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CERN, the European Organization for
Nuclear Research, was established in
1954 to ‘.. provide for collaboration
among European States in nuclear re-
search of a pure tific and funda-
mental charac nd in research

European ntre and co-ordin
h, theoretical and ex

laws governing the structure of matter.
The Organization has its t at Meyrin
near Geneva in Switzerland. There are
two adjoining Laboratories known as
CERN Laboratory | and CERN Labo-
ratory Il

CERN Laboratory | has exis since

1954, Its experimental programme is

1 on the use of two proton ac-

; — a 600 MeV synchro-cyclo-

and a 28 G nchrotron

fils intersecting storage rings

(ISR}, with protons from the PS

for experiments with colliding beams.

Scientists from many European Uni-

versities as well as from CERN itself

take part in the experiments and it is

estimated that son 1500 physicists
draw research material from CERN.

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

CERN Laboratory |l came into being
in 1971. It is supported by eleven
countries. A ‘super proton synchrotron’
{SPS), capable of a peak energy of
400 GeV, is being constructed. CERN
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Swiss frontier with 412 hectares in France
and 68 hectares in Switzerland. Its bud-
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b3rd Session of CERN Council

The Council met on 18, 19 December under
the Presidency of Professor W. Gentner

The Council Session opened with the
reports from the Directors General —
W.K. Jentschke for Laboratory | and
J.B. Adams for Laboratory Il. Since
we covered the construction of the
400 GeV synchrotron of Lab. Il in the
December issue, we concentrate here
on an abridged version of the talk of
Professor Jentschke mainly devoted to
the developments in particle physics:

Performing an experiment is like
opening a window looking out into
the physical world. It brings new
features into view and helps us to
understand the nature of the world
in which we live. In high energy
physics, experiments are used to build
a picture of the basic forms of matter
and of the forces which determine the
characteristic structure of the world.
Just as the perception of beauty in
a painting depends upon appreciation
of the relationships between the
colours and shapes in its composition,
so our present understanding of
Nature depends upon seeing relation-
ships between the views offered by
many different experiments. Over the

ast few years, the view through our
windows has been changing rapidly
and 1974 may come to be seen as a
landmark in our understanding of
elementary particles.

The main topics of this survey are
our present ideas on the possible
internal structure of the nucleons (the
proton and neutron) and the search
for an underlying unity of the three
forces in particle physics: the weak
force (responsible for radioactive
decay), the electromagnetic force
(responsible for forming atoms and
molecules) and the strong force
(responsible for binding nucleons to
form nuclei). Until recently, these
forces have looked very different from
one another but now, for the first
time, we can see that they could be
different facets of a single basic form
of interaction.

25 years ago the term ‘elementary
particle’ had a relatively simple mean-
ing. Only a few particles were known;
their roles seemed — with some
exceptions — fairly evident and the
task of the physicist was to under-
stand the forces between them. We
are now confronted with a tremendous
proliferation of hadronic states (par-
ticles which interact via the strong
force). A very important part of our
research programme at CERN has
been the study of these states. This
careful and painstaking programme
has assembled an impressive body of
detailed information which is essential
for complete tests of the theories
which attempt to provide a frame-
work for understanding such a com-
plex array of particles.

This work is by no means over — a
number of important questions remain
to be answered but, nevertheless, a
remarkable synthesis of all this infor-
mation is provided by a theory which
is extraordinarily successful even in
its most naive form. In this model, the
observed hadronic states are assumed
to be composed of three basic ‘build-
ing blocks’ called quarks. Putting
these quarks together according to
certain rules, the properties of the
many different observed hadron states
can be reproduced in remarkable
agreement with the data. In particular
the nucleons would contain three
quarks, while mesons would be formed
from quark and antiquark pairs.

There is a very good analogy with
the atom, in which the study of atomic
spectroscopy — the analysis of the
light emitted by atoms changing from
one state to another — revealed the
detailed electronic structure of the
atom. The spectroscopy of nuclear
energy levels also told us about the
composition of the nucleus. Simi-
larly, by systematic studies of the states
of hadronic matter, we gain clues
about their internal structure. Also,
another type of experiment has recently

yielded striking discoveries which tell
us about nucleon structure.

Results obtained a few years ago
suggested that there are point-like
constituents (partons) within the
nucleon; these are required to explain
the character and high occurrence of
events in which the electron is
deflected by a large angle on hitting
the nucleon. These experiments probed
the nucleon structure as revealed by
the electromagnetic interaction. At
CERN we have performed experiments
in the heavy liquid bubble chamber,
Gargamelle, using a beam of neutrinos
which interact with the nucleon only
via the weak force. The neutrino
results are also most easily explained
by the presence of partons within the
nucleon, this time probing the struc-
ture as revealed by the weak inter-
action.

The data obtained in these electron
and neutrino experiments can be
interpreted in some detail since the
forms of the electromagnetic and
weak interactions are quite well
understood. We are led to an extra-
ordinary result: these two experiments,
different in almost every respect
except for the common target — the
nucleon — can be explained with
surprising success by a simple model
in which the partons have just the
same properties as the quarks pro-
posed as nucleon components by the
analysis of hadron spectroscopy. The
results of the SLAC and CERN nuc-
leon scattering experiments can be
taken together to ‘measure’ the parton
electric charge and the values agree
with the presence of three quarks
having the expected fractional charges
(i.e. 1/3 or 2/3 of the charge on an
electron).

Turning to high energy collisions
between protons, experiments at the
CERN Intersecting Storage Rings have
shown that in the strong interactions
also, effects occur which can be
attributed to the presence of point-
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like constituents. This follows from
the discovery of processes in which
hadrons are emitted with high mo-
mentum at large angles to the line of
collision over 10000 times more
frequently than expected. Studies of
this phenomenon have continued, for
example using the large Split Field
Magnet where the momenta and
charge of many of the accompanying
particles has been measured. The first
results show that a neutral pion of
high transverse momentum is often
accompanied by a positive particle,
also of high momentum, going in
approximatively the opposite direc-
tion. This is what would be expected
from ‘hard’ collisions between point-
like constituents of the quark type
from which the proton could be built.

1974 brought confirmation of the
discovery at CERN of the neutral
current interaction. It is of the greatest
importance in our understanding of
one of the basic forces of nature and
may lead us to a unification of the
theories of the weak and electro-
magnetic interactions. This would be
a synthesis as profound as that
achieved by Maxwell when he united
the phenomena of electricity and
magnetism in one theoretical frame-
work.

The result also comes from the
experiment in which Gargamelle was
exposed to a beam of neutrinos. Prior
to this experiment, the weak inter-
action was believed to have only the
charged current form — a neutrino
(which carries no electric charge)
would always change into a charged
lepton when interacting with matter.
The Gargamelle experiment saw inter-
actions due to neutrinos in which a
charged lepton was not created and
the neutrino is presumed to remain
unchanged.

The neutral current interaction has
important implications in other areas
of physics (for example, in astro-
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physics to explain the energy loss
process and the collapse of stars to
form supernovae) in addition to the
possibility of a unified theory of the
weak and electromagnetic forces.
Attempts to find such a theory led to
the suggestion that this form of inter-
action might exist. The discovery may
also have implications for nucleon
structure and be related to the exist-
ence of new forms of matter.

As with most discoveries it poses
many new questions. Charm enters
the field of particle physics for the
first time! Before the discovery of
neutral currents, it was thought that
one of the best tests of the existence
of this interaction was provided by
the decay of neutral kaons into two
muons. The search for this decay
revealed that it occurs much less
frequently than it should if the neutral
current form of the weak interaction
is important in Nature. We are thus
faced immediately with a serious
difficulty: Why does the kaon not
decay more often to two muons?

There is an important difference
between the kaon decay process and
the neutrino interactions. The kaon
has an attribute, or quantum number,
called strangeness — it carries one
unit of strangeness while two muons
have zero strangeness. In the decay,
therefore, the strangeness changes by
one unit. In the neutrino interactions,
both the initial and final states have
zero strangeness and there is no
change in this number.

This difference provides a clue to a
mechanism which gets us out of the
kaon decay difficulty but at the cost
of introducing a new quantum num-
ber called ‘charm’. In all strong and
electromagnetic interactions, the total
charm is presumed to be conserved
(like electric charge or strangeness)
but not in weak interactions. In terms
of the quark model this introduces a
fourth type of quark, one carrying
charm to accompany the one carrying

strangeness. Introducing such an
additional ‘building block’ leads to a
whole new set of possible particle
states. Particles carrying charm have
not been recognized so far, suggesting
they may be heavy. However, the
suppression mechanism in the kaon
decay cannot work if they are more
than about 2 GeV in mass.

In analogy to the production of
strange patrticles in pairs, the charmec
particles should also be produced in
pairs by the strong interaction. The
lowest mass particles carrying charm
are expected to decay with a rather
short life time (about 10-'* s) but via
the weak interaction only; the pro-
ducts of decay will sometimes include
an electron or muon and it is also
expected that particles carrying
strangeness would often occur. One
possibility is a meson formed by a
charmed quark plus a charmed anti-
quark; the meson itself would have
no charm, but might reveal its hidden
beauty only by the circumstances of
its birth or death!

A second question raised by the
discovery of neutral currents is that of
the existence of the neutral inter
mediate vector boson. Most of our
knowledge of the weak interaction
has come from studying the decay of
unstable particles and nuclei. In these
processes the interaction seems to
take place at a point in contrast to
the case for the strong interaction,
which has a characteristic range of
about 10-"* cm and is mediated by
the exchange of mesons between the
interacting hadrons. However there
are compelling reasons to believe
that the weak interaction must also
be mediated by the exchange of
particles, called intermediate vector
bosons. These would have high
masses, corresponding to the very
short range of the weak interaction
and, so far, no evidence of the pro-
duction of these bosons has been
found.



The inter-related aspects of experiment
and theory which are dominating high energy
physics at the present time.
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The existence of the neutral current
implies a neutral intermediate vector
boson to accompany the two charged
“nes required for the ordinary charged
current interaction. In its simplest
form one of the theories providing a
unification of the weak and electro-
magnetic interactions predicts masses
of about 75 GeV — well beyond the
range of present accelerators.

Experiments looking for the direct
production of electrons and muons in
the collisions of high energy protons
were among the earliest performed at
the ISR. They discovered something
else — the unexpectedly high fre-
quency of emission of hadrons with
large sideways momentum. With more
sophisticated apparatus, and taking
advantage of the new heights of perfor-
mance reached by the ISR, the produc-
tion of single electrons has been ob-
served this year. The discovery was
paralleled by similar observations on

muons and electrons at the Fermilab.
There are two remarkable features
of this observation: over the range of
transverse momentum covered, the
yield of single electrons follows the
same law as that for hadrons (though
at a level about 10 000 times smaller).
Moreover, the ratio seems to be
independant of the proton energy over
a rather wide range, even though the
total hadron vyield changes by an
order of magnitude. The experiment at
the ISR is also able to show that these
electrons do not arise as decay pro-
ducts of already known particle states.
We are faced with a new phenomenon
and one of the first speculations is
that this may be related to the pro-
duction of new forms of matter
perhaps charmed particles or the
intermediate vector boson.

Towards the end of the year we
received news from Brookhaven and
Stanford of the discovery of a new

particle state with a mass of 3.1 GeV.
At Stanford a second, even heavier,
particle with a mass of 3.7 GeV was
also found. The most outstanding
property of the new particles is their
lifetime which is exceptionally long
for states of this mass; at 10> s it
is about a thousand times longer than
would be typical for hadronic states
of 3 GeV mass. This presents a real
stumbling block to all attempts to
understand the new particles.

One possibility is that they are
related to the neutral intermediate
vector boson. If so, the mass is at
least an order of magnitude smaller
than expected and should show up
in other properties of the neutral
current interaction. On the other hand
the observed coupling of the particle
to electron-positron pairs has about
the right strength. It is also very
attractive to speculate that they are
connected with charm. They may be
examples of the meson state with
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hidden charm (composed of a charmed
quark and charmed antiquark pair).
The mass is reasonable but it is
difficult to understand the long life-
time.

There will surely be other states to
accompany these new forms of matter
and many expetiments will need to be
done before we can place them in
their proper context within the frame-
work of our understanding of ele-
mentary particle physics.

CERN has already a very important
programme of experiments searching
for new particles. One, which is
specially designed to look for charmed
particles, is at present taking data at
the ISR. At the PS, an experiment,
which may be able to detect particles
like those found at Brookhaven and
Stanford, is scheduled to start in
March 1975. Several groups with
running experiments have switched
their attention to search for effects
related to the new particles and many
proposals for experiments are being
prepared.

This activity is a reflection of the
excitement about the recent develop-
ments in the field of particle physics.

Budgets for the coming year

As could be expected in the prevailing
financial climate in Europe, the discus-
sions on the budgets of CERN for the
next few years were not easy and it
was decided to postpone decisions on
the longer term levels of expenditure.

CERN budgets are, in principle, set
by the ‘Bannier procedure’. At the
December Council Session the figure
for the next year is voted, with a firm
estimate for the succeeding year (to be
changed only under exceptional cir-
cumstances) and provisional deter-
minations for the two years after that.
This procedure enables CERN to plan
its programme rationally over several
years, with knowledge of the resources
which will be made available, and
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enables Member States to plan their
expenditure on science long-term with
knowledge of the extent of their com-
mitment to CERN. The figures are

updated each vyear following an
agreed ‘cost variation index’ which
incorporates movements in salaries
and materials costs in the CERN
Member States.

The present high rate of inflation
resulted in a high figure for the index
to be applied to the firm estimate
agreed the year before and, in view of
the pressures on national budgets, the
Council decided to establish a budget
of 410 million Swiss francs for CERN
Laboratory | for 1975. This implied a
cui-back of about 10 MSF on the
firm estimate. The figures for succed-
ing years remain to be further dis-
cussed in the course of 1975 together
with the implications of budget cuts
on the physics programme of CERN.

Several delegates and Professor
Jentschke urged a return to the Ban-

People in the news :

1. P. Levaux (left) in conversation with
W. Gentner

2. A.G. Ekspong

3. W. Paul

CERN 179.12.74

3.  CERN 192.12.74
nier procedure as soon as possible so
as to regain the ability to plan long
term which has proved of such great
benefit to the Member States and t«

CERN. -

The budget for Laboratory il for
1975 was voted as 237.9 MSF which
is in accordance with the budget
profile agreed in 1971 for the con-
struction years of the SPS.

The contributions (which are based
on net national revenues) of the
Member States are adjusted every
three years on the basis on United
Nations statistics. The figures for the
Laboratory | budget, where all the
Member States are involved, are given
below. The contribution of the Federal
Republic of Germany is limited to the
maximum percentage (25 %) and that
of Greece is set at a special rate
(0.46 %) to take account of its
economic situation. (The Laboratory Il
figures are slightly different since
Greece does not take part and the



maximum percentage paid by Ger-
many is 25.4 %).

Austria 2.22
Belgium 4.01
Denmark 2.28
France 21.47
Germany (Fed. Rep. of) 25.00
Greece 0.46
Jtaly 13.33
detherlands 5.30
Norway 1.60
Sweden 4,55
Switzerland 3.38
United Kingdom 16.40

Elections

With this Council Session, the three
year term of office of W. Gentner
(Federal Republic of Germany) as
President of the Council came to an
end. Warm tributes were paid to
Professor Gentner's abilities and his
efforts on behalf of CERN during
those years. He is to be succeeded by
P. Levaux (Belgium) who was elected
President from 1 January 1975.
Dr. Levaux has an impressive record
™ science administration in his own
country and distinguished himself
particularly in CERN affairs by his
brilliant leadership of the work of the
Finance Committee during three years
as its Chairman.

The Vice-Presidents of the Council,
T.G. Kouyoumzelis (Greece) and
G.H. Stafford (UK) were re-elected as
was the Chairman of the Finance
Committee, M. Lemne (Sweden).
A.G. Ekspong has completed a three
year period as Chairman of the Scien-
tific Policy Committee and will be
succeeded by W. Paul.

CERN News

PS: 10" ppp

An intensity of 10'® protons per pulse
was reached in the proton synchro-
tron (PS) in a test run held on 10 De-
cember. This test was a repeat of the
one held on 7 November (see Decem-
ber COURIER, p. 423), finishing the
year with a new record and achieving
the required intensity set out in the
PS improvement programme.

However, two incidents had trou-
bled the days preceding the test:
a small fire, fortunately put out very
quickly, started in a transformer of
a power supply of the Booster (PSB)
and there was a water leak in part
of the transfer line from the PSB to
the PS. The damage was repaired
rapidly and finally all was ready for
10 December.

The test began by adjusting the
linac beam to produce fong (100 us)
high intensity (85 mA) pulses which
were then injected over 15 turns
into the four rings of the PSB,
where the energy was raised to
800 MeV. With dynamic program-
mation of the working point and
compensation of both transverse and
longitudinal instabilities, 1.4 x 10"
protons per pulse were ejected to-
wards the PS. The transfer line had
to be matched to 800 MeV for the
protons to be injected into the PS.
With experience gained during pre-
vious tests it proved possible to
compensate more rapidly the reso-
nances up to transition.

After a day of effort and a final run
on each machine to obtain the best
possible adjustments, the 10" ppp
barrier was finally broken, maximum
intensity measured at transition reach-
ing 1.019 x 10 ppp.

However, this is only a beginning
and much remains to be done before
a beam of such intensity with the
emittance required by users can be
obtained under working conditions.

The most difficult will be the develop-
ment of a new ejection system
(continuous transfer) for the 400 GeV
proton synchrotron (SPS). This is
being installed and tests at high inten-
sity will be carried out during this year.

Annual shutdown

From 2 January to 19 February there
is an overhaul of the Laboratory |
machines — the 50 MeV Linac, the
800 MeV Booster, the Proton Syn-
chrotron and the Intersecting Storage
Rings plus beam-lines and the exper-
imental halls. The PS accelerated its
last 1974 protons on 21 December, to
allow a fall in the levels of induced
radioactivity during the end of year
holidays before the shutdown work
began. The shutdown is also being
used for modifications and to install
new apparatus. Some of the major
operations are described here.

Now that construction of a new
Linac has started, work on the
existing machine is being kept to the
minimum necessary to ensure that it
does its job until its replacement
comes into service. Diagnostic facil-
ities are being improved by instal-
ling additional equipment to monitor
the ion source parameters, the r.f.
cavity phases and the beam energy
spread in the 50 MeV spectrometer
line. New units are being added to the
r.f. amplifiers to allow the cavities to be
decoupled one from another and thus
be independently adjusted.

Preliminary work is being done on
the injection line of the Booster
(civil engineering, vacuum, laying of
cables and cooling water piping) in
preparation for the installation in
1975 of a new six-level beam distrib-
utor (four levels for the PSB rings and
two for beam dumping). In the rings
themselves: magnet positions are
being realigned where necessary; a
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The organized layout of beam-lines in the East
Experimental Hall of the proton synchrotron. The
2 m bubble chamber (top right) is being moved
by 13 m (taking its beam-lines with it) so as

to clear more space for experiments with
electronic detectors in the Hall. This more
extensive use of the East Hall will enable the
North and South Halls to be progressively closed
down.

\

zero harmonic guadrupole correction
system (using the correction wind-
ings of the quadrupoles and allowing
individual operation on each ring)
is being installed; the beam dump
installation will be modified to enable
beams from the four rings to be
absorbed separately; a quadrupole
pick-up electrode and a horizontal and
vertical electrostatic deflector, are
being installed for more precise mon-
itoring of the transverse behaviour of
the beam; glass dosimeters are being
introduced to measure the radiation
doses received by the installations
and samples of the araldite insulation
of the main magnet; the transfer line
to the PS is receiving five new
vertical dipoles and a correction
dipole and the 800 MeV spectrometer
line is being adjusted.

In the main PS ring, magnets are
being realigned where necessary and,
as usual, repairs are carried out on
magnets at the ‘hot’ points of the
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machine where end laminations come
adrift. Four magnets are being repaired
by clamping plates on the end blocks
and a fifth is being replaced by an
overhauled unit. In the auxiliary mag-
net system, sixteen sextupoles are
being replaced by compact versions,
and nine injection skew quadrupoles
installed to complete the skew qua-
drupole system.

Forty-five straight sections (nearly
half the total) are to be dismantled
and modified. A new beam loss
monitoring system is being installed
in all the straight sections, increasing
the sensitivity in relation to the
previous system by a factor of a
hundred and allowing measurement of
losses down to 50 MeV beams. The
detectors are faster and give a resolu-
tion of 50 ns (an improvement by a
factor of a thousand). They are
moreover radiation resistant and cali-
bration will be possible using a low
intensity radioactive source.

To prepare for the continuous
transfer system for injection into the
SPS, enlarged vacuum chambers are
being fitted in eight magnets. Th
intermediate straight sections are also
being replaced and the auxiliary
magnets mounted there changed or
moved. Also two r.f. cavities are being
moved and a 200 MHz cavity installed
for prebunching of the beam before its
transfer to the SPS.

Damping resistors are being fitted
in the 98 vacuum pump mainfolds to
damp a resonance at about 1.5 GHz,
which enlarges the beam longitudi-
nally. The beam control system is
being modified to give greater flex-
ibility in cases where great variations
in beam intensity are required from
one cycle to the next.

There is a general overhaul of the
main convertor in the power supply,
which involves dismantling the rotor,
the generator and the motor. The
mercury rectifier protection system is



being augmented by installing an
auxiliary 100 kVA generator to ensure
continuous excitation even when the
local supply fails. Preparatory work is
proceeding for the installation of four
static power supplies in the auxiliary
generator building in place of the
rotary machines.

Modifications are being made to
-the regulator of the 3 MW rectifier
.upplying the Gargamelle bubble
chamber and the g —2 experiment and
to twenty two regulators in the South
generator building. Rectifiers and their
auxiliary equipment are being installed
in the new East rectifier building. The
racks in the PS control room are being
rearranged so as to free an opening to
the future control room.

Although there are no major
changes in the South-East experi-
mental area and in the South and
West Halls, the East Hall is seeing
great upheavals. To make room for a
larger number of electronic expe-
riments, the 2 m bubble chamber (car-
rying beam-lines with it) is being
moved about 13 m. This will take
about five months, freeing space for

ectronic experiments. The result-
ing new layout of beam-lines and
experiments is shown in the dia-
gram,

At the ISR, the experimental pro-
gramme is being reshaped with new
experiments set up at intersections
-1, 1-2, 1-3, 1-4, 1-6 and 1-8. The
work-load is particularly heavy this
year because twelve sectors of the
machine have to be opened including
three intersections: I-2 and [-8 for the
installations of experiments, and 1-3 to
modify the bases of the beam dump
targets. In this last intersection the
radiation level is high and a large
number of people wilf work there, each
carrying an adjustable threshold radia-
tion detector so that they can be under
the surveillance of Health Physics
group.

In the ISR, great importance is

attached to the vacuum conditions
which must be exceptionally good in
order to maintain beam quality during
operation. To increase the pumping
speed, clarinet-shaped sublimation
pumps are being installed in certain
sectors. At intersection -8 cryogenic
pumps are being installed.

Work on beam measurement and
control includes installing a new beam
profile monitoring system in sector 62,
two collimators in sectors 21 and 32 to
reduce background for physics expe-
riments, and standard ISR monitors at
each intersection for luminosity meas-
urements. It is also intended to install
an experimental section of vacuum
chamber made of titanium.

Major maintenance, checking and
improvement work is being carried out
on many the machine components
such as the fast kicker magnets for
injection and beam dumping and the
r.f. cavities. Finally, the electronics in
the ISR control room will be rear-

On 3 January, the Italian Minister for Education,
F.M. Malfatti, visited the CERN Laboratories.

He is seen here (centre of photograph), together
with D. Amati (left) and F. Bonaudi being
shown the Split Field Magnet detection system
at Intersection -4 of the ISR.
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ranged and maintenance work done
on the refrigeration plant.

The shutdown is also being used to
prepare the beam transfer line TT2
from the PS to the ISR for sending
beam to the SPS. A satellite computer
to .control the ‘equipment in TT2 will
be installed and the beam-line will
then be able to handle alternately
pulses of protons destined for the ISR
and for the SPS.

BEBC magnet
operational again

Contrary to tradition, Friday 13 De-
cember was a lucky day for the 3.7 m
European bubble chamber, BEBC. The
large superconducting magnet was
successfully powered at its design
current of 5700 A.

The magnet had been dismantled
for reasons which have already been
explained in detail (see March issue
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1974, page 78). To summarise: the
magnet, which had already given its
design field of 3.7 T several times, was
suffering from an intermittent fauit —
short-circuiting which disappeared at
high field. All the signs pointed to a
fault in the auxiliary circuits and not
in the superconducting coil itself. This
diagnosis proved correct and the way
in which the results were interpreted
was described in the September issue
1974, page 294.

Unfortunately, to determine and
cure the fault required dismantling
BEBC. The dismantling and reas-
sembly involved the delicate handling
of large metal structures. To limit the
size of the bubble chamber, the
clearances between the many tanks
are very small indeed. Moreover, the
strong mechanical forces existing
when the magnet is powered
(7000 ton attraction between the two
coils) and the heat contraction on
such large components, mean that very
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precise pre-stressed fixing methods
have to be used. The work, therefore,
threatened to take a very long time.

It was decided to start on repairs
immediately in order to be sure to
have BEBC operational for the start of
experiments with the SPS. An eight-
month schedule was drawn up, with
most of the time being used for dis-
mantling, reassembly and intermediate
testing. This schedule was held and
only ten weeks were needed for the
reinforcement of the auxiliary circuit
insulation.

The magnet was ready by the end
of November. Cooling of the 350 ton
mass took ten days, since the rate of
cooling is limited by the allowable
stresses in the coil cryostats. From
10 December, the magnet was power-
ed in successive stages to allow
checks to be made on all the sub-
assemblies (including the instru-
ments), the discharge system and the
cryogenic .components. A current of

The state of the BEBC superconducting magnet
captured on a television screen on 13 December.
The date and time together with parameters
such as the current in the coils, the field and

the stored energy are recorded.

The four 50 000 litre dewars to be used for
storing liquid deuterium, neon, hydrogen and
neon-hydrogen mixture for use in the BEBC
bubble chamber.

4800 A wvas rapidly reached in steps
of 500 and 1000 A; this level cor-
responds to 72% of the maximum
stresses. No faults were detected after
careful examination of the connections
between the pancakes and close
inspection of the highly stressed
components (supply cables and cur-
rent inputs) after discharge. It was
then decided to go to the desigr
current of 5700 A. There were no prob _
lems in either the magnet or its sub-
assemblies. From its recommissioning
with beam in February, the chamber
will be operated normally.

En route to multi-fluid operation

The storage area, hiding behind the
walls of the West Hall, has been en-
larged to take tanks for neon, neon-
hydrogen mixtures and deuterium, all
of which are important for the BEBC
programme of experiments with the
400 GeV SPS. In addition, three new
dewars have been added plus a huge
assembly of piping and valves, form-
ing a complex system of instrumenta-
tion. It will be possible to store these
precious fluids in conditions in whic
the risk of losses is greatly reduced,”
even in the event of a breakdown in
the cooling system. The chamber and
its dewar will be supplied with the
desired liquid without any risk of
mixing the fluids as a result of an
accidental operation or failure.

A tight schedule had to be observed
for this work to take advantage of the
absence of hydrogen in the storage
area during the ten-month shutdown
of BEBC. When the hydrogen safety
regulations came back into force in
January, it became impossible to
perform much of the work such as
welding close to tanks filled with
hydrogen.

A first delivery of neon is expected
in the spring and a start will be made
on deuterium production towards the
end of the year.



Around the Laboratories

TRIUMF
Triumph

On 15 December, the 500 MeV cyclo-
tron at Vancouver produced its first
full energy beams. After a month of
gradually spiralling the beam further
and further out in the machine, the
.success came precipitately. Within a
couple of hours of the start of tests on
the 15th, a beam was extracted from
the machine and giving a neat spot in
the external beam-line.

We last covered progress of the
Canadian project in the June 1974
issue. At that time, the magnet had
been tailored to the desired field con-
figuration — the culmination of a
hard year's work. The huge vacuum
chamber was aligned and cleaned in
May and in June the emphasis moved
to the radiofrequency system. The

eighty resonators were installed
together with their water cooling
headers.

About the same time, the polarized
ion source produced 200 nA of
negative hydrogen ions with good
‘polarization. In the experimental areas
installation of the beam-lines began.
In August, the cryopumping system
made its first impression on the
machine vacuum — it took the pres-
sure to 5 x 10-° torr (the design value
is 4 x 10=® — an unusually low pres-
sure for a cyclotron necessitated by
the fact that negative hydrogen ions
are accelerated).

In September, the pressure was a
factor of ten lower but, when r.f. tests
began, there were pressure surges
limiting the peak accelerating voltage
which could be obtained. The peak
voltage was 58 kV. Meanwhile work
on the injection system had brought
15 pA of hydrogen ions to a position
vertically above the centre of the
cyclotron with 80 % transmission
efficiency.

The vacuum was attacked in Octo-

Champagne flows in the TRIUMF control room
at Vancouver on 15 December to celebrate first
operation of the cyclotron at 500 MeV.

Towards the right of the picture, E.W. Vogt

(the present Chairman of the TRIUMF Board

of Management), is congratulating the
Laboratory Director, J.R. Richardson. The

ship’s wheel on the wall is not used to steer

the beam — it was presented by Davie Ship-
building of Quebec who built the magnet sectors.

One of the two experimental halls (the Proton
Hall) at the cyclotron showing preparations
under way for the start of the physics programme.
Beam enters through the shield wall on the

left and two beam-lines are seen being installed.

(Photos TRIUME)
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ber. Four diffusion pumps were added
to help take care of the unexpectedly
high outgassing of hydrogen from
the resonators. The cryopumping was
reinforced and the resonators were
outgassed at 78°C. On 21 October,
the first ions (6 pA) were dropped
into the cyclotron and were detected
on the low energy probe.

The first half of November con-
centrated on stepping up the r.f.
performance after the repair of a water
leak and by mid-month the sparking
problem was considered under reason-
able control. Tuning of the beam
through the cyclotron began on 16
November when ions were detected
out to a radius of 100 cm (equivalent
to an energy of 6 MeV).

Progressively brushing aside pres-
sure problems, deflector sparking, etc.,
the peak energy climbed steadily over
the following month — 100 MeV
(425 cm radius) on 23 November,
200 MeV (565 cm) on 28 November,
300 MeV (650 cm) at the beginning of
December. At this stage the r.f.
system was operated for a five hour
period at 90 kV without sparking.

On 14 December an energy of 360
MeV (690 cm) was reached and beam
transmission in the cyclotron out to
this energy was looking good. By 12
noon on the following day, ions were
again at 360 MeV. In the next hour,
appropriately with the TRIUMF Direc-
tor R. Richardson at the helm, the
beam was taken to the design energy
of 500 MeV by tuning the trim
coils.

An hour later, extracted beam of
10 nA was detected and soon man-
oeuvred over 15 m to a beam dump.
Using quadrupoles it could be focused
on a 1 cm? spot. By 16.00 hours the
champagne corks had been popped.

We congratulate Professor Richard-
son and his team on their success in
bringing such an adventurous machine
into action. They join Los Alamos and
Villigen as the world's three major
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‘meson factories’” and we wish them
many years of good physics.

RUTHERFORD
The EPIC storage ring
project

As mentioned in the December issue
of 1974, a proposal to build a 14 GeV
electron-positron colliding beam stor-
age ring known as EPIC — Electron
Positron Intersecting Complex — has
been published (Rutherford Labo-
ratory Report 74-100). This report
and its companion document (Report
74-124 which concentrates on the
physics case and experimental utilisa-
tion) demonstrate the considerable
effort going towards re-equipping the
UK Laboratories for high energy
physics research from the 1980’s
onwards.

The first aim is to build an electron-
positron machine with a luminosity
(dictating the probability of collisions)
which is at its maximum at 14 GeV.

However, the design is such that
the basic machine could be developed
to cater for further physics require-
ments. The tunnel cross-section (either
3.5 m square or 4 m diameter) is big
enough for the installation of a pro-
ton machine above the electron-
positron ring and the straight sections
are long enough to bend both protons
and electrons for collinear electron-
proton collisions. This extra straight
section length could also be used to
add radiofrequency cavities for in-
creasing the energy of the electrons
and positrons. The depth of the
machine below ground (chosen for
stability reasons) provides a good
thickness of earth for the relatively
more severe shielding requirements
for protons. The following is a
description of the main design features
of the proposed machine:

Electron-positron ring

Two very short symmetrically spaced
bunches of electrons and two of
positrons counter-rotate in a single
magnet ring and collide head-on in
four interaction regions. To achieve
the design luminosity of 4 x
10°* cm-%s~', the transverse dimen-
sions of the bunches must be very
small at the interaction points. This is
achieved by using quadrupoles each si-
de of the 17 m long interaction regions
to produce a low beta (squeezing the
appropriate beam dimension). This is
at the cost of a high beta at these
quadrupoles, which must have large
apertures, and of effects on the beam
dynamics which have needed careful
study. The beta at the intersections
cannot be decreased indefinitely since
there comes a point when the force
due to the effect of one beam on the
other causes serious loss of particles.
EPIC uses values based on experience
at the existing smaller storage rings.

Electrons at EPIC energies are
extremely relativistic and emit copious
amounts of synchrotron radiation
when following curved paths in the
magnetic fields. The energy loss of an
electron going round a machine is
proportional to (energy)?® x field. This
loss must be made up by the radio-
frequency system and there is every
inducement to keep the field low to
minimise cost even though this in-
creases the ring diameter. The
C-shaped dipoles are 4.5 m long with
a 70 mm gap and a field of 0.272 T for
14 GeV. The mean ring radius in the
normal lattice is 251 m and each of the
insertions is 153 m long. The main
quadrupoles are 1 m long with a field
gradient of 5.5 T/m.

Radiofrequency system

The r.f. system must make up the
energy lost by synchrotron radiation.
For EPIC this is 20 MeV per turn



A schematic diagram of the proposed EPIC
storage ring layout showing how components
could be positioned relative to the existing
Rutherford Laboratory installations.
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which, for a total of 3.2 x 10" par-
ticles in the machine, gives 1.4 MW
of radiated power.

In addition, an ‘overvoltage’ is
necessary because the emission of
synchrotron radiation leads to a sta-
tistical variation in the energy of the
particles. A large potential well must
be formed so that particles at the edge
of the energy distribution are still
contained for a stored beam lifetime
of, say, two hours. Phase stability is
achieved for particles with an energy
deviation of 6.5 times the r.m.s.
energy spread in the beam by having
an overvoltage of 10 MV.

The small number of very short
bunches excites higher order modes
of the resonant r.f. cavities leading to
power dissipation and a modification
of the accelerating voltage. A higher
fundamental voltage is then needed
to provide a given stable phase for
the particles. For EPIC, a conservative
design figure of 4 MW is used for the

r.f. power requirement. The frequency
is 402.7 MHz and the total cavity
fength is 42 m split into four equal
sections placed symmetrically about
two of the interaction regions. R.f.
power is supplied by sixteen 250 kW
klystrons each feeding 2.6 m of
structure.

The structure is a scaled-up ver-
sion of the side-coupled cavity used
in the Los Alamos linear accelerator
which achieves the necessary coup-
pling from cell-to-cell but is expensive
to make. More work will be carried
out to try to arrive at a cavity with the
advantages of the Los Alamos struc-
ture but at reduced cost.

Injection

Injection into the main ring is achieved
via a b.3 GeV booster running at 8 Hz.
This will the electron synchrotron,
NINA, brought down from the
Daresbury Laboratory. The booster

equipment and two-thirds of the ring
can be housed in an Experimental
Hall of the proton synchrotron, Nim-
rod. The NINA injector provides the
electrons which either go straight to
the booster or produce positrons in a
converter which are then accelerated
to 200 MeV in a new linac. Both
linacs can be housed in the existing
Nimrod 15 MeV injector building
which becomes. available when the
new 70 MeV injector is commis-
sioned.

The filling time for the main ring is
minimised by making full use of the
positrons. For the positron mode, the
electron linac gives a burst of eight
pulses, 10 ns long separated by
103 ns with 4 A intensity. The posi-
trons have their energy spread reduced
in an energy compression system
similar to that used at the University
of Mainz. The pulses are thus matched
in time and properties to eight
‘buckets’ formed in the booster by a
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A photograph of the Rutherford Laboratory

site with an alternative location of the EPIC ring
drawn in (the Nimrod ring building can be
picked out bottom centre). This location gives

a more compact site and involves only land
already belonging to the UK Science Research
Council or the Atomic Energy Authority.

(Photo Rutherford)

50 MHz r.f. system which accelerates
the positrons to 2.256 GeV. At this
energy a flat in the magnet wave-
form allows the energy spread to
damp down under the influence of
synchrotron radiation and the existing
NINA high power rf. system at
407.8 MHz can then take their energy
to 5.3 GeV.

Each of the eight booster bunches
is transferred to a given main ring
bunch in a total time corresponding to
seven turns of the main ring. The
beam damps down under the effect of
synchrotron radiation (with a time
constant of 0.44 s) and further
booster fills can be added to the
bunch. The filling sequence will be
electron bunch No. 1, positron bunch
No. 1, electron bunch No. 2, positron
bunch No. 2, etc. consistent with the
booster cycling time of 8 Hz and the
damping time of the main ring. It is
hoped to achieve a booster fill of
3.6 x 10° positrons at 5.3 GeV in

14

4 minutes compared with a storage
time of 2 hours. The time taken to
accelerate the particles is 1 minute.

Vacuum system and controls

The vacuum system must achieve
5 x 10~° torr in most of the machine
with 107" to 10-" torr in the inter-
section regions to ensure good beam
lifetime and low background for the
experiments. The vacuum system is
all-metal with aluminium vessels in
the normal sections and stainless steel
in the insertions. The vessels in the
dipoles are cooled to cope with
the 1.4 MW of synchrotron radiation.
Distributed ion pumps inside the
vessel, using the magnetic field of the
dipoles, are estimated to have a
pumping speed of nearly 300 000 l/s.
Holding ion pumps, installed between
the magnets, are used when the
dipoles are not powered and there are
sublimation pumps in the insertions.

The control system is based on
the SPS system with about twenty
linked small computers. Apart from
the usual functions, it must control
the change from injection mode to
storage mode. It must also respond to
instructions, such as a call for altering
the beta value at the insertions,
changing the settings of the machine
components in a manner that does
not destroy the stored beam. B

The required precision of the control
system can be deduced from the need
to ensure head-on collisions of
bunches of electrons and positrons
only 36 mm long with transverse
dimensions 0.6 mm by 0.15 mm
arriving every 2 x 10~° seconds at an
interaction point in a machine 2.2 km
in circumference!

Site

The chalk site at the Rutherford
Laboratory has the required stability
and is suitable for tunelling which
would be needed to clear existing
buildings if the main ring is located
as shown in the photograph. The rest
of the ring would be constructed b

the cut-and-fill method. The experi-—
mental areas are excavated to give a
floor level of 6 m below beam height
in two cases, and 3.5 m below beam
height in the other two cases.

Cost and Programme

EPIC is estimated at £25.71 M for
capital equipment at January 1975
price levels. 2166 man-years of effort
would be required and there would
be £1.4 M for research and develop-
ment. The time-scale envisages a
start on buying machine components
in April 1976, with commissioning in
October 1980.

As indicated in the December issue
of CERN COURIER, the Science
Research Council has encouraged
continued design work and inter-



The signal from the KEK booster on 12 December
indicating that protons were being accelerated
to the design energy of 500 MeV. The booster
is operated at 20 Hz and the acceleration

time is 25 ms. As can be seen, the monitor

was picking up noise (mainly from the r.f.)

and there was some loss of beam near full energy.

Aerial view of the KEK Laboratory. The main
ring of the 10 GeV accelerator can be picked
out at the centre of the photograph. The
adjoining building, the largest on the site,

is for counter experiments while the bubble
chamber building is towards the top right. The
linac and booster are central nearer the camera.

(Photo KEK)

national collaboration in the project.
As well as continuing with theoretical
aspects, the design work will involve
a thorough survey of the site, building
models of the dipoles and r.f. cavities
and experimental work on vacuum
and controls. There has been a great
deal of interest from UK University
engineering departments wishing to
be involved in this programme.

Next month we shall be covering
the proposed 19 GeV electron-posi-
tron storage ring known as PETRA.
This was submitted by the DESY
Laboratory to its Administrative Coun-
“cil in November.

KEK
Accelerated beam
in the booster

On 12 December, the booster of the
10 GeV proton synchrotron being
built at the National Laboratory for
High Energy Physics (KEK) in Japan
yielded its first design energy protons.

Since we last reported on con-
struction progress in September of
last year following successful oper-
ation of the 20 MeV linac, several
months of effort went into polishing
the performance of linac components
(particularly on the r.f. power supply).
In November, three further linac tests
were made (a day at a time) and the

accelerated intensity was increased
progressively from 10 mA to 23 mA to
45 mA. In the third run, the pre-
buncher was brought into action and
improved capture of the protons by
the linac r.f. fields by 50 % as designed.

The 500 MeV booster was largely
complete by 4 December and a run on
that day was scheduled mainly to tune
the beam-line from the linac. This
beam-line is 40 m long incorporating
20 gquadrupoles and 8 steering mag-
nets (plus a couple of pulsed bending
magnets). The linac rapidly achieved
a steady beam pulse of 40 mA and
tuning of the beam-line went so
smoothly that, about four hours later,
protons were available for injection
into the booster.

This was attempted somewhat
hurriedly ahead of schedule and,
following an hour spent sorting out
timing errors, beam was detected on
the monitor screen an octant around
the ring. Playing with the injection
septum and bump magnets soon had
the intensity monitor recording cir-
culating protons. The pulse width was
70 ps (the r.f. was not on) which
corresponded to about 110 turns in
the ring.

The r.f. was switched on and the
pulse spanned out to 15 ms which,
with the rising magnetic field, corre-
sponds to protons surviving to an
energy of 250 MeV. The radiation
monitor near the booster was mean-
while clocking a rapid rise in the

neutron flux. Before retiring to bed,
one further fine adjustment to the
phase of the magnetic field rise and
the r.f. was made. Beam then sur-

vived for 22 ms (equivalent to
475 MeV) and the measured acceler-
ated intensity was 10'" protons per
pulse.

On 12 December, the booster was
more ready for serious testing. A
second run was tried. Beam was
taken to the design energy of 500 MeV
and the measured intensity was 4 x10'°
protons per pulse.

BROOKHAVEN
Superconducting
magnet test

As described in the November issue
of 1974, there is an extensive develop-
ment programme on superconducting
magnets under way at the Brookhaven
National Laboratory. The main aim is
to master the techniques to a sufficient
extent to make it possible to build the
magnets of ISABELLE — the pro-
posed colliding beam machine for
200 GeV protons.

A series of ISA model magnets is
being built and in December, ISA 1V,
was successfully tested. The magnet
reached a field of 4.4 T in the aperture
with the superconductor at a tem-
perature of 4.6 K. The first quench
(the superconductor going ‘normal’)
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at this temperature occurred at the
comparatively high field of 4.1 T.
When the temperature was taken
lower to 4.2 K, the field in the aperture
was nudged a little further to 4.5 T,
corresponding to a field at the super-
conducting windings themselves of
4.8 T. The current density in the
windings was 30 kA/cm? (160 kA/cm?
in the superconducting filaments).

ISA IV is a dipole 1 m long with
an inner winding diameter of 8 cm.
It differs from its predecessors in
using a conductor which has been
simplified to make fabrication easier.
The new conductor is a metal filled
flat braid of the same dimensions as
used previously (19 mm wide; 0.6 mm
thick) but contains only half as many
individual — multifilamentary  wires
which have double the cross-sectional
area. In addition to simplifying the
manufacture, the new conductor
reduces the time dependent effects
observed in models | and Il by a
factor of six.

Since the construction of ISA IV
further improvements in conductor
configuration have been made which
should allow an improvement in cur-
rent density of 20 % and an additional
reduction in time dependent effects by
a factor of four. To sustain the
optimistic note, somewhat further off
is a conductor of similar type using
niobium-tin  multifilamentary  wire
rather than niobium-titanium. This
should make it possible to achieve
6 T with coils of the same dimensions.
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Readership survey

In the course of 1974, a survey was
made of the external (or non-CERN)
readership of the COURIER. The aims
were to ‘spring clean’ the distribution
list (removing people who are no
longer interested in receiving the
journal), to gather information on the
interests of the readers and to have
reaction on the journal content. The
results of the survey were as follows:

From the number of readers who
did not reply, it is possible to reduce
the number of copies produced by
about 17 % (from 11 500 to 9500).
The activities of readers who did reply
(not including journalists who were
contacted separately) were divided —
28 % high energy physics, 10 % accel-
erator design and operation, 6%
component manufacture and supply,
7 % administration, 19 % other scienti-
fic research, 20 % education, 10%
other. The readers are based — 40 %
university, 27 % research centre, 14 %
industry, 4 % information centre, 5 %
government science administration,
10 % other. On average five people
read each copy of the COURIER —
37 % are cover to cover readers,
60 % read selectively and 3 % are just
glancers. Over 90 % find the level
‘about right’.

These figures remain rather close to
those obtained in the previous survey
in 1968. From the point of view of the
editorial staff, some of them are very
satisfying to learn. However, there are
always many improvements which can
be made. Some of these are com-
paratively small-scale — for example,
several readers pointed out the ten-
dencies to slip into the ‘jargon’ of high
energy physics without preliminary
explanation, to use abbreviations or
acronyms familiar in the field without
spelling them out, and so on. When
trying to communicate to a wide
audience, even within the field, we
should try to avoid this as much as is
reasonable.

In broader terms, a lively journal

should try to evolve as the field itself
evolves. One direction, particularly in
recent years, is towards greater inte-
gration of the various components in
high energy physics research. The
COURIER has tried to follow this and
is already reporting news of events in
high energy physics no matter where
they occur. Now the trends in the
research itself, and in the social and
financial climate in which it is carried .
out, point to an even closer working
together of the various centres of
research. We shall attempt to reflect
this in developing the journal in the
course of the coming year.

The close contact which it has been
possible to maintain with other Labo-
ratories during 1974 was greatly
helped by the co-operation of corre-
spondents and this gives us another
opportunity to thank them for their
efforts —

ARGONNE Ch. EW. Ward
BATAVIA R.A. Carrigan
BERKELEY W.W. Chupp
BONN H.E. Stier
BROOKHAVEN J. Spiro
CORNELL R.M. Littauer
DARESBURY H. Sherman
DARMSTADT H. Prange
DESY E. Dammann
DUBNA V.A. Biryukov
FRASCATI M. Ghigo
KARLSRUHE F. Arendt
KEK K. Kikuchi
INFN, Italy A. Pascolini
LOS ALAMOS W.H. Regan
ORSAY P. Lehmann
RUTHERFORD H.F. Norris
SACLAY G. Neyret
SERPUKHOV R.M. Sulyaev
STANFORD L.P. Keller
TRIUMF A. Strathdee
VILLIGEN G.H. Eaton




NEW SEN FADC 2068

A/D CONVERTER

faster conversion speeds
for less strain on your pocket

2 us for 10 bits, 4.5 us for 12 bits. These are the con-
version speeds you get from SEN’s new FADC2068
A/D Converter for an investment of under 9,000

Swiss francs.

Packagedin a double-width standard

CAMAC module, the deviceis prlmar—
ily designed for people running fast
processes or events who need high-
speed real time digital signal proces-
sing, e.g. in high energy physics (pro-
portional wire chambers}) or in oil
refining and chemical processing
(crackers, etc.).

Sample and hold with aperture
from the SEN FADC2068 is less than
50 ns...with less than 5 ns available
as an option. The unit uses DMA in
conjunction with the crate controller
2023, and can be directly connected
to a SEN 2046 to provide a 128-word
buffer memory and digital window.

The FADC2068 uses a successive

approximation technique with fixed errors
on certain channels modified by linearity cali-

bration provided with each unit.
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Here are the specifications:

Input signal:
Trigger:

Sample and hold
aperture time:
Dead time:
Digital output

range:
Offsets:

Speed:

Digital interfaces:

Linearity:

Temperature
coefficient:
Accuracy:

+10V, 0—+10V DC coupled
other ranges on request
internal on end of positive
or negative slope, range

oo to 1V/us rise time

less than 50ns
300 ns + read time
{min.1 CAMAC cycle)

10 or 12 bits
analog, external, internally
DC subtracted from input signal
analog offset range: +10V
digital, added internally to
conversion
result: value is
given through a CAMAC
command
2 us/conversion 10 bits
4.5 us/conversion 12 bits
2 complete interfaces are
implemented:
a) through CAMAC crate
controller and dataway
b} through SEN 2046
Digital Window Discrimi-
nator, acting as a dis-
criminator and buffer for
128 16-bit numbers.
(25 p. Cannon connector)
a) integral: 1,5 10-3
b) differential: 2.5% over
99% of full scale. The
statistical correction de-
livered with each
module allows a differ-
ential linearity of better
than 0.5% over100% of
the channels to be reached.
< 65ppm/°C (after 1 hour
warm-up time)
+1L.SB
adjustable over 1-1LSB for zero
and +1LSB forgain

31, av. Ernest-Pictet, 1211 GENEVE 13, Suisse —
Case postale 39 ~ Tel. (022) 44 29 40 — Telex 23359 CH

SEN ELEKTRONIK AG, ZURICH, Suisse —
Tel. (01) 86 5103 — Telex 58257 CH

SEN ELEKTRONIK GmbH, HAMBURG, Germany —
Tel. 04103 6282 — Telex 2189 548D

T N D G S ---_-------------------X

I'd like more information on SEN’s new FADC2068 A/D Converter

D send me a specification sheet with application notes

send me a SEN man who can not only tell me about the new FADC2068 A/D Converter but who makes

sense talking applications, too!

'm interested in a high-speed A/D Converter for

Name

{brief description of process or event here please)

Company/institution

Address
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Powerful low-cost systems. That's
Digital's DECLAB-11/10 system family. Five
generous hardware/software packages
designated A through E. Priced from only
S.Fr. 48.000 (S.Fr. 44.000*) to S.Fr.
119.000 (S.Fr. 107.000%). Capable of han-
dling the research jobs you're likely to
encounter without having to develop ad-
ditional programs. And fully compatible
so they’ll expand as your needs grow.

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

Wide hardware range. The DEC-
LAB-11/10 family gives you a wide
range of hardware options. So you can
choose the right system to meet your
price/performance needs. All systems
include the PDP-11/10 processor with 16K
words of memory. With a choice of paper
tape, magnetic cassette or cartridge
magnetic disk drive storage. And a hard-
copy teleprinter or DECwriter.

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

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

*Special price for nonprofit-oriented educational, medical
and research institutions.

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

Digital. Gets to the heart of your
needs.

r-—-————----—---1

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

Name

Position

Company

Address

Telephone

Digital Equipment Corporation
International (Europe),

81, route de 'Aire,

CH-1211 Geneva 26,

Tel. (022) 4279 50.

L_---__-—_—_--—-J

Cern

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

(Amplification, Fast Or, Delay, Strobe, Memory, Memory Or, Read-out gate)

FOR MULTIWIRE PROPORTIONAL CHAMBERS

LSI/MOS TECHNOLOGY

[1 40 Pin dual in line
ceramic package.

PERFORMANCES

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

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

(1 Low cost: about $ 10/Channel | REFERENCES |
the chamber.
mounted on. © ehamber CEN/SACLAY : Used on large
[1 Samples available from stock - MWPC’s electronic equipment.

few months delay in 1000 quantity. CERN (Geneva): On test

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

E.F.C.1.S. BP. 85, Centre de Tri 38041 GRENOBLE CEDEX (FRANCE)
Tel.: (76) 974111 — Telex: ENERGAT GRENO 32323
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Putting
Camac
where the
action Is

NbTi VACUUMSCHMELTE
High Field Superconductor

- VACRYFLUX"
5001

Single core conductors for magnets of high homogeneity.

Multifilament conductors with circular or rectangular
cross-section containing 60 to 3721 twisted supercon-

ducting filaments with smallest diameters of 10{.( photogr.)
for dynamic application.

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

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

VACUUMSCHMELZE GMBH- D 645 HANAU
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FAST NIMS

The

The

The

NUCLEA

22

from Nuclear Enterprises

NE 4683 Fast Amplifier (Octal)

is a single width low cost per channel amplifier,
designed for use in high speed analogue
systems. Each of the 8 direct coupled channels
has a fixed gain of four. Input and output dc
levels are at ground potential for easy
interconnection with other direct coupled
circuits. A special built-in diode limiter circuit
provides input protection and a constant,
matched 50 ohm, input impedance to *100V.

NE 4684 Fast Discriminator (Octal)

is a single width NIM module incorporating
four identical channels, all with dual isolated
outputs. Each direct coupled channel has
unity gain, with input and output dc levels at
ground potential for easy interconnection with
other direct coupled circuits. A built-in diode
limiter circuit provides input protection up to
* 200V and a constant 50 ohm input
impedance.

NE 4516 Linear Fan-Out (Quad)

is a single width, low cost per channel
discriminator. By combining the most useful
features of standard, general purpose
discriminators with the high packaging density
and economy of integrated circuits, each of
the 8 channels provides individual control of
the threshold and output width at countrates
up to 120MHz.

Nuclear Enterprises Fast NIM Modules set the
state-of-the-art in the associated electronics
demanded by today’s more powerful
accelerators, storage rings and colliding beams.
This new range includes Octal Discriminators,
Octal Amplifiers and Quad Fan-QOuts. All
modules are ideally suited for particle research
applications involving proportional and drift
chambers, hodoscopes, shower counters, high
resolution time-of-flight systems, etc. The new
modules have a high degree of compatibility
with USAEC, TID-20893 NIM specification.
Request Bulletin No77. For full details of all
NIM modules contact the Sales Department at
Edinburgh (Tel: 031-443 4060).

R ENTE

q1

PRISES LIV

Sighthill, Edinburgh EH11 4EY, Scotland Tel 031-443 4060 Cables:Nuclear, Edinburgh Telex 72333
Bath Road, Beenham, Reading RG7 5PR, England. Tel: 073-521 2121. Cables: Devisotope, Woolhampton. Telex: 8484 75.

Associate Companies Nuclear Enterprises GmbH, Schwanthalerstrasse 74,
8 Miinchen 2, Germany. Tel: 53-62-23. Telex: 529938.

Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 84070
Tel: 415 593 1455 Telex: 348371

Switzerland
High Energy & Nuclear Equipment S.A., 2, Chemin de Tavernay,
Grand-Saconnex, 1218 Geneva, Tel: (022) 98 25 82/3. Telex : 23429.



HVES-GAIL BABGOGK

t
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o Composants lourds nucléaires @ Heavy nuclear components

e Echangeurs de chaleur nucléaires ‘@ Nuclear heat exchangers

@ Boucles expérimentales o Experimental loops

e Masses polaires en acier moulé e Cast steel magnets

e Tuyauteries en aciers alliés et inox ® Alloy and stainless steel tubing

@ Portes, dalles et bouchons e Air tight doors, plugs

e Compresseurs d'air et de gaz ‘ ® Air and gas compressors

e Turbines, groupes turbo-alternateurs e Turbines, turbo-generators

e Traitement des minerais d’uranium e Uranium ore processing
(broyeurs, centrifuges de filtration, etc) (grinding mills, centrifuges, etc)

e Appareils de levage et manutention, ® Hoisting and handling equipment,
ponts roulants overhead travelling cranes

® Piéces sur plans ' ® Job-engineered parts

7, rue Montalivet - PARIS 8¢
& 265.22.01 et 742.21.19 - Télex : FIVCAIL 65328 - Télégr. : FIVCAIL-PARIS
Code postal ; 75383 PARIS CEDEX 08

SAGAL Publicité - 558

Débitmetres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés

pour liquides et gaz type 1100

'Clrcults |mpr|mes !

CiCoral [d

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

LA aR

livrables ex stock Zurich

Vannes a pointeau

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

Armatures Phonix

vannes d’arrét et de réglage

i Himii

Demandez la documentation auprés de

WiEAE Oerlikonerstrasse 88
tél. 01/46 4040

vorm. WISMER AG 8057 Zurich
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Les feuilles de spécifications sont
a votre disposition!

MINIREG Nouvelle Série

Alimentations a commande
par touches:

® 9 combinaisons de tension et de courant
@ sélection par touches de la tension,
de la limitation de courant et des gammes
de l'instrument de mesure

Minireg 403 (15 W)

0-30 V/0,5 A limité
0-15V/1A 05A
0-75V/2A,1Aet05A

5V/2A, 1Aet05A Fr. 380.—

Minireg 413 (30 W)
0-30 V/1 A limité
O0-15V/2A 1A
0-75V/4Aet1 A

5V/4A 2A 1A Fr. 450.—-

Les prix s’entendent sans ICHA, 10 jours 2%,
départ Zurich

Telemeter Electronic AG, 8027 Ziirich, Tel. 01/257872

the new revolutionary non-slip

DUST
COLLECTION
MATS

for clean rooms

a new developed material which does drastically away
with these old sticky, costly and unreliable mats.

highest efficiency @ economic

unlimited dust trap life

no expensive and critical reconditioning
(just wipe off with a wet sponge)

dust gets visible @ not pressure sensitive
non-slipping @ resistant to acids, solvents

ask for a free sample

DIPL. ING. ERNEST SPIRIG
CH8640 RAPPERSWIL,POBox160 SWITZERLAND
phone 055/2744 03 telex 75400

ONE OF THE 2500 AVAILABLE

HOKE VALVES

316 SS HIGH
OR BRASS VACUUM
—40°C TO 600°F TO 1000 PSIG

HOKE BELLOWS SEALED VALVES
(4100 SERIES)

1

MATKEMI AG

4106 Therwil
Erlenstrasse 27
Telefon 061 /734822
Telex 62440

24




Where all your attention has to be given to the process
itself — there you will find the

PFEIFFER TURBO

As, for instance, in combination with this high PFEIFFER is the leading manufacturer of turbo-
vacuum coating plant BA 511 and many other molecular pumps.

units for which easy handling and simple opera- Do you know already the PFEIFFER TURBO? The
tion are absolute requirements. TPU 200 or the TPU 4007 We
Of course, the PFEIFFER TURBO il shall be pleased to provide you
offers even more; its vibration- . with technically important infor-
free running, high compression = . 4 mation on these pumps.Your post
ratio for hydrogen and other g g card with the catch word ,,PFEIF-
volatile gases, its easy servicing, \§ 8 FER TURBO" will do. By return
low operating cost, high reliabi- 8 mail you will receive detailed
lity, wide working range at cons- literature.

tant pumping speed,... there is
still much more in it that is deci-
sive! It is not for nothing that

PM 800 005 PE 7308

BALZERS

BALZERS-owned Sales Companies in: ARTHUR PFEIFFER VAKUUMTECHNIK GMBH

Zirich (CH), Frankfurt/M (D), Wien (A), Postfach
Kungsbacka (S), Berkhamsted (GB), D-6330 Wetzlar
Santa Ana (USA), Meudon (F), Milano (l) A company of the BALZERS-Group
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The JDS 10 conforms to CERN specifications refe-
rence Laboratory [l 73-19, provides necessary faci-
lities at the dataway level of each CAMAC crate.

It features :

Programmed dataway check out, with ability to
make Fault diagnostics

e Dataway line display
e Lam Grader

® Alarm signal, permits to detect permanently set or
noisy lines.

o ldentify code selected by means of an internal
switch, used for software security checks.

e Three Test points, on front panel permit exami-
nation of B, S1 and S2 during CAMAC operations.

e Crate address internally selected and displayed on
front panel.

FOR MORE INFORMATION PLEASE CONTACT :

SAIP/SCHLUMBERGER : BP 47 - 92222 Bagneux (France)
Tel. : (1) 655.22,11. - Telex : SAIPEX 25075 F




EMI ElectronTubes...

Photomultipliers

for photometry, spectrophotometry,
and scintillation counting (including
special fast tubes for nuclear physics
applications).

Image intensifiers

for detection and observation of very
low light level images such as seenin

astronomy, microscopy, spectro-
scopy, crystallography, high speed
photography, and high energy
physics.

Cameratubes

for broadcast, medical, industrial and
surveillance applications (including
low light level tubes).

Cathode ray tubes

for colour and monochrome film
scanning, pattern recognition, radar
and data display.

Avalanche photodiodes

for fast response in laser range-
finding, and fibre line communica-
tion systems.

ELECTRON TUBE DIVISION

EMI Electronics Ltd., Hayes, Middlesex, England.
Tel:01-573 3888 Telex 935261 Cables EMITUBE HAYES.

A member of the EME Group of Companies.Intemational leaders in music, electronics and leisure.
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