The European Organization for Nuclear Research (CERN) came into being in 1954 as a co-operative enterprise among Eurppean governments in order to
regain a first-rank position in nuclear science. At present it is supported by 13 Member States, with contributions according to their national revenues :
Austria (1.96%), Belgium (3.85), Denmark (2.09), Federal Republic of Germany (22.86), France (18.66), Greece (0.60), ltaly (10.83), Netherlands (3.94),
Norway (1.48), Spain (1.68), Sweden (4.25), Switzerland (3.20), United Kingdom (24.60).
Contributions for 1964 total 107.2 million Swiss francs.

The character and aims of the Organization are defined in its Convention as follows :

‘ The Organization shall provide for collaboration among European States in nuclear research of a pure scientific and fundamental character, and in
research essentially related thereto. The Organization shall have no concern with work for military requirements and the results of its experimental and
theoretical work shall be published or otherwise made generally available.’
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The cover photograph shows a minor
result of a successful series of experi-
ments with a new piece of equipment. At
the end of the day on 27 July, one end of
the East bubble-chamber building was
cleared of construction equipment, the
bottles and glasses were laid out, and
people from many parts of CERN as well
as the ‘visitors’ from England gathered
to toast the successful completion of the
first run by the British National Hydrogen
Bubble Chamber. For further information
about the run, see under ‘ Last month at
CERN ’ on this page.
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Last montl 41 CERN

“HBC 152" finishes first run

On 27 July the group operating the
British 152-cm hydrogen bubble cham-
ber, and those who had been associated
with its installation and use at CERN,
celebrated the successful completion of
its first run, with over a quarter of a
million photographs to their credit.
Because of the hydrogen safety regula-
tions sfill in force in the ’British’' end
of the East bubble-chamber building,
the party was held in the * CERN’ end,
in the shadow of the big 200-cm cham-
ber still under construction.

As mentioned in CERN COURIER
last month, the first week's ‘tech-
nical " run of the 152-cm chamber also
produced 10000 pictures of positive-
pion interactions. In the first two weeks
of full operation for physics experiments
(25 June to 5 July), 100000 pictures
were obtained showing interactions of
negative kaons of momenfum 5.08
GeV/c. This (experiment T 49) was for
the ‘K™ collaboration’ linking physicists
in Birmingham, Glasgow, London (Impe-
rial College) and Oxford Universities
as well as groups at the Rutherford
High Energy Laboratory and the Max-
Planck Institute in Munich. The kaons
were obfained by means of the o,
beam line, the 180-metre long arrange-
ment of magnets, collimators and elec-
trostatic separators specially designed
by British physicists for use with the
new chamber. An average of 15 kaons
per pulse was obtained in the bubble
chamber, with a ‘contamination’ of 7
pions or muons.

In the third week (9-14 July) a fur-
ther 40000 pictures with K~ at 5.08
GeV/c were obtained and the beam
line was then readjusted to give positive
kaons at 5 GeV/c for the T 55 experi-
ment, in which groups at Cambridge
(U.K.) and Brussels (Belgium) as well
as at CERN are collaborating. On
the evening before the visit of the
British Press, a highly satisfied group
of physicists celebrated a collection of
60000 pictures, each showing about
15 kaons — 10000 pictures more than

they had asked for and including about
twice as many interactions as they had
expected. After a ten-hours rest to
allow some emulsion and nuclear che-
mistry exposures in the o, beam, the
run ended (15 - 19 July) with another
66 000 pictures for the T 49 experiment,
this time using negative kaons at
6 GeV/c. At this energy the perform-
ance of the beam line surpassed all
expectations and about 60 kaons were
obtained at each accelerator pulse, with
only a small contamination of other
particles, (nearly all muons). This inten-
sity would have given far too many
tracks on the bubble-chamber photo-
graphs, even with the final magnet in
the beam line to distribute the incoming
particles across the whole field of view
of the cameras. Hence the collimator
aperfures had to be closed down to
reduce the flux again fo about 15 kaons
per pulse, with a spread in momentum
about the mean value of only £ 0.3 %.

Visit of British Press

On 15 July CERN was host to some
two dozen journalists representing news-
papers and technical publications in the
United Kingdom. The main purpose of
the visit, which was arranged by the
Department of Scientific and Industrial
Research and the CERN Public Infor-
mation Office was to see the British
152-cm bubble chamber in operation,
but advantage of the occasion was
taken to obtain a more general view
of the work that is done at CERN and
the plans for the future.

After Prof. Preiswerk, Leader of
CERN'’s Nuclear Physics Division, had
welcomed the visitors in the Council
Chamber, Prof. C.C. Butler gave an
introductory talk on ‘What is CERN
and where does the BNBC fit into its
work 2’

Prof. Butler, who is Head of the
Physics Department at Imperial College,
London University, began by saying
that his audience might find it a little
strange to be told about CERN by some-



one who was also a visitor, but that this
was in fact an example of the principle
of CERN, as an organization which
belonged to all the physicists engaged
in high-energy physics research in its
Member States. The United Kingdom
contributed nearly a quarter of CERN's
financial resources, and British physicists
could very proudly feel that they owned
a quarter of the Laboratory. They could
use the facilities of CERN, paid for out
of its normal budget, and they could
also bring to CERN equipment wholly
financed from their own resources. This
was the case with the British bubble
chamber which the journalists had come
to Geneva to see. During their visit
they would also see the 81-cm French
bubble chamber, which had been at
CERN for some years and which had
been used not only by the French phy-
sicists in charge of it but also for the
well-being of European physics as a
whole. At Imperial College, for instance,
the physicists had analysed very many
pictures that had come from the French
chamber, just as in return they would
send pictures from the British chamber
to France and other countries.

Prof. Butler went on fo describe the
28-GeV proton synchrotron and its
operation, and the purpose of ‘fun-
damental-particle” or ‘high-energy ’
research, before describing the way in
which the use of bubble chambers has
developed in Europe. He then explained
the way in which a bubble chamber
works, with particular reference to the
design of the British chamber. Finally
he talked about the o, beam line —
‘the most sophisticated of its kind in
the world” — which conveys particles
of the right kind, at the right energy
and in the required numbers from the
accelerator to the bubble chamber.

After the fraditional view of CERN
and its surroundings from the roof of the
Administration building, the visitors were
taken to the East bubble-chamber build-
ing. There, as well as being given an
explanation of the British chamber and
its various controls, they were able
actually to look into the liquid hydro-
gen to see the spray of tracks formed
every two seconds as the accelerator
was pulsed and the chamber expanded.
Then, in the Data Handling laboratories,
they were shown some of the photo-
graphs being inspected on the new
scanning tfable developed for use with
the CERN 2-metre bubble chamber and
how the tracks were measured on a
‘IEP".

After lunch the programme began
with a visit to the main control room of

CERN/PI 51.8.64

Part of the equipment enclosure for the missing-mass spectrometer experiment in the South experi-

mental hall of the proton synchrotron at CERN.

In the foreground can be seen the paper-tape punch

and electronic typewriter which are operated from the Mercury computer in the Data Handling
laboratories ; to their left is an automatic graph plotter also operated by the computer. This
equipment allows the physicists to keep a constant watch on the progress of the experiment. The
long flexible tube provides ventilation in the area of the hydrogen target and the target can be
watched by means of-the television receiver seen on the table behind the blackboard.

the proton synchrotron and the visitors’
platform in the South hall, followed by
a look at the 81-cm bubble-chamber,
also in operation, in the North hall.
Then came a climb to the upper
gallety of the East experimental hall,
to view the entire length of the o; beam
line. The visit ended in the laborafories
of the Accelerator Research Division,
where the electron storage-ring model
was presented and explained, and
refreshments proved very welcome at
the end of a day in which the weather
had been more suited to sunbathing
than to inspecting a scientific laboratory.

Experiments at the PS

As mentioned above, during the first
fortnight of synchrotron operation the
British and French bubble chambers
were in use together. Emulsion expo-
sures were made in the ag beam for
frials of the Effa experiment on the
magnetic moment of the positive sigma
hyperon, and whilst the 152-cm cham-
ber was out of action for some hours
during the early part of its run the
opportunity was taken fo expose two
emulsion stacks to about 2 million anti-
protons, for the benefit of several

French laboratories. (This was in addi-
tion to an exposure to kaons which took
place later in the run.)

The complex system of spark chambers
in the dis beam line was removed
during the month, following completion
of the expetiment on the peripheral
production of gamma rays. The beam line
was then modified fo dq7 for the experi-
ment designed to carry out a systematic
investigation of the unstable mesons (or
meson ‘resonances’), using the ‘missing-
mass spectrometer’. This apparatus, which,
incidentally, is of particular interest from
the point of view of the development of
experimental techniques at CERN, had
been moved from the synchro-cyclotron
to the South hall of the PS during May.
It uses a hydrogen target, together with
a collection of sonic spark chambers
and scintillation counters to detect the
incoming and outgoing particles. The
electrical signals from the detection
system are registered by electronic
scalers, which franslate them info num-
bers, ready for recording (in an elec-
trically coded form) on magnetic tape.
The numerical data is also transmitted
over a cable, 1.2 km long, to the * Mer-
cuty " computer, which
various calculations and fransmits the

carries out
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results back to the physicists at the
PS. This allows a constant check fo be
kept on the functioning of the apparatus
and, more particularly, on the results
being obtained. The progress of the
experiment is in fact determined by the
kind of results that it gives. This is the
first time that an experiment has been
carried out at the PS ‘on-line’ to a
computer.

The dq; beam line itself is also of
note, since its first element is a new
" thin" magnetic lens of the ' split-pole’
type *, specially developed for use in
regions of the target area where space
is limited. This type of lens, evolved
after extensive investigations using
‘model’ techniques, employs a novel
combination of a split pole having
sections of different heights with three
separate excitation windings, fo achieve
the required accuracy and value of field
gradient. It is only 50 cm wide, com-
pared to 117 cm for the standard
quadrupole with the same aperture
(20 cm) and similar performance, and
1.5 metres long.

In the second fortnight of synchrotron
opetation, six different counter experi-
ments were in various stages of opera-
tion round the machine. These included
the missing-mass spectrometer, as well
as the well-established PAPLEP and
proton-proton scattering experiments,
which are continuing to gather data.

In the South hall, considerable pro-
gress was made with the assembly of
the apparatus for the experiment (S 30)
to determine the rate of decay of the
tho meson info a pion and a gamma
ray, relative to its decay into two pions.
The apparatus to detect the decay pro-
ducts includes a spark
chambers arranged around the liquid-
hydrogen target, and an optical system
to enable the sparks to be photo-
graphed. Looked at from one side, the
plates of all the spark chambers are
perpendicular to the plane of a large
vertically placed lens. The action of

number of

the lens is such that objects viewed
through it from the focal point appear
to be in line with each other if they are
in fact on a line parallel to the lens
axis. The camera placed at the focal
point thus ‘sees’ straight along each
spark-chamber gap. On either side of
the spark chambers, two vertical glass
plates have been set up. These have
identical grids of fiducial mark engraved
on them, and the plates are accurately
aligned so that the marks define a set
of imaginary lines parallel to the axis

of the lens. Thus, with the camera

* Report CERN 64-5.
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accurately positioned, the two sets of
fiducial marks appear superimposed on
the photographs and provide a refe-
rence grid against which the position
and direction of each set of sparks can
be measured. Mounted immediately
above the lens is an identical one which
forms part of a similar optical system,
with the addition of a large plane mirror
mounted, at 45° {o the horizontal, above
the spark chambers. This allows the
chambers to be photographed from a
vertical viewpoint. A three-dimensional
reconstruction of the path of each
decay particle is then obtained by
combining the measurements from the
two photographs of each interaction.

The lenses are made of ’plexiglas’,
with a diameter of 1.4 mefres and a
focal length of 10.5 metres. The special
tools fo shape and polish them, as well
as the lenses themselves, were produced
in CERN. Each of the four reference
plates is about 235 cm wide and 200 cm
high, with a thickness of 1.6 ¢cm, and the
fiducial marks (engraved at CERN also)
form a square grid with 100-mm spac-
ing, each point being positioned to
about 0.01 mm. The mirror is in two
parts, each 1 m x 2.5 m x 25 mm thick,
aluminized on the front surface. To
ensure accurate results, all these heavy
components had to be aligned with a
high degree of precision. The whole
apparatus is enclosed in a light-proof
wooden structure some 14 m long, 3 m
wide and 4 m high, and all that can be
seen (apart from the usual impressive
array of electronic equipment along the
side) is the g3 beam line entering at
one end and the two cameras project-
ing at the other.

In the East hall, the dijs beam was
used by the group from Saclay inves-
tigating ‘ charge-exchange’ reactions
of pions, while the monitor beam for
the ©; beam was used for a novel, short
experiment to check the second postu-
late of relativity theory — that the
velocity of electromagnetic waves is
independent of the velocity of the
source emitting them.

On - line computer

Previously, another step towards auto-
matic processing of experimental data
was made on 19 June, when the Nuclear
Physics Division took delivery of the
major components of its SDS 920 com-
puter. Compared to the CDC 6600 now
on order for CERN, or even its present
IBM 7090, this is a small machine, but it
is also intended to serve a completely
different purpose. The whole computer,
with its auxiliary equipment, will be set

up as a self-contained unit inside a small
mobile hut, so that it can be transported
to any of the experimental halls and
'built-in" to any desired set of electronic
detection equipment.

Its first use is expected to be in con-
junction with the scnic spark chambers
of the proton-proton scattering experi-
ment in the East hall of the proton
synchrotron. Here, individual protons
are fracked to and from the target by
means of the spark-chamber array. In
each chamber the noise from the spark
takes different times to reach each of
the four microphones placed around its
edge and, as with the missing-mass
spectrometer, these times are given
numetical form by scalers in conjunction
with an oscillator, each scaler counting
the number of oscillations between the
high-voltage pulsing of the chamber
and the arrival of the sound at its
particular microphone. After each pro-
ton has passed through the apparatus
the readings of all the scalers, together
with other relevant data in numerical
form, will be fed automatically into the
computer, the programming of which
will cause suitable checks for consistency
to be carried out. Between accelerator
bursts the accepted information will be
transferred from the computer on to
magnetic tape and the tapes will after-
wards be taken to the large ceniral
computer for complete analysis. Because
the computer can accept information
much faster than it can be stored on
magnetic tape, it will be possible to
record the behaviour of about ten pro-
tons in each accelerator burst, instead
of that of a single one, which is all that
can be done at present.

This computer indicates clearly the
rapid development that has taken place
in computer techniques (both design
and use) in the past few years. The
central computing unit occupies a
cabinet some 165 cm high x 125 cm
wide x 64 cm deep, and weighs 600 kg,
making it easily transportable. Yet in
computing speed and scope it is com-
parable to CERN's ‘Mercury’ computer,
only six years old, whose racks line the
wall of a large room (as seen on the
left-hand side of the photo on p. 76 of
the June issue of CERN COURIER), and
which was sufficient for the whole
laboratory for some years after its instal-
lation. The SDS 920 was manufactured
by Scientific Data Services Inc., of Santa
Monica, California, and supplied through
the French firm ‘Compagnie Européenne
de Calculateurs Industriels et Scienti-
fiques’. Itfs cost, with peripheral equip-
ment, was about 600 000 Swiss francs @



