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44th Session of CERN Council

The Council met at CERN on 8 October under the
Presidency of Professor E. Amaldi

This special session of the CERN Council
was called to prepare the way for deci-
sions by the governments of the twelve
Member States on the proposed 300 GeV
accelerator. It is hoped that the decisions
can be taken in December of this year.

The governments are now being asked
to pronounce on the new proposal (de-
scribed in some detail in the April, May
and June issues of CERN COURIER) which
involves construction of the accelerator
alongside the existing Laboratory near
Geneva. Before this is possible, the pro-
ject as now conceived has to be laid on
the table in a formal way in a ‘programme
definition’. This legal document was be-
fore Council for approval after which the
delegates could carry it away to their
respective governments. In addition, the
Council received further information on
aspects of the new proposal which it is
important for the governments to take into
consideration in their decisions, namely
the conditions under which the new Labo-
ratory site is likely to be made available
and the impact of the construction of the
300 GeV accelerator on the programme of
exploitation which was foreseen for the
facilities of the existing Laboratory.

Programme definition

The CERN Convention requires that the
Council approves certain programmes of
activities and in so doing defines the pro-
grammes concerned. ‘The Programme for
the Construction and Bringing into Oper-
ation of the CERN 300 GeV Laboratory’ in
its previous form (when the Laboratory
was to be at another site) was approved
in June 1969 and was then reproduced in
full in CERN COURIER. We therefore pick
out here just the main features of the new
programme definition.

The Laboratory is to include a proton
accelerator for energies of about 300 GeV.
The accelerator intensity is to be at least
102 protons per second.

The Laboratory is to be built on an
extension of the present CERN site and in
this circumstance the present 28 GeV
accelerator will be used as the injector of
the 300 GeV machine and the existing
West Hall will be used as the initial experi-
mental area. Research will start at 300 GeV
or an intermediate energy level in the

West Hall during the sixth year of the
programme. A North experimental area
will be constructed to come into oper-
ation at the 300 GeV energy level eight
years after the start of the programme.

Superconducting magnets could be
used for part of the bending magnets of
the accelerator, if they become practical
and economic in the course of the pro-
gramme, thus raising the energy to
400 GeV. A decision on this option will be
required about three years after the pro-
gramme starts. The energy could even-
tually be raised towards 1000 GeV by
replacing all the iron-cored magnets by
superconducting magnets but this is out-
side the timescale and budget figures of
the programme now being put forward.

Member States joining the programme
will do so for a minimum initial period
which will extend to the bringing into
operation of the 300 GeV machine or eight
years after the start whichever is the
sooner. During the period the total cost
will not exceed 1150 million Swiss francs
at 1970 prices divided as follows:

Year 1 2 3 4 5 6 7 8
Cost (MSF) 30105165180 175 165 165 165

Annual budgets will not exceed these
estimated figures (adjusted for cost vari-
ation) by more than 15 %. If the option of
superconducting magnets to be used for
part of the accelerator would cost more
than can be accommodated in these bud-
get figures a new vote of approval by
Council would be needed.

The programme will begin on the date
the Council appoints a Director General
and votes a budget. Within the following
year the Council will receive for approval:

(a) a master plan showing the proposed
layout of the installations on the site;

(b) detailed specifications and estimated
costs of the proton synchrotron, its
buildings and supplies;

(c) approximate specifications of the
experimental equipment, its buildings
and supplies which will be con-
structed during the programme, to-
gether with the financial provisions to
be allocated for these installations;

(d) an estimate of the running costs of
the new accelerator when the present

West Hall is being used as its initial
experimental area;

(e) an estimate of the annual budgets of
the programme including the 300 GeV
accelerator when the North area
comes into operation.

Close collaboration in the implemen-
tation of the different programmes of
CERN shall be ensured and the Council
will examine proposed arrangements for
this collaboration as soon as possible.
The arrangements will include the creation
of consultative scientific committees and
will provide for the optimum use by the
new programme of existing technical and
administrative  services. The Director
General is required to report periodically
to Council on the value and distribution
of contracts arising from the programme.
In view of the fact that those contracts
concerning advanced technological equip-
ment and services have an important
effect on industries in Member States,
such contracts shall be awarded in con-
formity with the Financial Rules of CERN
whilst being reasonably well distributed
amongst the Member States participating
in the programme.

The programme definition, as outlined
above, was approved unanimously by the
Council. Such approval does not, of
course, commit any Member States to
participate. Decisions on participation will
be made known at the December Council
meeting.

Interim report on the site

At the June Council meeting CERN was
authorized to pursue the study of the pro-
posed site for the 300 GeV Laboratory.
This included both a study of the site
itself from the point of view of its geo-
technical appropriateness to receive the
accelerator and further consultation with
the French and Swiss authorities (the site
lies about 7/s in France and /s in Switzer-
land) concerning the conditions under
which the site could be made available.

The preliminary results of the site survey
were reported in the last issue of CERN
COURIER (page 277). It has been found
that the quality of the molasse is entirely
adequate for the construction of the
accelerator being as good as, if not better
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A map of the proposed site for the 300 GeV
accelerator Laboratory divided into zones where
the requirements are different.

1. The area (79 hectares) required for the
laboratories, assembly halls, site services, efc.
Parts of this area will be required early in the
programme and the whole of it within the first
five years;

2. The area (150 hectares) required for the new
experimental area (North experimental area)
which will be required during the last three
or four years of the programme;

3. The area (251 hectares) required for the
machine itself which will be built about 30 m
below ground. In this area there will need to be
restriction on building other than that in con-
nection with the accelerator in order to ensure
the stability of the machine. Six small buildings
on the surface are foreseen but otherwise farming
and forestry can continue as at present. The
area will be required progressively during the
first five years of the programme;

4. The area which may be required after the
eight years of the programme for further experi-
mental areas associated with the machine.

60 hectares are categorized as ‘required’ for the
programme and 169 hectares as ‘reserved’
for the programme;

5. This drea (343 hectares) is in three parts
which may be needed for long-term developments
in association with the machine, in particular the
possible addition of intersecting storage rings
either inside-or outside the 300 accelerator ring.
Parts of this area would therefore only be
needed in ten or fifteen years’ time if storage
rings were to be built.

than, that of the molasse on which the
present machines are built. In addition the
site could accommodate a machine of dia-
meter 2.2 km. Since the greater the dia-
meter the higher the possible ultimate
energy of the accelerator, the 2.2km
diameter is the preferred size.

Dr. J.B. Adams, Director of the 300 GeV
project, reported that design is now con-
centrated on a machine of this diameter.
Since it is larger than the 1.8 km diameter
first proposed, the possible energies at
different stages are increased. Thus the
possible interim stage where research
might begin in the West Hall while only
half the ring magnets were in place, would
achieve 200 GeV as opposed to 150 GeV.
Within the budget for the programme the
installation of further magnets would take
the energy to 300 GeV. (Increasing the
ring diameter will add comparatively little
in terms of the increased cost because of
boring out a larger circumference but
there would be sizeable increased cost in
buying the additional magnets to fill the
larger circumference.) Filling the ring with
conventional iron-cored magnets would
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give an energy of 400 GeV. Filling the ring
with superconducting magnets would pro-
bably give an energy of 1000 GeV.

The site for the Laboratory is shown in
the map, divided into zones which would
be required at different times and with
different constraints on their use both for
the programme now proposed and for
possible much longer-term developments.
Discussions are under way with the
French and Swiss authorities with the
aim of establishing an offer in principle
concerning zones 1 to 4, the terms of
such an offer and an agreement on the
order and timescales in which the zones
would be made available.

It is proposed that the contracts which
are in force for the existing Laboratory
between CERN and Switzerland, CERN
and France, and France and Switzerland
should form the basis of similar contracts
regarding the new Laboratory. Any modi-
fications could be brought to Council after
the start of the programme.

Investigations have also been under way
with regard to the two major ‘services’ the

Laboratory will require — electricity and
cooling water. Together with Electricité de
France, solutions to the problem of elec-
tricity supply have been studied in detail
and costed. It is necessary to tap directly
from the Eurogrid probably at the nearest
point, Génissiat. The cost of laying on the
necessary power will depend on the tech-
nical solution selected. The cost of the
power itself is proposed as that charged
to the most favoured national consumer of
comparable amounts.

Similar investigations with regard to
cooling water have been under way with
the relevant Swiss authorities. A satisfac-
tory scheme has been worked out by
which cooling water would be pumped
from Lac Léman to the site but a solution
to the problem of disposal of the water
after use has not yet been selected. Again
it is proposed that the tariff charged for
the cooling water should be that accorded
to the most favoured national consumer
of comparable amounts.

The new Laboratory would bring almost
1000 additional staff into the Geneva —



Pays de Gex region by the time con-
struction of the accelerator is completed.
The necessary housing for this number of
people and the availability of schools for
their children are two important questions
which have been studied.

On the housing side there are already
schemes under way in the region of the
Laboratory, both in France and Switzer-
land and the additional CERN staff will
represent only a small fraction of the
anticipated influx of population.

The schooling problem however is one
which already exists and which will only
be aggravated further by increasing the
number of staff. Schemes are being dis-
cussed to set up a European-type school
in the neighbourhood of the proposed site
which would offer instruction at all levels
up to university entrance.

Discussions about such schools have
been going on for many years between
the Member States and the European
academic bodies and the problems are
very complex. For example, it is neces-
sary to reach agreement between the
European academic bodies on final school
diplomas which will be generally accepta-
ble as a qualification for entry to all Euro-
pean universities. 1t is the intention of
CERN to do all in its power to negotiate
an agreement on this complex problem as
soon as possible through discussions with
the two Member States concerned and
with the local authorities, in order that a
European-type school will be set up for
the children of all the staff of CERN.

(Previous comment on this question and
on the opportunity which exists to do
something in the field of education in
Europe whose significance could extend
far beyond the solution of the immediate
problem can be found in CERN COURIER
vol. 8, pages 187 and 234, and vol. 9,
page 177.)

The delegates from ltaly and the Fede-
ral Republic of Germany urged that, in
order to take decisions, information on
the site and related questions such as
those discussed above, should be deve-
loped to the same point as that assembled
on the previous site offers from Member
States. In the previous offers, acquisition
of the site and assuring the necessary

‘infrastructure’ was not expected to intro-
duce any extra cost to CERN.

The questions of housing and schooling
were also raised as important matters by
Italy and Germany. They insisted that
since housing is recognized to be a pro-
blem at present, some positive action by
CERN, France and Switzeriand will be
needed. They also urged action on the
schooling problem recalling that other
countries had offered to set up a Euro-
pean school to cater for the children of
CERN staff.

The delegates from France and Switzer-
land said that formal commitments on the
site questions cannot be given until a
formal request for the site has been
received from CERN. This would follow
a favourable vote on the project. Never-
theless, both countries stated that they
would weicome such a request and would
have a very favourable attitude in tackling
the many problems involved. They would
continue to act towards CERN in the same
spirit of cooperation which has always
existed.

Implications for the existing Laboratory

In bringing the 300 GeV accelerator along-
side the present Laboratory it has been
judged right that some contribution to the
cost of the new programme should be
made from the budgets which were fore-
seen for the exploitation of the facilities
already existing or nearing completion.
This would mean that the additional
money, beyond the foreseen budgets,
which Member States would have to find
for the 300 GeV Laboratory would be less
than the 1150 MSF written into the pro-
gramme definition.

There has been much debate as to
where the additional money figure should
be set, mainly revolving round the figures
of 900 MSF and 750 MSF. The concensus
of opinion at the Council session was that
to set the figure at 750 MSF involved cuts
in the foreseen budgets for the exploi-
tation of the existing facilities which would
make too damaging inroads into the
research programme and would be un-
acceptable in view of the considerable
investment from the Member States in
building up the research facilities. Thus
the figure of 900 MSF is the one which is

now being taken in judging the impact on
the existing Laboratory.

A total of about 250 MSF during the
eight years of construction, would under
these conditions, need to be saved out of
the foreseen budgets of the Laboratory
during the eight years of 300 GeV con-
struction. In addition, it is agreed that the
equipping of the West experimental hall
for physics in the hundreds of GeV range
would fall on the budget of the existing
Laboratory. This would mean that some-
thing like 40 MSF per year during most of
the years of construction would need to
be pruned from the budgets which were
being planned for the Laboratory. Ob-
viously exploitation could not, in these
circumstances, grow to the level originally
intended.

The future programme has therefore
been carefully examined and a list of
possible ways of saving has been drawn
up. Some saving can be achieved by cutt-
ing minor development work and by delay-
ing the implementation of new techniques.
Beyond that, more serious cuts (involving
choice among topics such as the develop-
ment of PS operation, the programme of
bubble chamber experiments and elec-
tronic experiments, the synchro-cyclotron
programme, ISR exploitation, the develop-
ment of computing and data-handling
facilities, restrictions in services and
administration) would be needed. It is
believed however that it will be possible to
sustain a high proportion of the antici-
pated exploitation by accepting some
limitations on performance, variety of pro-
gramme and flexibility.

It is difficult to be more precise at this
stage since the choices cannot reasonably
be made in advance of operational
experience with the different components
of the improvement programme — such
as the Booster and the new large bubble
chambers. The choices would also be
influenced by changes of emphasis in the
physics itself. The detail would be worked
out when drawing up the annual budgets
and would be progressively under the
supervision of the Council at the stage of
approving these budgets.
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CERN News

Kicking faster for
the 300 GeV

The possibility of using the 28 GeV proton
synchrotron as injector for the 300 GeV
machine is an important part of the pro-
posal to build the machine alongside the
existing CERN Laboratory. There would
then be no need to construct a separate
linac and booster for the 300 GeV which
could both reduce construction time and
save money. However to use the PS in
this way is not without its problems. An
ingenious solution to one of these pro-
blems — that of ‘kicking’ the beam from
the PS to the 300GeV efficiently and
quickly — has been proposed by A.
Bruckner.

There are several possible variants as
to how the ejection-injection process
might go. We will describe just one of
them since in terms of the topic we want
to discuss they are all essentially the
same.

The characteristics of the accelerated
beam in the PS are obviously a fixed
starting point. The beam is in the form of
20 bunches evenly spaced around the
circumference of the ring 200 m in dia-
meter. The probable diameter of the
300 GeV is 22km (as mentioned in the
last issue, page 277) and what we would
like to do is to transfer the twenty bunches
so that they are evenly spaced around the
circumference of the 300 GeV which is
eleven times larger than the PS. (The
transfer will probably take place at an
energy of 10 GeV.) There they will be given
time to smear out into a ribbon beam
(debunch) probably taking about 0.5s.
The r.f. system of the 300 GeV will then

be switched on for further acceleration,
imposing its own bunch pattern on the
beam.

Obviously if we powered a kicker mag-
net in the PS for a long enough time that
all twenty bunches were ejected imme-
diately one after another during one PS
revolution, they would take up only one
eleventh of the 300 GeV circumference.
What we want to do is to power a kicker
magnet for just sufficient time to eject one
bunch, wait until that bunch has time to
move around the 300 GeV and then power
the kicker again to eject another single
bunch. Repeating this procedure twenty
times would then distribute the bunches
evenly around the 300 GeV ring.

However, the conventional powering
systems for kicker magnets take some
hundreds of milliseconds to recover from
one pulse before they can switch the
magnet on again. With such powering
systems it could take several seconds, if
only one Kkicker rhagnet were used, to
eject ali the PS bunches in the way we
want. It had therefore been proposed to
use the massed kicker magnets of the PS,
probably including some new specially
installed kickers, to serve one after
another to eject bunch after bunch.

The new idea concerns a way of power-
ing a single magnet with pulses separated
by only about 50 us. The operating prin-
ciple is illustrated in a simplified way in
the diagram.

In the interval between accelerator
cycles enough power for twenty kicker
magnet pulses is stored in the slow
storage line on the left. When we are
ready for ejection we close thyratron
switch No. 1 (thyratron switch No. 2 is still

A schematic circuit diagram of the scheme
proposed for very rapid pulsing of a septum
magnet such as might be used to eject from the
PS to the 300 GeV. Enough charge is stored
initially for twenty magnet pulses and selective
switching of the thyratrons picks out sufficient
charge for a single pulse so that the magnet can
be pulsed every 50 ps.

open) and pass charge for a magnet pulse,
long enough to eject one bunch, into the
pulse forming cables. Switch No. 1 is then
opened and switch No. 2 closes to dis-
charge the cables through the Kkicker
magnet. The magnet is thus powered for
long enough to pick out one of the orbit-
ing PS bunches and bend it out of the
ring towards the 300 GeV. Switch No. 2
opens again and switch No. 1 closes to
pass charge for another magnet pulse and
S0 on.

The time necessary for this process
will be about 50 ys per pulse. During this
time the remaining bunches will orbit the
PS about 25 times. By arranging the timing
of switch No. 2 we can select the bunch
to be ejected in the following sequence
— bunch number one, bunch number
twelve, bunch number three, bunch
number fourteen... and so on (an eleven
bunch interval, though other intervals
would also work).

The main difficulty is likely to be keep-
ing the thyratron switches operating inde-
pendently of one another; the ionization
in one thyratron has to die down before
the other is fired. A method of ‘de-
spiking’ the anode of thyratron No. 1 while
No. 2 fires should overcome this. It is
probable that a model of the powering
system will be built in the near future to
test the technique.

A heavy lepton

A paper by C.A. Ramm, published in
Nature 26 September page 1323, presents
evidence for the possible existence of a
neutral heavy lepton with a mass of about
430 MeV. In examining data from three
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The new source for the synchro-cyclotron (see
CERN COURIER vol. 8, page 6) and its
associated components, which is being installed
as part of the SC improvement programme, will
pass through the yoke and lower pole of the
magnet through a distance of 2.75 m into the
centre of the machine (an aperture is drilled in
the steel). There was insufficient height beneath
the SC for installing all the components involved,
and a rectangular pit 5 m deep (seen in the
photograph) has been dug beneath the centre of
the machine for this purpose.

different experiments phenomena compati-
ble with the existence of a particle which
decays into a pion and a muon appear at
this mass value in each case.

Very short-lived particles cannot be
observed in a high energy physics experi-
ment in the same ways as their more
stable brethren by tracing their passage
through detectors (for example, via bubble
chamber tracks). Their existence is de-
duced from observing other features of
the particle interactions in which they are
involved, in particular by observing the
particles into which they decay. By look-
ing at the particles flying out from an
interaction it can be deduced whether
some of those particles had clung together
in the interaction, i.e. whether for a short
time they formed a distinct particle which
then decayed into the particles observed.
This deduction comes from totting up the
masses (including converting energies
back into mass) of emerging particles and
plotting the number of observations
against mass. A graph is thus produced
which can show peaks at particular mass
values suggesting the existence of short-
lived particles corresponding to the mass
values. The interpretation has to be done
with care because there may be some-
thing built into the detection system which
makes it more sensitive to particular mass
values so that there are a large number
of observations not due to the existence
of a particle but to a bias in detection.

The heavy lepton story began in examin-
ing the results from the 1963 neutrino
experiments at CERN but the data was
then too sparse to do more than intrigue.
More data, with greater precision, came
from the CERN 1967 neutrino experiments
carried out in the 1.1 m® heavy liquid
bubble chamber filled with propane. From
interactions which were identified as
being of the type — neutrino plus proton
gives muon, pion plus proton

v+tp>pt+ta+p

it was possible to plot graphs of the
number of observations of the muon-pion
combination against mass. When this was
done a small peak emerged at about
430 MeV. This could correspond to a short-
lived particle which was formed in the
interaction and immediately decayed into
a muon and pion. Since the muon is a

CERNIPI 511.9.70

lepton and we believe ‘lepton number’ is
always conserved, the particle would be
a lepton. Since the muon and pion are
always oppositely charged, the particle
would have zero charge.

The study was carried further in examin-
ing data from two other experiments
in which a muon and a pion emerged from
an interaction —these were the X4 experi-
ment, also in the heavy  liquid bubble
chamber at CERN, which looked at the
decays of the neutral kaon, and an experi-
ment in a hydrogen bubble chamber at
Brookhaven which also looked at neutral
kaon decays. In both sets of data the
same type of small fluctuation appeared
at the 430 MeV mass position.

People have speculated for some time
about the possible existence of a lepton
spectrum — the possibility that the familiar
leptons (electron, muon and neutrino) have
heavier relatives that have not yet been
seen. This may be the first indication of
their existence and there are less promi-
nent clues to other heavy leptons from the
same study. However, to put in the oppo-
site scale pan, a team conducting a CERN
kaon experiment, which has high statis-
tics on interactions producing a muon and
a pion, claims not to have seen any peak
at the 430 MeV mass value. The possible
existence of the particle obviously needs
further investigation.

A search for charged variants of such
a heavy lepton is now being undertaken
by Ramm by looking at muon-gamma and
muon-neutral pion decay modes in neu-
trino interactions and at muon brems-
strahlung. Again there is some evidence
of their existence near the mass of the
proposed neutral heavy lepton.

Gargamelle optical
system

All the sub-assemblies for the Gargamelle
heavy liquid bubble chamber built by
Saclay for CERN are now complete and
are being installed at CERN. This article
concerns the optical system which was
briefly mentioned in the article on the
scanning and measuring tables for the
chamber (vol. 9, page 36). Its design was
dictated by the configuration of the
chamber itself and by experimental re-
quirements.

To provide the maximum possible cover-
age in terms of photographable volume
of the long cylindrical chamber, eight
wide-angle (110°) lenses are used in two
horizontal rows of four. The cameras had
to be placed outside the magnet yoke
where the fringe field is weak, and thus
the image needs to be transferred over a
distance of 1.9 m inside a 20 cm diameter
tube. Systems in which the film is taken
inside a tube into the immediate vicinity
of the liquid were rejected because of
their complexity.

The optics are designed to introduce
very little distortion (less than 1 %) and to
project the rays of light onto the film at
an angle as close to the perpendicular
as possible (with a deviation of less than
8°%.). Although considerable distortion
can be allowed for by drawing up dis-

. tortion charts, it is nonetheless desirable,

for example to speed up the scanning of
photographs of neutrino events in which
there are a large number of gammas
(materializing as positron-electron pairs),
to use an optical system where straight
lines in the chamber are rendered by
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A section through the heavy liquid bubble
chamber, Gargamelle, showing the position of the
various components of the optical system:
1. flashes; 2. diaphragms; 3. lenses; 4. cameras;
5. marking units.

Only three of the twenty-one flashes and two
of the eight objectives, which are arranged in
two parallel rows, are shown.

straight lines on the film so that the
gamma can easily be associated with the
vertices where they were produced. Also
with the rays of light striking the film at
right angles, errors due to the emulsion
thickness are reduced.

The main lens is a small diameter wide-
angle (90°) lens, of a type already being
commercially manufactured for a special
purpose by the supplier of the optical
system (SOPELEM), with an adaptor lens
fitted to it to increase the angle to 110°.
The image is transferred by a set of eight
lenses which have been designed to
reduce chromatic aberration. The final
overall resolution on the film is between
15 and 20 microns, corresponding to an
accuracy of about 0.2mm in the beam
plane.

A thick, hemispherical fish-eye in con-
tact with the liquid, protects the system
against the pressure in the chamber, while
an additional safeguard (in case the fish-
eye breaks) is provided by a thick lens
behind the objective. If the two should
break, a diaphragm limits the flow of
liquid to a rate equivalent to the evacu-
ation capacity. A warning manometer is
also fitted behind the hemispherical fish-
eye.

The complete system consists of 24
lenses. A computer program, drawn up at
Imperial College London by W.T. Wel-
ford (who is now working on the optical
system of the Argonne 12 foot chamber),
based on a prototype calculated by con-
ventional methods, was used to perfect
and optimize the system. The lenses are
designed to allow for the installation of a
ring of flashes making it possible to use
bright field illumination.

There are two identical cameras, one
for each row of four lenses. Each uses
one film and takes the image from the
four lenses in succession. 70 mm film with
only one perforation in four as compared
with ordinary film is used, making it possi-
ble to use a width of 68 mm for the photo-
graph (instead of less than 60 mm). A
precision advancing and locating system
and a marking unit to identify the photo-
graph is associated with each view.

The film magazine will hold 1200 m of
thin film which gives forty minutes’ runn-
ing time. Films can be joined end-to-end
by a semi-automatic splicing system.

312

There will eventually be much larger load-
ing magazines associated with on-line
continuous film development.

As in practically all heavy liquid bubble
chambers, the bubbles are photographed
against a dark background. ‘Dark field’
illumination has been necessary because
of the difficulty in obtaining Scotchlite to
withstand solvents such as freon an‘d pro-
pane. (Scotchlite is a material which
reflects light at an angle close to the
angle of incidence. It is used in chambers
with ‘bright field’ illumination where the
bubbles appear black against a light
background).

This determined the position of the
flashes which were installed facing the
lenses. However, the lenses, as men-
tioned above, are designed to accommo-
date a ring of flashes around their optical
axis if required and therefore satisfy one
of the requirements for bright field illu-
mination, if this is thought desirable in
the future.

Each of the 21 flashes is installed in a
sleeve which passes through the magnet
yoke, the end of which is tightly closed
by a hemispherical window which is in
direct contact with the liquid. The flash
itself is located at the end of a rod which
slides inside the sleeve and may be with-
drawn without interrupting the operation
of the chamber. Behind the window is the
actual flash unit which consists of a quartz
tube with three turns (its shape is similar
to that of the filament of a car bulb). The
flash is produced by discharging a 1500 V
pulse into the tube for 1 ms, which is pre-
ceded by a short steep-fronted ionizing
puise (4000V for 1us). In normal oper-
ation each unit can provide about 300 000

flashes (300 joules per flash). It is how-
ever impossible to prevent the glass be-
coming gradually opaque due to tungsten
deposit, the crystallization of silica and
the photochromic effect (found during
tests on Gargamelle and due to the ab-
sorption of ultra-violet light by the quartz).

The flash tube is cooled by water which
circulates inside the window. The method
used is of interest for two reasons:
1) Water absorbs the infra-red light emitted
by the xenon, the wavelengths of which
correspond to the absorption wavelengths
of certain freons. Without this, the infra-
red rays might lead not only to parasitic
boiling but also to implosion. 2) The tem-
perature inside the window can be
matched to that of the propane, thereby
avoiding high thermal gradients.

As the flash units face the lenses they
must be prevented from fogging the film
which would make it impossible to see the
particle tracks. Two sets of masks are
therefore used preventing the light rays
produced by the flash units from entering
the lenses.

The poor man’s
r.f. separator

A radio-frequency particle separation
technique involving the use of only one
rf. cavity has been successfully used
at CERN in providing a beam of positive
pions at 4 GeV/c to take some 400 000
photographs in a bubble chamber experi-
ment.

R.f. separators of the two and three
cavity types are by now, well established
units in the armoury of beam-line equip-
ment (see vol. 7, page 125, vol. 9, page 7).
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The required kind of particle is sifted from
others by arranging that the deflections
given by the fields in the cavities push the
wanted particles around a beam stop
while the unwanted particles, which due
to time of flight differences have received
different defliections, plough into the beam
stop. At CERN, for example, the u5 beam
line has a three cavity system and can
separate particles over the momentum
range of about 6 to 16 GeV/c. Such sys-
tems involve the use of two or three
cavities, each with its r.f. power system,
intermediate focusing units and quite
intricate phase controls linking the cavities
to ensure that the deflections add together
in the desired way. Obviously if separation
can be achieved with a single cavity the
complication and the cost are greatly
reduced.

The idea of single cavity r.f. separators
is not new. It was proposed by J.P. Blewett
and B. Montague as long ago as 1959.
However the necessary quality of cavity
and ability for refined control of field has
only recently been mastered (see CERN

yellow report 70-26, ‘New disk loaded
waveguides for the CERN r.f. separator
by Ph. Bernard, H. Lengeler and V.
Vaghin). The new separators almost

double the possible deflection per unit
length and the phase velocity of the
deflecting fields can be reliably con-
trolled.

It is especially the last feature which is
relevant to the single cavity idea. What is
done is to select the phase velocity of the
field in the cavity to be equal to the velo-
city of the wanted particles. The particles
then ride the field through the length of
the cavity as if on the crest of a wave and
emerge with maximum deflection (similar,

for example, to the way in which electrons
are accelerated on the ‘travelling wave’
in a linear accelerator — except that in
the separator we are concerned with de-
flection, not acceleration).

The unwanted particles will have a dif-
ferent velocity on entering the cavity. (All
the particles have previously gone through
a magnet system from which they all
emerge with the same momentum — mass
times velocity. The unwanted particles
have a different mass and therefore a
different velocity.) They will be out of
phase with the travelling wave. If the dif-
ference in phase over the separator length
is a multiple of 2 n, the unwanted particles
will emerge with no deflection and can be
ploughed into a beam-stop.

Inevitably, this poor man’'s separator has
its limitations. Above 7 GeV it would need
an unreasonably long separator. Below
3 GeV/c electrostatic separators are more
efficient. Nevertheless, using the single
cavity technique the range of momentum
which can be covered by the u5 beam
at CERN has been extended appreciably
to lower momenta.

There is an interesting possibility of
using single cavity r.f. separators in elec-
tronics experiments. In contrast with
bubble chambers, counters and spark
chambers like much higher numbers of
particles fed to them for longer times. The
deflection that can be given to a particle
is proportional to the field in the cavity
and to the length of the cavity. The field
is in turn proportional to the square root
of the power into the cavity. Modern
power tubes can provide r.f. puises of
about 20 MW only for between 10 to 50 ps.

To increase the length of time for which
particles can be separated the power

Installation, at the end of September, of the body
of the Gargamelle chamber inside its magnet
yoke. This operation was carried out following

a number of final adjustments to the various
components, and the whole bubble chamber is
now coming together ready for experiments, The
first filling tests are scheduled before the end

of November.

needs to come down and, to achieve the
same deflection, the length would have
to go up. An increase in length would
reduce the ‘acceptance’ of the cavity, i.e.
reduce the number of particles which can
be passed through. At first sight such a
system cannot win for electronics experi-
ments; it cannot increase the pulse length
without reducing intensity.

However, about ten years ago, P. Lapos-
tolle at CERN proposed superimposing a
strong focusing system over a long single
cavity separator in order to increase the
acceptance. This idea has been taken up
again recently at Brookhaven for use in
the separation of kaons between 2 and
5 GeV/c. For higher energies this type of
separator becomes very complicated and
expensive so that for this energy range
the development of superconducting r.f.
separators {being worked on for example
at Karlsruhe and Rutherford) remains of
great interest.

Sale of electronic
equipment

The CERN Stores Section has a consider-
able quantity of electronic equipment
which has been used in physics experi-
ments and which is now offered for sale
on advantageous terms to European
universities or physics institutes. A list of
equipment, ranging from pulse generators
to voltage stabilizers, is given in the
advertisement on page 325 of this issue. It
is not, however, an exhaustive list and
contains only some of the major items.

More detailed information on both the
conditions of sale and the equipment itself
may be obtained on application to Stores
Section, CERN, 1211 Geneva 23, Switzer-
land.

Fellows and Visitors

It is not always realized that by far the
major part of the research programme at
CERN is carried out by Fellows and Visi-
tors. In the Summer of this year the
average number of scientific and technical
Fellows and Visitors on the site was about
700 while, by contrast, the number of staff
members who are particle physicists, both
theoretical and experimental, is about 90
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Figure: The evolution of the number of visitors of
various categories over the past ten years. The
numbers represent man-years per category as
follows —

O ‘unpaid’ visitors

A fellows and all paid visitors

+ CERN staff (particle physicists)

@ paid visitors from non-Member States.

Number of Universities and Research
Institutes in the Member States partici-
pating in experimental physics carried
out with the proton synchrotron (PS)
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gramme in 1969 (not including Guest
Prof. and Students) and the estimate
for 1975 (in units of 1000 Swiss francs)

Country

Electronic
experim.
(Summer

1970)

Bubble
chamber
experim.

Austria
Belgium
Denmark
France
Germany
Greece
ltaly
Netherlands
Norway
Sweden
Switzerland
U.K.
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Total

27

35

1959 1975
Man- Man-
years Cost years Cost
Fellows and
Visitors 130 | 4940 | 183 6980
from to to
Member 212 8050
States
Visitors
from non- 43 | 1900 56 2470
Member to to
States 65 2850
Total 173 | 6840 | 239 9450
to to
277 | 10900
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(and most of these are not ‘permanent
staff’).

The evolution of these numbers over the
past ten years is shown in the Figure,
which is a revised and up-dated version
of that published in vol. 9, page 376.

It is striking that Fellows and Visitors
come from 108 Universities and Research
Institutes in the CERN Member States and
from 72 in the non-Member States. As was
remarked by the Director General in his
progress report to Council last December,
the past few years have seen a marked
increase in the number of visitors partici-
pating in electronic experiments at the
proton synchrotron. This is illustrated in
the Table which gives the number of
Member State groups a) participating in
electronic  experiments approved for
scheduling on the PS as of July 1970,
and b) participating in bubble chamber
experiments approved for scheduling or
analysing film exposed in the first half of
this year.

As is clear from the figure, the majority
of visitors are ‘unpaid’ (by CERN); their
financial support comes from their parent
University. Nevertheless, the number of
Fellows and Research Associates and of
Visitors either wholly or partially paid by
the Organization is now approximately
220. In terms of money the expenditure on
Fellows and Visitors in 1969 was about
7.5 million Swiss francs (5.8 MSF came
from the budget of the Directorate-General
and 1.7 MSF came from the personnel
budgets of the Divisions).

In view of the importance of the Fellows
and Visitors programme for the research
effort of the Laboratory and of that of the
Universities and Research Institutes in so
many different countries, a paper was
prepared which reviewed the evolution
of the programme since 1960 and made
specific proposals for the years up to
1975. It was submitted to, and approved
by, the Council in June of this year. The
proposals imply an increase of between
30 to 50 % in the number of man-years of
Fellows and Visitors from Member States
(both paid from the Directorate-General’s
budget and from Divisional budgets) over
the years up to 1975. Furthermore the
expenditure on Visitors from non-Member
States will remain at about 1% of the
total personnel budget of each year. The



A diagram illustrating the saving in time achieved
by the use of multiprogramming as against time
sharing in a computer. The cross-hatched and
dotted areas represent the effective operating
time of the central processing unit.

The bottom line shows what happens with time
sharing when a program (hatched) being
processed is interrupted by a higher priority one
(dotted). Block (a) represents the time taken
transferring to the disc store; block (b) the time
taken bringing in the higher priority program.
Block (c) represents time calling for more data
and (d) time returning the first program. With
multiprogramming, illustrated in the top lines,
shuffling between the programs saves time.

second Table gives the details of the
man-years and money involved for 1969
and 1975 (estimates).

Finally, during the Summer months
about a hundred university students come
to CERN. They participate in the day-to-
day work of some research or technical
groups and attend a special course of
lectures. The students are not included in
the numbers given in the Figure and
Tables. The cost of the Student Pro-
gramme amounted to 270 000 Swiss francs
in 1970.

Multiprogramming
on PS computer

The work load on the IBM 1800 computer
used in PS control has been increas-
ing steadily. Its total present capacity
would be greatly exceeded when the
Booster is brought into operation and to
remedy this, a new job distribution system
of the multiprogramming type has just
been adopted. It will be possible with this
system, together with more storage, to
increase the computing capacity roughly
fourfold by eliminating ‘dead time’ in the
operation of the central processing unit.

A computer normally uses two kinds of
memories or stores. Internal (core or fer-
rite) memories are fairly expensive and
are therefore generally installed in quan-
tities which can store only comparatively
small amounts of data. Their advantage is
that access time to information stored is
very short (of the order of a microsecond).
Auxiliary (disc or tape) memories cost
much less and can be used to store very
large quantities of data, which cannot,
however, be transmitted as rapidly to the
central proecessor unit. The programs they
contain must be transferred to ferrite
memories before use and this takes time
(from 50 ms to a few seconds).

Programs which the central computer
needs often, such as the operating pro-
gram and certain subsidiary ones, must be
constantly available in ferrite memories.
Others can be stored on discs to be trans-
ferred at the appropriate moment to a part
of the ferrite memory reserved for this
purpose. The ferrite memories are thus
divided into two regions — the fixed pro-
gram region (‘fixed core’), and the region
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in which programs are temporarily stored
(‘variable core’).

The IBM 1800 used as the PS control
computer has to deal with a whole range
of programs linked to the operation of the
machine. An order of priority is allocated
to each of them and they are taken to
the variable memory and processed in
order. Up to now the computer has used a
time-sharing system whereby each pro-
gram is processed in sequence accord-
ing to its priority. There are however two
possible exceptions — programs with
higher priority can at any time interrupt
one of lower priority which returns to the
disc memory until the higher priority pro-
gram is finished. Also if a program being
processed requires further data (which is
a frequent occurrence at the PS where the
data for the programs comes from a
number of machine cycles) it is possible,
if there is a long waiting time during
which the computer is not processing, to
pass on to another program. However this
process of transfer from the program
being processed to another can become
complex and time-consuming (because of
the transfer time) and it has not been
used at the PS.

The loss of central computer time has
been accepted. The effective time of use
of the control computer, in view of pro-
gram transfers, waiting times for the
retrieval of data and data transfer time,
finally boils down to a small fraction of
the total time.

Multiprogramming involves the use of
several distinct variable cores in addition
to the fixed one. At the PS, there will
be one for each of the three sections of
the machine — linac, booster and syn-
chrotron ring — plus one general-purpose

memory which may, for instance, be
employed for immediate priority or un-
usual control operations. There are, thus,
four programs permanently present in the
ferrite memories. Transition from one to
another is very fast, with no long transfer
times, and it becomes possible to deal
with a part of one program, then with a
different one, then a third or a fourth to
use up the dead time which would have
occurred waiting to obtain new sets of
data.

An efficiency for the central computer
of close to 50 % should be possible with
multiprogramming, as compared with the
former rate of about 10 %.

Multiprogramming at the PS control
computer thus requires an increase in the
number of ferrite memories (the ‘fixed
cores’ being increased from 16 to 20K
words, the variable cores from 8 to 20 K
words). In addition, a third disc store
has been added to give greater flexibility.
The capacity is quadrupled for an expen-
diture which is only 25°% of the cost of
the computer.

The conversion from one system to the
other requires a change in the programs
and the relevant studies are already on
hand. The new memories will be delivered
in February 1971, and the new system
should come into service a month later.

ESONE
General Assembly

The 1970 ESONE (European Standards of
Nuclear Electronics) General Assembly
was held at CERN from 13 to 16 October
bringing together representatives of the
26 institutes, laboratories and organi-
zations who have been participating in
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establishing European standards and also
many representatives from electronics
industries. It was the first meeting where
both ESONE and industry held formal
common discussions. In association with
the Assembly a very successful CAMAC
. exhibition was arranged where about
thirty firms exhibited their products. This
combination of an exhibition with the
annual Assembly worked so well that it is
likely to become a regular arrangement.

A major decision of the Assembly was
the unanimous acceptance of the docu-
ment on the ‘CAMAC organization of multi-
crate systems’ (CAMAC being the name
given to the standard electronics system
evolved by ESONE — see vol. 8, page
314 and vol. 9 page 303). This was pre-
pared by the Dataway Working Group and
is available as document EUR 4600e from
the ESONE Secretary (Dr. W. Becker, CCR
Euratom, 1-21020 ISPRA, Varese, Italy).
It gives all the necessary information on
the requirements for a compatible crate-
interconnection highway (branch highway)
which is an important step towards the
interchangeability of CAMAC units.

The Analogue Signals Working Group
is also well advanced towards finalizing
the standards on signals. The selection of
positive or negative polarity is still open,
since there is no weighty technical argu-
ment on either side and may come down
on the positive side since this will make
opening the door to CAMAC in the USA
easier.

Interest in the USA is growing fast. The
Chairman of the AEC-NIM Committee was
present at the Assembly and phrased it
that ‘CAMAC is near the threshold of
explosion in the USA’. Delegates from the
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NIM Committee have been present at
many of the Working Group meetings dur-
ing the year and parallel Working Groups
have been set up in the USA.

Within Europe itself acceptance of the
CAMAC system has been growing steadily.
A symptom of this was the number of
applications from more research centres
to join ESONE. The Assembly welcomed
as new members Aktiebolaget Atomenergi
from Studsvik Sweden, Instytut Badan
Jadrowych from Swierk Poland and Institut
voor Kernphysisch Onderzoek from Am-

"sterdam Netherlands. A formal application

from the Nuclear Research Centre ‘Demo-
critus’ from Athens Greece was received
just after the Assembly. There were also
observers from the Joint Institute for
Nuclear Research from Dubna USSR,
Nuclear Research Institute of the Cze-
choslovak Academy of Sciences from
Prague Czechoslovakia, Central Research
Institute for Physics from Budapest Hun-
gary, and Institutul de Fizica Atomica from
Bucarest Rumania.

For the future development of ESONE
the possibility of setting up a central
bureau of two or three people, to cope
with administrative matters and the flow
of information, has been under discussion
for some time. The growing volume of
activities is becoming a heavy load for a
part-time Chairman and Secretary to bear.
An international organization is thought
to be the most appropriate centre for such
a bureau and both CERN and Euratom
(European Communities) have been ap-
proached. CERN is unable to accept the
responsibility at present, the European
Communities have offered support at a
regional level (secretariat in ISPRA, print-
ing in Luxembourg). Some thought is being

The acceptance tests on the most powerful crane
to be installed at CERN took place in September.
It serves the hall where the large European
bubble chamber (BEBC) is being built. The crane
has a travel of 25.6 m and is designed to carry
up to 170 tons. All its movements can be con-
trolled at variable speeds. It was successfully
tested with a static load of 240 tons and a
dynamic load of 220 tons. The photograph shows
the transport of thirteen concrete blocks, each
weighing 15 tons.

given to the production of an ‘ESONE Bul-
letin’ and a Working Group to outline its
policy is being set up.

In accordance with the ESONE rules a
new Chairman, M. Sarquiz of Saclay, was
elected to succeed F. Iselin of CERN to
serve until the next General Assembly in
a year’s time. That Assembly may be held
at DESY in Hamburg, Saclay in Paris or
the University of Bari in Italy (since next
year is the 10th A'nniversary of the pro-
posal to set up ESONE by Professor G.
Gianelli of Bari). The Assembly organizers
have extended their thanks to all those at
CERN who helped make the Assembly and
exhibition a success, and to the Geneva
authorities who, in the person of A. Cha-
vanne (Conseiller d’Etat), received them
at the Geneva Town Hall.

ISR injection septum

At the end of September, protons were
transported along transfer tunnel TT1
connecting the proton synchrotron to one
of the intersecting storage rings. They
reached the end of the tunnel positioned
with the same impeccable accuracy as
was achieved in tunnel TT2 a few weeks
before (see CERN COURIER vol. 10,
page 280). The tunnel construction and
the magnet alignment problems are simi-
lar to those which would be met with in
construction of the 300 GeV machine and
the remarkable success in the transfer
tunnels, where beam was accurately
transported over some 450 m on the very
first pulse, is therefore very encouraging
for the proposed future project.

The second of two large steel septum
magnets to be used for injecting the pro-
tons into the ISR was installed at the
beginning of October. (Moving these mag-
nets was a tricky operation, since their
height is within a few centimetres of the
available height beneath the hook of the
overhead crane.) The magnets are very
large (60 and 40 tons, 3.3m long) and
nothing like the delicate septum magnets
used to extract protons from the PS. The
ISR magnets have a steel septum, 14 mm
thick, machined in the solid material
of the yoke (see CERN COURIER, vol. 8,
page 223), which shields the high field
region (the magnet gap where the beam
to be injected is deflected) from the region



A diagram of the steel septum magnet used in the
injection system of the Intersecting Storage
Rings. The septum, a thin part of the yoke
machined from solid, shields the region of high
tield (13 kG) in the magnet gap from the region

of the ISR vacuum chamber, where the stored
beams are circulating. The asymmetry between
the upper and the lower parts of the yoke causes
the lines of flux to be unevenly distributed,
resulting in a small stray field, which could affect
the beam circulating in the vacuum chamber.

To counteract this a correcting coil is used

which is fed with current governed by the
variations in the stray field itseif.

where the beam is circulating inside the
ISR vacuum chamber.

An advantage of the steel septum is that
it is a passive component, not subject to
the mechanical and electrical stresses
experienced by the usual pulsed copper
septum. The steel septum is therefore
likely to be very reliable, which will be
important in the injection region where
radioactivity is likely to reach high levels
and which therefore will be very restricted
in access for maintenance.

To avoid problems connected with ultra-
high vacuum, the vacuum chambers have
been built so that no part of the steel
septum magnets is in vacuo. The principle
of the steel septum has also allowed the
magnet coils to be built on conventional
lines and they are powered with direct
current, so that the magnetic field is very
stable. However the geometry of the mag-
nets is complicated and these advantages
have been obtained only after long de-
velopment work involving building three
models.

A few design features are:

1. Because of the asymmetric shape of
the magnet, the reluctances of the return
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The diagram picks out: 1. main coil, 2. flux lines,
3. correction coil, 4. ISR vacuum chamber,

5. injection beam chamber (downstream),

6. injection beam chamber (upstream).

The photograph shows the second of two steel
septum magnets of the ISR injection system
being installed in October. The system is now
being made ready for the first injection tests.

yokes on either side of the septum are
unequal. Thus, without some special pre-
caution, a stray field would be produced
in the aperture where the ISR vacuum
chamber is located. This is eliminated by
artificially increasing the reluctance on
one side of the yoke by means of a com-
pensating coil fed by a current whose
magnitude is governed by the strength of
the stray field.

2. Although the septum magnets are
not pulsed, it was decided, in order to
obtain better reproducibility of the field to
make the yoke of laminations 50 mm thick.

3. The epoxy resin used for the winding
insulation is of the latest type and has
excellent radiation resistance (5X107 rad).

4. The oval ISR vacuum chamber which
fits into the aperture in the yoke of the
septum magnet was made in an unusual
way. It involved passing through a flat-
tened tube a mandrel with edges of the
desired shape and progressively increas-
ing its width. The shaping carried out at
CERN with improvised ‘equipment was
quite satisfactory giving an accuracy of
better than one millimetre over a length
of four metres.

5. Because of lack of room, it was dif-
ficult to insert a heating strip around the
vacuum chamber where it passes through
the magnet for the purposes of baking out.
It will therefore be heated by passing a
current of about 1000 A between the two
ends of the chamber section.

With the septum magnets in place the
ISR injection system is now ready for
action and the first injection tests will
take place just before the shutdown of the
PS in November. Detailed studies are
scheduled in January when the PS is back
in service. Then the long haul towards
the design parameters of the ISR will
begin in earnest.

Radiation Conference

An International Congress on ‘Protection
against Accelerator and Space Radiation’
will be held at CERN from 26 to 30 April
1971. The Conference is organized by the
Société Frangaise de Radioprotection and
the Fachverband fiir Strahlenschutz in col-
laboration with CERN.

The Conference will concentrate on pro-
blems relevant to the design, installation
and operation of accelerators from the
point of view of basic dosimetry, radio-
biology and radiation protection applied
to accelerator produced radiation. Since
some of the problems are also met in
evaluating the hazards of space radiation,
this will also be covered. The emphasis
will be on recent progress and results.

The closing date for registration s
1 February 1971. Further information may
be obtained from:

Scientific Conference Secretariat

(Miss E.W.D. Steel)

CERN, 1211 Geneva 23, Switzerland.
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Batavia Linac Conference

This short report of some of the topics at the

Conference was put together with the help of

C.S. Taylor who attended the Conference from
CERN.

Accelerator builders who ‘think straight’
met for the 1970 Proton Linear Acceler-
ator Conference at the National Acceler-
ator Laboratory, Batavia, from 28 Septem-
ber to 2 October.

Two years ago the Linac Conference
held at Brookhaven was dominated by
the problems which concern people in the
design stage, for at that time major pro-
jects were starting at Los Alamos
(800 MeV LAMPF), Brookhaven (200 MeV
new injector for the AGS) and Batavia
(200 MeV injector). The Batavia machine
at that time was not even a hole in the
ground. The emphasis was then on ac-
celerating structures, particle dynamics
and component design.

It is almost incredible that two years
later the discussions could cover 10 MeV
beam currents of 160 mA from the Batavia
injector, even higher beam currents of
215 mA from the Brookhaven injector as
well as the first results on operation of
Tank | at Los Alamos. With the announce-
ment of these excellent performances
there came many reports on the develop-
ment of beam diagnostic instrumentation
and techniques. J. P. Blewett remarked in
his concluding talk that it is a backward
Laboratory these days that cannot press a
button and produce a three-dimensional
plot of particle density in the phase plane.

The stage of design problems is now
the prerogative of another batch of
machines. These include linacs for the
acceleration of heavy ions (both heavy ion
and electron linacs crept under the banner
of the Conference title, although both
types are likely to accelerate protons only
by accident). Papers were presented on
several machines with potential stretching
to the acceleration of uranium ions — the
SuperHILAC at Berkeley, an extension of
the successful HILAC scheduled to be
ready in August 1971; the UNILAC which
is at an advanced stage at the University
of Heidelberg, and the HELAC being
studied at Frankfurt incorporating a helix
structure which has been tested in elec-
tron and proton models.

Another design-stage linac of impor-
tance is the 20 MeV injector for the Japa-
nese proton synchrotron project which has
been authorized this fiscal year for con-
struction at Tsukubah near Tokyo. (We
hope to carry more information on this
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project in CERN COURIER in the near
future.) A scale model has been tested
with electron beams and has accelerated
100 pA. From these tests a 200 mA beam
at 20 MeV should be feasible.

There was much interesting progress
reported from all the Laboratories but the
Conference programme also allowed time
for the discussion of more general ques-
tions in a ‘Round Table’ session on the
performance of new linacs. One topic
concerned the extent to which measured
performances were in agreement with
theoretical predictions. The success of
these machines indicate a fair degree of
agreement and, in comparison with the
situation three or four years ago, the
understanding of beam behaviour under
intense space charge conditions has
obviously made great strides. Another
implication in many of the results was that
the worries about transverse perturbations
in the new linac structures, which were
expressed in 1968, in fact seem ‘argely
unfounded.

One happy convergence of thought
appeared from independent calculations

The cover design from the book of absiracts for
the 1970 Proton Linear Accelerator Conference.

from several Laboratories of dispersion
diagrams and field patterns in the pass-
bands of accelerating structures. R.H.
Helm from Stanford (SLAC) and M. Bell
and G. Dome from CERN approached this
basic problem from different angles and
R.L. Gluckstern from the University of
Massachusetts tried yet another approach.

The intensive recent efforts on con-
struction were emphasized by a tour of
the Batavia site wh&re the progress on the
200-500 GeV machine is quite staggering.
On the last day of the Conference it was
announced that protons at 139 MeV from
the first six tanks of the linac had been
injected into the Booster where half the
ring is complete. They were steered round
this half-ring and ejected towards the
main ring. It was impressive to see the
reproducibility and reliability of the low
intensity 139 MeV beam after so short a
period of running.

This period of major construction of pro-
ton linacs in the USA will be coming to an
end in a year or so. We can then look
forward to the challenge of the next
generation where, hopefully, superconduc-
tivity will be playing a major role.
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Frascati Colliding Beam Meeting

An informal meeting on electron-positron colliding
beam rings was held at the Frascati Laboratory
from 15 to 18 September. This report of some of
the topics discussed was put together with

the help of F. Amman.

The meeting followed close on the heels
of the Kiev Conference and provided an
opportunity for discussing the resulis
which had emerged from the electron-
positron storage rings in operation. Recent
improvements in the performance of these
rings and news on the progress of rings
under construction were also reported. We
will cover these reports taking the Labo-
ratories in alphabetical order with some
emphasis on the host Laboratory Frascati,
where experimental physics with the
highest energy electron-positron storage
ring currently in operation began at the
end of last year.

Cambridge

At the Cambridge Electron Accelerator
Laboratory the ‘Bypass Project’ is now
number one priority; heavy budget cuts
have meant that the research programme
on the 6 GeV electron synchrotron has
had to be curtailed in order to concen-
trate on the Bypass where the Laboratory
believes its most interesting contributions
to physics now lie. The Bypass was de-
scribed in vol. 8, page 289. It uses a loop
added to the existing accelerator ring
where beams can be specially treated
before entering the collision region.

In October of last year stable storage
of electron beams was achieved for the
first time. Since then single beam oper-
ation has been improved to the point
where beam lifetimes through the Bypass
reach 30 to 60 minutes with a beta of
about 15 cm. Control of beam instabilities
has improved following the addition of an
r.f. quadrupole which gives different beta-
tron wave number to different bunches of
particles and by separating the synchro-
tron frequency of the bunches (an r.f.
cavity is used on the 362nd harmonic
while the main r.f. system is on the 360th
harmonic). The maximum current obtained
is between 50 and 70 mA per bunch.

Injecting both positron and electron
beams it has been possible to store 25 to
30 mA of electrons without loosing a low
intensity positron beam already circulat-
ing. The expected luminosity with 15 mA
per beam is 10**/cm?s.

DESY

The electron-positron double storage ring,
DORIS (see vol. 8, page 289) is now in its
second year of construction at the DESY
electron synchrotron Laboratory. The two
rings are mounted vertically one on top of
the other and will initially operate at up
to 3.5 GeV with an installed r.f. power of
1.5 MW (which can hold 2X300 mA beams
at 3.5 GeV). The magnet system is how-
ever designed for up to 45 GeV but it is
expected that this energy will only be
reached when superconducting r.f. cavities
can be installed. The design luminosity is
10%%/cm?s at 3GeV. Completion is
scheduled for the end of 1973.

A large superconducting magnet (see
vol. 10, page 231) will be installed in one
of the collision regions. A prototype, 1.4 m
internal diameter, 1.15m long, which will
give a 20 kG field parallel to the beams is
now being built and is scheduled for
delivery in the spring of 1971.

Frascati

Operation of ADONE for experiments
began in December 1969 with head-on
collisions at a maximum energy of 1.2 GeV.
A second pair of r.f. cavities which will
make it possible to reach the design
energy of 1.5GeV are scheduled for
installation in a few months time. Design
values for the Iluminosity are being
achieved at energies above 950 MeV and
the total integrated luminosity, over 1360
hours of effective two-beam time up to
August of this year, was about 10%/cm?
(about 2.5X10%/cm? in each experimental
region).

Three methods are used in measuring
the luminosity (small angle scattering,
single and double beam-beam brems-
strahlung) and the measurements are now
in agreement within the expected accu-
racy of about 20%. The energy depen-
dence of the luminosity is steeper than
expected on the basis of the beam-beam
incoherent effect (varying to the power
of 6 rather than the power of 4). The
maximum luminosity achieved has been
about 3X10%¥/cm?s at 1 GeV.

Several groups reported their first
results. A Naples, Pavia, Frascati colla-
boration have 1700 events of large angle

electron-positron scattering in the energy
range 750 to 1000 MeV. The comparison
with small angle results is consistent with
the prediction of quantum electrodynamics
(QED). About 200 non-coplanar events in
the same energy range have been ob-
served and this corresponds to a cross-
section of (3+0.3)107%%/cm? on the hypo-
thesis that four charged particles are
produced,

A Bologna, CERN, Frascati collaboration
has also observed large angle scattering
compared to small angle scattering con-
sistent with QED. Muon pair production
(200 events total, 150 events corrected for
background) is also consistent with QED.
About 20 events showing collinear hadrons
have been observed corresponding to a
cross-section of 0.49%0.19 for the pro-
duction of a point-like boson. Non-col-
linear, non-electromagnetic events repre-
sent about 3% of the large angle scatter-
ing data.

A Genoa, Padua, Rome, Frascati colla-
boration have similar confirmations of
QED and their observations of collinear
hadrons give a cross-section of 0.481+0.24
for the production of a point-like boson.
They have recorded 66 ‘many-body’ events
(three or more charged particles observed)
corresponding to a cross-section of about
3X107%%cm? on the hypothesis that four
charged particles are produced.

A Rome, Frascati collaboration has
studied the angular distribution of gamma
rays emerging from 200 events of the type

ette vty
The results are in agreement with the
prediction of QED. They have also re-
corded 14 events where many charged or
neutral particles are produced — 9 show
one or two charged particle tracks
together with showers from gammas, 4
show three or four charged particle tracks,
1 shows two showers from electrons
together with a shower from an electron
or gamma. An upper limit for the cross-
section of the interaction

e"+e —-a" +na +a°

is estimated as 1.5X107%%/cm?2

These results from ADONE can be
summarized as follows: Large angle elec-
tron-positron scattering and pair-pro-
duction is in accord with QED up to mo-
mentum transfers of 2 GeV/c in the time-
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line region and 1.5 GeV/c in the space-
like region. The production of hadron
pairs is unexpectedly high, the cross-
section being about half that for the pro-
duction of a point-like boson. The result
is significant even though the statistics
are still poor. Many-particle production is
still under discussion in terms of identify-
ing the products but there is a common
opinion that a sizable fraction of them
are hadrons. The interpretation of this
high production rate is still unclear.

Novosibirsk

For those who get mixed up in their
VEPPs the list at present is as follows:

VEPP2 is a 700 MeV electron-positron
storage ring which is in operation for
physics with beams of 40 mA positrons
and 70 mA electrons.

VEPP2' is being designed to achieve
high luminosities, in the region of
10%/cm?s, with 100 mA per beam and a
low beta section. VEPP2 is intended to be
used to store the positron beam before
injection into VEPP2'. It will cover the low
energy range when its partners of higher
VEPP number come into operation.

VEPP3 is being tested with low inten-
sity electron beams and two beam oper-
ation is scheduled for the summer of 1971.
The expected luminosity at 2GeV is
3X10%/cm?s. The peak energy with the
r.f. power presently installed is 2.5 GeV.

VEPP4 may be used for electron-
positron colliding beams up to 10 GeV
peak energy. The magnet is almost all
installed and the ring is scheduled for
completion in 1971. In 1972 it is intended
to inject protons and anti-protons — then
the ring becomes a VAPP.

320

New experimental results were reported
from VEPP2. Measurements on the phi
meson have given a production cross-

section of (3.96X0.35) 10*°cm? with a
width of 4.671042MeV. The observed
decay rates were 54+3.4% into positive
and negative kaons, 25.7+3.0 % into neu-
tral kaons, 20.3+4.2% into three pions.
Checks of QED from measurements on
muon. pairs and wide-angle gamma pairs
gave lower limits for the boson mass of
2.3GeV (from muons) and 1.3 GeV (from
gammas).

Non-collinear and non-coplanar events’

were observed at three energies 590,
630 and 670 MeV. The total number of
events of this type with two charged parti-
cles was 94 (compared to 35 muon pairs).

Orsay

The storage ring ACO at Orsay has been
for several years probably the most fruit-
ful source of electron-positron colliding
beam physics. Recent improvements in
the ring performance have included
achieving a higher positron flux so that

the injection rate is now 1.2 A per hour in,
two bunches under the usual operating

conditions. A higher pumping speed on
the ring has given an increased beam
lifetime (45 hours at 510 MeV).

A new periodic structure is being tried
on the ring in an attempt to reduce beta
in the collision regions and thus increase
the luminosity by as much as a factor of
twenty. The first experiments on the new
structure are promising. There has also
been a first experiment on beam pola-
rization with improved apparatus which
has vyielded results close to those ex-
pected both as regards polarization time

The elegant building at Frascati which houses
ADONE the highest energy electron-positron
storage ring currently in operation. The Frascati
Laboratory was host in September to an informal
meeting on electron-positron colliding beams.

(Photo CNEN)

and percentage. It has been confirmed
that on passing through a resonance at
440 MeV the polarization is lost.

A project for a new storage ring at
Orsay was described in vol. 9, page 382.
it has now been trimmed down a little and
the possibility of building a pair of 1.5 GeV
rings in the end station of the electron
linac building is being studied. Lumino-
sities in the range of 10°%/cm?s with beam
currents of the order of 1 A are expected.

Recent physics experiments with ACO
have studied the phi decay into eta and
gamma, and into neutral pion and gamma.
The rates {compared to all decays) were
measured as 0.02+0.0075 and less than
0.0024 respectively.

Stanford

The Stanford Linear Accelerator Centre
had been studying a two asymmetric ring
scheme known as SPEAR (see vol. 9,
page 271). They are now beginning con-
struction of one such ring with maximum
energy initially limited to around 2.5 GeV
but capable of extension to 4.5 GeV. The
design luminosity is 10%%/cm?s at 2 GeV.
Operation is planned for mid-1972. A fuller
description will appear in the next issue
of CERN COURIER.

On the theoretical side there were two
main topics discussed during the Meeting
— the two-photon interaction, and models
to explain the observed hadron pro-
duction. The two photon interaction, in for
example e*+e” —e*+e "+ (n*n” or e*e"..))
has a cross-section which increases
slowly with energy and therefore is of par-
ticular interest for study at the higher
energy colliding beam rings. This type of
event should be mostly coptanar and not
collinear with two electrons travelling in
the line of the primary beams. The multi-
ple events observed at Frascati cannot be
explained by this sort-of analysis both for
kinematical reasons (since they should be
mainly coplanar) and because the absolute
rate is lower than predicted.

To explain the hadron production, the
meost promising approaches seen to be
variants of the parton model. More accu-
rate experimental data will be needed to
select between the different theories.



The Role of Nuclear Particle Physics
in European Science and Education

In conjunction with the formal papers
presented at the session of the CERN
Council reported earlier in this issue, a
booklet entitled ‘The European 300 GeV
Accelerator Programme’ (more colloquially
known as ‘the white book’) has been pre-
pared. It aims to present the 300 GeV
project and its background in a more
general way.

We reproduce here the opening chapter
which puts the research at CERN and
related Laboratories in Europe in the
context of European science and edu-
cation.

Nuclear particle physics —
a basic science

Nuclear particle physics is one of the
basic sciences which has enjoyed a con-
tinuously evolving history in Europe ever
since the discovery by Rutherford in 1917
that one of the components of the atomic
nucleus was the proton and the disco-
very by Chadwick in 1932 that another
component was the neutron. It is, how-
ever, only the most recent phase of the
search for the fundamental constituents
of matter and the [aws governing their
interactions. The original enquiry can be
said to have started in ancient Greece,
with Democritus, who postulated that
atoms formed the building blocks of all
material objects. Thus Europe not only
was the cradle of this fundamental
enquiry, but has supported its develop-
ment over many centuries, and today con-
tinues to support those of its scientists
who work on this basic research in its
latest form.

As the frontiers of this research have
advanced decade by decade, there has
been left in their wake a vast knowledge
of the material world which has illumi-
nated other sciences, notably chemistry,
metallurgy and other solid-state sciences.
The application of this knowledge has
moulded the form of modern civilization
and has helped man to live at ease with
his environment. It has also given man
great power over the physical world, which
has transferred his fears away from a
seemingly capricious and hostile environ-
ment back to himself, his social problems
and the deleterious effect he is now hav-
ing on the environment he once feared.

Bigger tools cost more money

As the research has pushed forward in the
last three or four decades, the research
tools have grown larger and more costly
and this has changed the character of the
work though not its method. As in other
basic sciences, progress in understanding
depends on the interplay of theory and
experiment. Without experiments, theories
remain unchecked; without theories, ex-
periments lack generalized explanation.
The essential experimental tools are
nuclear particle accelerators which gener-
ate beams of high-energy particles, and
these beams of particles, impinging on the
target nuclei, are used to create new
entities whose properties and interactions
are the object of the research.

As the research has progressed, more
and more new particles and resonant
states have been discovered and their
place in the scheme of nature partially
unravelled. But instead of getting simpler
as the research has progressed, the
nucleon world has provedlto be more and
more complicated and, as the compli-
cations have been uncovered, the need
for more and more energetic beams of
particles has steadily increased. To create
beams of particles with more energy
requires larger particle accelerators, and
larger accelerators cost more money.

However, as the size and cost of a parti-
cle accelerator increases, the number of
scientists which can use it also increases
and the machine is designed to operate
for more and more years. Thus the cost
per scientist per year has not increased
dramatically as the accelerators have
grown. For example, it is estimated that
the 300 GeV Programme will provide ex-
perimental facilities for over 1000 nuclear
particle physicists in the European uni-
versities for a period of thirty years or
more.

International action

In the early 1950s the size and cost of
accelerators had grown so large that 12
European States decided to join together
to build an international laboratory which
would house a very large particle acceler-
ator. Only in this way could the essential
research facilities for nuclear particle phy-
sics be provided for the European uni-
versities at a cost which was acceptable

to the European States. Thus CERN was
founded near Geneva in 1953, and its
accelerator, a 25 GeV proton synchrotron,
first came into operation at the end of
1959.

A method was thus found to continue
the research in Europe and at the same
time an experiment was carried out in
European co-operation which was to prove
useful as a basis for more extensive col-
laboration” in other fields later on. The
foundation of CERN and the concept of
joint European research illustrate the
relationship of nuclear particle physics to
European science and education which is
the subject of this chapter.

The growth of the basic sciences

The 1950s and early 1960s were a period
of extraordinary growth of national pro-
jects sponsored by Governments, military
projects, technological projects, and pro-
jects aimed at improved material well-
being. In all these projects science was
seen as the key to success and, since
they required. a great number of scientists,
the university system, particularly the
science departments, was rapidly ex-
panded to meet the needs. The teaching
staff at the universities expanded with the
increasing output and, since it was con-
sidered essential to carry out research in
order to be able to teach effectively at the
university level, the support for research
increased accordingly. Also, basic re-
search was seen to be essential as the
source of new ideas and new knowledge
for the national projects, which conse-
quently invested a substantial part of their
budgets in basic research.

The growth of nuclear physics

During the whole of this period, therefore,
basic science in the universities and else-
where increased rapidly in volume, and
those basic sciences which most closely
related to the national projects increased
the fastest. Nuclear physics related
strongly to many of the projects, to mili-
tary nuclear projects and civil nuclear
energy projects in particular. Also, as
sometimes happens in scientific research,
the subject was ready to respond to this
social pressure since the techniques were
available and the scientific concepts suf-
ficiently well developed. This coincidence
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of a popular demand and an ability to
respond to it led to a rapid growth of the
nuclear sciences in Western Europe, Ame-
rica, and Russia.

Limitations to the growth

All growth, however, is limited; in a finile
system the parts can only grow to a
certain size; inevitably in time a plateau is
reached. The first signs of growth limi-
tation in nuclear particle physics were
evident in the mid-1960s, first in Britain
and then, soon afterwards, in America. It
can be traced primarily to a certain dis-
enchantment of the public with the nation-
al projects which had been selected
earlier and to a growing preoccupation
of Governments with economic affairs.
The application of cost/benefit analysis
to Government investments became wide-
spread and as benefit was often equated
with relatively short-term economic bene-
fit some of the national projects were
found unsatisfactory.

As the budgets for these projects
levelled off, so did their support for the
basic sciences. Also, the basic sciences
were examined in their own right and
since it is difficult to prove economic
benefit from investment in basic research,
at least on the time scales of Government
activities, the purpose of the basic
sciences in the universities and elsewhere
was questioned closely.

These two effects combined in the late
1960s to cause a general levelling off of
the investment by Governments in basic
science and the growth rate at present, at
the beginning of the 1970s, is very much
smaller than that of the early 1960s. It is
against this background that the future
support for nuclear particle physics in
Europe must be examined and the new
300 GeV Programme justified.

The growth potential

As far as the research itself is concerned,
there is little doubt of its growth potential
or what the next step should be. This
question has been discussed and debated
for many years and the answer has always
emerged that a larger particle accelerator,
of an energy of 300 GeV or more, is re-
quired if the research is to continue to
progress in Europe during the 1980s and
1990s. Such a machine could only be built
nowadays in Europe by collaboration be-
tween the Member States of CERN using
the Organization which they have built up
over the past 17 years and, when it comes
into operation, it will serve as the principal
research tool for all the universities in
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Europe engaged in nuclear particle phy-
sics for many decades ahead, probably to
the end of this century.

Future support for nuclear particle physics

The questions which arise, therefore, con-
cern not so much the kind of new faci-
lities required, or the growth potential
of the subject, or the methods by which it
should be achieved, but rather the support
which should be given to this particular
basic science in Europe in the future and
its relationship to European affairs and
interests. It now seems clear that the
special relationship between nuclear phy-
sics and the national projects of the 1950s
no longer exists or exists only indirectly
through the higher education system and
therefore it is the relationship between
nuclear physics and higher education, par-
ticularly the university system, which
should be examined and where the main
justification must lie. This is not to say that
no further technological advances will
arise from this research in the future. On
the contrary, unless there is a sharp break
with the past, new technologies and even
new industries, as yet unknown, may be
predicted with some confidence.

Nuclear particle pHysics
and the university system

The relationship between nuclear particle
physics and the university system falls
broadly into two parts. On the one hand,
this research adds to knowledge about the
natural world which it is the purpose of all
basic sciences to increase. On the other
hand, scientists taking part in this research
teach in the universities at both the under-
graduate and graduate levels, and hence
the investment in nuclear physics also
helps to produce new graduates and post-
graduates from the university system.

It should be remembered that the trained
manpower output of a university is ptrin-
cipally at the first degree level and that
these graduates are subsequently em-
ployed in industry, commerce and other
social activities. Only a fraction of the first
degree graduates continue in the univer-
sity system and carry out basic research.

Nuclear particle physicists in the uni-
versities, in company with other academic
scientists, teach not just their own specia-
lization but mainly general courses in
physics to physics undergraduates and to
undergraduates in the other disciplines of
science. In other words, nuclear particle
physicists take a full part in university
teaching at all levels, and since they are
often numerous their contribution to the

graduate output of the university system
is correspondingly large. It is therefore
important to consider how the manpower
output of the European universities is
likely to develop in the future and how
this development will affect nuclear parti-
cle physicists in their capacity as teachers
and researchers.

Further expansion of higher education

It seems very likely that the demand for
more university-type education, particularly
in the sciences, will continue to grow in
the next decade, and it might therefore be
expected that basic scientific research
will grow with the output of the univer-
sities. Several factors could, however,
intervene to moderate the growth of basic
scientific research in the universities in
the future.

In the first place, the money allocated
to the basic sciences by Governments
may not increase proportionally with a
further increase in university education.
In the second place, within whatever allo-
cation is made to the basic sciences,
nuclear particle physics may not grow at
the same rate as other basic sciences.
Thirdly, within whatever growth rate is allo-
cated to nuclear particle physics in the
future, it may not be possible to accommo-
date the capital expenditure necessary to
build the very large nuclear particle
accelerators essential for carrying the
research forward. These factors therefore
need to be examined.

Will the basic sciences grow
with the university system ?

If university education in science expands
in the future without an increase in
financial support for the basic sciences, it
will be necessary to review the premise
that research activity is essential to teach-
ing at the university level. This premise is
a very old one and is based on the notion
that the function of a university is to
create knowledge, to preserve knowledge
and to teach knowledge. All these acti-
vities were, and still are, considered
essential in a university in order to pro-
duce, by association with the best brains
of the day, young people with informed
and critical minds able to replace their
elders in all aspects of the European
societies. However, other forms of higher
education which do not involve a research
activity exist in Europe and could be ex-
panded, although it may be questioned
whether the quality of the output of these
alternative systems is sufficient for a mo-
dern society which is steadily becoming
more complex and more science-based.



Wiil nuclear particle physics grow
with the other basic sciences ?

Within whatever growth rate is decided on
in the next decade for the totality of the
basic sciences as a component of higher
education in the university system, nuclear
particle physics could be allocated a
lesser growth rate if it was concluded that
other basic sciences were more important
for the future of a society and gave a suf-
ficient scientific background for future
generations of scientific manpower emerg-
ing from the university system. For exam-
ple, it might be concluded that a higher
proportion of biologists was required in
the future than at present, and that the
basic science budgets should be modified
to assist this change in the output of the
university system.

In the physical sciences, however,
nuclear particle physicists in the univer-
sities teach physics to undergraduates,
not just nuclear particle physics, and their
teaching, because of their association with
a wide range of scientific and technolo-
gical skills, is particularly suited to pro-
ducing graduates broadly based in
science. Also it can be argued that some
knowledge of such a fundamental science
as nuclear particle physics is indispensa-
ble to any new generations of university
science graduates.

A possible growth rate for nuclear
particle physics

Although some growth rate in expenditure
on nuclear particle physics as a compo-
nent of university scientific education
seems likely in the next decade, in the
absence of clearly defined plans for uni-
versity science expansion in the different
disciplines, it is difficult to predict what
that growth rate will be in the various
countries of Europe. A guess might be
that it wili lie in the range of 3-6 % per
annum bracketing a predicted growth rate
of the overall European economy of about
4'/2% per annum during the decade
1970-1980.

It should be noted that, owing to the
increasing cost of experimentation in
nuclear particle physics (the next experi-
ment usually costs more than the last one
because the apparatus required is more
complex), a growth rate in the range
3-6 %0 per annum will not allow any growth
in the number of nuclear particle phy-
sicists in the next decade and the lower
figure will require a reduction in their
numbers.

Can a 300 GeV machine be afforded ?

It remains then to consider whether, with
an annual growth rate of this size, the
300 GeV Programme could be accommo-
dated on a European basis. The Project A
version of the 300 GeV Programme would
require a growth rate in the international
part of nuclear particle physics expen-
diture of about 9'/2% per annum over a
period of eight years. The Project B
version would require about 6'/2% per
annum.

The ratio of national to international
expenditures on nuclear particle physics
varies widely amongst the Member States
of CERN. In some of the larger countries
the ratio is three to one, in others expen-
diture is equally divided between the
national and international components,
and in some of the smaller countries the
international component predominates. In
the second case, for example, the Project
B version of the 300 GeV Programme could
be accommodated within a total growth
rate for nuclear particle physics expen-
diture of about 3% per annum over the
next decade if the national expenditure
was held at about a constant level during
this period. Some countries may also
allow a bump to occur in an otherwise
smoothly and slowly increasing expen-
diture profile in order to accommodate a
single capital investment of this magni-
tude and plan to level off the annual
expenditures later on.

Thus in each Member State of CERN
the financial impact of the 300 GeV Pro-
gramme in the next decade is different
and dependent on national science and
education policies. Overall, however, it
seems that the Project B version of the
300 GeV Programme, at least, would not
distort the development of the various
basic sciences in the European university
system in the next decade and could be
accommodated within likely growth rates

_for nuclear particle physics. No special

relationship between nuclear particle
physics and any national projects need be
invoked in the agreementk nor any growth
rates of the national university systems in
Europe in the future, which cannot now
be predicted with any confidence.

CERN — a successful example
of international collaboration

The relationship between nuclear physics
and the European science and education
system has been explored in some detail
in this chapter since this seems the prin-
cipal way in which this basic science

relates to European affairs. There is, how-
ever, another relationship which should
not be ignored, which is the wholly bene-
ficial effect CERN has had on European
collaboration in science.

Amongst the many European scientific
organizations set up since 1950, it may be
claimed that CERN still maintains its lead-
ing place as the example of effective and
successful collaboration in Europe. This
has not been at all an inward-looking
collaboration, content only to satisfy
European needs, but has successfully
pioneered collaborative programmes with
America, with Eastern European countries,
with the Soviet Union, and with the
Middle-EaStern and Eastern countries.

It is impossible to put an economic
value on all these collaborative efforts,
which sprang from the ideas and ideals of
those statesmen and scientists who first
founded the Organization, but in the years
to come it may well be concluded that
important though the contribution of
CERN has been to nuclear particle phy-
sics in Europe, its contribution to inter-
national collaboration has been of no less
value.

The choice

The future progress of nuclear particle
physics in Europe and the role of CERN
in research in the future depend critically
on the 300 GeV Programme, for without it
this basic science seems likely to decline
steadily in Europe in the next decade. In
the Soviet Union, at Serpukhov near
Moscow, a particle accelerator nearly
three times the energy of the present
CERN 25 GeV machine has been oper-
ating for several years. Next year, or early
in 1972, a 400 GeV accelerator will come
into operation in America, at Batavia near
Chicago. The major experimental facilities
for this research in Europe are rapidly
being surpassed by those in Russia and
America. If this basic science is allowed
to die out in Europe it will leave a great
gap in the university education system of
the whole continent. [f the subject gra-
dually declines, CERN will also wither
away and Europe will lose its principal
example of successful international colla-
boration.

Alternatively, if the 300 GeV Programme
is approved towards the end of this year,
European nuclear particle physics will be
equipped with the necessary research
tools until the end of this century, and
CERN will be able to continue to play its
international role as the European centre
for this research.
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Advertisements in CERN COURIER | WaNgle o) SR 41Ty g

All advertisements are published in both English and
French editions. Second language versions accepted with-
out extra charge.

Cost per insertion (Swiés Francs) v
Space Actual size (mm)

{page) width by height 1 6 12
insertion | insertions | insertions

o Synthetic and Natural Rubber
1 184 X 267 900 850 800 . . .
® Engineering Plastics
A Reots 475 450 425
e GACO Sealing Products
/s 88 X 130 250 230 215
e Power Transmission Elements
Supplement Cover colour 250 SwF.
for colour Other colours 400 SwF.
Full colour (trichromatic) 650 SwF.
ot |
Publication date End of month of cover date
Latest booking date  1st of month of cover date
Cancellations made after 1st of 52-54 route du Bois-des-Freres
month of cover date will be invoiced /
Closing date for L
blocks and copy 10th of month of cover date 1211 LE LIGNON'GENEVE
Screen suggested 48 (120 English) Tel (022) 4514 00

All enquiries to:
Micheline FALCIOLA / PIO - CERN

1211 GENEVA 23 Switzerland ZURICH MILAN PARIS

Tel. (022) 41 98 11 Ext. 4103 Telex 2 36 98

Digital Magnetic Tape Recorders

Compact, inexpensive and highly reliable
incremental and continuous tape transports
from Recording Designs Limited, England.

7 or 9 track models available with standard
packing densities of 200, 556 or 800 BPI.

Generation of Inter block and File gaps to
IBM standards to make recorded tape fully
computer compatible.

Recording speeds:

Incremental: 0 to 1000 steps/sec
Continuous: 4 to 75 inches/sec

The incremental recorder has the capability
to record data incrementally as well as con-
tinuous at a predetermined tape speed.

The continuous version only records in the
continuous mode. Reading speed is always
continuous.

Longitudinal and vertical parity check are
included as standard, whereas cyclic
redundancy character check (CRCC) is
available on request.

Interface logic levels are DTL and TTL

compatible. For detailed information please contact:
The spooler is available with 8.5 inch INFRANOR S.A.
or 10.5 inch standard reels. route des Acacias

Recording Designs also has small digital L NF‘RA‘N‘OR 1211 Genéve 24 (Switzerland)

recorders using Philips-type kassettes Tel. (022) 4243 60

available. Telex 23 442
09/70/HVC/L
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SALE

OF
SGIENTIFIC
EQUIPMENT

The Stores Section of CERN
has a large selection

of scientific equipment

from the

Nuclear Physics Division

for sale at favourable prices

The main items available are:

1. HEWLETT PACKARD Fast amplifiers:

Type 460 A bandwidth
gain
max. output
Type 460B bandwidth
gain

max. output

2. LABEN G 40 A pulse amplifier:

gain
output risetime
output voltage

100 kHz — 120 MHz
20dB
+ 20V into 200 Q
100 kHz — 120 MHz
15dB
—125 V into 200 Q

40 — 2560
300 ns
60V

3. OLTRONIX high voltage stabilized supplies:

LS 14 0- 500V at 200 mA
LS 27 0-3400V at 25 mA
LS 28 2000-5000V at 10 mA

4. FLEMING 11 474 B pulse generator:

max. repetition rate
pulse width

output voltage 4

output risetime

5. EKCO ratemeter model N 522 B:

input sensitivity
amplitude discriminator
full scale rate readings
accuracy

50 kHz

1us

10V into 100 Q
8 ns

+5 V/min.
5-50 v
3-10 kHz
1%

6. NUCLEAR ENTERPRISES NE 5102 pulse height analyzer:

discriminator range
counting rate
resolving time
output

7. HEWLETT PACKARD scaler type 520 A:

max. counting rate
capacity

8. PHILIPS scaler type PW 4032

accepts positive and
negative inputs
capacity

max. counting rate

9. E G & G fast scope model 2236

sensitivity
bandwidth
max. time base speed

10. CERN type 1010 supply crate:
supply voltages

11. SEN type 105 supply crate:
supply voltages

3-100V
2 X 10° counts/sec
1.2 ps

+9V into 150 Q

107 counts/sec
100 counts in two decades

4 X 10° -1 counts
10° counts/sec.

30 V/inch
2 GHz
20 ns/cm

+30V at 400 mA

+30V at 400 mA

12. SORENSEN AC voltage stabilizer 3000 2 S:

input
output
regulation
power

180-250 V 45-55Hz
220V
0.1 %
3000 VA

Those interested should contac CERN 1211 GENEVA 23/ Switzerland
the Stores Section at the following address: Tel. (022) 419811 Ext. 2089
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Every one of them . ..

... faster than 10 nanoseconds

Please ask for detailed information,—it's coming almost as fast!

BERTHOLD/FRIESEKE GMBH Tel.: (0721) 401011
Federal Republic of Germany Telex: 7825928
75 Karlsruhe-Durlach Bergwaldstr.30  Postfach: 76
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Measures:
m Frequency
B Temperature

m Current

ey

With the introduction of two new digital plug-ing, a 500 MHz Direct.
Counter {no prescaling) and a versatile Digital Multimeter {(center
plug-ins above), it is even more apparent that the Tektronix ?000; -
Series was intended to be more than just anotheroscclloscope L

ITS much more'

There are 5 malnframes and 17 piug*ms m the 7000 Senes with o

more tocome.

Consult your August Catalog Supplement for cnmplete mformanon .

if you do not have a Supplement please call 042 -21 9192, we well

send you one prompﬂy

760
OSCILLOSCOPE

]
CHUBRATOR
FEp oty

&
B gy
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RG.I74/U
Cable 8_@88/0
RG.3I6/U_

1 Mounting of a Lemo coaxial plug, L /
g ‘ e J M Lemo patented

e ) BEMBNATION : ¥ .
- o 1 latching system
00.250 camac standal B i e

coaxial connector

LE MO A,

General specifications Electrical specifications

Composition Characteristic impedance : 50 Q £ 2 9%
Shell : brass 59 A Frequency range : 0-10 GHz
Insulator : teflon PTFE Max VSWR 0 +—-10GHz: 1:12
Contact : brass 59 A Contact resistance : <8mQ

- Insulator resistance : > 102 Q under 500 V. DC
Finish ) Test voltage (mated F + RA) : 3 KV.DC
Shell : nickel + chrome Operating voltage (mated F + RA) : 1 KV. DC
RP + RPL types gold plated 3 microns
Contacts : nickel and 3 microns gold plated Normal maximum cable diameter : - 126
Operating temperature range : -55¢ C +1500 C Special arrangement : - 157

LEMD 58 “L

Tél. (021) 7113 41 Télex 24683 1110 MORGES (Switzerland)



Sneciromelry Gomponents

Particle Multiplier (MM-1). For
pulse counting or current measurement
of electrons, ions, UV or x-ray photons,

and energetic neutral atoms or molecules.
Guaranteed reactivateable. Delivered
gain: 106 to 108. Noise less than |
count/minute at 107 gain. Dark current
less than 10-12 amps at 107 gain. Gain
stability at count rates in excess of
106/second. Bakeable at 350° C. No

ion feedback, non-magnetic. 1.5 sq. in.
active surface area. (Model MM-2,

miniaturized version of MM-1.)

Pulse Amplifier Discriminator (PAD-1).

Low power consumption. Charge
sensitive input. Rise time: 3 nanoseconds.
Adj. discriminator: 20:1 range. Rugged.
Miniature. (Model PAD-2 for pulse
counting rates to 107/sec.)

Regulated High Voltage Power Supply
(HV-4R). No vacuum tubes. Output:

500 v. to 6.1 kv. Reversible polarity.
Noise less than 300 microvolts RMS.
Drift less than .01% /hour, .02% /day.

Radioactive Gas Monitors

Our TRITON systems monitor gamma
radiation, tritium, argon-41, carbon-14,
chlorine-36, fluorine-18, krypton-85,
radon-222, sulfur-35, xenon-133, and
xenon-135. Features: 0.5 micron
absolute filters, electrostatic precipitators,
positive displacement pumps, gamma
compensation to 5 mR/hour.

Triton 955. Exceptional sensitivity:
10.Ci/M3 full scale.

Triton 1055. Portable. Operates on
rechargeable batteries.

Sensitivity: 50xCi/M3 full scale.

Triton 755C. Suitable for rack mounting.
Sensitivity:: 100xCi/M3 full scale.
Tritium Calibrator (CL-1). For field
calibration of Triton monitors. Accurate,
rapid calibration in 3 to 5 minutes.
Remote Alarm (RA-1). Audible and
visual. Powered from main instrument.
Operates up to 500 ft. from main
instrument.

‘Bela Logic Analyzer

Electronic Console (GEC-12). For
simultaneous, ultra low level analysis
of carbon-14, tritium, radon, and beta
radio gases. Absolute efficiency: 85%.
Reproductibility: 0.1%. More sensitive
than liquid scintillation. Use in tracer
studies, radio-carbon dating,
biochemistry, hydrology.

fRadon Sysiem

A system for low-level analysis of
radon samples from human respiration,
mine or water supply effluents, air.
Radon Concentrator (RCTS-2)

purifies, concentrates, and transfers
samples to Radon Counter (LAC-2).
Scintillations produced by Radon gas
are counted by photomultiplier in
Radon Analyzer (LLRC-2).

Dependanilty

(L]
il ]
Gount
ot

For more informat
dept. C-10

Please: _._phone

on models

ion mail coupon to

—visit ___send information

Name

Title

Dept.

Organization

Address

City

Phone

State Zip

Johnston =~

Laboratories,Inc. m" <
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Wir haben langjiéhrige Erfahrungen bei der

Fertigung von Brennelementen und Sonderprodukien
fiir die Kernindustrie und sind mit den dabei
auftretenden Problemstellungen bestens vertraut.

Zu unserem weiteren Fertigungsprogramm
gehéren unter anderem:

— Bestrahlungseinrichtungen

— Targethalterungen und Targets fiir
Beschleuniger

— Regel- und Spiilkreislaufe

— Mess- und Uberwachungsgerite
— Gasentnahmestationen

— Manipuliereinrichtungen

— Ultraschall-Priifanlagen

— Spezialschweissanlagen

— Natriumeinfiillvorrichtungen

Wir entwerfen, berechnen und fertigen nach lhren
Vorstellungen alle Arten von Vorrichtungen, Anlagen
und den Versuchszielen, angepassten Spezial-
einrichtungen.

Fiir diese Arbeiten stehen uns entsprechend
qualifizierte Fachleute - Physiker, Ingenieure,
Elektroniker - zur Verfiigung.

Wir iibernehmen fiir Sie Planungs- und Ingenieur-
aufgaben von der Problemstellung bis zum fertigen
Projekt.

NUKEM

Nuklear-Chemie und -Metallurgie GmbH

D - 6451 Wolfgang bei Hanau, Deutschland
Postfach 869
Telefon 061 81/5 69 41 - Telex 4 184 113
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Reed-relays, series ERID and ARID

@ For DC operation only

@ Dry-reed and mercury-wetted
contacts

@ Up to 4 normally-open or change-
over contacts

@ High switching-frequency
@ High sensitivity

@ Print connections

Type ARID-L

@ With 1 normally-open powerreed-
contact,
1A, 120 V-DC or 2 A, 250 V-AC

@ Or 1 normally-open high-voltage
contact,
3.5 kVv-DC

@ Print connections

Small-type relays, series REL 40

@ For DC or AC operation

@ Single or twin contacts

® 2, 4 or 6 change-over contacts
@ Extremely high life expectancy
@ Low prices

@ Standard types from stock

ERNI+Co. Elektro-industrie
CH-8306 Brittisellen-Ziirich
051931212

Telephon
Telex 53 699
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Quand un cable de télévision est-il parfait ?
Lorsque vous oubliez qu'il existe!

Les cables de télévision Datwyler garantissent une transmission parfaitement fidéle des signaux de télé-
vision, de la caméra a I’émetteur, et de I'antenne au récepteur. Dans le domaine de la télévision industrielle,
le nombre des possibilités et applications des cables & haute fréquence Datwyler est impressionnant. Le
probléme de la surveillance des endroits éloignés ou inaccessibles est ainsi facilement résolu. Selon I'uti-
lisation, les cébles peuvent étre combinés avec un nombre quelconque de fils de commande et de signa-
lisation, de telle sorte qu’un seul cable d’'un encombrement réduit, vient a bout de nombreuses missions.
Sur demande, tous les cables coaxiaux et de télévision industrielle Datwyler sont livrables en exécution
«lIsoport» ; la corde d’acier insérée dans la gaine donne a ce cable la qualité d’autoporteur. Nos tech-
niciens sont préts a tout moment pour résoudre avec vous vos problémes de cébles, s'il s'agit d’exécution
spéciale de cables a hautes fréquences ou a fréquences audibles, radar, radio, télévision, électronique, re-
cherche et application médicales, industrielles ou nucléaires !

Cables pour hautes fréquences _ﬂﬁtnyEI'
et fréquences audibles

Datwyler SA, Manufacture Suisse de Cables, Caoutchouc et Plastique Industriels, Altdorf-Uri
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THE GENERAL PURPOSE GATE GENERATOR

The 808 GATE GENERATOR, together with its companion module, the 807 TIMER, solves all timing
and sequencing problems encountered in Nuclear Physics.

TIMER
DIVIDER

START STOP

GATE
GENERATOR
c N

START STOP

The 808 GATE GENERATOR is a
three decade preset counter driven
by external pulses. Input is under
control of a START-STOP flip-flop.
It can be used for preset time oper-
ation if a constant rate pulse train is-
fed into its input or for preset count
mode when event pulses are used.

For timing applications, the 807
TIMER-DIVIDER provides cristal con-
trolled frequencies from 10 MHz
down to 0,1 Hz. All frequencies are
available simultaneously. The divider
chain can be used for scaling down
random pulses.

GATE GATE
DELAYED OUT
O—©
SEN 808

®@ @

10-7 108

SEN 807
a No. 001 @

Timing and preset systems assembled from
807-808 modules offer: Large timing range: 0,1 us to 10.000 seconds.

Digital accuracy on all ranges.

Very convenient slaving of several GATE GENERA-

TORS to produce elaborate timing sequences.

@ Half-micro second recovery time on all ranges.

Single width NIM-modules

N

Representatives throughout Europe and The United States

ELECTRONIGQUIE 31 Av. Ernest-Pictet - 1211 GENEVA 13/ Switzerland - Tel. (022) 44 29 40
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— Accurate and rapid residual gas ana-
lysis in high and ultra-high vacuum
systems;

- Measurements in space simulation
chambers and particle accelerators;

— Residual gas measurements in work
processes;

— Leak detection in high and ultra-high
vacuum systems,

. a few typical fields of application

where partial pressure measurement is
particularly useful.
For many requirements of research, and
to an increasing extent in industrial pro-
duction, accurate and rapid information
on the gas composition in high and
ultra-high vacuum equipment is essen-
tial. A high standard of efficiency is
required of the measuring instruments.
In view of the very wide field of appli-
cation, greater reliability in operation,
more compact construction and simpli-
city of operation and maintenance are
expected.

BALZERS partial pressure measuring
instrument QMG 101, which symbolises
our many years of experience, satisfies
these requirements to a large extent.
With this instrument residual gases can
be analysed rapidly, reliably and with
high sensitivity; as a quadrupole mass
spectrometer, it works on the principle
of mass separation in the high fre-
quency, electrical quadrupole field.

Major features of the QMG 101

—Two mass ranges can be selected:
1 to 100, 10 to 400.
Choice of mass setting.

Partial Pressure
Measuring
Instrument
QMG 101

Sensitivity 10713 — 10"14 Torr
Mass range 1-400

Puc=5:10% Torr .

?;4:10&1 Torr

|

Any mass number can be selected,
linear throughout the whole range or
partial range in fuely staged scanning
speeds.

- Partial or total pressure measurement.

— Sensitivity to 1000 A/Torr (with multi-
ptier).

— Secondary electron multiplier (multi-
plier) for improving the sensitivity and
oscillographical recording of rapidly
changing processes.

100)

The resolution can be readily adjusted
to suit particular problems and repro-
ducible setting.

— The analyser can be baked-out up to
400° C. The high precision rod system
provides perfect and reproducible
mass separation, and can be very
easily dismantled and re-assembled if
necessary.

- Open, immersion jon source, which
can be effectively out-gassed by ion
bombardment. The hot cathode is pro-
tected against excessive pressure
rise, and can be changed without ad-
ditional adjustment.

— Very compact construction; the com-
plete supply and control instrument is
contained in only one 19” rack unit.

— Indicating - instruments and controls
are clearly visible for simplicity of
operation.

— The instrument is non-magnetic and
therefore free from stray magnetic
fields.

BALZERS will be pleased to supply full
details.

M
— Good resolution (m 10% =

BALZERS®

BALZERS AKTIENGESELLSCHAFT
fiir Hochvakuumtechnik und Diinne Schichten

FL-9496 Balzers - Principality of Liechtenstein

United Kingdom:
BALZERS HIGH VACUUM LIMITED
Berkhamsted, Herts.,

USA:

BALZERS HIGH VACUUM CORP.

1305 East Wakeham, Building C

SANTA ANA, Calif. 92703, PO Box 10816
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Tips + Topics

Have a clo_se look to these
Cermet Trimmers

Model 41

10 Ohm -1 MOhm
0,76 W at 25°C
—B6B°C at 125°C

The narrow housing of this popular trimmer
allows tighter side-by-side installation and
closer board socking - you save space and
money.

Model 62

10 Ohm - 1 MOhm
0,75W at 25°C
—65°C at 126° C

Top and side adjust versions.

The model 62 is a high performance single turn
cermet trimming potentiometer, ideally suited
for applications requiring subminiature size
coupled with low cost and dependable service.

Almost infinite resolution, a resistance from 10 Ohm up to 1 MOhm, stability under severe
conditions, and ‘last but not least’ the price. These are good reasons to have a close look
to these Cermet trimmers. For further details ask for data sheets and the price list 14TR870.
Call or write us and we will tell you more about the advantages of SPECTROL trimmers.

NI elettronica -.... v

P.0. Box, 8021 Zurich, Tel. (051) 4299 00



NEW!

from EH-Research Laboratories pulse generator Model G-710

Price ® 50 MHz pulse repetition frequency
is low, : ‘ ® rise and fall time of less than 5ns
performance e amplitude of 250mV to + 5 into
characteristics 50 ohms

are not. o duty factor greater than 50 percent

® no internal adjustments required

® single or double pulse, switch

e selected
Price: Sfr. 1900.— Dimensions: _
(from Zurich) Cabinet 3" - /4" high
8” in wide
12" in deep

For further information please contact:

, @
Omni Ray AG, Instrument Department
Dufourstrasse 56 - 8008 ZURICH

Tel (051) 478200 - Telex 53239

L'électronique est la clef du
monde industrialisé d’aujourd’
hui.Elle s’est imposée dans tous
les domaines de la technique et

s'insére de plus en plus dans
toutes les activités profession-
nelles. Quiconque veut étre a la
hauteur du progrés technique

doit donc s’approprier les bases

de I'électronique et ses applica-
tions. Notre nouveau cours par
correspondancevous en offre le

meilleur moyen. Grace a la mé-

thode Onken éprouvée et aux
expériences fascinantes, ce
cours fait des études chez soi
une occupation satisfaisante et

menant vers le succés profes-

CHEMTREE CORPORATION sionnel.

Electronique

CHEMTREE Electronique

: Electronique

Electronique
Electronique

A PInstitut technique Onken

CH - 8280 Kreuzlingen
Envoyez-moi votre documenta-
tion gratuite (pas de représen-
tant!) sur le cours d’Electroni-
que et sur vos autres cours
par correspondance.

Nom

Prénom

Profession

Rue et No

No postal

Domicile

Central Valley, N.Y. 914-928-2293 Le nouveau cours Onken

avec expeériences &
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CHASSIS ALIMENTATION
NIM

® Ce chassis pour tiroirs modulaires est destiné
a lalimentation des éléments fonctionnels
normalisés NIM-TID 20 893.

© Permet le montage de 12 tiroirs

@ Utilise alimentation P 7 ALN 10 délivrant:
+ & — 24V 3 A
+ & — 12V 3 A
+ &— 6V 6 A
+ 200V O0,1A
117V 50Hz 0,5 A
Puissance utile 200 watts

® Trois ventilateurs pour le refroidissement des tiroirs

& Brochage du connecteur: 42 contacts.

+ 200V + 24V —24V + 12V —12V + 6V —6V 117V ait. oV Masse spéc.
8 28 29 16 17 10 11 33et4 34 42
CARACTERISTIQUES PROVISOIRES

Tension de sortie + 24V 12V +6V + 200V

Plage de sortie + 5% t 5% +59% a —18°% +10%

Régulation pour 100 % de variation de charge et les

variations du réseau (+ 10 % a — 12 %) + 510 + 51074 + 107 + 51072

Coefficient de température de 0 °C & +60 °C 2.107%/°C

Dérive a long terme & charge constante aprés 24 h

et sur 6 mois + 3.10°°

Ondulation résiduelle et bruit créte a créte <2mV < 2mVv l <3mV 5mV

Réponse transitoire (overshoot et undershoot inférieurs

410 9%o) < 20 ps

Impédance de sortie dynamique jusqu’a 100 kHz 03Q 03Q 0,15 Q

Sécurité individuelle par limitation du courant réglé a 3.3A 33A 6,6 A fusible

Plagé de température

0°C a +50 °C sans derating

de +50°C & 460 °C avec derating de 3 %/°C

Protection thermique

2 vigithermes: > 50 °C Lampe orange

> 60 °C Lampe rouge et coupure
de I’Alimentation

Visualisation d’'une surcharge

un voyant par tension

Réseau

220 V 50 Hz (possibilité 117 V)

Dimensions

483 X 525 X 6u
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SERVICES COMMERCIAUX

51, RUE DE L’AMIRAL-MOUCHEZ
75-PARIS XIlle
Tél. 588 45 39 - 588 16 39




Roll out the dewar

or the storage tank. Now BOC
Cryoproducts come with up to
500 litres of liquid nitrogen

on wheels. Or liquid argon for
that matter.

Already vou can see the
advantages. Liquid nitrogen
quickly, in any part of the factory
or laboratory. The TWN 500
liquid nitrogen tank and the
EC 200 storage dewar are both
fully mobile.

One person can roll them
around, and they’ll pass

through a single door.

There’s nothing else around
like the TWN 500 and the EC 200,
because both are all-welded
stainless steel. Stand up to
anything, won’t oxidise, won’t
rust. The loss rate is about half
that of most other vessels.

Cryogenics have been BOC’s
business for years. These two
vessels were designed to be as
attractively priced as possible.
They can also be an integral part
of the cryogenic System: BOC

offers the whole package—all
accessories at package-deal rates,
gas supply and arranging finance.
Ring the Technical Operations
Room at BOC Cryoproducts today
for free advice and action.
The British Oxygen Company Ltd.,
Deer Park Road, London SW19.
Telephone: 01-542 6677.
BOC Telex: 263490.

(Ll

cryoproducts
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Our New
Discriminator/Buffer
Module

QUT - THRESH

[ ] % A
A higher standardof -
* ege ame

reliability and capability

The TB306/N contains six independent ‘

discriminators, six two:fold coincidence «cir-
cuits, a fast six-bit buffer store with versatile

outputs and controls. '

All without sacrificing the on-the-job re-

to expect from EG&G ‘
modoules. % ‘

liability you have com

Improved circuit techniques yield superiar
noise margins, and brigging inputs and
strobe further increase the flexibility of the
module. The TB306/N wuas designed to
reduce the total number of module inter-
connections in your exgerimerit,

Want us to prove it? L ontact us fora
demonstration or write f&r complete speci-
fications to EG&G, Inc.. NMuclear Instrumen-
tation Division, 35 Co Street, Salem,
Mass. 01970. '

EG:G
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o Flexibility and lower system cost
result from the fanout capabili-
ties of the TB306/N’s bridging
inputs and strobe.

¢ Simple and accurate in-process
testing is assured by the conven-
ient test mode.

® Both space and cost are re-
duced, as the TB306/N's six
independent circuits provide

36 channels/NIM bin,

NUCLEAR INSTRUMENTATION DIVISION



Study events
never “seen”
before.

NEW RCA-C70133B
QUANTACON
PHOTOMULTIPLIER

AR s

' Here's an exciting new light
. sensitive device from RCA -
the C70133B, an RCA QUAN-
TACON photomultiplier—that
can open up for study events
never “‘seen’’ before.

Gallium Phosphide boosts the
single electron resolution of this
newest QUANTACON photomultiplier as much as
10 times over that of tubes using conventional dynode
materials. As a result, it is possible for this device to
discriminate between light-producing phenomena
that generate one, two, three or four photoelectrons.

Gallium Phosphide QUANTACON photomultipliers

are at the forefront for applications in
scintillation counting, biochemistry, and
nuclear physics. C70133B offers greatly

improved low-light-level performance.

{ C70133B is a high speed RCA QUANTACON
photomultiplier with an irradiation area of
15.9 square inches. This b-inch device is an
important tool for scientists studying low-
light-leve!l phenomena.

For more information on this and other RCA
QUANTACON photomultipliers, write or telephone:

RCA Electronic Components Sunbury-on-Thames Middlesex
Telephone: Sunbury 85511

Electronic
Components
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PUSE BEAERATOR

The name of the game is versatility.

Formal -designation Model PG-32 —
probably the most versatile pulse gen-
erator ever designed. A single PG-32
can do just about everything two con-
ventional pulsers can do and do it
better, much more economically, re-
liably and simply.

The PG-32 is really two independent
pulse generators in a single package,
operating at the same repetition rate.
Two channels, not just two BNC's.
From either channel one can get single
or double pulses, positive and nega-
tive, the complement of either, all at
rep rates from 0.1 Hz to 20 MHz
(double pulse) in 8 ranges plus vernier.

Current pulses, =25 mA to 400 mA,
or voltage pulses, =20 mV to +20V,
or square waves. A 3V sync.

Please note: you can control independ-
ently for each channel, rise and fall
time (10 ns to 1 sec), width (independ-
ently for each pulse — 30 ns to 1 sec)
and delay (50 ns to 1 sec), all over
the widest dynamic ranges available.
The two outputs are simultaneous and
can be used separately or in combina-
tion; the combined mode makes pos-
sible DC-offsets or bipolar pulses of
up to 10V. All of this comes in a 32"
high solid-state package.

With the output parameter control
provided, the PG-32 is capable of pro-

Pulsemanship

ducing a variety of waveforms other-
wise requiring a plethora of pulse and
waveform generators. Does this tell
your capital budget anything?

We'd like to tell you more: about fre-
quency, width, delay, stability, distor-
tion, source impedance, gating and
triggering, etc., etc.; but it can't all be
done here. So . . . Invite us to your
next pulsemanship match. We'll bring
one of our Grand Masters, the PG-32.

CHRONETICS. 500 Nuber
Avenue, Mt. Vernon, New York (914)
699-4400. Europe: 39 Rue Rothschild,
Geneva, Switzerland (022) 31 81 80.
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