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USA Accelerator Conference

Since the International Accelerator
Conference which would normally be
held in the Autumn of this year has
been moved to 1974 (at Stanford in
May) we will devote more attention
than usual to the ‘1973 Particle
Accelerator Conference’ held at San
Francisco from 5-7 March. This was a
conference in the ‘national’ series in
America but, as usual, it attracted on
international participation and had
some papers from European and
Soviet Laboratories.

The dominating topic was storage
rings. This was helped along particu-
larly by the spectacular performance
of the CERN Intersecting Storage
Rings and by the encouraging start of
operation at the Stanford storage ring,
SPEAR. W. Schnell reported on ISR
operating results where design lumi-
nosity has been reached, stored cur-
rents are still rising and no funda-
mental limitationto performance hasyet
been encountered. Progress with the
electron-positron storage ring SPEAR
was covered by B. Richter. The ring
has already achieved the highest
luminosity ever recorded (over 10°
per cm? per s). Above all, these results
have given confidence that we know
how to build and operate colliding
beam machines.

This confidence is obvious in the
plans for future machines in the USA
which were discussed further at the
Conference. F.E. Mills presented the
Brookhaven ISABELLE scheme and
T. Elioff the Berkeley/Stanford PEP
scheme. There was also brief comment
about an electron-proton colliding
beam scheme which is beginning to
take shape in the minds of the high
energy physics community in the UK.
It is envisaged as taking over from
Daresbury’s electron synchrotron,
Nina, and Rutherford’s proton syn-
chrotron, Nimrod, in the 1980s. Work-
ing parties from the two Laboratories
plus about fifty high energy physicists

are studying the project which has
collected the name EPIC (Electron
Proton Intersecting Complex). It is
hoped to have a first presentation of
the project ready by the end of this
year.

The PEP and ISABELLE projects
were described in vol. 11, page 279
and vol. 12, page 227 respectively.
Such evolution as they have under-
gone since then has brought their
designs closer together. PEP (Proton-
Electron-Positron) is intended for high
energy proton-electron and electron-
positron colliding beams. It is a two
ring system — one ring above the
other. The top ring holds electrons
and positrons up to an energy of
15 GeV. The lower ring has super-
conducting magnets providing fields
up to 4 T so as to hold protons up to
an energy of 150 GeV.

Four straight sections 200 m long
are available for colliding beam experi-
ments and the radius of curvature of
the magnet quadrants is also 200 m.
A particular feature of PEP is the
intention to concentrate the orbiting
particles into single bunches, using a
three step process of r.f. gymnastics.
This is intended to bring bunch size
down to 13 cm for the protons and
1.6 cm for the electrons and posi-
trons. Each bunch holds about5 x 1012
particles and luminosities in the inter-
section regions would then reach
about 10°2 per cm? per s. Some aspects
of this process (for example the possi-
bility of azimuthal blow-up of the
tight bunches) and other beam dyna-
mics features of PEP (Q-shift, tolerable
magnetic field components) have not
yet been thoroughly studied by the
Berkeley/Stanford team and will no
doubt be thrashed out in the coming
months. A four week study on PEP is
scheduled for this coming Summer.

With nice diplomacy, site plans
have been drawn which show PEP
located at the Lawrence Berkeley
Laboratory, where protons could be

injected from the Bevatron, and at the
Stanford Linear Accelerator Centre,
where electrons and positrons could
be injected from the linac.

The Brookhaven project ISABELLE
(Intersecting Storage Accelerator) is
for proton-proton colliding beams at
energies up to 200 GeV per beam.
The design has been modified to
include four straight sections for
experiments, two of 300 m and two
of 200 m. The aim is to achieve a
luminosity in excess of 10®* per cm?
per s. Particular attention has been
given to achieving flexibility in the
intersection regions and a catalogue of
possible arrangements for ‘different
types of experiment has been worked
out in collaboration with the high
energy physicists.

ISABELLE has been under study for -
longer than PEP and a number of
problems have been examined in
depth (for example, G. Parzen has
worked out the tolerances for un-
wanted magnetic field components).
Superconducting magnets with a peak
field of 4 T would be used mounted
one above another in the curved sec-
tions of the machine. The two-ring
curved sections have a radius of
220 m.

The addition of an electron-positron
ring to ISABELLE has also been con-
sidered. The ring is designed to give
electron energies of 15 GeV with the
AGS being used to inject particles at an
energy of 4 GeV. The ring could either
be located alongside or inside the
proton rings and bypass connections
would give the necessary collision
straight section or sections. The lumi-
nosity is estimated at around 10°%
per cm? per s.

It is well realized that, in the pres-
ent climate for high energy physics
financing in the USA, neither of these
projects is likely to take off very soon.
Nevertheless they are important in
troubled times because they are keep-
ing the art of designing accelerators
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alive. The only storage ring develop-
ment which is sure (since its money
will be drawn from within the normal
Laboratory budget) is an improvement
programme on SPEAR at Stanford to
take its peak energy to 4.5 GeV.

Also more time is needed to clear
the way for the incorporation of super-
conducting magnets in accelerators.
Berkeley and Brookhaven have re-
search programmes on pulsed super-
conducting magnets (like the GESSS
collaboration in Europe — see page
117). First measurements on a super-
conducting magnet which has almost
the dimensions required for ISABELLE
were reported from Brookhaven. The
magnet has an 8 cm bore and is 1 m
long (ISABELLE is planned with 3 m
magnets). It uses wide ribbon conduc-
tor woven from 186 wires each con-
taining 400 filaments of niobium-
titanium. Correction windings are also
built in to correct for harmonics and for
iron saturation effects.

The measurements were in excellent
agreement with the calculated field
values up to a field of 3.9 T (corre-
sponding to 3250 A in the conductor)
when a problem with the current
leads developed. When this is cured
there should be no difficulty in reach-
ing the design field of 4.5 T and it
looks likely that the high quality of
the field will be maintained. No
training was observed.

These results look very healthy in
terms of individual magnet perform-
ance but there is an important question
concerning the reproducibility of
superconducting magnets still to be
answered. Brookhaven and Berkeley
have both built sets of two ‘identical’
magnets. The two Brookhaven mag-
nets were scheduled for testing at the
beginning of April and the Berkeley
ones should be ready not long after-
wards. Their results are keenly awaited.

Among the operating accelerators
in the USA the machine at the National
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The two storage ring profects under study in the
USA. ISABELLE has emerged from Brookhaven
and is primarily for proton-proton colliding
beams. It is sketched with a possible electron-
positron addition. PEP has emerged from
Berkeley and Stanford and has a single proton
beam plus an electron-positron ring.

|SABELLE with electrons

electron

Accelerator Laboratory, Batavia, is
obviously of prime importance.
D. Young presented a progress report
on operation of the accelerator. Since
high energy beams were first achieved
just over a year ago (see vol. 12,
page 120) the peak energy has
doubled to 400 GeV and the intensity
taken to 1.8 x 102 protons per pulse.
The accelerator runs regularly at
300 GeV and the average intensity in
a recent run was 5 x 10",

The 200 MeV linac is operating
with over 90 % efficiency. It acceler-
ates 80 to 90 mA reliably, in excess
of the design current of 75 mA, but
the beam quality has not reached
specification yet (20 % larger emit-
tance). Improvements of the ion
source and the feedback loops are to
be carried out.

The Booster has run below its
design figures until recently because
of trouble with blocking capacitors in



the r.f. system. This is now cured and
8 GeV operation with twelve pulses at
15 Hz is under way. Accelerated inten-
sity needs considerable improvement.
With single turn injection 5 x 10"
protons per pulse is usual which is a
factor of eight down on the design
performance. Multiturn injection has
not yet led to higher intensities and the
Booster beam needs more study during
both capture and acceleration.

The main ring magnet problems
seem to have been overcome with the
use of a partially cured epoxy assem-
bly of the vacuum chamber and coils
integrally impregnated into the core.
Magnets assembled in this way are
replacing other magnets when they
fail. A replacement takes about four
hours and careful cleaning and in-
spection of the vacuum chamber when
a magnet is cut out has cleared the
trouble with obstacles in the chamber.

Performance of the main ring was
mentioned above. Beam losses on
injection are about 30 % and more
work is needed to increase the avail-
able aperture. Fast ejection efficiencies
are close to 100 % and slow ejection,
using a pulsed quadrupole to push the
accelerator tune into the half integer
resonance, has reached about 95 % on
a flat-top of 250 ms. The three experi-
mental areas are fed with beam and
beam-splitting stations enable them
to be served simultaneously.

So far six experiments have publish-
ed results, ten have completed data-
taking, thirteen are under way, six are
setting up and nine others are being
installed.

There were a number of papers at
the Conference concerning heavy ion
acceleration. These included progress
reports on the nearly completed Super
Hilac at Berkeley (this will be linked
eventually with the Bevatron to give
heavy ions with GeV energies — see
vol. 12 page 381) and on the Unilac
machine at Darmstadt which we will

describe in a forthcoming issue. There
is also an Oak Ridge proposal for a
major heavy ion accelerator facility.
Considerable attention was given
to the practical applications of acceler-
ators. Medical applications were pre-
dominent but there were also papers
on such diverse topics as oil-well
logging, paint-curing and even tunnell-
ing. R.T. Avery from Berkeley reported
on some research into the possibility
of using intense, high frequency, elec-
tron beams to cut through rock. Such
an idea is a long way from application
but it is entertaining to think that the
SPS accelerator might have been built
using an accelerator to cut its tunnel.

Finally, a few comments on the
financial situation in high energy phy-
sics in the USA, which has quite a lot
to do with this burst of concern for
practical applications. The budget
figures before Congress for fiscal year
1974, beginning 1 July 1973, have
hardly moved from those of fiscal year
1973 ($ 149 million compared with
$ 148 million). In an inflationary
world, this means that the funding for
high energy physics is going down.
Laboratory operating budgets, overall,
remain the same (but since this in-
cludes the growing physics pro-
gramme at NAL it means cuts else-
where). Construction budgets have
dropped considerably.

Another Laboratory is going to the
wall. Following in the wake of the
Cosmotron and Princeton Pennsyl-
vania Accelerator, the Cambridge Elec-
tron Accelerator is being phased out.
The Laboratory has already had its
research programme at the 7.5 GeV
electron synchrotron terminated and
was in action only with its ‘bypass’
electron-positron colliding beam faci-
lity. With the coming into operation of
SPEAR at Stanford, this facility also is
to be closed at the end of the present
fiscal year. As from 1 July, only
$ 600 000 will be made available to

complete analysis of bypass expeti-
ments and to close down the Labora-
tory. An approach has been made to
the National Science Foundation to
support the conversion of the acceler-
ator into a national synchrotron radia-
tion facility. This is a last ditch attempt
to keep the Laboratory in being.

Other Laboratories such as Brook-
haven have had severe budget cuts,
which involve trimming the research
programme and reducing staff num-
bers, and the immediate future does
not look rosy. Nevertheless, as W.A.
Wallenmeyer pointed outin his Confer-
ence review of funding, the USA phys-
ics community does have an impres-
sive line-up of accelerator facilities:
Batavia has the world’s highest energy
proton synchrotron (400 GeV); Cor-
nell has the world’s highest energy
electron synchrotron (12,5 GeV);
Stanford has the world’s highest
energy electron linear accelerator (21
GeV) and highest energy electron-
positron storage ring (2.7 + 2.7 GeV);
Los Alamos has the world’s highest
energy proton linear accelerator (800
MeV); Brookhaven has the world’s
highest intensity proton synchrotron
(7 x 10" per pulse); Berkeley has the
world’s highest energy heavy ion accel-
erator (neon up to 2.5 GeV per
nucleon) which will be further impro-
ved by the now-funded Bevlac project
(up to 2.5 GeV per nucleon for ele-
ments up to iron).

What is lacking is sufficient financial
support to be able to use this mighty
armory of research faciiities at some-
where near its full potential.
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Final report from
300 GeV Working Group

Under the auspices of the European
Committee for Future Accelerators, a
‘300 GeV Working Group’ was set up
two years ago to look at the possi-
bilities and the problems in carrying
out experiments at energies of several
hundred GeV with the SPS. Via
working parties on specific topics, the
interests and expertise from all sec-
tions of the European high energy
physics community were brought into
the discussion. Two study weeks were
held at Tirrenia (see vol. 12, page 318)
to pool the thinking of the working
parties and a final report has now been
published.

For the record, the members of the
Executive Committee were: J.V. Al-
laby, G. Barbiellini, W. Beusch,
G. Brianti, 1. Butterworth, J. Drees,
P. Falk-Vairant (Chairman), D.E. Fries,
G. Giacomelli, F. Jacquet, E. Lillethun,
I. Mannelli, C. Michael, P.G. Murphy,
C. Rubbia, P. Soding, M. Steuer,
J.P. Stroot, J.J. Tresher, D. Treille,
R. Turlay, R.T. Van de Walle, H. Wachs-
muth and E.J.N. Wilson.

The conclusions of the Committee
were based on three assumptions.
The first is that all three types of
interaction (strong, electromagnetic
and weak) will be studied at the SPS
early in its experimental programme.
For weak and electromagnetic phy-
sics, the ability to produce high
intensity beams of muons and neu-
trinos of energy up to 200 GeV (com-
pared with less than 10 GeV from
the CERN PS) opens up completely
new possibilities for research. Long
duty cycle electron beams should
also be fruitful in studying the electro-
magnetic interaction. For strong inter-
actions, the SPS will fill the energy
gap between the PS and ISR with the
additional ability, compared with the
ISR, of using several types of particle
and target.

The second assumption is that the
existing major detectors at CERN will
be available for the SPS experimental
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programme. This refers to the Omega
spectrometer, the 3.7 m European
bubble chamber and the heavy liquid
chamber, Gargamelle. The third as-
sumption is that resources will be
available to support about twelve
groups involved in electronics experi-
ments at the start of the experimental
programme rising to twice this num-
ber after two years. The bubble
chamber programme is expected to
involve about 350 physicists.
Following on these assumptions the
Executive Committee emerged with
the following recommendations:
1. Beams and facilities at least equi-
valent to those indicated in the Figure
in the first two years of operation. The
Figure caption details what this recom-
mendation involves. The Committee is
in favour of starting the programme
with the synchrotron operating at a
peak energy of 400 GeV using a full
ring of conventional magnets (see
the discussion on ‘Schedule C’ in
vol. 12, page 321).
2. The use of BEBC unaided is in
general difficult for energies above
about 40 GeV. The Committee there-
fore recommends a series of develop-
ments in association with BEBC to
extend its abilities to higher energies.
They include the purchase of neon so
as to test operation of the chamber
with a hydrogen-neon mixture and
the development of a track sensitive
target, to be commissioned if possible
before the start of the SPS (see vol. 11,
page 356 for an account of the
pioneering work on TSTs at Ruther-
ford); the construction of an external
muon detector for neutrino experi-
ments; the design and construction of
an external particle identifier (e.g. of
multiwire proportional chamber arrays
or multicell Cherenkov counters) for
hadron physics and the study of the
feasibility of a gamma detector behind
the chamber. The Committee held
back a definite recommendation on
the use of Gargamelle, moved into a

position behind BEBC, because other
features of the initial experimental
programme need to be clarified first.
3. The use of the Omega spectro-
meter also requires additional detectors
to cope efficiently with higher ener-
gies. The Committee recommends the
construction of multicell Cherenkov
counters, a design study for a gamma
detector behind the spectrometer and
a study of the replacement of the
optical chambers now installed in the
Omega magnet aperture by faster
multiwire proportional chambers.

4. For the North Area, the Committee
recommends that a spectrometer facil-
ity be built for the start of research
with the high energy high resolution
beam in Experimental Zone 1. This is
likely to involve major detection
systems such as Cherenkov counters
and arrays of multiwire proportional
chambers as well as very large spectro-
meter magnets.

5. The Committee recognizes the
need for continuing work on new
particle detection techniques such as
vertex detectors, relativistic rise detec-
tors and detectors to give very high
spatial resolution. High spatial resolu-
tion detectors (such as drift chambers)
would be particularly advantageous
since they would take some of the
pressure off the spectrometer magnets.
Lepton physics will require large,
complex detectors (such as shower
detectors for electrons and photons,
hadronic calorimeters and muon de-
tectors) and the Committee recom-
mends that collaborations, which are
likely to be needed for the construc-
tion of these instruments should
begin now, under the auspices of the
SPS Experiments Committee.

The buck of preparing for physics at
the SPS has now passed to the newly
formed SPS Experiments Committee.
It has a similar task to the other
experiments Committees, which make
recommendations on the programme



Recommended beams and facilities for the first
two years of SPS operation:

In the West Area, with the possible exception
of the neutrino beam to BEBC, the secondary
beams would be drawn from an ejected proton
beam of 200 GeV peak energy. Beams would
be — a neutrino beam for BEBC produced
underground, r.f. separated beam for BEBC,
superconducting r.f. separated beam for
Omega, electron/photon facility, medium
energy charged beam, special beam (such as
hyperons or neutrals).

In the North Area, a slow ejected proton beam
only is foreseen of energy up to 400 GeV
feeding two zones. Experimental zone 2 would
have a high energy muon beam and the
possibility of using the associated neutrino flux
in electronics experiments. Experimental zone 1
would have a high energy, high resolution
secondary beam and another charged particle
beam with enough flexibility to serve many
experiments.
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using the existing CERN facilities,
plus the task of making recommenda-
tions on such things as beams, major
detectors etc... as the situation,
mapped out by the ECFA Working
Group, evolves further.

The members are: J.B. Adams,
J.V. Allaby, U. Amaldi, G. Brianti,
R. Budde (Secretary), I. Butterworth,
P. Carlson, P. Falk-Vairant, L. Foa,
W. Jentschke, P. Lehmann (Chair-
man), C. Llewellyn-Smith, E. Lohr-

mann, J. Meyer, D.H. Perkins, C. Pey-
rou, E. Picasso, C. Rubbia, H. Schop-
per, P. Soding, J. Steinberger, D. Treille
and R.T. Van de Walle. The first
meetings of the Committee have been
held and a call for ‘letters of intent” has
gone out as a first step towards
establishing the initial experimental
programme. An open information
meeting on the SPS and its experi-
mental facilities has been called for
26 April.

Back in action

The proton synchrotron and the inter-
secting storage rings spent the first
two months of this year in a long
shutdown for general maintenance
and for some important modifications.
These were described in the January
issue page 7. The machines have now
settled down again after being
switched on towards the end of
February and this is a brief review of
their post-shutdown performance.
The information was pulled together
towards the end of March so, by the
time of publication, some of the per-
formance figures which are given may
be exceeded but they nevertheless
give a good idea of how the machines
are ticking over.

At the PS there had been consider-
able upheaval in the linac and modi-
fications of one sort or another had
involved tampering with half the
magnet ring. Nevertheless the switch-
on went remarkably smoothly. The
programme leading to the scheduled
time for feeding protons to the experi-
ments went as planned. For a change,
few trivial faults halted progress and
the machine physicists (who de-
scribed it as the most ‘intellectually
satisfying’ switch-on yet) were able
to concentrate on mastering the beam
in the new magnetic field conditions.
After ring components have been
displaced/reinstalled/added/removed
the field conditions are always slightly
different and unknown; the settings of
the correction elements in particular
have to be adjusted to reach optimum
performance again.

This commissioning was greatly
helped by the stability of the beam
from the linac and its reliability. It
seems that the clean-up of the r.f.
systems powering the linac tanks
has been successful.

Traditionally the experimental pro-
gramme is restricted after a long
shutdown — the demands on per-
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The cultural commission of the French Senate
visited CERN on 4 April. About twenty visitors
were welcomed by the Directors General of
Laboratory | and Laboratory /1. They toured

the CERN site seeing experiments at the 28 GeV
proton synchrotron and the Intersecting Storage
Rings and also saw the work under way on the
SPS site in Laboratory Il. In the photograph

R. Turley is describing the use of a separated kaon
beam in the South Hall of the proton synchrotron
to a small group from the commission.

formance are kept modest to allow
time for the machine to be brought
back to its peak. But this year as
demanding a programme as ever
mounted began immediately with
protons going to BEBC, to Omega, to
counter experiments, to the 2 m
bubble chamber and to the ISR. A
variety of peak energies were needed;
fast and slow ejection in various
combinations with internal targets
were in action. And with all this, the
fault rate was below 5 % which is
better than is usual.

To crown the success a record
proton beam intensity of 2.36 x 102
protons per pulse was reached and
the average intensity during the first
run was 1.73 x 102,

To push the intensity of the PS
much higher, requires the operation
of the 800 MeV Booster to provide an
intermediate stage of acceleration
between the 50 MeV linac and the
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synchrotron ring. Prior to the shut-

down, the running in had been
hindered by the performance of the
linac — the Booster requires much
more of the linac (100 mA beams
over 100 us with low energy spread)
than the synchrotron ring.
Nevertheless, in December at the
very hour that the shutdown was
scheduled to start, Ring 3 of the four-
ring Booster succeeded, intermittently,
in accelerating 2.55 x 10" protons
per pulse to 800 MeV. During the
same run 1.7 x 102 protons were fed
to the PS ring. The beam quality was
not very good (large emittance and
longitudinal bunch oscillations) since
there had not been sufficient time to
optimize Booster conditions and only
about 8.5 x 10" protons in five
bunches were taken intermittently to
transition energy in the PS. However,
this corresponds to 3.4 x 10" if the
four Booster rings had been in action
to provide twenty bunches, which is a

higher intensity than the PS has yet
handled at GeV energies.

Much remains to be done to improve
this performance, to improve reliability
and to improve beam quality from the
Booster. Progress seems to depend
crucially on achieving the required
beams from the linac and it is therefore
encouraging that since the shutdown
there have been several runs with
good quality linac beams of low energy
spread. This has made it possible to
achieve stable multi-turn injection
into a Booster ring. Between eleven
and fifteen turns have been injected
and r.f. trapping efficiencies varying
between 80 and 95% (95 % being
the theoretical maximum) were
achieved giving 3 x 10" protons in a
ring. It has not yet been possible to
study multi-turn injection in detail
because it is necessary to know the
injected beam emittance and the
emittance measuring station is tem-
porarily out of action.

The high intensity beam with low
energy spread also, as is to be ex-
pected, led to beam instabilities.
These need to be carefully observed
and this will be helped by the use of
ionization beam scanners which are
now being installed. The IBS will
make it possible to watch the growth
of an instability which is a good clue
to its nature. Many correction ele-
ments exist in the Booster rings to cure
instabilities.

There is now more pressure to bring
the Booster into service since higher
intensities would be a great advantage
for the neutrino experiments in Gar-
gamelle. Everyone is breathing heavily
about a possible unification of electro-
magnetic and weak interactions via
gauge theory (see vol. 12 page 315).
One of the strong predictions of the
theory is that neutrino-electron scatter-
ing should take place and a single
candidate for such an event has been
isolated in the photographs taken
during the last neutrino experiments



in Gargamelle. This whets the appetite
but is certainly not sufficient by itself.
An extension of the neutrino experi-
ments, preferably with the highest
intensity the PS can provide, is
receiving high priority. It is hoped
that the Booster will be able to con-
tribute to the PS intensity before the
end of this year.

At the ISR modifications and addi-
tions, which were introduced to
improve the performance of the rings
still further, together with new instal-
lations for experiments affected a
large fraction of the machine. Despite
the widespread alterations, operation
was resumed without delay after the
shutdown — within three hours of
switching on, beams were circulating
in both rings.

The major upheaval was in con-
nection with the vacuum system. As
mentioned many times before, it is
the pressure rises which can occur in
the rings which limit the machine
performance. Prior to the shutdown
the pressure had already been pushed
far below the design value and this
was a crucial factor on the way to
achieving design luminosity in Decem-
ber of last year. But the phenomenon
of ‘pressure bumps’ — local rises in
pressure due to gas desorption from
the chamber walls induced by ion
bombardment — was still a trouble-
some limitation.

Both rings were completely fitted
out with titanium sublimation pumps
during the shutdown. This has im-
proved the average pressure and has
lifted the critical current for the run-
away rise of pressure by several
amperes. Glow discharge cleaning of
chamber walls has also worked well
and two new intersection chambers,

at 1-6 and 1-7, were introduced
without problem.
The benefits were immediately

apparent. Soon after restarting the
machine, the previous peak currents

the record in

were exceeded —
Ring | now stands at 18.7 A (com-
pared to 14.5 A) and in Ring 2 at
17.2 A (compared to 14.0 A). It was
also possible to reach design lumi-
nosity again under different condi-
tions to those prevailing in December

(higher currents and larger beam
heights) and physics runs have been
possible with a current as high as
12.5 Ain Ring I.

Within the first few weeks of
operation the ISR, like the PS, was
called upon to pull out practically all
its tricks for the purposes of the
experimental programme. It operated
at all four standard energies, and had
two runs with a 22 GeV beam in
collision with a 11.5 GeV beam, and
a run with beams accelerated in the
ISR to 31.4 GeV. In general, per-
formance of the storage rings is even
more stable than before. ‘

Among the other modifications
carried out during the shutdown we

A view inside part of the control room of the
3.7 m European bubble chamber, BEBC.

This gives an idea of the complexity of the
many systems involved in the operation

of the chamber. Last month we reported

the first tracks taken in BEBC. A hydrogen leak had
interrupted the tests but it proved possible

to repair this quickly and operation continued
at steadily increasing field levels up to 2.6 T.
No troublesome effects appeared due to eddy
currents in the metal piston which is
temporarily replacing the plastic piston. The
chamber has now been ‘warmed up’ again to
receive the last touches before the physics
programme is launched in about two months’
time.

CERN 195.2.73
will mention only a few: In the transfer
tunnels where beam is brought to the
ISR there has been a substantial
rearrangement of the magnet power-
ing scheme so as to reduce the
number of power supplies linked to
the beam-line which will later be
shared by the SPS. It simplifies the
task of changing the magnet fields
from pulse to pulse which will be
needed when the PS is feeding both
the ISR and the SPS. The new
arrangement is working well. The
main magnet power supplies for the
two rings were also modified — new
controls brought them under the ISR
computer so that only the final
adjustment is now done manually.
This is particularly useful when accel-
erating beam in the ISR — the main
magnets plus the auxiliary magnets
can now track together to increasing
fields controlled by the computer.
Finally, further beam observation
equipment has been installed. A beam
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loss detection system, using ionization
chambers distributed round both rings,
is now available but so far has not
been called into action — there is not
sufficient beam loss! The system wiill
be wuseful particularly in machine
studies and will be linked to the com-
puter in a few months’ time. Sodium
gas curtain beam profile detectors
(see vol. 11, page 324) are now
installed in both rings. There are
problems in Ring 2 but the Ring 1
detector is in action and has given
some remarkable pictures of beam
profiles when the beam consisted of
two or three separate stacks for
spectrometer calibration.

Magnets and
quadrupoles for g-2

Components of the small muon storage
ring, which will be used in the third
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series of measurements at CERN on
the ‘g-2’ of the muon, are now being
tested. The experiment, being carried
out by a CERN, Daresbury, Mainz
collaboration, aims to achieve an
accuracy of some parts per million in
measuring ‘g-2" and hence is one of
the most precise ever to be under-
taken. This requires great care in the
design and testing of all components.

To recall the major features: The
‘g-2" (or anomalous magnetic mo-
ment) of the muon is brought about by
quantum electrodynamic effects. Thus
its precise measurement is a refined
test of the validity of the theory of
quantum electrodynamics. At the same
time, examining muon properties to
such fine detail is a search for minute
differences between the behaviour of
the muon and the electron. The meas-
urement will be done by observing the
muon in the magnetic field of a
storage ring 14 m in diameter. The
principle of the experiment is similar

The ‘mole’ is on its 7 km journey boring out

the tunnel for the SPS. The head of the

machine is just visible where it is cutting into the
rock face and the conveyor belt for removing
the spoil is clearly seen since it is still in the
enlarged section of the tunnel where the whole
machine was assembled.

to its predecessor-(described in vol. 6,
page 152) but with the important
refinement that the muons will cir-
culate in a nearly uniform magnetic
field and will be focused in the vertical
direction by electrostatic quadrupoles.
The selection of a ‘magic’ muon
energy ensures that its magnetic
moment is not sensitive to the electric
field. This, together with other im-
provements in technique, should make
it possible to improve the accuracy by
a factor of ten.

The magnetic field in the ring will be
just below 1.5 T and its azimuthal
average value should be constant to
a few parts in 10° over the region in
which the muons move. There will be
an optical alignment system, a highly
stable power supply, compensation
windings controlled by NMR probes
in each of the forty magnet blocks and
a heat regulation system. But the
first step is to bring the magnet blocks
themselves to as near uniformity as
possible.

The first four magnet blocks have
been delivered to CERN and have
been installed in a shimming bank.
The magnetic field is measured by a
coil probe linked to a computer and
the first series of adjustments has
been completed. An air gap of about
2.5 mm has been introduced behind
the pole at the centre of the magnet,
wedges have been added at the ends
of the blocks so as to reduce dis-
tortion of the field where the poles
join together, iron plates have been
added to the front and on the top
and bottom of the blocks. Working
patiently through these adjustments
has brought the field to the desired
uniformity to better than one part in
a thousand.

The stage of measurement which is
now beginning on the same blocks
is intended to push the uniformity of the
average azimuthal field in each block to
better than one part in ten thousand.
This will involve grinding metal off the



pole faces or adding thin metal films
to the pole faces. A special device -
has been developed to do the grinding
controlled by the computer in accord-
ance with the field measurements.
After this stage the blocks will be
released for installation in the ring.

Six more magnet blocks are now
scheduled for delivery and blocks will
continue to arrive at a rhythm of eight
per month until August. Initially it is
likely to take about a week to clear a
block on the test rig but this pace may
quicken with experience. About June
the first eight will be installed in the
ring. It is after installation that the final
shimming to reach a uniformity of one
partin ahundred thousand will be done.

The electrostatic quadrupoles posed
a considerable problem. To ensure
adequate focusing of the muon beam
it will be necessary to have voltages of
about 40 kV on the quadrupole elec-
trodes. With the given electrode
spacing this, by itself, would not be
difficult but the quadrupoles will be
installed inside the magnet apertures.
Quite modest magnetic fields cause
breakdown at these voltage levels.
The configuration of the combined
electrical and magnetic fields form an
excellent bottle for trapping electrons
which lead to breakdown.

Research into this problem re-
vealed, however, that it takes a com-
paratively long time to build up suffi-
cient electron charge to initiate break-
down — fortunately a longer time
than is needed to watch the muon.
Muons will be fed into the ring at
3.1 GeV (a ‘magic’ energy at which
their magnetic moment is not sen-
sitive to the electric field) and at this
energy their average lifetime is 64 ps.
Their decays will be observed over
about 600 ps. The electrostatic qua-
drupoles can comfortably be pulsed
over 1 ms without breakdown prob-
lems. Their power supply has been
perfected to give a pulse over 1 ms
which is constant to better than 1 %.

The shimming bank for the storage ring magnets
which will be used in the ‘g —2° experiment.
Four magnet blocks (on the left) have been
carefully assembled and a sequence of measure-
ments and adjustments are in progress to bring
the fields to a precision which has rarely

been achieved on this scale before.

A radial field plot emerging from the computer
linked to the measuring coil in the muon storage
ring magnets. The figures printed alongside

the field contour lines give the differences,
compared with the reference field, in parts

per million.
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The heavy-liquid bubble chamber Gargamelle has
undergone a series of repairs after factures

had appeared in its expansion system. The top
half of the photograph shows the magnet with
its 44 expansion and recompression tubes

(large white circles) and its 44 motors
controlling the safety valves (small black and
white circles). The chamber itself is inside the
magnet. The tanks of the expansion system have
now been reinstalled on the trolley in the
foreground. A large number of struts have been
fitted to the trolley to give it added rigidity.

Perfect quadrupole fields are ob-
tainable in theory only with hyper-
bolic electrodes of infinite dimensions.
In practice, truncating the electrodes
can lead to the introduction of octu-
pole field components, etc. which
usually need correction. For the muon
storage ring, computer calculations
using a series of successive approxima-
tions has resulted in electrode profiles
which give the quadrupole field to
sufficient accuracy without introduc-
ing other field components at too
high a level.

One quadrupole section is complete
and is being tested. Seven others will
be built in the CERN workshops
before the end of the year. It is hoped
that the storage ring can be comple-
tely assembled early next year.

Gargamelle ready

to operate again
The heavy-liquid bubble chamber,
Gargamelle, is being prepared for

operation again — its first task will be
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to supply a set of photographs of
neutrino interactions in freon. As
reported in vol. 12, page 416, this
series of experiments was scheduled
for December 1972 but had to be
postponed for safety reasons.

The vibrations produced during
expansion of the chamber led to
fractures in some of the pipework of
the pressure system.

The expansion system was com-
pletely dismantled during the annual
PS shutdown (January and February)
and thus the necessary repairs did not
cut too deeply into the experimental
programme planned for Gargamelle.
The trolley which carries the recom-
pression tanks (2 x 10 m®) as well as
the expansion tank (20 m®) and storage
tanks (2 x 6.25 m?®) were all rebuilt.
The girders were reinforced and the
whole structure was strengthened
with struts wherever possible. The
trolley no longer stands on wheels but
on supports set in the floor to prevent
the assembly from moving during
operation. Another improvement con-
cerns the static and dynamic reactions
which are now absorbed by arms
resting on the edge of the pit. Also
the low-pressure exhaust tanks
(2 x2 m®) were replaced.

By mid-April the major repairs to
Gargamelle were completed, and only
a few electrical connections and some
minor pipework remained to be
finished before the final tests prior to
operation could be carried out.

SACLAY
Nuclear physics with
Saturne

Following on from our ‘nuclear
physics’ issue in February we have
news of the nuclear physics pro-
gramme which is now an important
part of the work at the proton syn-
chrotron, Saturne, at Saclay. The
particular interest of nuclear spectro-
scopy at high energy essentially lies
in the availability of high transfer
momenta which make it possible to
study the nuclear wave functions
from a new angle — the reaction
mechanisms are simplified so that
more precise descriptions are possible
than at lower energy.

The major difficulty is to achieve
high precision. After the first exper-
iments at Brookhaven in 1967, it was
realized that this field of research
requires an absolute energy resolution
of the order of 100 keV, or a relative
momentum precision of 6 x 1075,
Measurements with this accuracy
were attained at Saclay during 1972
with the commissioning of a high
resolution spectrometer, SPES, at
Saturne (recorded in vol. 12, page
134).

To obtain the desired precision and
to take account of parasitic effects
involved in the study of nuclear
reactions (the predicted energy spread
of the incident beam was + 1 MeV
and there are kinematic effects cor-
responding to variations in the energy
of the recoil nucleus as a function of
the scattering angle), the experimental
set up was based on the use of two
magnets:

— an ‘analysing magnet’ (radius of
curvature 4 m; bending angle 64°;
weight 60 tons) which, together
with a set of quadrupoles, makes
it possible to vary the spread and
the focusing of the beam from
Saturne onto the target;



— a ‘spectrometer magnet’ (radius of
curvature 3.3 m; bending angle 97°;
weight 90 tons, rotatable about the
target on an air cushion system)
which analyses the particles scatter-
ed by the target focusing them on
its focal plane.

The analyser-spectrometer assem-
bly is achromatic and variations in
energy in the incident beam, do not
appear on the focal plane of the
spectrometer after particles have
passed through the whole assembly.
On the other hand, the energy varia-
tions coming from reactions in the
target are analysed by the spectro-
meter magnet alone, and can be
distinguished on its focal plane. The
uncertainties inherent in the initial
beam are thus eliminated. In addition
the effects caused by the kinematics
of the reactions can be compensated
by changing the focusing conditions
for the scattered particles (shifting
the focal plane) and for the incident
particles (focusing the beam upstream
of the target).

Attempts were made to obtain
precise optical properties for the
magnets in the simplest, and there-
fore least troublesome, way. The
precision of a magnet does not depend
critically on the value of the magnetic
field at all points in its aperture but on
the integral of the field along the
trajectories passing through it. Using
constant-field magnets of the ‘win-
dow-frame’ type, which are easy to
construct, the magnets could be
corrected for good optical quality
simply by sticking thin shims on to the
yokes. Although it is very simple and
accurate, this method has not yet
found wide favour.

A detection system is used behind
the spectrometer to measure the
spectrum of the scattered particles
and to reconstitute the angular distri-
bution of the particles within the
angular acceptance of the spectro-
meter. The local resolution of this

system has to be better than 0.9 mm
since the spread of the spectrometer
for 1 GeV protons is 0.9 mm per
100 keV. An array of drift chambers
(we shall be describing the abilities of
this type of detector in a forthcoming
issue) measures particle positions.
The local resolution is better than
0.8 mm over a 25 cm track-and better
than 1.3 mm over a 25 to 50 cm track.
The dead time of the chambers,
during which they recover from one
measurement and are made ready for
another, is 5 us. Parasitic counting can
be eliminated by using several drift
chambers in coincidence (the coinci-
dence time is 40 ns for neighbouring
chambers).

The spectrometer system was per-
fected and the elastic and inelastic
scattering of 1.04 GeV particles by
carbon, nickel and lead targets were
studied during the ten weeks allocated
to SPES in 1972. During the current
year these studies are being extended

The spectrum of energies around 1.04 GeV

of protons scattered at 10 degrees from a lead
208 target. The high precision in the spectrum,
which makes it possible to separate the differer.
excited states of the °pp nucleus, was
achieved using the spectrometer SPES at the
Saturne synchrotron.

to other nuclei and other nuclear

reactions.

Quasi-elastic scattering

Another experiment is studying the
clusters of particles which can be
ejected from a nucleus which is in
collision with a proton. In particular,
this concerns deuteron (proton plus
neutron) and alpha (two protons
plus two neutrons) ejection and it is
important to separate such clusters
from the more common ejection of a
single proton.

The experiment uses two magnetic
spectrometers fitted with multiwire
proportional chambers. The spectro-
meters analyse particle coincidences
— both the scattered proton and any
particle cluster ejected from the
nucleus. Coincidences involving two
protons, corresponding to the ejection
of a proton alone from the nucleus are
eliminated as far as possible from the
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recorded counts by having fast E and
dE measurements on the ‘cluster
using two scintillators. The analysis of
the E and dE information, plus a
measurement of the time of flight,
makes it possible to identify a cluster.
The acceptance of the spectrometers
(2 x 10~ steradians) should give high
statistics in spite of the small cross-
sections of the reactions involving the
ejection of particle clusters.

The first measurements have been
obtained with a beam of 5 x 10° pro-
tons per pulse at an energy of 600 MeV
onto a lithium target. The reactions
involving the ejection of a deuteron
and of an alpha are clearly separated
from those ejecting a proton. Much
more data will be gathered and this
will be helped by putting the multi-
wire proportional chambers (5000
wires) on-line to a computer.

Nuclear physics for astrophysics

Finally, measurements of the cross-
sections and energy spectra of gam-
mas produced in the proton-nucleus
interaction are being made at energies
between 500 MeV and 1 GeV in view
of the new interest in gamma spectro-
scopy by astrophysicists.

An energy resolution of the order of
150 keV can be obtained with a spec-
trometer using sodium iodite detectors.
This assembly has already operated in
a previous experiment and the first
tests on a parasitic beam for its new
duties are satisfactory. During 1973 it
may be possible to study the gamma
production of all the main nuclei
present in the galactic system.

This experiment is being carried out
by a collaboration involving Clermont-
Ferrand, Heidelberg and Saclay.

Saturne accelerates alphas

At the end of January alpha particles
were accelerated by Saturne for the
first time. Saturne already has deute-
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rons, in addition to protons, to its
credit and there is interest in a research
programme with these ions.

High energy alphas are achieved in
several stages: Singly ionized helium
atoms are drawn from the ion source
and are taken to 800 keV in the pre-
injector. They are then stripped to
alpha particles (doubly ionized helium
atoms) by passing them through a thin
carbon foil. After that they are acceler-
ated through the linac and injected
into the synchrotron. An intensity of
7 x 10" alphas was achieved and the
peak energy which can be reached is
4.6 GeV. The accelerator was how-
ever operated at 650 MeV for an
experiment on radiodosimetry.

Other experiments to use the alpha
beam are now possible in particle
physics, astrophysics and radiobiology.

STANFORD
Rapid cycling chamber
begins physics

The 15 inch rapid cycling bubble
chamber at Stanford is being used in
a physics experiment for the first time.
The experiment, being carried out by
a Purdue, Indiana, SLAC, Vanderbilt
collaboration, began in March. It is a
search for ‘exotic’ mesons with double
charge which are not ‘allowed’ by the
quark model. The quark model main-
tains that mesons are built up of
quark and antiquark pairs. Thus, since
a quark is supposed to carry a charge
of 1/3 or 2/3 the electron charge, no
doubly charged mesons can be built
up from quarks. None has been seen to
date and the Stanford experiment will
be a thorough search for their exist-
ence.

The use of the rapid cycling cham-
ber is a crucial part of the experiment.
The observation of such mesons will
obviously be extremely rare and a

detection technique which selects
only likely events will obviously save
considerable time in analyzing the
data. The chamber is used in a hybrid
system together with spark chambers.

A beam of about ten positive pions
per pulse is fired into the chamber.
Interactions with the protons in the
hydrogen which produce a neutron
are recorded. If exotic mesons exist
they could appear in the interaction
as follows —

nt +p—n+ Xt

The neutron, emerging in the down-
stream direction, is converted to
charged particles which fire an optical
spark chamber. Only bubble chamber
events which correspond to the neu-
tron trigger need to be examined.

It is expected that the hybrid
system will be triggered once every
2000 pions, i.e. once every 200 pulses.
The collaboration is hoping to collect
100 000 pictures to study. Thus normal
bubble chamber operation, without
the possibility to trigger the rapid
cycling chamber, would require col-
lecting and analyzing 20 million pic-
tures rather than 100 000.

The rapid cycling chamber has the
form of a vertical cylinder 37.5 cm in
diameter and 14 cm high. The camera
system is located below the glass
window base of the chamber and three
lenses bring stereo views onto a single
35 mm film. The expansion system
operates from the top of the chamber
and has an electromagnet drive rather
similar to the coil of a loudspeaker but
much more powerful.A second magnet
has been built into the chamber's
‘vacuum can’ to give some track
curvature. It is a superconducting
magnet producing a 1.8 T field in the
chamber volume.

The natural resonant frequency of
the expansion system is 120 Hz but,
to allow sufficient time for reconden-
sation of the bubbles from the tracks of



Schematic diagram of the 15 inch rapid

cycling bubble chamber which is now being
used in a search for exotic mesons at the
Stanford electron linear accelerator. The
chamber, magnet and expansion system are all
crowded into a small volume. The peak
operating frequency of the chamber is 60 Hz.

The chamber body itself receiving the final
touches before installation. It was successfully
tested for 2 million pulses at a rate of 20 Hz
before data taking started.

the previous pulse, the maximum
cycling rate is 60 Hz. During January
it was tested in the experimental set
up at 20 Hz and operated well for
2 million pulses. During data taking it
is hoped to step up to 30 Hz.

DARESBURY
K°p charge exchange

An experiment which will treble the
world’s data on the charge exchange
reaction

K] +p—K++n

has completed halif of its data taking at
the 5 GeV electron synchrotron at the
Daresbury Laboratory. The experiment
is being performed by a Manchester/
Daresbury group using a time resolved
K? beam of low neutron background,
which spans the momentum region
0.5 to 1.5 GeV/c. Their results will
provide valuable information about the
kaon-nucleon interaction and throw
light on the vexed question of the exist-
ence of baryon resonances of positive
strangeness (Z*). Since Z*s cannot be
easily fitted into the SUs scheme of
particles, proof of their existence
would have considerable repercus-
sions. Currently, the group is re-
arranging apparatus so as to optimize
detection of positive kaons going
backwards in the centre of mass
system when neutron background wiill
create less of a problem.

Knowledge of kaon-nucleon scat-
tering is as necessary to our under-
standing of the strong interaction as
knowledge of pion-nucleon scattering
but kaon-nucleon studies have a long
way to catch up. For example, the
existence of positive strangeness bar-
yon resonances has been conjectured
for several years but is still in doubt.
This is due to at least two things —
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the lower intensity of kaon beams
compared with pion beams and the
difficulty of separating isospin states
in positive strangeness kaon-nucleon
scattering. K*p scattering presents
information on the positive strangeness
isotopic spin 1 state. In order to get
the corresponding isospin O state it is
necessary to study either K*n or Kep
scattering. K*n involves the use of
deuterium which introduces further
difficulties. Kep also presents ditfi-
culties because of the neutron back-
ground in the K° beam and lack of
knowledge of the K° momentum. The
Daresbury experiment has a beam
with a low neutron background, the
momentum spectrum spans the region
where structure is expected and,
thanks to the efforts of the accelerator
team, the beam is time resolved which
allows the incident kaon velocity to
be measured.

The group use wire spark chambers
on either side of a wide aperture
magnet to measure the direction and
momentum of the K+ produced in the
charge exchange reaction. The neu-
tron direction and time of flight are
measured using an array of neutron
counters. The velocity of the incident
Ke is found from the recorded time of
arrival of the kaon relative to a pulse
generated by the accelerator r.f.

These measurements ensure that
each event is ‘over-determined’ but
the group found that more was
required to distinguish the reaction of
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interest from elastic neutron-proton
scattering. Also the cross-section for
this background reaction is many times
greater than for charge exchange. This
difficulty was overcome by measuring
the K+ time of flight through the
magnet and the pulse height it pro-
duced in a thick scintillation counter
which picked out the kaon as opposed
to a proton.

The r.f. structure of the beam in the
synchrotron is used to time the flight
of the neutral kaon. Normally the r.f.
structure is a 1 ns bunch of electrons
every 2.5 ns. However, modulation of
the injector electron gun at 204 MHz
alters this to a bunch every 5 ns. The
timing method depends upon an
oscillator (again 204 MHz) phase
locked to the bunches; phase locking
is done in two independent ways. The
first method uses a signal from an
idler cavity in the synchrotron to phase
lock the oscillator to the circulating
bunches. However, this signal dies
away during extraction.

The second method uses a signal
from the Cherenkov light of relativistic
electrons in the bremsstrahlung beam
that produces the neutral kaon beam.
Conveniently, the bremsstrahlung
beam has a 0.1 % contamination due
to pair production in the air. Changes
in phase between the oscillator (phase
locked to the idler cavity) and the
Cherenkov signal are measured. This
is very sensitive — a change in phase
equivalent to 50 ps is easily seen —

Distribution of arrival times of charged particles
at counters, relative to the phase of a signal
from a resonant cavity in the Daresbury 5 GeV
electron synchrotron. The timing system is
being used in a study of the charge exchange
reaction Kf + p — K+ + n. The Figure shows
the resolution of the detection system with
several peaks at 5 ns intervals corresponding
to bunch separation in the synchrotron.

The full width at half height of the peaks

is 600 ps.

and when the two signals agree to this
accuracy both are almost certainly
correct because they are obtained in
such different ways.

Time of flight information on the

" neutral kaon is obtained in the follow-

ing way; the positive kaon generates
a start pulse for a time to digital con-
verter. The output from the oscillator,
which is in phase with the circulating
bunches, is converted to a pulse train
and the next pulse after the start
pulse is used to stop the time to digitai
converter. As the bunch which pro-
duced the Ke is not identified, the
measured time interval yields a series
of possible Ko times of flight at 5 ns
intervals. The actual time of flight can
be any one of this series and the
kinematics of the event is then invoked
to select the correct time. (A bunch
separation of 5 ns, instead of the
usual 2.5 ns, is used because the
kinematics is not sufficiently accurate
to distinguish between bunches 2.5 ns
apart.) The momentum of the incident
neutral is determined to about
50 MeV/c (at 1 GeV/c) which has
proved invaluable to tie down the
kinematics properly and thus to reduce
the background of unwanted neutron
induced events.

Summer School

The Canadian Institute of Particle
Physics Summer School will be held
from 27 August to 1 September at
McGill University, Montreal. Further
information may be obtained from
Miss C. Bridgman, Department of
Physics, McGill University, P.O. Box
6070, Montreal 101, Quebec, Canada.

The Proceedings of the 1972
School, edited by R. Henzi and
B. Margolis are now available at a
cost of $ 10 Canadian from the same
address.



Superconducting Synchrotrons

A Seminar was held at Saclay in Feb-
ruary to assemble information on the
progress towards the possible con-
struction of a superconducting syn-
chrotron. It was attended by members
of the GESSS Collaboration (Group
for European Superconducting Syn-
chrotron Studies), which involves
Karlsruhe, Rutherford and Saclay, and
by representatives of CERN Labo-
ratory |l since the GESSS work has
concentrated on detailing feasible
conversions of the SPS now being
built at Lab. Il. This review is based on
a report by J. Hamelin and J.P Pouil-
lange which itself was inspired by the
lively summary given at the end of the
seminar by G.K. Green.

The possibility of taking the SPS to
still higher energies by using the
higher fields of superconducting mag-
nets was emphasized in 1970 when
the new version of the SPS was pre-
sented (see vol. 10, page 111). At the
seminar, the ways in which this could
be done were considered under two
headings, each with two variants. The
first would be to replace the conven-
tional magnets. The two variants are —
to slot superconducting magnets into
spaces left for this purpose in the
so-called ‘missing magnet’ lattice
around the circumference of the ‘con-
ventional’ machine (where magnets
for only 200 GeV had been installed)
or to replace a full ring of conven-
tional magnets (where magnets for
400 GeV had been installed).

The attractions of the ‘replacement’
way to a superconducting synchro-
tron are that maximum use could be
made of facilities already being built up
for the SPS — the tunnel, injection
system, r.f. accelerating cavities. . . In
fact the studies have shown that
some of these seeming attractions
could be hindrances. Injection at
10 GeV requires a fairly large magnet
aperture (around 5 cm) which re-
quires more superconductor, sends
the stored energy way up (around

700 MJ) with attendant power supply
problems and would probably mean
machine cycle times of longer than
one pulse per 20 s. Also residual fields
at the low injection energy might be
beyond the acceptable field tolerances
— the field quality has to be at least as
good as in the conventional SPS.
Beam loss in the region of the super-
conductor can send the conductor
‘normal’ and halt machine operation.
This, rather than the usual radiation
problems, implies exceptionally good
beam control.

The other way to a superconducting
synchrotron is to build a separate ring
of magnets leaving the conventional
ring intact. The two variants are — to
build the superconducting ring in the
same tunnel as the conventional ring
or to build the superconducting ring in
a completely new tunnel.

The attractions of the ‘separate’
way are that the conventional machine,
at say 200 GeV, could be used as an
injector. This brings the necessary
magnet aperture down to around
40 cm and the stored energy to
below 500 MJ. The total cycle time
could then be around 15 s. Using the
same tunnel would be an obvious
cost saving but makes transfer of the
beam from one ring to another at high
energy very difficult. It could involve
problems in bringing in the necessary
services (cooling, etc.) to the super-
conducting magnets, and, during con-
struction, would seriously disrupt the
physics programme. The ‘separate’
superconducting ring in a new tunnel
looks the optimum solution taking only
machine construction and physics pro-
gramme problems into consideration.

However, before any of these ways
and variants can be elaborated much
further, it is necessary to have fuller
answers to questions on machine
components such as the supercon-
ducting magnets, the cooling and the
power supplies. . .

The studies on magnet designs in

the different Laboratories have con-
verged on a number of features. They
all propose superconducting magnets
which have circular aperture with the
superconductor distributed in coils,
closely wrapped around the aperture,
so as to give the required field confi-
guration. The coils are surrounded
tightly by an iron yoke which helps
mechanically in the construction of
the magnet and contributes to the
field (hence reducing the amount of
superconductor and the stored
energy). Having the yoke in this loca-
tion requires that it is held at cryogenic
temperatures, like the superconductor,
and this introduces mechanical prob-
lems due to the different contractions
of the yoke and the coils as the
temperature goes down.

There are two phenomena en-
countered in superconducting magnets
which are not met in conventional
magnets and which are very important
in machine design. One is the ultimate
performance of the magnet by com-
parison with what can be anticipated
from the ‘short sample’ behaviour of
the superconductor. The other is
‘training’ where the performance in a
superconducting magnet rises pro-
gressively to a final value during a
series of quenches. Prototype magnets
have now been built which show
little sign of training and approach
‘short sample’ performance very clo-
sely. Nevertheless, the safety margin
to allow for these phenomena in a
superconducting machine is not clear
and has a considerable influence on
magnet cost and the necessary stored
energy.

The provision of suitable super-
conductor for manufacture of the
magnets seems to have been well
mastered and the performance of com-
mercially produced conductoris gener-
ally in good agreement with the theo-
retical predictions.

Conductor is built up of niobium-
titanium superconducting filaments,
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with diameters typically around 7 um,
embedded in a copper matrix. The
filaments are twisted to reduce losses
in the conductor and an additional
requirement, when many filaments are
used, is to include a copper bronze
resistive barrier between the filaments.

For a synchrotron magnet the coil
will need to carry something like
3 kA. This can be realized by incorpo-
rating composite conductor, as de-
scribed above, in transposed cable or
braid compacted into rectangular
shape. Strands of conductor need to
be insulated from one another in the
magnet coil. The normal organic
varnishes have proved unsatisfactory
and copper oxide is preferred. For
d.c. or slow-pulsing magnets, a soft
metal filling of the cable or braid
completes the assembly giving good
thermal and mechanical stability.

Niobium-titanium remains the best
bet for the superconductor at present
because of its high ductility which
enables it to be drawn into filaments
with ease. However the critical tem-
perature at which it goes normal in a
high magnetic field (say over 4 T) is
uncomfortably close to probable he-
lium operating temperatures. A local
temperature rise of a few tenths of a
degree could destroy the supercon-
ducting property. For this reason
superconductors such as niobium-tin
and vanadium-gallium, which have a
much greater safety margin and could
operate at much higher fields, remain
under investigation. The mechanical
problems of producing filamentary
conductor from these materials have
not been solved and they are unlikely
to appear on the commercial scene in
the next few years.

The preceding few paragraphs will
have underlined the need for a reliable
and efficient cryogenic system. How-
ever the cryogenic problems in con-
structing a superconducting synchro-
tron have not yet been studied in
great depth. It is agreed that helium
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refrigeration plant and helium transfer
lines can be built to ensure the
necessary cooling to 4 K or below but
the optimum design of such a system
to ensure efficient operation, and to
hold down the cost, has several
unresolved questions. These relate to
design features such as — number of
magnets per cryostat, temperature
monitoring and control . and to
machine operation features such as —
minimizing the time lost due to a
magnet fault which involves warming
to room temperature, linking magnets
and cryostats so as to simplify repla-
cement...

Some overall features seem to be
emerging. For a temperature of 4 K
the estimated heat load with a 15 s
cycle time in a 1000 GeV ring is
around 60 kW. Refrigeration is envi-
saged as emanating from a central
compressor house and passing via six
refrigeration units, distributed around
the ring, each of 10 kW or more. The
compressor power would need to be
around 40 MW with a reasonable
efficiency factor in the cooling plant.

The ‘unit cell’ for cryogenic pur-
poses is seen as a string of between
five and thirty magnets each cell
having separate gas and liquid helium
lines. The thirty magnet subdivision
is a proposed ‘unit cell’ also from the
point of view of the power supply.

Providing the pulses of power to a
superconducting synchrotron is an-
other important feature of machine
design and it poses new problems of
scale. The stored energy in a synchro-
tron is related to its magnetic field and
going to the high field levels available
from superconducting magnets brings
in its wake the need for much higher
pulsed power. A 1000 GeV accelerator
could require 500 MJ in stored energy
and a peak .power flow of about
150 MW.

The difficulty lies in assuring the
flow of power to and from the
magnets, in machine cycle times

measured in seconds, while not unduly
perturbing the electricity supply net-
work. Static compensator systems
could conceivably cope with the
power requirements and, by 1980, the
grid of Electricité de France might be
able to withstand the pulsed load. Al-
ternatively motor-generator-flywheel
sets, probably in several units, could
be used. Studies on superconduct-
ing power supplies (see vol. 11, page
199) are also continuing.

The seminar at Saclay indicated
that most of the problems associated
with the construction of a supercon-
ducting synchrotron have been over-
come. The first magnet prototypes
have performed satisfactorily but it
remains to refine the construction
techniques and to specify the neces-
sary safety margins with more preci-
sion. The stage of magnet testing
should soon be succeeded by the
building of a scale model magnet/
cryogenic/power section.

Appropriate cryogenic and refrige-
ration systems need much more study
but are unlikely to throw up any
major obstacle. Provision of the pulsed
power is a considerable problem but
it is not insurmountable — conven-
tional motor-generator sets may not
be an elegant solution but they could
already be specified to meet the
requirements.

GESSS is now putting the finishing
touches to a report on superconduct-
ing synchrotron studies. Their conclu-
sions on the state of progress are
being taken into account in finalizing
the construction programme for the
SPS and the decisions are expected
to be announced at the June session
of the CERN Council.




Minimum outgassing
of ultra high vacuum components...

...is a most important condition if the desired low ched in even shorter times by baking out the CF

pressures are to be reached within a short time.
With BALZERS UHV-CF components desorption
is very low indeed! Why? Modern production

methods - electron beam
welding for gap-free seams
and electro-polishing  for
clean surfaces-provide such
good basic conditions, that
relatively low ultimate pres-
sures can be reached, even
without heating (e.g. when
temperature sensitive sys-
tems are installed). Still
lower pressure can be rea-

BP 800 003 PE DN 1641

BALZERS-owned Sales Companies in:

7
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|
!

A\
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\

Ziirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (S),Berkhamsted (GB),
Santa Ana (USA), Meudon (F), Milano (1)

components at temperatures up to more than
400°C. From the more detailed literature which we
shall be glad to send you, you will see which compo-

nents in nominal diameters
NW 16 CF, 35 CF, 63 CF,
100 CF, 150 CF and 200 CF
are available ex stock and in
addition to other specific
features, data on materials,
dimensions etc. you will also
find that BALZERS CF com-
ponents are provided with
fixed, rotatable flanges.

BALZERS

BALZERS AKTIENGESELLSCHAFT
fir Hochvakuumtechnik und Diinne Schichten

FL 9496 Balzers
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sartorivus

10-° gramme - 1 pg
determiner le microgramme,
nous le pouvons

et méme plus encore

Nos moyens : les balances électroniques

Micro et ultra-microbalances électroniques pour la détermination en continu ou discontinu des
différences de masses entre 0,1 g et 25 g.

Pour la microchimie - Pour la microbiologie - Pour la recherche nucléaire - Pour la pharma-
cologie - Pour tous les laboratoires de recherches scientifiques et industriels.

Une détection sans probléme dans I'étendue de pesée jusqu'a 10-7g.

Déposer I’échantillon.
Sans aucune autre intervention, la valeur du poids s’affiche automatiquement sur le voltmétre

numérique de 'appareil de régulation.

Lire le résultat.
Une sortie analogique et digitale permet la commande directe d’enregistreur a compensation,

imprimante, ou tout autre appareil de traitement des données.

Pour plus de précisions demander notre documentation 4100.
sartorius-framce ! s.a.x. 1.
31 rue Victor Hugo - 92240 Malakoff tel. 655 40-30
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Our ,,Giant”

The 9” HIFLEX cable. It is one of the biggest cables i

theworld and is part of our comprehensive programme

in HIFLEX power cables which we supply in sizes from

15 to 260 mm outer diameter with characteristic .
impedances of 50 ohms, 60 ohms and 75 ohms. )

Our 9” HIFLEX cable was developed for the constantly
increasing power outputs of the transmitters.

Like all HIFLEX cables it features low attenuation and
standing wave ratio, high dielectric strength, trans-
verse stability and tensile strength.

Even with 260 mm cross section the corrugated alu-
minium outer conductor and the corrugated copper
inner conductor guarantee high flexibility.

The illustrated cable was installed in the 500 kW

German Bundespost short-wave transmitter station in FELTEN& GUILLEAUME
Wertachtal. KABELWERKE AG
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l'y a maintenant une clternative au Time-Sharing
qui se rentabilise en quelques mois.
Laguelle2 Pour le savoir remplissez l'encart di-dessous.

En investissant, une fois pour toutes, quelque fr. 30000.—,
vous disposez de votre propre Modéle 30, calculateur
autonome et puissant, qui remplace avantageusement un
terminal de timesharing.

Le clavier, de type machine & écrire, est fotalement conver-
sationnel; il permet d'accéder directement & la mémoire utilisa-
teur interne, d'une capacité maximale de 8K octets, programmable
en BASIC, et qui, par adjonction d'une série de blocs de fonction
enfichables, peut atteindre 16K octets. Le calculateur peut en
accepter simultanément 8; appelés par clavier, ils permettent de
résoudre, par I'action d'une seule instruction, de nombreux pro-
blémes particulierement complexes, inversion de matrices et
chaines de caractéres.

Le Modéle 30 permet également d'afficher jusqu'a 32 carac-
téres alpha-numériques, comprend une imprimante par page
imprimant 80 caractéres par ligne & la vitesse de 250 lignes par
minute, une mémoire incorporée & cassette avec recherche bidirec-
tionnelle ultra-rapide sous systéme d'interruption et un lecteur de
cartes automatique; enfin, il est connectable & tous les périphéri-
ques communs & la gamme des calculateurs Hewlett-Packard
de la série 9800.

@ Langage BASIC. Le langage BASIC, langage universel,
simplifie la programmation. Il existe une vaste série de
bibliothéques de programmes écrits en BASIC, testés par les
utilisateurs, allant des applications scientifiques, de génie civil et

HEWLETTW PACKARD

Hewlett-Packard (Schweiz) AG, Zircherstrasse 20, 8952 Schlieren
Tel. 019818 21
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de statistiques, aux travaux commerciaux courants, tels que
I'établissement des feuilles de paie, la facturation ou la gestion
des stocks.

Ces caractéristiques, auxquelles viennent s'ajouter la puis-
sance du calculateur et ses possibilités de mise au point des
programmes permettent au Modéle 30 de résoudre rapidement
des problemes extrémement complexes. Il peut donc effectuer
immédiatement la plupart des taches qui, sans lui, attendraient
leur tour étre traitées par l'ordinateur central. Comme tous les
avutres produits Hewlett-Packard, le Modéle 30 bénéficie d'un
réseau de 172 points de vente dans 65 pays, qui assurent le
service aprés-vente.

Pour recevoir une documentation compléte sur ce nouveau
venu dans la grande famille des calculateurs Hewleti-Packard,
remplissez le coupon-réponse ci-dessous.

‘¢---f-------‘---.~
" Hewlett-Packard (Schweiz) AG, (N

Zuorcherstrasse 20, 8952 Schlieren, 1

1 Tel.019818 21 |

: J'aimerais en savoir plus long 1

sur le Modéle 30. Prouvez-moi qu'il peut 1

: m’économiser temps et argent. :

: nom :

¥ d¢partement 1

7 \

&4 société A
4 )
4 ) )
4 A}
& aodresse \ Y
4 )

L4 )
[ | 1
B teél poste q
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chambre pour synchrotron & protons injecteur
chamber for synchrotron booster

Calorstat

metal bellows

B.P.15 - 91290 ARPAJON / FRANCE
Tél.490 1075 —Télex Febrank 69159 F

soufflets métalliques

Hydroformés - A diaphragmes soudés - En
tous métaux usuels et métaux spéciaux
(TITANES - INCONELS - HASTELLOYS -
etc.). - Electro-déposés miniatures en Nickel
pur soudable.

Réalisation de sous-ensembles complets
équipés de soufflets; tuyauteries métalli-
ques souples avec ou sans tresse.
Réalisation d’ensembles a partir de métaux
minces hydroformés et soudés (chambres
a vide pour zone d’'intersection de faisceaux
et pour synchrotron & protons injecteur.

Hydroformed - Welded diaphragms - Made
of all usual metals as well as special metals
(TITANIUMS - INCONELS - HASTELLOYS -
etc.) - Weldable pure Nickel miniature Elec-
tro-deposited.

Complete sub-assemblies equipped with
bellows ; flexible metal pipes with or without
braid.

Assemblies consisting of thin hydroformed

~and welded metals (Vacuum chambers for

beam intersection zone and proton syn-
chrotron booster).
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Sodilec présente une nouvelle série d’alimentations stabilisées
modulaires a découpage secteur en boitiers de faible encombre-
ment en fonction de la puissance :

Débits Autres séries d’alimentations stabilisées modu-
Type Tensions de sortie oeott laires & découpage :
a 40 °C
9061 5V 20 A SDSI - DC . Réglable de 2,7 26,6V 5 A
SDSA - DC : Réglable de 2,7a6,6V 10 A
9062 SV 40 A SD A (4 types) : 2V20A-5V 20A
9063 4Vai135V 10 A 5V40A-5V 100 A
9064 4Vai135Vv 20 A
9065 11vVaz28 Vv 5A
9066 11vVaz2s8 Vv 10 A

Catalogue sur demande :

| ]
% n I e c 7, AV. LOUISE - 93-NEUILLY-PLAISANCE
TEL. (1) 927.38.07

Agence Sodilec : 12, rue André-Abry - 38100 Grenoble - Tél. (15-76) 09-04-38

PEMA INDUSTRIE BM 7325

COLASIT AG Fabrication of Plastic Apparatus

Ventilators* and Ventilating plants in plastic

3752 Wimmis
Tel. 033/571944
Telegramm cosit
Telex 32887

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

*thousandfold proved since 15 years

LASIT
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Frlghtened aw‘\}awﬁ: "
of startmg a *‘C

Used to be, the most basic CAMAC system re-  point address increm.
quired an investment of $10,000 to $12,000. . as §|kely to :mpress yoa asits I
This amount would cover the crate, power sup-
ply, terminator module, cable, Type A-1 crate
controller, and branch driver. The last item
alone accounted for the lion’s share of the cost.
While the branch driver is unquestionably
_ the most practical and versatile computer inter-
face for large and complex CAMAC systems,
we have blazed trails to develop a less costly
alternative that would satisfy the needs of
70-80% of all CAMAC users. .
Frankly, the result exceeded our expecta-
tions.
You can see it in the extreme nght«haﬁd
- station of the CAMAC crate in the photo. This
module, called the DC-011, is dedicated to
performing the dual role of controller and com-
puter interface. You can use several of them in
multi-crate systems. The DC-011 has a number
of functional advantages—fast data trans er,
flexible ;nterrupt structure, software op
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Horizons of the future.

At Burndy, the door is open on tomorrow’s world. New techni-
ques are being developed and perfected, new horizons conquered,
and the face of technology is being changed. And we've been
changing it. For almost 50 years now.

In Europe, for instance, we have built up a highly-trained
research and development group. To be close to the needs of the
national markets. To create rather than to adapt.

The results can be found in the PCB, PCG and PCC series
of compact, edge-on connectors for printed circuits, with respective
contact spacings of 2.54 mm, 3.81 mm and 3.96 mm.

Single or double sided boards with nominal thicknesses of
1.47 to 1.8 mm can be accommodated. The gold plating of the

contact gives high corrosion resistance and improves performance
in low-level circuits. The body, molded in polysulfone, supports a
temperature range of - 55° C to + 125° C.

The care taken in anticipating the needs of the future, in using
the highest quality materials, and in producing the most reliable
connectors, is something that Burndy is proud of.

You too can meet the future - with Burndy.

Write to us for details.

BURNDY
ELEKTRA AG

Where there’s life, there’s Burndy.

Burndy Elektra AG - Hertistrasse 23 - 8304 Wallisellen - Tel. : 93.48.18 - Telex : 565549

©
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3,429
Research
Scientists

... and they've made
Spellman RHR-Series high-
voltage power supplies the
first choice of universities,

research facilities, and
government laboratories all
over the world. Spellman
designs win on both price and
performance . . . because they
use the unique RF/HV
technique, developed and
advanced by Spellman for

30 years.

Model RHR 30P120,
0-30KV/0-4mA

0.01% Regulation, 0.02% Rip-
ple, all-silicon, all-solid-state.
Complete overload / short-cir-
cuit protection. One of 1200
low-cost RF/HV standard
models, from 1 to 400 KV.

APPLICATIONS . ..
CRT displays, electron micro-
scopes, ionization chambers,

capacitor charging.

FREE!
___——%,

Bulletin 7210, first of

a series of application
notes on RF/HV tech-
niques.

HIGH VOLTAGE
' ELECTRONICS
| CORPORATION

1930 ADEE AVENUE
BRONX, NEW YORK 10469

(212) 671-0300

SPELLMAN FOREIGN
REPRESENTATIVES

AUSTRALIA

ANAC LTD.

Box 102

Sutherland, N.S.W. 2232
Sidney, Australia

CANADA
Componentics Ltd.
6420 Victoria Avenue
Montreal 252, Quebec

ENGLAND

Hartley

Measurements Ltd.
Kent House, High Street
Hartley Wintney,
Hampshire

England

FRANCE

Globe Electronique
34 rue Condorcet
75 Paris IX, France

GERMANY

Dipl-Ing Ernst Fey
8000 Munchen 19
Horemans Strasse 28
Germany

JAPAN

Kansai Electronics
Co., Ltd.

8 Toganocho, Kitaku
Osaka 530, Japan
Kansai Electronics
Co., Ltd.

24-17 Sendagaya
4-chome
Shibuya-ku, Tokyo

NETHERLANDS,
BELGIUM, LUXEMBURG
Airparts International
P.0. Box 1094

Rzswyk (Z.H.)

Haagweg 149

Holland

NEW ZEALAND

ANAC LTD.

P. 0. Box 16066
Auckland 3, New Zealand

SWEDEN

Mr.Robert E.O. Olsson AB
Box 165

S-591 Motala, Sweden

SWITZERLAND

Mr. Fritz Weber

In der Rehweid 8

8122 Pfaffhausen-Zurich
Switzerland

SIGNATURES
ANALYZED

.. with SAICOR’s new real time, narrow
band Spectrum Analyzer/Digital Integrator.

If you're studying complex vibration

problems, machinery noise, speech,
sonar echoes, acoustics ... S—A/CO'” has

the Spectrum (signature) Analyzer for you.

200 and 400 line, real time, time compres-
sion spectrum analyzers with or without
digital integrators (averagers). 11 frequency
scales — 0 to 20 Hz to 0 to 50 KHz, and
0 -1 MHz. Digital bin marker for accurate
readout of amplitude and frequency. Ex-
ponential averaging, 54db dynamic range.
Complete line of accessories available in-
cluding 3-D Display & Control, Tracking
Adaptor, and Auxiliary Memory.

Send for Bulletin TB11 ‘“Real Time Com-
pression Spectrum Analysis’ or call
(516) 234-5700 for an electromc signature
analysis. s

50 KHz
Frequency Scale

¥ Exponential
Spectrum Analyzer/ ’ o Averaging
Digital lntegrator ]

Honeywell

SIGNAL ANALYSIS OPERATION « TEST INSTRUMENTS DIVISION
595 0Old Willets Path, Hauppauge, New York 11787 « 516/234-5700

54 db Dynamic Range

127



LEMO SEL-LOGKING
GONNEGTORS
FORM A SOLID BOND.

TO
T OWN

E
BLE F =
\N\\;gg\i\\\ECT on T
)

Our production programme

Connectors, unipole (1+150 A). Connectors, coaxial (50-60-75-100). Connectors,
biaxial and triaxal. Connectors, high voltage (2-5-8-10-15-30 KV.DC). Connectors,
multi-coaxial, multiple contacts, multiple high voltage. Connectors, combined, high and
low voltage. Connectors, combined, coaxial and signal. Connectors, combined special.
Connectors, for thermo-couples. Adaptors to connectors type: BNC-UHF -C-N-CONHEX -
PET-Suhner-G. Radio, etc.

International connections:

Germany: LEMOSA GmbH. Wernher von Braun Strasse 16. D- 8011 Putzbrunn. England:
LEMO U.K. Ltd. 6, South Street. Worthing, Sussex. Austria: LEMOSA GmbH. Postfach
703. A-1011 Wien. Belgium: Ets. Clofis Sprl. 5639, Steenweg Brussel. B-1900 Overijse.
Denmark®’ K. Kamuk A’S. Bredebovej 31. DK-2800 Lyngby. United States: LEMO
USA, INC. 2015 Second Street. Berkeley, California 94710. Finland: Oy Chester AB.
Uudenmaankatu 23 A. SF-00120 Helsinki 12. France: Jupiter S.A. Constructions élec-
triques. 104, rue Garibaldi. F-94 Saint-Maur. Holland: Geveke. Elektronica en Auto-
matie NV. P.O. Box 652. Amsterdam. ltaly: LEMO Italia S.R.L. 10, via Calzecchi.
1-20133 Milano. Norway: Henaco A’S. P.O. Box Okern. Oslo 5. Sweden: AB D.J.
Stork. Humblegatan 32. Box 37. $-172 21 Sundbyberg 1.

L

Electrotechnique
Tel. (021) 711341 Telex 24683 1110 Morges (Switzerland)




Nim Blocs de puissance Blocs Alimentations

modulaires | spéciales

NN
A/

&2 SAPHYMO-SHAT

DEPARTEMENT
ALIMENTATIONS

’\ THOMSON - CSF

<@
51, rue de I'Amiral-Mouchez
75013 Paris
Tél : 588.45.39-588.16.39
Télex: 25731 F. TESAFI

Chassis alimentation CAMAC
Type C7 ALJ13DW

Sept Tensions

Puissance maximale 200 W

Chéssis alimentation NIM
Type C7 ALN13
Puissance maximale 200 W

RPI 95.15 bis.

Demandez la documentation A10 A1

L\1 N LX1600A absolute
WA= pressure transducer

National Semiconductor Corp

features

® Absolute Pressure Measurement — each unit
contains a vacuum reference.

®  Accuracy — maximum static error band of £3%
of full scale. Includes calibration error.

® Field interchangeability — all units meet one
guaranteed characteristic curve.

® Easily installed with standard 3/16" flexible
tubing and standard 5 pin electronic com-
ponent sockets.
Equivalent circuit is a simple potentiometer.
Flexibility — single ended op amp configuration
permits arithmetic functions, digital format,

Prix unitaire: Sfrs 285.— and multiplexing of 2 or more LX1600A’s.

B |nput overvoltage and output short circuit pro-
tection.

® Temperature measurement capability at point

of pressure sensing.
® Extended pressure and temperature range capa-

] bility.
i 02 - . L
‘113(5)3 2'::232 1:: 82;;2‘81 gg 20 B Availability through local National distributors.
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Higher Semiconductor Ratings

Type

Type
668T

666T
662T

SxC 661
SxC 662
SxC 663

using 50mm silicon crystal

DIODES

Varm lav) lesm 1%t

50Hz 180° 50Hz 10m. sec.
100/1500  2360A 30 000A 4 500 000A % sec.
1600/2500 1880A 22 000A 2 420 000A 2 sec.
2600/3500Tﬁ5yo(ﬁAls11.700ﬁC§\ 1 440 000A? sec.
Varm Lav) lrsm 1

50Hz 180° 50Hz 10m. sec.
100/1700 1126A 15 000A 1125 000A 2sec.
Vasm

1800/2500 98bHA 12 500A 680 000A % sec.
2600/3500 800A 10 500A 550 000A % sec.

Heatsinks available for natural air, forced-air and liquid cooling.
For full information write to:

Dept. CR/6. Semiconductor Division,

Westinghouse Brake and Signal Co. Ltd.

Chippenham, Wiltshire, SN15 1JD.

Telephone: 0249 4141 Telex:44751.

SWESTINGHOUSE &

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

PERFORMANGE decides!

Inductive controllers
and programmers for the operation and
automation of manufacturing processes

JUMO your partner
in measurement and control

M.K. JUCHHEIM GMBH & CO - D-64 FULDA

W. GERMANY
MEASUREMENT

AND CONTROL

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

A8/J 72
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RADIO PROTECTION

POLYRADIAMETRE PORTATIF

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

COMPTAGE

ECHELLE DE COMPTAGE SIMPLIFIEE

E.C.S. 1 Réf. E. 521
Portative, autonome, 6 décades

CARACTERISTIQUES ELECTRIQUES

Prétemps: 1 - 10 - 100 - 1000 s (précision 10'3)
Temps de résolution:{5ps (fréquence 200 KHz)
- Impulsions a |'entrée : polarité positive ou néga-
tive durée»100ns

Réglage du seuil: 0,1 3 10V

Impédance d'entrée : 1000N

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

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 pys frequency) 200 KHz)

- Input pulses : positive or negative,duration)ﬂOOns
- Threshold adjustement: 0.1 a 10V

- Input impedance : 1000 N1

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

O N ARDEUX

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

O NARDEUX

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

ELECTRO

Das NEUE UNIGOR N

mit den bekannten Vorzigen des UNIGOR p

GroBer MeBbereichumfang

Hohe MeBgenauigkeit, Klasse 1 bzw. 1,5

Gemeinsame Skala fiir Gleich- und Wechselstrombereiche

Robustes, stoBfestes MeBwerk mit Spannbandlagerung
Uberlastungsschutz durch Schutzschalter und Abschmelzfeinsicherung

bietet jetzt noch weitere wesentliche Vorteile

Skalenlange 110 mm
MeBbereichsabstufung 1: V10
Frequenzbereich 10 Hz bis 100 kHz

Bei DirektanschluB von 220V an alle Bereiche ist der Uberlastungs-
schutz voll wirksam

Widerstandsmessung bis 50 MQ mit genormter Monozelle und DC/DC-
Wandler

@ Einfache Priifung von Halbleitern durch Umpolung der Prifspannung
mit Tastenschalter

@ Gehéause mit einschiebbarem Traggriff

Bitte fordern Sie Liste C.1.12 an

GOERZ ELECTRO Ges.m.b.H.,
A-1101 Wien, Fernkorngasse 2 - Telefon 643666 - Postfach 204 - Telex 13161

TECNIDATA

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

Sfrs. 1380.—
V=,Vac,|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 I

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. |
I

This is your
address :

I
l
|
l
|

oooooooooad

Name

Technical Rubber
and Plastic Goods

8051 Zurich
Tel. (01) 40 11 00

— —%

Ask for free literature by sending this coupon

hose catalogue

hydraulic hose catalogue

air hose catalogue

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

Department
Internal telephone No
Special interests

seals, cables.

Signature Date
Technique Moderne Electronique S.A. —_— e — o o e — — o ——
B]E 1844 Villeneuve Tel. 021/6022 41 We have special radiation resistant rubber compounds that give
unique service - please contact us for hoses, profiles, sheets,
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for the fewwho

really understand

interactive
computing.

Digital's large computer.
The DECsystem-10.

«Interactive computing» with the DECsystem-10
provides real-time access by on-line terminals to
application programs, data input/retrieval and
program development.

Fortran, Cobol, Algol, Basic and more. Up to
4 million word main memory, 2 billion character
disk and dual processors. Handles up to 127
simultaneous jobs.

Because you know and understand the merits of
interactive computing, you ought to learn more about
the big DECsystem-10.

Please write the large computer group,

Digital Equipment Corporation International — Europe,
81, route de I'Aire, CH-1211 Geneva 26.
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Schlumberger

Nous proposons —

vous choisissez
votre appareil
parmi 12 compteurs

Compteur 1000 MHz de la série 2530

Nous nous épargnons
des lignes —
vous du temps!

Cherchez-vous un compteur entre

50 MHz et 1000 MHz et voulez-vous
mesurer, outre les fréquences, égale-
ment les périodes, les rapports et
les intervalles de temps ou peut-étre
encore programmer ces fonctions:
si tel est le cas, votre téléphone est le
moyen le plus rapide pour en savoir
davantage. Nous en sommes certains:
I’'un des douze résout votre pro-
bléme de mesure.

1207 Genéve
Tél. 022 359950

Miinchen — Wien - Paris — Mailand — Stockholm

8040 Ziirich
Tel. 01 528880
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Wall Periscope Model 301 — The
“gstandard” of the Nuclear Industry.

This hemispheric scanning instrument,
with new improved photographic
capability, is designed for reliable, low
cost remote viewing within a hot cell.
Accommodates wall thicknesses from 36
to 120 inches. Angular magnification
from 2x to 30x. Accessories include
integral camera adapter, the new model
950 automatic camera, filar eyepiece,
internal or external shielding, and optical
domes to provide gas tight seals.

We Do
Everything

In Sight

Optical Systems By Kollmorgen

Kollmorgen’s complete technological facilities and
engineering capabilities can solve your remote viewing
problems . . . whether involving radiation, heat, pressure,
explosion or toxic gases. Virtually every nuclear facility in
North America has an optical system designed by
Kollmorgen. If your viewing needs are unique, Kollmorgen
can design and build a complete electro-optical system to
bring the image directly to your eye or on film or TV.
At Kollmorgen, imagination, engineering and production
skills guarantee high quality precision optical systems for
your nuclear or industrial requirements.

Wall Periscope Model 580

A precision optical system using
off the shelf components that
can be readily adapted at the
factory to any configuration or
length from 3 to 30 feet.
Designs permit use at
temperature from —300° to
+350° F. Camera adapter for
high resolution photography.
Angular magnification from
1%5x to 12x. 90° and 180° wide
angle objectives are also
available.

We welcome the opportunity to work with you.
May we send you our illustrated brochure?

OLLMORGEN

CORPORATION

ELECTRO-OPTICAL DIVISION

NORTHAMPTON, MASSACHUSETTS 010860

Tel. 413/586-2330
Kollmorgen . . . Tomorrow’s insight into today's problems

READER SERVICE CARD #59

Represented by FLEXTUBE S.A. in France, Switzerland, United
Kingdom and Common Market Countries.
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Camac
inputs
made
easy

benilec s.a.

NEW DIGITAL-MULTIMETERS NEW from TENNELEC INC.
TC 205 new research grade linear pulse amplifier
essential for all high resolution Ge(Li) systems.
4300 3300
4'/2digit 3'/2-digit Excellent overload recovery.
10 uV 100 pV Gain 2.5 to 3000.
Resolution Resolution Ultra fine gain control + 2 channels per 1000 channels full
scale adjustment.
Built in BLR switch selectable.
LINE OR BATTERY OPERATED Ask for fully descriptive leaflet.
NOTE benilec s.a. can supply and maintain partial or complete
@ LED READOUT WITH INSIGNIFICANT ZERO ELIMI- systems from our principals wide range of products.
NATION AND 100 % OVERRANGING PRINCETON GAMMA-TECH. Detectors Ge(Li)’s, Si(Li)’s,
@ PROTECTION AGAINST INCORRECT RANGE AND MODE | . Si. Surface Barrier.
COMBINATIONS TENNELEC INC. N.LM. modules. Ultra linear, low noise
@ DC - AC - Q - CURRENT CAPABILITY amplifiers etc.
@ OVERLOAD HIGH VOLTAGE PROTECTION IN ALL NORTHERN SCIENTIFIC INC. Wide range of P.H.A. sys-
FUNCTIONS tems and A.D.C.’s. :
@ AUTOMATIC DISPLAY INTENSITY CONTROL G.E.C. ELLIOTT AUTOMATION LTD. for CAMAC.
@ UNBREAKABLE - RUGGED CONSTRUCTION
For more information contact BOB BROOMFIELD.
PLEASE ASK FOR DETAILED DOCUMENTATION OR A
DEMONSTRATION. -
wze0| | benilec s.a.

n 18, rue Hoffman — 1202 GENEVE
TEL. (022) 3323 20/33 2329 — TELEX 28268. “BELEC”
ﬂ Tel. 057 546 55

Industrievertretungen

Junkholz 333—-CH-8968 Mutschellen

e—
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OF THE REACTOR OF GAORSO NUCLEARZ®
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