intermediate boson search,
etc.

Several beams will be set up for
electronics experiments in the large
hall of the West Area. They will be
drawn from three targets all of which
can receive protons at the same time
following the use of beam splitting
magnets. Five beams will emerge —
H®* with pions and kaons up to
150 GeV/c, N3 a neutral beam for
neutrons or kaons, P1 for special
beams beginning with a high energy
hyperon beam, E1/H1 with electrons
or hadrons up to 100 GeV/c which
will have a branch to the Omega
spectrometer and S1 which will be a
separated beam, using superconduct-
ing r.f. cavities under construction at
Karlsruhe, to achieve high fluxes of
particles such as antiprotons also for
Omega.

Some experiments are already plan-
ned in considerable detail: in beam

H3, a polarized proton target will be
used by a CERN/Trieste/Vienna team
to rmeasure pion-proton and proton-
proton scattering parameters from 50
to 150 GeV/c using magnets and
multiwire proportional chambers for
measuring the particles emerging from
the interactions. Another detection
system (of an Indiana/Saclay team)
on H3 will study backward scattering
in the momentum range from 25 to
120 GeV/c. This will involve a hydro-
gen target surrounded by multiwire
proportional chambers installed in a
large aperture magnet, called Goliath,
from the Saclay Laboratory. Further
magnets and Cherenkov counters
downstream will spot the recoil pro-
ton and avoid confusion with mesons.

In beam P1, the high incident proton
energies will make high .hyperon
fluxes possible {for example, 5000
sigma minus hyperons per burst at
100 GeV). Rare decays of hyperons
(including, eventually, those of the

famous omega minus particle), which
are crucial tests of weak interaction
theory, can then be studied using
Cherenkov counters in the identifica-
tion of the hyperons and decay
products and drift chambers either
side of a bending magnet to measure
particle momanta. A transition radia-
tion detector may be used for the first
time at CERN to sift out pions which
are not produced in the rare decays
which are of interest. This experiment
is being prepared by a Geneva/Hei-
delberg/Lausanne/QOrsay/Rutherford/
Strasbourg collaboration.

The H1 beam will support a series
of studies on strong interactions in
the energy range from 30 to 80 GeV
by an Amsterdam/CERN/Munich/
MPI/Oxford/Rutherford team. The
emphasis will be on the dynamics of
boson resonance production at high
energies. A large array of counters,
chambers, magnets, Cherenkovs and a
gamma hodoscope will be used.
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A second experiment in the H1 beam-
line by a CERN/Genoa/Orsay/Oslo/
UCL team, will look at elastic hadronic
interactions with large momentum
transfer. This probes the structure of
the proton. Pion and proton elastic
scattering will be studied. The recoil
proton will be detected by multiwire
proportional chambers in and around
a large aperture magnet and the
scattered particle will also be analysed
by the same magnet and an additional
magnet. Cherenkovs will be used for
particle identification.

The beam-line E1 will open up a
type of physics completely new to
the CERN experimental programme.
It will produce electrons of energy up
to 80 GeV which will then give a
tagged photon beam, on being passed
through a radiator (the photon ener-
gies being determined by measuring
the electron energies before and after
the radiator), for experiments in the
Omega spectrometer supporied by
two large Cherenkov counters. A
Bonn/CERN/Daresbury/Ecole Poly-
technique/Glasgow/Lancaster/Man-
chester/Qrsay collaboration will use
the photon beam (which can also be
polarized by using a suitable crystal as
the radiator) for a series of studies
including vector meson photopro-
duction, Compton scattering, energy
dependence of pseudoscalar mesen
production, photoproduction on nu-
clei, etc.

The Omega spectrometer will con-
tinue to serve as a general purpose
detector and will have a programme of
experiments fed with hadrons via the
S$1 beam-line. BEBC, in addition to
its neutrino experiments, will also be
fed with hadrons using the S3 beam-
line which will c¢climb from under-
ground allowing long drift distances
to ensure particle separation with
conventional (warm) r.f, separators
operating at 6000 MHz.

Since beams will reach the North
Area two vyears after they reach the
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West Area, there is a little more
breathing space in planning the experi-
mental programme. No experiments
have yet been ‘approved’, though
proposals are being considered and
the type of experiment and the cor-
responding beam requirements have
dictated the overall layout of the
Area.

Beams will be generated in a target
area 10 m below ground. This helps in
absorbing the flood of muons which
emerge from the targets but which
are then lost in the earth downstream
while the required particles are brought
to the surface via bending magnets.
Three targets (T2, T4, TG) can receive
beam simultaneously by splitting the
ejected proton beam. Two of them
will provide four hadron beams (two
up to an energy of 270 GeV, two up
to an energy of 400 GeV) for Zone | —
a hall 50 m wide and 290 m long.

Experiments in Zone |, which have
already been proposed, include stu-
dies of polarization in high energy
interactions, studies of ‘fragmenta-
tion” (such as have been carried out
for the proton-proton interaction at
the ISR) and studies of large mo-
mentum transfer phenomena for a
variety of particles (also as have been
carried out for proton-proton inter-
actions at the iSR). These last men-
tioned experiments are likely to in-
clude experiments on lepton pro-
duction which is currently a burning
topic at the FermilLab and the ISR.

Zone 1, further downstream, will
receive a beam from the third target.
The beam-line will begin by taking a
high flux of pions and kaons and
allowing a decay length for them to
yvield a muon beam, M2. The muon
beam will be of much higher intensity
than that now available at the Fermi-
lLab where mucons are pulled off as an
adjunct to the neutrinc beam-line.
For Zone Il of the North Area, quadru-
poles will be used to concentrate the
muons in the decay region and mag-

nets will bend them around in the
vertical plane towards their detection
systems. Magnetic collimatars will be
used in an effort to reduce further the
muon ‘hale” which inevitably sur-
rounds the desired beam. Muons are
such penetrating particles that any
going slightly gdrift from the desired
beam still tend to sail on through
magnets, etc., in the direction of the
detectors. It is anticipated that the M2
beam-line will vield 10® muons in a
beam of 5 cm radius while the halo,
out to about 2 m, will have only about
2 % of the beam flux.

Experiments with the muon beam
are likely to begin with deep inelastic
scattering studies. All the experiments
so far considered for the North Area
would use electronic detector systems
{with the possible addition of a small
rapid cycling bubble chamber as a
vertex detector).

There is room beyond Zone Il for
further developments if the physics
programme eventually calls for it and
a proton beam-line, now pointing out
into the void, will be available. How-
ever, for the initial programme, the
SPS probably has quite enough on
its plate.




CERN News

First SPS magnets
go down the tunnel

On 18 October, fifteen days ahead of
the scheduled date, the first magnet
was lowered via access shaft no. 3 to
the tunnel of the 400 GeV proton
synchrotron.

The first to descend was a quadru-
pole taken from the growing stack of
tested magnets in the large assembly
hall. Via varicus vehicular manoeuvres
it was put in the lift at the access
shaft, PA3, lowered 60 m to tunnel
level and again mangeuvred and
wheeled to its scheduled position
near PP4. In this sextant of the ring
all the electrical, water and com-
pressed air services are now almost
completely installed.

Before the magnets are put in
position a series of preparatory oper-
ations take place with several teams
of workmen keeping a healthy dis-
tance in advance of the magnet
installation point — holes accurately
bored to take the magnet supports,
high frequency welding, tests on
bus-bars for water leaks and electrical
properties, alignment and cementing
in place of magnet supports.

On 21 OQOctober the magnet was
lifted onto its support stand using a
special two-armed hydraulic machine.
At the time of writing, over thirty
magnets (bending magnets and qua-
drupofes) are in place and installation
is proceeding at the rate of five per
day. Strategically positioning a camera
gives the impression of a complete
machine since there are enough
magnets to fill an arc disappearing
around the curve of the ring. Alas it is
an illusion for 1000 magnets are
needed around the 7 km of the ring
circumference. Still, a good start has
been made.

Next month we shall return to the
SPS with an article covering the pro-
gress of the project in more detail.

Getting yet more
from the ISR

The Intersecting Storage Rings have
already comfortably passed their
design parameters but it is possible to
squeeze still more out of the machine
— literally, by squeezing the beams.

The parameter which is impor-
tant for the physicists is the ‘lu-
minosity’ since it gives the number
of interactions per second that they
can see In their experiments. The
number of interactions, when the two
colliding beams pass through one
ancther, is generally smaller than in a
conventional accelerator experiment
where a beam is fired at a fixed target
and this is why storage rings lean
hard on pushing the luminosity higher.

Up to now this has been achieved
at the ISR by building up the intensity
of the stored beams. With beams of
24 A in each ring, a luminosity of

A quadrupole magnet of the 400 GeV proton
synchrotron being fowered into place in the
machine tunnel on 21 October. It was the first of
the thousand magnets of the SFPS to be
installed. The hydraulically operated device on
the left lowers the magnet onlo its support stands.
Watching the operation, third from the left,

is J.B. Adams, Director General of CERN
Laboratory If.

CERN 287.10.74
1.4 x 10°" per cm® per s has been
reached. It is hard to go much further
in this direction, however, and the
recent efforts have taken ancther
tack — using a low beta insertion in
one of the machine intersection
regions.

Since the luminosity depends also
on the dimensions of the beams where
they cross, the idea of the low beta
insertion is to squeeze the beams
where they pass through the inter-
section. This is done by introducing
focusing magnets to reduce the beam
height (the luminosity is inversely
proportional to the beam height).
Five quadrupoles have besen installed
on each beam, four in intersection
-7 (recently vacated by the streamer
chamber), to give vertical focusing.
They are modified magnets which
have been garnered from Daresbury,
DESY, the PS and the ISR. A special
vacuum chamber was built and it
contains ‘scrapers’ which can be
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General view of the fow beta section of the 1SR.
This instalfation, at intersection -7, uses

five quadrupoles per ring, four of which are sited
in the intersection region itself. The central
bicone contains a “scraper’ device for beam
height measurement.

R.W.K. Blaghorough and W.D.H. Gregson

(left and second from left}, who were Secretary
and Chairman of the British Measurements,
Control and Automation Conference, visiting
stands during the week’s exhibition of
aquipment from the UK. held at CERN from
27-25 Qctober.

moved in to measure the beam height
with an accuracy of 0.01 mm. These
changes affect only I-7 and ane of the
difficulties has been to ensure that the
manoeuvres in this region do not
disturb the beam behaviour in the
rest of the ring.

The first tests were carried out at
the end of October and went exactly
as anticipated. The measurements
indicated that the beam height had
been reduced by a factor of 2.3 in |-7
and thus the luminosity increased by
the same factor. The measurements
were carried out with a beam inten-
sity of 12 A in Ring | and 14 A in
Ring Il. The luminosity reached 1.02 x
10% per cm® per s. This does not pass
the record that has been achieved
with more intense beams but, when
higher currents are stored with the
low beta section in action, it is
expected that the record will be
doubled. The most comfaorting aspect
of the tests is that they have confirmed
that it is possible to reduce the beam
height in one part of the machine
without perturbing beam behaviour
elsewhere.

Tests with higher intensity beams
are anticipated before the end of the
year and, if the expected performance
is achieved, it is intended to transfer
the focusing magnets to intersection
region }-1 in the course of 1975 to
take advantage of the higher lumi-
nosity in an experiment.

Late news : During the night

of 13-14 November another test of
the low beta insertion was carried out.
Feedback on the beams was
operating and it was possible to stack
higher current. With 20 A and 24 A
circulating a new record luminosity
was achieved—2.2. x 1037 per cm2per s.
In the same week, the ISR stored
30 A in each ring and passed 10000 h
of operation,




Managing CERN projects

At the Meeting on Technology
Arising from High Energy Physics held
at CERN in April, C.J. Zilverschoon
(Director of the Proton Synchrotron
Department with special
responsibilities in the field of
financial planning) gave a talk
entitled 'Some Aspects of the Realiza-
tion of High Energy Projects at
CERN’. This talk covered several
themes which many people regard
as having played a crucial role in the
successful management of the CERN
Laboratories. Since these themes

can be of wide interest, we present
here a condensed version of the talk.

Projects in high energy physics can be
big — big in size (they may be of the
order of 100 metres up to kilometres},
big in money {costing hundreds of
millions, up to a milliard francs) and
technologically advanced.

In 1959, the Proton Synchrotron
was the first of its type working in the
world and the same was true for the
Intersecting Storage Rings in 1971.
The big machine (the SPS) will be
the largest of its type in the world and
will be full of technical novelties.
From the point of view of technical
advancement, these projects can be
considered at the same level as large
rockets, or supersonic airplanes, or
new types of reactors. Yet, when we
bring them into operation, they gener-
ally work immediately up to the pro-
mised performance specifications and
we have done rather well in keeping to
the timescale and to the cost estimates.

The largest project so far com-
pleted is the Intersecting Storage
Rings. We informed the CERN Council
that we could build it for 332 MSF (at
1965 prices) and that it would be in
operation by the middle of 1971.
In reality, the machine worked four
months earlier and approximately
5 million Swiss Francs of the project
money was left over. This is quite a
different affair with some other ad-

C.J. Zilverschoon

vanced projects or even some of the
more conventional projects such as
underground railways, airports, Olym-
pic games, or even motorways, where
sometimes large over-expenditures
and delays have occurred. We do not
always underspend; we have some-
times had an over-expenditure of 5 %
or even 10 % but never a factor of 2
to 5 over-expenditure that sometimes
is found in other fields.

This discipline of sticking to pro-
mised figures is not limited to CERN
but is typical of high energy physics.
To give one other example: in 1960,
the Alternating Gradient Synchrotron
in Brookhaven, USA (a parallel ma-
chine to the CERN Proton Synchro-
tron), was finished and the project
leader was able to hand back a sum of
money to the USAEC. .

Project cantrol and set-up

I should like to discuss a few points

Aearial view of the Intersecting Storage Rings.
the fargest project so far completed at CERN.
This 330 million Swiss franc projact was
completed ahead of schedule and for

less than the cost estimate

which we believe are of importance in
making the projects not only a
technical success but also a success
from the management point of view.
Let me start with a topic, ‘project
control’, which is so fashionable that
it is the subject of big conferences.
It is, of course, important to control
the project. During construction of the
ISR we had PERT, a critical path
system, and it worked very nicely. But
when building the PS these systems
did not exist. All that one had at that
time was commonsense and yet the
PS was ready six weeks before
schedule. It would be stupid not to
use these management tools when
they are available but | do not believe
that they are so essential that a project
would be doomed without them.
There are more essential things.
We have always followed a clear line
at CERN in the project set-up. A
project leader has always been given
great liberty in devising his own set-up
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Two aspects of the huge project to construct
the SPS, an accelerator to give energies of
several hundred GeV':

1. A tunnel about 7 km in circumference had
to be built 40 m below ground;

2. A magnet assembly and testing factory had
to be set up to produce close to 1000
magnets of high precision.

CERN 16.1.74

CERN 42.2.74

and, for projects the size of the large
accelerators, we have created a special
project division which, from the
technical point of view, was almost
self-supporting.

It had its own magnet group, its
own electronics workshop, its own
mechanical workshop, its own draw-
ing office, evén sometimes its own
buildings group. For technical matters
the project leader never had to rely on
general services from the Laboratory;
he used general services from the
administrative point of view but
technical matters were always in his
own hands and, if something went
wrong, he could only blame himself
or his own people. We believe that
this is an essential point: to give great
independence to the project and,
therefore, the full responsibility to the
project leader.

Staffing a project

The quality of the staff has to be good
and we have been lucky in being
allowed to hire staff from wherever we
wanted within Europe. The CERN
Convention allows us to hire people
without considering their nationalities.
We do not have to distribute posts in
accordance with the contributions of
the Member States.

What may be even more important
is the motivation of the staff and here
we come to a point that | should like
to call the ‘continuity of the staff’
throughout the project. Starting a new
project, the first step is to set up a
design study group, which may have
about ten senior engineers and phy-
sicists. They work together for a year
or so to produce the Design Study
Report. This contains the reasons for
the project and how to go about it.
It gives the first layout and technical
drawings; it mentions where diffi-
culties can be expected and contains
the cost estimate and the time-table.



Various types of vacuum chamber section as
used in the proton synchrotron. For each type
the manufacturing procedure was selected
according to the complexity involved, the
capabilities of industry and the cost. A section
of the initial chamber is seen on the extreme
tight — it was produced, to CERN's complete
satisfaction, by a firm that normally made
washing machines.

It is with this book that we go to
our Council for approval of the pro-
ject.

It is very important that the senior
staff, when making the design study,
know that they will stay on later to
actually do the waork, forming the
nucleus of the project division. Then
a man who, in the design study,
estimates a magnet to cost a certain
amount of money knows that, if the
project is approved, he will have to
build it for that money. This motivates
him to make a proper cost estimate.
It is extremely important at an early
stage to motivate people by letting
them know that they will stay with
the project.

There is another facet of staff
continuity that is interesting. Once the
big accelerators or detectors start to
function, we know from experience
that we need more people to operate,
maintain and develop them than to
construct them. The equipment has a
long and busy life, running 24 hours a
day, 7 days a week and for each
operator we need five or six posts,
which means a large operating staff.
Also, advanced precision equipment
needs a lot of maintenance and hence
maintenance staff. Finally, we want
the equipment to last a long time, say
25 vyears. During its lifetime the
technolegy can change completely
and the physics interest may require
a continuous development of the
equipment. We need a large operating
staff, maintenance staff and a develop-
ment staff.

A fairly large percentage of the
staff that works throughout the con-
struction stage stays on with the
project. This gives the same sort of
motivation to do a good job. Because
of the need for a large number of staff
when the equipment is in operation,
we can have a sizable staff during the
construction period without worrying
about the problem of laying-off large
numbers of people.

Collaboration with industry

In order to make the total cost of a
project as close as possible to the
cost estimate, we try to obtain the
equipment for as low a price as
we can. To do this we have two
rules: we give industry specifications
that are as precise as possible, {in the
hope that they can make price calcu-
lations with a minimum of unknowns
and therefore a minimum of risk for
them) and we ensure that there is
sufficient competition for each tender.

The placing of a limited number of
extremely large and complicated orders
with only one or two big firms, such
as is sometimes done in space work,
is not in accordance with these rules.
We do the opposite: we tend to break
down the whole projest into a
relatively large number of contracts,
each of which is relatively simple in
itself and therefore often suitable for
medium-size or small firms. In this
way we increase the number of firms
that we can interest and increase the
competition.

The equipment can be of vartous
types: It can be standard equipment
such as a power transformer. There are
plenty of factories that make trans-
formers, so we know that, when we
need a transformer, there are experts
in these firms who can design the
equipment. Then we never think of set-
ting up our own design group but we
simply prepare performance specifi-

CERN 246.1.72

cations, possibly giving some dimen-
sions or specifying how much cooling
is available and so on, and do not
make a detailed design. In this same
class there are many other items
such as computers, vacuum pumps,
cranes, switchgear...

A second type of equipment is a
sort of extension of what already
exists, For example, there may be on
the market a high frequency tube
producing 2 MW of power and we
want something similar but for 5 MW,
Here again we do not try to set up a
special development group but try to
interest firms in making us an offer to
develop something that suits us from
their existing model. Of course we ask
them to develop it at a fixed price.
Much of our work is in this category.
We often establish a good relation-
ship with the firms, for instance,
helping them to do tests or even
to advance the work.

A third type consists of equipment
not normally made in factories; for
example, synchrotron vacuum cham-
bers, synchrotron magnets, etc. Here
we insist on having our own experts
and set up small design sections who
work out the specifications with
detailed drawings that are sent out
to firms who we believe can do the
job. Firms are contacted even if the job
is not their normal speciality and in
this way we often get lower prices than
if we go to the specialist firms only.
To give an example: the vacuum
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chamber of the PS was made by
a factory manufacturing washing ma-
chines, which nevertheless had the
right type of production facilities and
was cheaper than the specialized
vacuum firms. They built the vacuum
chamber very well but we would not
have let them do the design work,

This philosophy also fits well with
our financial rules. Contrary to what
generally prevails in international orga-
nizations, we do not have a system of
‘fair return’. In other words, if a
country contributes 20 % of the budget
it does not insist on getting back 20 %
of the expenditure. There is no
geographical distribution of contracts;
we have to accept the lowest offer that
meets the technical requirements and
delivery time. This freedom to spread
our contracts through the Member
States, without being under the con-
straints of ‘fair return’, is of great
importance and certainly helps in
getting low prices.

These rules are not advantageous to
CERN alone. We have noticed that
sometimes a firm is temporarily not
fully occupied and can make a lower
offer. If this firm gets the order, it is
obvious that more than cne party will
be satisfied. The firm is happy because
it needs the work. CERN is happy
because it gets a lower price and the
Member States know they get good
value for their (taxpayers’) money.

‘Fall out”

We have slowly come to realize that
industry may gain something else
from our efforts beyond the immediate
orders they get from us. In the course
of doing a job, a firm may introduce a
new product or gain experience in new
techniques or use CERN as a test-bed.
We are now investigating what has
happened to firms that have had big
contracts with us and are finding
that this ‘fall out’ exists to a greater
extent than we thought.
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Around the Laboratories

BROOKHAVEN
Present
and future programmes

The Brockhaven National Laboratory
for many years enjoyed a pre-eminent
reputation among high energy physics
research centres. In its heyday many
of the major discoveries fell to the
33 GeV Alternating Gradient Synchro-
tron, AGS, which was then the highest
energy machine in the world, The
inevitable leap-frogging process has
since taken place and facilities at
Serpukhov, CERN and the FermilLab
have extended the fields of research
beyond the reach of the BNL machine.
There is therefore the keenest interest
in the major project for the future at
BNL — the construction of the very
high energy colliding beam machine,
known as ISABELLE, which will
bring the research back into the
front-line at the highest energies.

The present programme has endured
‘constant dollars’ in recent years. In
an inflationary situation, this has
meant that progressively less physics
could be supported at the AGS. For
example, unless pennies from heaven
are forthcoming, operation of the
accelerator will be limited to about
26 weeks of the present fiscal year.
Even in this situation, however, it is
recognized on all sides that research
and development in relation to the
accelerator facilities should continue
to be funded (the level usually being
at about 10%, i.e. $2 million in this
fiscal year). This money is split about
evenly between the improvement pro-
gramme on the existing machine,
where the full potential is taking a
long time to reach because of lack of
funds and people, and the ISABELLE
project,

While the accelerator/high energy
physics components of Brookhaven
have not yet seen an upturn in budgets,
the Laboratory as a whoie has more

maoney this year, much of the increase
being related to a variety of energy
projects. J.P. Blewett, the highly
respected practitioner of accelerator
physics, has had special responsibifity
in the co-ordination of the energy pro-
grammes and the Accelerator Depart-
ment, led by [V].O. Barton, is parti-
cipating in this work.

For example, a 30 MeV linac to
accelerate deuterons has been de-
signed by a Steering Committee
headed by D. Gurinsky and D. Parkin
with the linac group of K. Batchelor.
The beams would be used to vyield
14 MeV neutron beams for studying
the neutron environment around ther-
monuclear fusion reactors. Other Labs,
such as Los Alamos and Livermore,
have also looked at neutron beam
devices for the same purpose. The
Brookhaven design is for a high
intensity {1 A) deuteron beam giving
a neutron flux of 10" per cm? per s.
It involves no new technology and is
ready to go almost as soon as the
financial button is pressed.

Another project, stimulated by
J.G. Cottingham and G.K. Green, is
for a solar powered steam plant. Their
proposed scheme involves concave
reflectors focusing the energy from
the sun onto the entrance of a high
pressure steam boiler. The orientation
of the reflectors would be controlled
by a simple computer system to
sustain the optimum settings as the
sun moves across the sky. A unit
system of 29 reflectors and a boiler is
predicted to give 850 kW of peak
power. These two potential energy
sources, fusion and solar, are perhaps
the only two that hold out the promise
of virtually limitless energy and they
do not bring serious environmental
problems in their wake.

A powertransmission project, involv-
ing the use of superconducting cable,
has scientists from many of the
BNL Departments participating in
the studies led by E. Forsyth. The



Several months ago the foam fire protection
system for the 7 foot bubble chamber came on

automatically because of an efectrical design fault

in the manufacturer’s circuit. The incident
provided a vivid demonstration of the system's
ability 1o flood the entire building with
extinguishing foam very quickly. Clean-up was
completed in about a day and left the bubble
chamber whiter than white.

challenge is the long range plan of the
Long Island Lighting Company for a
70 km link between a nuclear reactor
site and a large substation which will
require 345 kV cables capable of
4800 MVA. Thorough cost compar-
isons with conventional systems came
out favourably for a superconducting
version. One advantage is that the
superconducting cable is well matched
tc the load and would therefore be
suitable for transmission over many
hundreds of kilometers (the critical
length forthe BNL type being 680 km}.

The optimum design of the cable
and its cryogenic envelope is being
chased hard. In contrast to most
other work on this problem, BNL
have gone for niobium-tin as the
superconductor in flexible cables with
gaseous helium cooling. They have
several techniques for achieving good
Nb.Sn layers on a substrate, including
one similar to that recently tried in
the Rutherford/Harwell work on mag-
nets (see September issue page 349).
A cable for 345 kV to carry a current
of 500 A per centimetre of circum-
ference has been developed. It is
14 cm in diameter shrouded by
insulation, etc., to give a total dia-
meter of 46 cm, with helium cooling
sustaining a temperature between
6 and 9 K. Just how tricky the materials
problem is for such cables, can be
realised from the fact that T km of
normal pipe shrinks several metres in
cooling to such temperatures.

Most of the remaining guestions
centre on the cooling system. The
BNL people are confident of the pro-
perties of the superconducting cable
itself; what is not optimised is the
method of cooling it to superconduct-
ing temperatures and holding it there
reliably. To check the techniques
developed so far, a 1 km length is to
be installed at the Laboratory.

But, of course, the major activities
remain centred on the high energy
physics programme and the operation

and development of the AGS. The
33 GeV Alternating Gradient Synchro-
tron now cperates at intensities around
7 * 10'? protons per pulse. The peak
accelerated intensity (to transition)
has been 9.7 % 10'? and the necessary
manoeuvres to top 10" are expected
to have been completed by early 1975,
Beyond this level, further advances
might be possible by injecting negative
hydrogen ions from the linac into the
synchrotron ring for conversion into
protons, as has been pursued at
Argonne. T. Sluyters and K. Prelec
have achieved encouraging perform-
ances from negative ion sources of
the type developed at Dubna and
Novosibirsk. Currents of over 100 mA
for 1 ms are already possible. Such
sources also have relevance to fusion
work since negative beams are an
efficient route fo the neutral beams
which can be used to top up fusion
reactors. A 1 A source is being devel-
oped for this purpose while at the
AGS a second pre-injector is being
buitt for negative ion injection into
the linac.

The 200 MeV linac now has a
debuncher operating in the self-
excited mode, reducing momentum
spread by a factor of three, and full
instrumentation and computerization
is being brought into action. It nor-
mally feeds 50 mA beams for multi-
turn injection into the ring during
120 us injecting from 1.2 to 2 x 10"
protons. At the lower intensities,

capture efficiency is about 70 % fal-
ling to 50 % when the full ring aperture
is filled.

At the output of the linac, there are
parasitic branches for other uses since
the linac pulse repetition rate is much
higher than is needed simply to feed
the AGS ring. Branches for nuclear
chemistry and for isotope production
for medical applications are in regular
use. The shield wall has also been
breached to take an additional low
intensity proton beam for cancer
diagnostics and therapy but such a
use has not yet been financially sup-
ported. One entertaining application
of protons from the linac was the
irradiation of a pattern on the nose
cone of a space rocket. The aim was
to see how the cone wore away during
entry into the earth’s atmosphere.

In the accelerator ring, there are
troublesome losses with high intensity
beams and closed orbit control and
feedback systems to cure coherent
instabilities are receiving more atten-
tien. The gamma jump technique (see
vol. 4, page 10) is to be applied to
improve the ability to take the beam
through transition. Ejection systems
are also receiving attention since it is
important to have them in a tidy state
for high intensity beams so as to
avoid irradiation problems. Slow ejec-
tion efficiencies have been around
75 % for some time and it is hoped to
nudge this up above 95 %.

The experimental programme has
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been fed by beams from an internal
target, by two fast ejected beams to
the 80 inch and 7 foot bubble cham-
bers, and by a slow ejected beam to a
variety of counter experiments. Finan-
cial restrictions forced the close down
of the 80 inch chamber at the end of
September. The chamber was built by
a team led by R. Shutt and came into
action in 1963. In the eieven years of
its fife, it did noble service, collecting
some 12 million photographs for
seventy experiments. lts particular
moment of glory came with the
identification of the omega minus in
the Brookhaven experiment led by
N.P. Samigs. It has run with hydrogen
and deuterium filiings and received a
variety of particle beams ranging from
pions of momenta up to 25 GeV/c to
deuterons of momenta up to 29 GeV/c.

The bubble chamber burden is now
taken up by the 7 foot chamber. This
chamber sits in a region of the North
Experimental area where it is fed by a
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neutrino beam. It came into operation
at its new location in November 1973
and since then has taken pictures with
hydrogen and deuterium. An example
of a neutrino event is shown in the
photograph. Some problems still exist
on the superconducting magnet and
with leaks but control of the chamber
operating conditions is very refined
and the refrigeration system is working
excellently.

Three neutrino experiments are
under way. In the chamber itself, the
usual information is being collected
with an event rate of about 1 in 40
pictures. There is emphasis on neutral
current events using stainless steel
plates, 5 cm thick, in the chamber
volume to help distinguish between
pions and muons, thus pinpointing
the neutral current events when muons
are not produced in the interaction.
It is hoped to build a ‘narrow band’
neutrino beam where the momentum
of all the neutrinos will be close to

A ‘standard’ three prong neutring event where the
neutrine interacts with a proton, converting to

& muon and producing a proton and a pion.

The weakly interacting muon goes through four
stainless steel plates installed in the chamber.

A strangly interacting pion ar proton almost
always interacts in the plates (as the proton
does hera) making it possible to distinguish
between a muon and pion. This will be the
primary means of separaling neulral current
events,suchasv+ p->n-+p +v+atfrom
charged current events, such as

vtp—o>pu t+tptat

8 GeV/c. This will make it possible to
study the dynamics of neutral current
interactions using a hydrogen-neon
mixture in the chamber.

A spark chamber experiment by a
Columbia team led by W. Lee is
downstream of the chamber and they
reported their first tentative neutral
current candidates at the London Con-
ference in July. Further downstream,
is a large liquid scintillator detector
of a Harvard/Pennsylvania/Wisconsin
team. They hope to observe neutrino-
proton efastic scattering and to meas-
ure the angular distribution of the
recoil protons. This experiment is
easier at AGS energies than at higher
energies when other interactions come
more into play.

In the East Experimental Area the
internal target (in straight section
G10) provides a neutral kaon beam,
a separated 3 GeV/c negative kaon
beam and test beams. The slow ejected
beam, via two splitting stations and a
bending station, can give protons
onto four targets (three at the same
time). Targets A and D can be fed
alternately by powering a bending
magnet. An experiment fed by target A
is by a MIT/Brookhaven team led by
S.C.C. Ting to continue the study of
the electromagnetic properties of the
nucleon by measuring electron pairs
emerging from proton-proton colli-
sions. Target B is the most prolific,
providing a high energy (up to
30 GeV) charged beam at zero degrees
and a neutral kaon beam (from B'}. It
is also the source of particles for
experiments with the MuitiParticle
Spectrometer (MPS) a large, general
purpase detection system which is
now coming inte action. It has a big
magnet whose aperture is filled with
magnetostrictive wire chambers plus
a surrounding array of large chambers
ending with a downstream Cherenkov
counter. Several experiments are lined
up to use the MPS. It will later be
fed with a high energy unseparated



¥ Fascinating news from this
experiment at the beginning of
November : They believe they have
seen a new particle (baptised the J
particle) of mass 3.7 GeV which
decays into an electron-positron pair.
The electron-positron ring SPEAR at
Stanford has seen it also.

Another tantalising contribution to
the melting pot of the hadron/lepton
relationship. More next month.

beam from target A incorporating four
new superconducting magnets men-
tioned below. Finally, target C has a
two-branch low energy separated
beam and is the source of a muon
beam and & hyperon beam.

The bright light on the horizon is
the ISABELLE project for the con-
struction of 200 GeV proton-proton
storage rings. ISABELLE draws its
name from ‘Intersecting Storage Ac-
celerator since the ISABELLE ring will
receive protons from the AGS and
accelerate them to higher energies to
store them for colliding beam physics.
The outline design was given in
vol. 11, page 227. It has evolved to
have fourfold symmetry with two
rings 2690 m in circumference inter-
secting at four 200 m straight sections
for colliding beam experiments. With
10 A circulating in each beam it is
hoped to achieve luminosities of
10% per cm® per s. A detailed descrip-
tion of the project can be found in
BNL 18891 edited by H. Hahn and
M. Plotkin.

The work that is now under way, or
foreseen in the near future, for
ISABELLE is concerned with tidying
up some aspects which have not yet
been studied in detail or aspects
where uncertainties still exist. This is
particularly true of the uncertainties
raised in the course of the HEPAP
Subpanel discussions on the project
(see July issue, page 260). They
included the remaining questions on
the ability to produce superconducting
magnets of adequate quality and
there are several moves at Brookhaven
to take superconducting magnet
technology further.

The group of W. Sampson, who
have already produced magnet models
ISA-1 and ISA-2, will construct full
size ISABELLE magnets — 4.25 m
long, 12 cm aperture diameter, 8 cm
warm bore, 4 T field — hopeiully for
tests by mid-1975. It is not, however,
clear that length has any influence on

properties that can be checked on
shorter models. Further 1 m models
will be built to continue studying such
things as end effects, quadrupole
error, etc.,, and four large dipole
magnets (close to what would be
required in an ISABELLE intersection
region) will be built for an AGS high
energy unseparated beam,

The group of G. Danby, who built
the superconducting magnets which
have operated in the 8° bend of the
beam to the 7 foot chamber, are using
a different (two layer) construction
method to build a 6 T magnet.

Higher fields are being sought also
by continuing work on magnets using
nicbium-tin as the superconductor.
Three methods of producing fila-
mentary niobium-tin conductor are
being tried and a magnet will be
built using each method. The interest
in higher fields has been strengthened
by the HEPAP Subpanel's recom-
mendation that colliding beam ener-

The Brookhaven MultiParticle Spectrometer,
MPS, viewed from downstream: A medium
energy separated beam enters the area from the
upper left of the picture. A 700 ton magnet

(at the centre) has spark chamber madules in its
farge aperture, 1.2 m high with a 1 T feld
extending over an arearoughly 1.8 m wide by

4.5 m long. The magnetostrictive readout
portion of the modules can be seen on top of the
magnet. Two spark chamber modules in the
foreground detect high momentum particles,
which escape the magnet gap, to improve

the momentum measurements. Two small spark
chambers modules are seen furthest downstream
before insertion into the magnet gap as target
region detectors.

gies of higher than 200 GeV are
desirable.

Development work on the vacuum,
which CERN ISR experience has
shown to be crucial to good per-
formance of storage rings, is continu-
ing with measurements on outgassing,
desorption, gtc. It is intended to use
an aluminjum chamber at room tem-
perature rather than at cryogenic
temperatures in the magnet dewars.
This requires increased magnet aper-
ture to leave room for insulation of the
chamber but avoids the many pene-
trations into the vacuum going from
warm to cold and simplifies out-
gassing the chamber and general
maintenance. Other materials, such as
stainless steel will be measured also.

Theoretical and design studies will
consider the extension to higher
energies and problems such as beam
gjection and dumping (there will be
many megajoules of energy in the
circulating beams), shielding require-
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The Brookhaven superconducting magnets I1SA [
and Il just before they were rolled into the
horizontal cryostat for a long term test. These
magnets pulsed away happily for well

beyand the number of pulses such magnets
could be expected to give in the lifetime of

the ISABELLE storage rings and showed no
deterioration in performance. The ability te leave
ISA I and Il pulsing unattended without
problems for very fong periods has been an
important factor in boosting confidence in the
advent of superconducting machines.

(Photos Brookhaven)

The Orsay mass spectrometer swings into the air
outside the Laboratory of Nuclear Reactions

at Dubna. The spectrometer was used to gather
data on a series of fission and fusion reactions
using beams from the heavy jon cyclotron.
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ments (where an acceptable reduc-
tion on the figures used so far would
bring welcome cost savings), review
of the accelerating system design,
etc. . . More money has been requested
to tackle some practical problems
such as optimizing the dewar design.
This is important because the dewar
costs come out higher than those for
the magnets at present.

There is obviously much afoot to
keep the ISABELLE flame alight.

DUBNA/ORSAY
Collaborative look
at the nucleus

Dubna’s Laboratory of Nuclear Reac-
tions under G.N. Flerov got together
this year with the Orsay mass spectro-
scopy group under R. Klapisch to
bring their combined talents to bear
on the study of the nucleus.

The Laboratory has one of the
world’s finest heavy ion machines — a
3 m cyclotron capable of accelerating
ions to energies of 8 MeV per nucleon
with intensities up to 200 pA. A recent
development, reported in the Qctober
issue page 353, has extended the
range of accelerated ions to chromium,
vanadium and titanium. A 4 m cyclo-
tron is now under construction to
carry the abilities of the Laboratory
still further.

The Orsay group has a high reputa-
tion in nuclear and mass spectro-
scopy. Under the initial stimulus of the
late R. Bernas, they have evolved
techniques of studying rare isctopes in
very clean experimental conditions.
The team has done notable work at
the CERN proton synchrotron (see,
for example, vol. 13 page 185) par-
ticularly on a long series of sodium
and lithium isotopes. Their spectro-
meter is @ mobile instrument and could
therefore be readily transported to



the heavy ion cyclotron, at the invita-
tion of Dubna, to carry out some
collaborative experiments.

An agreement was reached between
Dubna and the Institut National de
Physique Nucléaire et de Physique
des Particules for 500 hours of beam
time at the cyclotron. The experiments
began in June and were completed
at the end of August. Beams of bo-
ron, phospherous, neon, argon and
oxygen jons were used on ura-
nium, tungsten, cobalt, copper, tita-
nium, silver, nickel, germanium, rho-
dium and gadolinium targets. Very
pure target specimens were prepared
at the Orsay isotope separator.

It is the first time that a refined
mass spectrometer technigque has been
used on the complex reactions pro-
duced by accelerated heavy ions.
Both fission and fusion reactions
were studied. In the fusjon reactions,
the spectrometer was able to pick out,
for example, rubidium 81 from the

fusion of a boron 11 ion with a ger-
manium 70 nucleus or froam the fusion
of an oxygen 18 ion with a copper 63
nucleus.

The mass spectrometer can be set,
forexample,to count rubidiumisotopes
through a range of ion mementa. This
records a series of peaks correspond-
ing to the cross-section for produc-
tion of an isotope with evaporation of
two, three, four, etc. neutrons. Very
clean data on these reactions has
been obtained.

The fission reactions were of par-
ticular interest to the Dubna team
since they can use the information in
interpreting the data they record when
manufacturing new heavy elements.
An example is the fission of ura-
nium 222 produced from an argon 40
ion and a tungsten 182 nucleus. The
uranium isotope can fission into
rubidium and cesium. Knowing the
nuclear composition of the rubidium
and cesium isotopes tells us how

Schematic diagram of the KEK frozen spin target
in jts horizontal configuration, (It can also be
used vertically.) The coils are removed about

25 em after polarizing the target, which is then
accessible to the beam.

many neutrons ‘evaporate’ when the
fission takes place. It is inferences
on neutron evaporation which are
used in the very heavy element search.

The collaboration has been fruitful
for both parties and it is likely that they
will get together again, perhaps when
the 4 m cyclotron comes into action
and opens the door to a new range of
nuclear studies.

KEK
Frozen spin target

Hot {or cold) on the heels of the news
of the successful operation of the
frozen spin target at CERN, we have
information from the National Labo-
ratory for High Energy Physics (KEK)
in Japan, where a frozen spin target
is nearing completion. It is to be used
for the direct measurement of scatter-
ing amplitudes of elastic and inelastic
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scattering up to large momentum
transfers (the measurement of spin
rotational parameters as well as po-
larization parameters) on the 10 GeV
synchrotron now under construction.
The target work is led by A. Masaike
who invented the helium 3 cryostat
for polarized targets.

In the KEK frozen spin target, pro-
tons and deuterons in organic mate-
rials are polarized in a magnetic field
of 2.5 or 5 T with good homogeneity
at about 0.3 K and are then used in a
beam while at a lower temperature of
0.1 K and In a lower magnetic field.
The spins of the proton and the deu-
teron can be kept polarized at such a
low temperature for a long time. For
example, the relaxation time of pro-
tons in propanediol is about two
weeks at 0.1 K in 1.5 T and therefore,
a field of 1.5 T with a homogeneity of
2 x 10-% is adequate for helding the
polarization. ht is then comparatively
easy to make such a magnetic field
with a large access angle. Moreogver,
the lower magnetic field makes it
easier to bring in the beam and to
detect the scattered particles.

The frozen spin target at KEK is
designed to be used in horizontal or
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vertical configurations. The target
material is polarized in a solerioid coil
giving a field of 2.5 T for the proton
and 5 T for the deuteron in a horizontal
dilution refrigerator. The polarizing
coil, which is 35 cm long, is moved
horizontally about 25 cm to free the
target for the beam. The holding field
is the fringe field of the polarizing coil
plus a small auxiliary coil adjusted to
give a homogeneous field at the
target. This gives good access for
studying scattering and the auxiliary
holding coil can be changed to meet
the requirements of different experi-
ments.

A high power horizontal dilution
refrigerator of He®*-He* and a horizan-
tal superconducting solenoid coil were
successfully operated in August. The
precooler and the still of the refri-
gerator are larger versions of the
cryostat built by T. Niinikoski for
CERN (see vol. 11, p. 353). There is
enough cooling power near 0.1 K for
holding, and 0.3 K for polarizing, by
means of special heat exchangers. The
flow rate of He® is about 3 x 10-*mol/s
or higher at about 0.1 K and the
cooling time from 1 K to 0.1 K is
about 15 min. Detail of the cryostat

design is to be published by K. Amako,
S. Ishimoto, A. Masaike and K. Mori-
mota.

Have you heard
of ERDA?

The US Atomic Energy Commission
is becoming part of the Energy
Research and Development Admin-
istration following legislation signed
by the President in October. The high
energy physics Laboratories will there-
fore now be administered by ERDA
rather than the AEC.

ERDA has a broad charter to
develop and improve energy sources
and methods of using them. It has
management of a five year budget of
over $§ 10 000 million for research and
development on energy problems.
ERDA is headed by Robert Seamans
former Deputy Administrator of the
National Aeronautical and Space Ad-
ministration.
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Problemes

Kompensatlonsschrelber
SERVDGOR S

250 mm Schreibbreite Das Servogor S-Progrémm

0,3 sek. Einstellzeit bietet 40 verschiedene
0,25% Genauigkeit Typen mit umfangreichen
Bitte verlangen Sie Liste B-813 -~ Zuséatzen und Zubehdr.

[Id GOERZ

GOERZ ELECTRO Ges.m.b.H.-A-1101 Wien - Postfach 204 - Telex 01-3161
Telefon (022 2) 64 36 66 395
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uliuIer et préumpli;icdieﬁrs
en “couches minces”
pour compteurs proportionnels

CIT
HNealel

DEPARTEMENT PHYSIQUE ET MECANIQUE
MICROELECTRONIQUE - SERVICE COMMERCIAL
41, rue Périer - 92120 MONTROUGE - Tél. 253.37.90 - Télex : 27 431 F
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Dual 16 bit Output Register
2 OR 2051

This high—efficiency instrument contains The unusual versatility of the 2051 lies
twe individually controlled 16 bit regis- in the two pluggable output stages, which
ters which will execute HANDSHAKE provide systems operators with the pos-
dialecgues with external units. When siblility of changing module assignment in
connected with a SEN 2[R 2002 Pual a few seconds., A full range of standard
Input Register, 16 bit words can be trans- stages is available, covering the most
ferred between two CAMAC systems, frequently required working levels.
ﬁﬁw Price: S.Frs.1,650.00

cif Switzeriand
ELECTRONIGUE

31 Av Ernest Pictet. 1211 GENEVE 13 SLISSE Case postale 39 Telld22)44 29 4D Telex 23353CH

SEN ELEKTRONIK AG ZURICH Tel (01 &8 51 03 Telex 58257 CH

SEN ELEKTROMNIK GrrbH HaAMBURG, Germany Tel 04102 8282  Taex 2198 5480
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Powerful low-cost systems. That's
Digital's DECLAB-11/10 system family. Five
generous hardware/software packages
designated A through E. Priced from only
S.Fr. 48000 (S.Fr. 44000%) to S.Fr
119.000 (S.Fr. 107.000%). Capable of han-
dling the research jobs you're likely to
encounter without having to develop ad-
ditional programs. And fully compatible
so they'll expand as your needs grow.

Powerful low-cost heart. That's Digi-
tal’s perfoermance-proved 16-bit PDP-11/10
CPU. The heart of the systems. Now at a
new low price. With 8K words of memory,
line frequency clock, power fail and auto
restart, serial line unit and paper tape
software, just S.Fr. 24.800 (S.Fr. 21.000%).
With 16K words, just S.Fr. 31.000 (S.Fr.
27.000%).

Wide hardware range. The DEC-
LAB-11/10 family gives you a wide
range of hardware opticns. S0 you can

choose the right system to meet your

price/performance needs. All systems
include the PDP-11/10 processor with 16K
words of memory. With a choice of paper
tape, magnetic cassette or cartridge
magnetic disk drive storage. And a hard-
copy teleprinter or DECwriter.

Plus Digital's new AR-11 one-module
real-time analog subsystem. The AR-11
features a 16-channel multiplexer, 10-bit
analog-to-digital converter, programmable
real-time clock and display controller. Or,
if you want a more comprehensive analog
subsystem, you can choose our LPS
laboratory peripheral system.

Lab-oriented software. User pro-
grams faor the DECLAB-11/10 systems are
developed using Digital’s unique Appli-
cations-11 library. A package of laboratory
applications modules subdivided into five
categories: data processing, data display,
data analysis, data acquisition and inter-

*Special price tor nonprotit-oriented educaticnal, medicai
and research institutions.

active dialogue. The library can be used
in conjunction with Digital's RT-11 and
CAPS-11 cassette programming systems.
In addition, BASIC and FORTRAN com-
piters are availabie.

Digital. Gets to the heart of your
needs.

r——-————_—---—--1

Please send me complete infor-
mation about Digital's five new
DECLAB-11/10 laboratory systems.

Name

Position

Company

Address

Telephone

Digital Equipment Corporaticn
International (Europe),

81, route de I'Aire,

CH-1211 Geneva 26,

Tel. (022y 427950.

L--_-—_--_—-__--J

Cermn

Offices in Reading. London, Birmingham, Bristol, Manchester,
Edinburgh, Munich, Berlin, Cologne, Frankfurt, Hambourg.
Hannover, Stuttgart, Vienna, Stockholm, Osio, Copenhagen,
Helsinki, Paris, Grenoble Utrecht, Brussels, Geneva, Zurich,
Milan, Turin,
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8 CHANNEL MONOLITHIC INTEGRATED CIRCUIT

(Amplification, Fast Or, Delay, Strobe, Memory, Memory Or, Read outgate)

FOR MULTIWIRE PROPORTIONAL CHAMBERS

LSi/MOS TECHNOLOGY

[0 40 Pins dua!l in line
ceramic package.

PERFORMANCES

1 Threshold voltage: 2 mV
1 Write pulse length: 90 ns
] Power dissipation: 1.6 W

[] Radiation proof up to:
2.10" « (645 Mev) cm?
or 2.10"® p (1 Gev) cm?

[ Low cost: about $ 10/Channel | REFERENCES

ted on the chamber.
monted on the chamber CEN/SACLAY: Used on large
MWPC’ selectronic equipment,

CERN (Geneva): On test.

[1 Samples available from stock —
few months delay in 1000 quantity.

For data sheets, application reports, delay, prices or any information you
may need for your particular application, write or call:

E.F.C.LS. BP. 85, Centre de Tri 38041 GRENOBLE CEDEX (FRANCE)
Tel.: (76) 974111 — Telex: ENERGAT GRENO 32323
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Appllcatlon— = | Fwo Camac hé;ulés des'fg;;éé'

- 5 & - to combine for optimum system
mlnded capability at minimum cost
A-to-D - ADC  _ MULTIPLEXER

Type 1701

Conversion | Type 1241

— Floating, Camac-independent differential
inputs

~ Integrating (dual slope) operation
- 11-bit and gign readout

— 7 programmabie randes between £20mV
and £10V - - D

~ Programmable iﬁput filter

- Synchronized automatic scan-through . .- -~
or random-access address modes for
up to 20 Multiplexars, i. e. 300 .
analogue channels per ADC. -

4500 SOLOTHURN 2, SWITZERLAND: .
| el 065/48821 . telex: 34228 . -

POLISSAGE-
GALVANO

Pierre Niklaus & Fils

Dépt Galvanique:

polissage étamage
nickelage cadmiage
chromage zingage-
argentage promatisation
cuivrage

9, chemin des Carpiéres, 1211 Le Lignon
Tél. 022 454936

O DC to 20 MHz bandwidth
O 18 ns rise time
O Delay line
O 21 sweep ranges from 100 ns up
O Input sensitivity 10 mV/div.
.. (1 Battery and/or mains operation
anodique de F"aluminium 1 Weight about 4 kg
[}

Dépt Oxydation
et coloration Essential equipment for the service engineer

19, Chiteau-Bloc, Centre artisanal, Please ask for datasheet and/or a demonstration

1911 Le Lignon

Kontron Electronic AG
Bernerstrasse 169, 8048 Ziirich, Telefon 01 62 82 82, Tetex 57439




ow COST

CAMAC

NON-INDICATING
BRANCH TERMINATOR
EX. STOCK  950.00 F.S.

CUT SYSTEM COST

INSTRUMENTATION
EMPTY MODULES
BRANCH HIGHWAY CABLES

SEMRA BENNEY
(ELECTRONICS LTD.)

BRICKFIELD LANE,
CHANDLERS FORD, EASTLEIGH
HAMPSHIRE, UK, SO% 3 DP
TEL. {04215) 61147 & 5477

NEW BHT 231

@ induiries

2, rue des Falaises- CH-1211 Geneva g
Q.: {022) 2151 33- Telex: 22831 Lanat CH

" high precision
programmable
voltage to frequency converters

Model |ES.Puise rate kHz | Linearity % F.S. { Power drain mW |Ohservations

801 10 Yooa- o0 600

511 100 i 2325 internal

820 1 74 reference

821 10 l +/— 01,0005 4

822 10 J 26 } external

823 1 26 reference

830 40 2925 Differential input
831 40 } +/— 0,005 2925 Optoisolator output
83z 40 2925 Translormer output

applications

— Point of measurement Analog to Digital conversion

— Digital sigral transmission with transfoermer or optocoupler
isolation for high commoen mode rejection

— Digital Panel Meters

— Noise free data acquisition systems synchrenized on power lines

— Phase lock loop electromechanical servo systems

— Signal or system spectrum analyzers

— Hybrid computers

— Telemetry from airberne, marine or portable equipments or
from remotely located battery operated stations.

ask for a free copy of our application note

_/
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i n fo r m ati o n W Ficctronic

ADVANCE

Switching Power Supplies

New
Reliable
Light weight
Small size
Many units working at CERN -

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

5V, 20/40/60 A in a conductor, a klystron, or a particle
12 V. 8A accelerator, it's likely that one of our
15V, 7/14 A off-the-shelf models (ranging from 14"

to 1034" ID) will do the job. Contact us
and we will send you engineering data.

24V, 4/ 8 A

PEARSON ELECTRONICS INC

4007 Transport St., Palo Alto, California 94303
Telephone (415) 326-7285
Ripple 10 mV rms :

Overload- and Overvoltage Protection
Efficiency > 70%

Series and Parallel Operation
Programmabie

BV units from stock Zirich

Dewald AG Seestrasse 561 Tel.01451300

8038 Ziirich Telex 52012
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Powerful
partnership...

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

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

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

Examples:

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

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

® Accurately controlled power supplies are charging capacitor banks for plasma physics experiments.
® High voltage rectifiers are supplying pulsed ionsources up to 6 MW.

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

Brenttord Huzemeyer

Brentford Electric Limited Manor Hazemeyer B.V. RT - department
Royal, Crawley, West Sussex RH 10 2QF P.0. Box 23, Hengelo,

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

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



FOUR OPERATION MODES :
programmed point

histogram generation

vector generation

SCO pe d ISp|ay character generation

driver
ALL CONTAINED IN A TV/O WIDTH

JDD 10 MODULE !

MANUAL CONTROL UNIT TYPEMC 10 :

movable reticle generator
joy stick with LAM switch for reticle
positionning and request handling

FOR MORE INFORMATION PLEASE CONTACT :

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

Schlumberger




S1 VOUS DESIREZ ENCLENCHER, DE-
CLENCHER OU COMMUTER DES CIRCUITS
DIRECTEMENT SUR VOTRE CARTE DE C.I. -
PLUS DE 5000 FOIS SANS DEFAILLANCE -
AU MOYEN D'UN COMPOSANT A TRES FAIELE
ENCOMBREMENT - DONT LA FIABILITE ET
LA CONCEPTION TECHNIQUE NE
LAISSENT RIEN A
DESIRER....

.... IL VOUS FAUT
QUELQUE CHOSE
DANS LLE GENRE
DE L'INTERDIL
DE SECME.

NOUS LE
LIVRONS
DU STOCK.

INTERDIL

[ |

Pouvair de coupure 0,5A (12V DC);
0,3A (24VDC)e rigidite diélectri-
gue 500 Veff. 50 Hzerésistance
e contact inférieure a 20 milli-

ohms/ 2V e capacité entre contacts

ouverts inférieure 2 1 pF e contacts
0,5 microns Ausur 2 microns Ni e
durée de la vie minimale 5000 ma-
noeuvres e soudure & la vagye » hoi-
tier nylon tenforcé fibres de verre »

Soci&té anonyme

PREGIMATION

Rue de Hépitat 12 — 2501 Biepne
Tal. 032 223223 Télex 34222 preci ¢h

/ Circuits |mpr|mes

CiCaoral[d

i Av. de Provence 20 - 1007 LausannelSuisse
i Tél. (021) 256666 - 65 Telex 25640

T

SI VOUS CHERCHEZ UN MULTIMETRE
DIGITAL PORTATIF, INDEPENDANT DU
RESEAU, DONT LES PERFORMANCES
DEPASSENT LARGEMENT LA MOYENNE,
SANS QUE VOUS AYEZ A METTRE LE PRIX
D'UN APPAREIL DE LABORATOIRE ....

180 X 112x 85 cm

.... LE MULTIMETRE
DIGICONTROLE

DE CHAUVIN
ARNOUX

EST EXACTEMENT
CE QU'IL

VOUS FAUT.

DIGIGONTROLE

4000 points (affichage 3999) = 1é-
solution 0,1 V 50 Hz » virgule et po-

larité automatiques » Scalibres ten-

sion entre + 100 microvelts et 1200

V # § calibres intensité entre * 100
microamperes ¢t '+ 2A #6 calibres
résistance entre 0,1 Ohm et 40 Még-
ohms e précision: CC 0,3 % - AC
0,5% -Ohms 0,89

Société anonyme

PREGIMATION

Rue de I'Hépital 12 — 2501 Bienne
Tél. 032 223223 Télex 34222 preci ch

Entreprise de peinture

Suisse
Moyen-QOrient
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) 865307
865228
Télex: 90404 F
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KEPCO INFORMATION

When is a Power Supply Not a
Power Supply?

PROPORTIONING /VGLTAGE
4~ RESISTORS —— FEEDBACK
VWA

vVVWA
Ry

+

——
—e REFERENCE
=~ (input)

E;

Power QOperational Amplifier/Power Supply

B Bring feedback from current sensor and it will
regulate current

B Bring voltage feedback and it will regulate voltage

8 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
+36Vto—36V@5.0 amps
+72V1to-72V@®@1.5 amps
+72Vto-72V@5.0 amps

&

Please ask for detailed documentation

Kontron Electronic AG

Bernerstrasse 169, 8048 Zirich, Telefen 01 62 82 82, Telex 57439

The tapered slabbing and reaming drill is
economical and very useful

DRILLFILE

special drill

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

TIPSWITOOL
1564 DOMDIDIER/Switzerland

LEYBOLD-HERAEUS

LH

Pompes rotatives
a palettes

Pompes -trivac®-S 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 sécurité incorporee

Programme d’accessoires trés complet

LEYBOLD-HERAEUS AG

Oerlikonerstrasse 88, Téléphone 01 46 58 43

8057 ZURICH
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liquid Helium or Hydrogene

408

TO ENSURE a minimum loss rate during storage, cool-down
(superinsulation with layers connected to the neck) and transfers

AND high resistance to vibrations and shocks during
transport owing to full stainless steel construction and unigque

suspension device

THE FOLLOWING TANKS ARE AT YOUR DISPOSAL

SERIES RS 10 different types, capacities 25, 40, 50, 100, 250,
500, 1000 and 1700 litres, neck diameters 25 or 50 mm, either

bare or completely fitted

LAIR LIQUIDE

divizion matériel cryogénique
57 Qv Carnot Q4500 ChAmMOIcNU /M

Tl 8830740 CEEX 23884 ONhQMOA CHomO



NbTi VACUUMSCHMELZE
High Field Superconductor

VACRYFLUX"
5001

Single core conductors for magnets of high homogeneity.

Multifilament conductors with circular or rectangular
cross-section containing 60 to 3721 twisted supercon-
ducting filaments with smallest diameters of 1011 (photogr.)
tor dynamic application.

Fully transposed braids for pulsed D.C. magnets and
superconducting machines.

Cryostatically stabilized high current superconducting
composites for big magnets with high stored energy.

VACUUMSCHMELZE GMBH:- D 645 HANAU

Hochleistungshblitzsysteme filr 10 kWs Blitz fiir Blasenkammern,
Photolyse, Fluoreszenzanregung, Photo-Stimulation und optische
Pumpsysteme.

us-Kinematographie bis 10* B/s zur High-Speed-Analyse von
Windkandlen, Schlierensystemen, sowie fir Mikrokinematographie
und Ballistik, Synchronisatien mit High-Speed-Kameras. Adapter
fiir Turbulenz- und Strimungsforschung mit tragheitsfreien
Wanderfunken fir Grenzschichten, 3-dimensionale Strémung und
instationdre Vorgange.

Rectifier-Voltage Regulator '

Prices:
1-8 Fr. 114.— each
10-49 Fr. 98— each
50-99 Fr. 94.- each
> 100 Fr. 89.— each

@® Max. input voltage : 40 Ve OF @ Stability : 0.1 %/

B0 V de 1000 hours

® Max. current: B A ® Temperature

coefficient :
® Power loss : max. 80 W < 0.016 %/ °C
= ]

(Te=25°C) ® Thermal

@ Load regulation 0— 100 %, resistance :
max. 0.03 % 2°C/W

Qutput voltage

Type

MR 1 2to0 7Vdc Voltage adjustable by built-in

MR 2 7 t0 33 Vdc cermet pot

MR 3 2t 7Vdc Externally programmed Schnefle Strémung sichtbar gemacht mit 30 kHz
MR 4 7to033Vde voltage 150 kV Funkengardine.

Trommelkamera STROBODRUM fir Streak- und Smear-Aufnabmen
von Spektren und Entladungen.

IMPULSPHYSIK GmbH

2 Hamburg 56 (Rissen) Siilldorfer Landstr. 400
Tel. (040) 812151 / FS 02182514 ffid

Dimensions 87x50x25'mm Weight: 270 g

Telemeter Electronic AG
8027 Zirich Tel.01 267872

&
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Schlumberger

Y =f(t) ou
Y =f(X)

Enregistreur de laboratoire
type Servotrace

Une gamme compleéte
avec un seul
dénominateur:

la qualité SEFRAM!

M enregistreurs potentiomeétriques ou
galvanométriques a 1 ou 2 vaies,
utilisables pour les niveaux les plus bas;
impédance d'entrée >70 MQ, temps de
réponse < 0,4s

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

B enregistreurs suiveurs de spot

M enregistreurs oscillographigues
multivoiesascripteurs interchangeable

Plus de 14000 enregistreurs
en service

Schlumberger

1207 Genéve
Tél. 022 359950

8040 Zarich
Tel. 01 528880

Miinchen — Wien — Paris — Mailand — Stockhoim
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A LITTLE MOISTURE ?

20 years ago we introduced the Electronic Hygrometer. Take a
look at what we're making now!

1. Reads relative hemidity or
down to below 1 part per
million.

2. 10 year sensor life.

Unique automatic
calibratian.

NEW ‘MINI" HYGROMETER

A little moisture can do a lot of damage, and nobody knows
that better than plant and process engineers. You see it every
day—in corroded piping, degraded product quality, ruined
touls, poor shelf life of products and damaged instruments.
Now Shaw has prepared a special brochure to help vou deal
with moisture in your plant, and to keep*®you on top of
developments in hygrometry. The brochure discusses moistura
detection, measurement sensitivity, monitoring in unsafe areas
and recording and analysis of data. It has full details of most
types of hygrometers and furnisl application information
together with illustrations of several Shaw Hygromaeters.

Send now for your free copy.

World's largest Hygrometer Sales
SHAW MOISTURE METERS
Rawson Road, Westgate.
Bradford, England.
Phone: 0274 33582

Talex: 51598

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 1 1p.,

P.0. BOX 296 STEINENTORSTR. 20, CH-4010 BASLE
TEL. 061 238953 TELEX 62 270
Agents for
TITANIUM METAL & ALLOYS LIMITED,

2 METAL EXCHANGE BLDS.,, LONDON, E.C.3.




| THE BEST HELIUM DEWAR

CTi-Cryenco Helium FEATURES
Dewars are unmatched in

m Conduction-cooled

gﬁf;i};ﬁ:i!;elﬁiiﬁgéf%r;d shields. (no LN, needed) .

been engineered and built
to cost you less.

B Stainless steel He
container

Available in 50, 100, m Accept %, V2, ¥5-in.
250, 500 and 1000 liter ca- transfer tubes
pacities (larger sizes fer ® Low boil-off
bulk quantiiiles), CTi- 50, 100 1.5%/day
S e oy 250 L0%/day
structural strength, and 500 0'75:/" /day
simplicity of use to reduce 1000..... 0.50%/day
operating costs and con- @ Truck, rail, ship, air®
serve valuakle liquid. transportable *With optional Absolute Pressure Relief Valve

Write or call for complete technical data and price information:

Cryenco

a Division of CRYOGENIC TECHNOLOGY, inc. | 4955 Bannock Street, Denver, Colorado 862161 {303) 571-0888

une nouvelle réalisation
- SODILEC .le bloc modulaire

alimentation tri-Source

Dans un volume Les 3 voies sont protégées contre
de 70 X 120 % 125 mm (1 litre) courts-circuits, surcharges et surtensions.
Voie 1:5V-2A Régulation : <« 2.10~*

Voie2: +105Va + 165V -015A Ondulation résiduelle : < 1mV ¢/c
Voie 31 — 105V — 165V - 0,15 A o
Possibilité de symétriser et dissymétriser Souplesse d’utilisation : Concue pour

les voies 2 et 3 par potentiométre alimenter a la fois circuits logiques
incorporé pare {DTL, TTL. MOS et CMOS), et analogiques

{Amplis opérationnels,...)

: =
Tet G0 G060 %.O@l?&?g)

n A rurr T3 Bhrgent

Notice sur demande.

S | Sadilec

7, avenue Lovise 93360 NEUILLY-PLAISANCE
Tél. : 927.38.07 TELEX : UPIEX 22 429 F

G2 wNFLELLY T eg

£

AGIGROUP/GALUBERTI 464
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avec
Carba

Procedes
de soudage

les gaz

Techniques autocgénes
avec acétyléne-
dissous et 'cxygéne
scudage; toles minces,
tubes, métaux non
ferreux

brasage, oxycoupage,
chauffage, redresse-
ment, trempe, projection
el décapage 4 la flamme.

Soudage MAG

avec GO, "8" l'acide
carbonique de Carba
avec pureté garantie
pour: les aciers de
construction, les aciers’
chaudiére, les tubes,
les aciers a grain fin.

Soudage MIG

avec les mélanges
Carba (Carmig, Carmox,
Carinox 4, Carbac 30)
Fargon et I'hélium

pour: les aciers faible-
ment et fortement
alliés, l'aluminium,

le cuivre et leurs
alliages.

Soudage TIG

avec l'argon, I'hélium,
Carinox 3 et Carbac
pour: 'aluminium et ses
alliages, les aciers
inoxydables de toutes
compositions, les mé-
taux cuivreux et a base
de nickel, le titane et
d’'autres métaux
spéciaux.

CARBAC

Techniques Plasma
Soudage, coupage,
rechargement par
projection

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

Berne
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Zurich

Lausanne
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