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Foreword 

/ 
The highlight of the year 1976 was/without doubt the bringing into operation 

of the Super Proton Synchrotron (SPS) not much more than five years after the 
adoption of the 300 GeV Programme in February 1971. It was of course pure 
coincidence that the SPS first reached 400 GeV energy just at the time of the 
Council session on 17 June 1976. In the second half of 1976, the design intensity 
of 10 1 3 protons per pulse at 400 GeV was achieved and the first test runs of a 
number of experiments inahe West Area could start. 

The construction of the SPS is another example of the efficiency of this Orga
nization and will confirm its reputation for completing complex technical projects 
within both the schedules and the budgets foreseen. I should like therefore to 
congratulate Dr JIB. Adams and his team on this great success. 

This year was further marked by a reorganization of CERN. After one year 
of experience,' everybody who has followed the activities of the Organization at 
close quarters will agree with me that the solution adopted by the Council, to 
have one integrated Laboratory headed by an Executive Director-General and a 
Research Director-General, has stood its test I am convinced that this will also 
prove true in the years to come. 

P. Levaux 
President of the Council 
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History 

By the late 1940s, nuclear physicists in Europe had 
realized that further advances in pure research on a par 
with those taking place in the United States could only 
come through the construction of particle accelerators 
of a size and cost beyond the means of individual nations. 
Under the stimulus of a number of leading scientists, 
UNESCO sponsored an intergovernmental meeting in 
December 1951 to consider the practicability of a joint 
European nuclear laboratory. 

At a second meeting in February 1952, eleven nations 
signed the Agreement which established an interim body 
which was to be known as the "Conseil européen pour la 
recherche nucléaire". So the acronym CERN came into 
being and has remained ever since the name by which the 
Organization is best known. Over the next twelve months, 
the structure and programme of the permanent organi
zation was worked out, and between July and December 
1953, the Convention was signed by twelve States which 
established the European Organization for Nuclear Re
search. The founding States were Belgium, Denmark, 
France, the Federal Republic of Germany, Greece, Italy, 
the Netherlands, Norway, Sweden, Switzerland, the 
United Kingdom and Yugoslavia. With the entry into 
force of the Convention on 29 September 1954, the new 
CERN formally came into being. 

Subsequently, Austria joined the Organization in 
July 1959 but, at the end of 1961, Yugoslavia had to with
draw for financial reasons. Turkey became an observer 
State in June 1961 and was joined by Yugoslavia in 1962 
and one year later by Poland. 

Spain entered the Organization in January 1961, but 
financial pressures forced her withdrawal from the end 
of 1968. 

As early as October 1952, the Council had agreed on 
Geneva as the centre for the Laboratory, which was then 

... The Organization shall provide for collaboration among 
European Slates in nuclear researcli of a pure scientific and 
fundamental character, and in researcl: essentially related 
thereto. The Organization shall hare no concern with work 
for military requirements and the results of its experimental 
and theoretical work shall be published... 

Extract from the Convention for the establishment 
of a European Organization for Nuclear Research. 

Article II — Purposes. 

confirmed in the Convention. The foundation stone was 
laid on 10 June 1955 at Meyrin and the next day the 
Headquarters Agreement was signed with the Swiss 
Federal Council. At that time, the- Laboratory comprised 
40 hectares in the Canton of Geneva, upon which began 
construction of the two accelerators stipulated in the 
Convention — Article II, 3(a), viz. 

(i) a proton synchrotron for energies above ten giga-
electronvolts (I010 eV); 

(ii) a synchro-cyclotron capable of accelerating pro
tons up to, approximately. 600 million electron-
volts (6 x 10» eV). 

Meanwhile, the design and construction of the 600 
MeV Synchro-cyclotron went ahead and a first proton 
beam was produced on I August 1957. The Synchro
cyclotron has since supported a very vigorous programme 
of research in particle physics and nuclear physics. A 
major experimental facility for the study of short-lived 
nuclei (ISOLDE — Isotope Separator On-Line) was 
completed in 1967. The first circuits of the Synchrotron 
by a proton beam were made on 16 September 1959 and 
full energy was achieved on 24 November. Since then the 
Proton Synchrotron, operating at energies up to 28 GeV, 
has been the mainstay of the high-energy physics pro
gramme of Europe. 

The decision by the Council to build intersecting 
storage rings associated with the Proton Synchrotron tor 
research with colliding beams necessitated the extension 
of the Laboratory and following approval by Council in 
June 1965, an Agreement was signed on 13 September 
with the Government of France, together with a Lease 
Agreement putting at the disposal of the Organization 
a further 40 hectares of land in the communes of Prévessin 
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and St. Cenis-Pouilly adjoining the existing site. On 
27 January 1971 the first proton-proton collisions ic the 
Intersecting Storage Rings were observed. A lively phy
sics programme was immediately mounted at this machine 
which is unique in the world. 

Collaboration with non-member States has been active
ly pursued and an Agreement was signed on 4 July 1967 
with the State Committee of the USSR for the Utilization 
of Atomic Energy for a joint scientific and technical pro
gramme at the 76 GeV proton synchrotron at the Serpu
khov Institute of High-Energy Physics. The Agreement 
was extended in 1975 by a Protocol which opened the 
possibility for Soviet teams to participate in experiments 
at CERN. 

The setting up of a new Laboratory to house a proton 
synchrotron of 300 GeV energy, first discussed by the 
Council in 1963, required modifications to the original 
Convention. The Council, in December 1967, recommend
ed to Member States the acceptance of the necessary 
amendments and on 17 January 1971 the amended Con
vention came into force. 

On 19 February 1971, ten European States (Austria, 
Belgium, France, the Federal Republic of Germany, Italy, 
the Netherlands, Norway, Sweden, Switzerland and the 
United Kingdom) decided to participate in the 300 GeV 
Programme. They were joined during 1972 by Denmark. 

It was agreed that the accelerator and the new exper
imental area in the north should be built by CERN 
Laboratory II on land adjoining the existing Laboratory 
designated Laboratory I. A total of 412 hectares in France 
and 68 hectares in Switzerland was leased to the Organi
zation and building restrictions have been imposed on a 

further 509 hectares in France and 63 hectares in Switzer
land. 

The very large area involved and the open nature of 
the site — the accelerator has been built deep under
ground and only the few surface buildings are enclosed — 
required that the Agreement covering the legal status of 
the Organization in France be revised. The amendments 
were agreed by Council in June 1972 and signed immedi
ately afterwards on 16 June. The Lease Agreement for the 
new land in France was signed on 9 December 1972 as 
well as amendments to the Lease Agreement signed in 
1965 to bring the two into concordance with each other. 
The "Contrat de superficie" for the new land in Swit
zerland was signed on 16 December 1974. 

The eight-year-long 300 GeV Programme is centred 
upon the construction of a proton synchrotron in a ring 
of 2.2 km major diameter. At the beginning of the Pro
gramme, a number of options were left open as to the 
exact way in which the project should be completed. In 
June 1973 Council approved a proposal that the ring 
should be filled with iron-cored magnets and that the 
construction schedule should be adjusted to allow the 
accelerator to reach a full energy of 400 GeV during the 
sixth year of the Programme so that research could begin 
at the end of that same year in the West Area. 

The new 400 GeV accelerator, now called the SPS 
(Super Proton Synchrotron), reached its design energy for 
the first time in June 1976 and experimental research 
began towards the end of 1976 using a wide range of 
experimental equipment installed in the West Area. 

The two CERN Laboratories were united into a 
single Laboratory on 1 January 1976. 
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The CERN Accelerators 

Introduction 

The year 1976 was certainly a notable one for the 
CERN accelerators since it was during this year that the 
400 GeV Super Proton Synchrotron was commissioned 
and reached its design energy and intensity. 1976 may 
therefore be compared with the other "vintage" years for 
accelerators at CERN — 1957 when the 600 MeV Synchro
cyclotron was commissioned, 1959 when the 28 GeV 
Proton Synchrotron firft reached its full energy and 1971 
when the Intersecting Storage Rings first came into 
opération. 

In view of the importance of the CERN accelerators 
to European particle physics, and because of the signifi
cance of this particular year, part of this Annual Report 
for 1976 is devoted to a review of all the CERN acceler
ators, and mentions briefly their origins, their present 
status, and future possibilities for development. And 
because the needs of the research programmes are never 
static, but always demanding new sources of particles 
beyond the range of existing machines, this review ends 
with a commentary on new machines which might be 
built in the future. 

The review follows the chronological order in which 
the CERN accelerators were first commissioned, which 
also happens to be the ascending order of their size and 
cost, and the first machine in this sequence is the 600 MeV 
Synchro-cyclotron. 

The 600 MeV Synchro-cyclotron 

The design of the original machine was started before 
CERN came into existence, in 1953. Building construction 
for the machine began in 1955 on the site at Meyrin and 
the objective was an accelerator to give protons of 600 MeV 
energy with an average beam intensity of 1 f*A, or 
6 x I0 1 2 protons per second. The first accelerated beam was 
achieved in August 1957, over 19 years ago, and since 
that time the machine has been in regular operation with 

by J.B. Adams 

a beam current that has risen progressively from 0.3 to 
just over I [xA. 

A synchro-cyclotron operates with a time-constant 
magnetic field, in this case a field of about 1.8 tesla, and 
the RF acceleration system is frequency modulated. Thus 
phase-stable bunches of protons are circulated in the 
machine at a repetition frequency equal to the RF 
modulation frequency. The novel feature of the original 
machine was the method of frequency modulation, which 
used a large tuning fork, vibrating at 54 Hz. 

In its original form, the CERN Synchro-cyclotron 
operated very satisfactorily from 1957 to 1973. However, 
in 1969 preparations were started at CERN to modify 
the machine with the aim of increasing its mean beam 
intensity and improving the efficiency at which the 
circulating beam could be extracted from the machine. 

Figure 1 — The reconstructed 600 MeV Synchro-cyclotron SC2. 
To the left is the rotary capacitor which varies the frequency of the 
accelerating electric field from 30.6 to 16.6 MHz during each cycle. 
Behind is the 2500 ton magnet between the poles of which the protons 
circulate in a large vacuum tank. (CERN-15.6.75) 
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To increase the mean beam intensity a new ion-source 
of the calutron type was designed and the method of the 
frequency modulation was changed from the tuning fork 
system to a rotating condenser system, in order to increase 
the repetition rate of frequency modulation from 54 Hz 
to < >6 Hz. As a consequence, the energy gain per turn 
had to be increased from 2.7 to 30 keV by increasing the 
power of the RF acceleration system. Thus the plan was 
to increase the number of protons per cycle and to increase 
the number of cycles per second, both of which would 
increase the mean beam intensity towards a design aim 
of 10 rxA. 

To improve the extraction efficiency, electrodes were 
designed for the new calutron ion-source which would 
decrease the betatron amplitude of the circulating pro
tons and a new extraction system designed using a 3 mm 
thick current-bearing magnetic septum. 

Since these were major modifications to the original 
machine which would take time to build and install, the 
opportunity was taken to carry out other modifications, 
several of them designed to improve the radiation resist
ance of the machine, such as new coils for the magnet 
and a better vacuum system. 

The original SC machine was shut down in June 1973 
for all these modifications to be carried out and it started 
up again for physics research in January 1975. 

The performance of the reconstructed SC machine, 
or SC2 as it is called, has not yet reached the design aims 
in all respects. Certainly its extraction efficiency has 
greatly improved from the original low value of 5-7 % to 
over 70%, and the internal beam current has been 
increased from 1 [iA to a peak of about 4.0 [iA, but the 
reconstructed machine is as yet far from reliable, as the 
following figures show. 

Just before the shutdown in 1973, during a six-month 
period, the original machine operated for 3200 hours for 
physics use with an unscheduled down-time of only 
105 hours. After the reconstruction, for the six-month 
period November 1975 to April 1976, the operating time 
for physics use was 1800 hours with 1400 of unscheduled 
down-time. During the second half of 1976, however, the 
reliability improved and out of 4854 hours of scheduled 
operation, 884 hours were lost owing to unscheduled 
stops. 

The main difficulties have arisen with the rotating 
condenser system and the immediate task is to get back 
to the reliability of the original machine so that the 
physics programme can continue more efficiently. Only 
then will it be feasible to increase the internal beam 
intensity from the present average of 2 [iA. 

In the longer term, the future of this machine depends 
on the research programmes that can be carried out with 
it. On the one hand it offers certain unique facilities such 
as the isotope on-line separating facility, called ISOLDE, 
and the recent successful acceleration of 3 H e 2 + gives 

promise of others. On the other hand, one must remember 
that there is now a more powerful machine of a similar 
type operating successfully at the other end of Switzerland. 

The 28 GeV Proton Synchrotron 

The next CERN accelerator is the 28 GeV Proton 
Synchrotron or the PS as it is called. The design of this 
machine was also started before CERN came into 
existence but it was fundamentally changed thereafter 
when the principle of alternating-gradient focusing was 
discovered. Building work began on the Meyrin site in 
1954 and a proton beam was first accelerated to 24 GeV 
in the PS at the end of November 1959. In December 
1959, a week before the Council meeting, the beam energy 
was raised to 28 GeV. Since the beginning of 1960 to 
the present day, the PS has been operated continuously 
for research use — a period of seventeen years. 

In 1971, when the ISR came into operation, the PS 
took on a new role as the injector for these storage rings 
and during 1976 a third role was added, namely, as the 
injector for the 400 GeV SPS machine. Thus the PS has 
become the work-horse of CERN, running its own 25 GeV 
physics programme, and injecting protons into the ISR, 
and now into the SPS. This year, the PS has accelerated 

Figure 2 — On the left is the 800 MeV PS Booster which makes it 
possible to increase the intensity of the proton beam from the PS. 
The machine consists of Jour superposed rings. SO m in diameter. 
In the foreground is the infection line coming from the 50 MeVLinac. 
From left to right can be seen the various stages in the combining of 
the four beams for injection into the PS ring. (CERN-25.10.75) 
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Figure 3 — General view inside the tunnel of the PS near an internal 
target zone. To the right can be seen some of the hundred magnets 
which make up the PS ring. To the left are the beam lives which 
guide secondary particles to experiments in the South Hall. (CERN-
273.2.74) 

deuterons and supplied them to the ISR for proton-
deuteron and deuteron-deuteron colliding-beam experi
ments. It has consequently become an extremely compli
cated machine to operate, and a new computer control 
system is now being built for the PS, which is aimed 
at simplifying its operation as far as the operators are 
concerned. 

In 1965 an extensive improvement programme for the 
PS was initiated which was basically completed by the 
end of 1972. The main aim of this improvement pro
gramme was to increase the intensity of the machine by 
adding a booster synchrotron, a new magnet power supply 
and an RF acceleration system. The radiation resistance 
of the machine was also improved and many devices were 
added to cope with new instabilities which would arise at 
the higher intensities. Further modifications were planned 
when it was decided in 1971 that the PS would be the 
injector for the SPS and these are also now completed 
and working. During the last seventeen years the PS has 
also been steadily modified to follow the needs of the 
experimental programmes and many new and ingenious 
beam extraction systems have been developed and brought 
into operational use. The trend has been gradually to 
replace internal targets by extracted beams falling on 
external targets, which greatly reduces the radiation 
damage to the machine. Finally, it was decided three 
years ago to build a new Linac injector for the PS, and 
this will be brought into operation in 1978. 

One of the simplest ways of noting the progress of an 
accelerator such as the PS over the years is to look at the 
record of its circulating beam intensity year by year. 

The PS started in 1959 with a beam intensity of 
10*° p/p which was quickly raised to 10" p/p. It took 
another seven years before the circulating beam intensity 
reached I 0 l : p/p, and the 10" p/p level was reached for 
the first time towards the end of 1974 when the Booster 
injector became operational. When the new Linac comes 
into operation in 1978 the intensity may be pushed even 
higher. 

Another important parameter is the number of hours 
the accelerator runs each year and ils unscheduled down
time. In its first year of operation, 1960, 1800 hours 
running time were achieved out of a total scheduled time 
of 2400 hours. By 1967 the scheduled running time was 
raised to about 6000 hours a year with an unscheduled 
down-time of about 600 hours a year. During recent 
years, since 1972, the scheduled running time for physics 
use and machine development has remained at about 
6000 hours a year but the unscheduled down-time has 
been reduced to below 400 hours a year — a truly 
remarkable performance. 

The future utilization of this CERN accelerator is 
rather clear. It is predicted that the 25 GeV research 
programmes using the PS will steadily decrease in the 
coming years as interest switches to SPS physics, but 
even if these programmes cease altogether one day, the 
PS will still be required as the injector for the ISR and 
SPS machines. So, for as long as these machines need 
protons and other particles from the PS, its future is 
assured. 

The ISR 

The third of the principal CERN accelerators is the 
Intersecting Storage Rings machine. The idea of storing 
protons in two rings and then causing the protons to 
collide head on in regions where the two rings intersect 
is quite an old idea which was taken up at CERN in 
I960, just after the completion of the PS machine. An 
electron model was built at CERN to check some of the 
basic features of this idea and this model, called CESAR, 
came into operation in 1963. The Council approved the 
ISR project in 1965, and the machine first came into 
operation at the beginning of 1971. 

Since 1971, the ISR has been in regular operation 
and during the last three years it has been used on average 
2000 hours a year for experimental physics research. 

Many detailed improvements have been carried out 
on the ISR machine since it first operated, aimed at 
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Figure 4 — Intersection IS of the CERN Intersecting Storage Rings, 
showing clearly how the two magnet rings cross, enabling protons to 
be brought into near head-on collisions. (CERN-I.II.74) 

increasing the current of the stacked beams in each ring, 
reducing the size of the beams where they intersect, and 
reducing the background radiation in the intersecting 
regions. These improvements have involved the addition 
of complex systems of correcting magnets, to suppress 
higher-order betatron resonances and the beam-wall and 
beam-beam instabilities, and the steady reduction of the 
pressure in the vacuum system of the machine which now 
runs at pressures well below 1 0 _ n torr. 

The result of these improvements has been to increase 
what is called the luminosity of the intersecting beams in 
the interaction regions which is one of the critical para
meters from the physics utilization point of view. When 
the 1SR began operating early in 1971 the luminosity was 
10 2 8 cm- 2 s- 1. By the middle of 1972 the luminosity had 
been improved by two orders of magnitude to 10 3 0. The 
design luminosity of 4 x 10 3 0 was reached early in 1973 
and a luminosity of 10 3 1 was achieved at the end of 1974. 
The present luminosity of the ISR is about 2 x 103 1 in 
the normal intersection regions, and, in the low-beta 
intersection, 5 x 103 1 has been achieved. 

With regard to the future of the ISR it should be 
borne in mind that it is still the only machine of its kind 
in the world and this uniqueness guarantees its utilization 
until such time as it is superseded by other machines 
which offer a higher energy In the centre-of-mass system. 
The centre-of-mass energy of proton-proton interactions 

14 

in the ISR is about 60 GeV. The new 400 GeV proton 
synchrotron gives about 28 GeV centre-of-mass energy 
on a fixed target, or about half that of the ISR machine. 
One has to reach nearly 2000 GeV or 2.0 TeV proton 
energy in a fixed-target machine before its centre-of-mass 
energy exceeds that of the ISR and, as will be mentioned 
later, this is unlikely to be reached until the 1980s. 
However, this is not to say that the exploitation of the 
ISR machine will necessarily continue at its present intense 
rate until the mid 1980s. Some kinds of experiments now 
performed with the ISR can be done better in the future 
with the SPS machine, which, although it gives a lower 
centre-of-mass energy, has orders of magnitude more 
luminosity and can, in addition, produce intense beams 
of secondary particles. Furthermore, the interest of 
experimenters, following the development of the research, 
may in the longer-term future turn in directions other 
than proton-proton interactions. However, for several 
years ahead there seems to be a very full experimental 
physics programme for the ISR machine and, during this 
period, there are many developments that can be envisaged 
for this machine, which could enhance its interest from 
the research point of view. 

Figure 5 — The vacuum vessel at another of the intersection regions 
of the ISR is of very thin stainless steel. It is made in a double^one 
structure so that the secondary particles have a minimum amount of 
material to traverse before entering the detectors, which are seen 
surrounding the intersection. (CERNS7.6.73) 



400 GeV Proton Synchrotron (SPS) 

The fourth CERN accelerator is the 490 GeV Super 
Proton Synchrotron (SPS) which is the latest and largest 
of the CERN accelerators. Its early history is so recent 
that there is no need to dwell on it in this review. A first 
design was put forward to Council in 1964 and, in a 
considerably modified form, the project was finally 
approved in February 1971. During the last five years, 
the design and construction of this giant machine has 
progressed very well, and in the spring of this year the 
commissioning stage was reached. 

The first stage of the commissioning, which started 
on 5 April, was to extract a proton beam from the PS 
machine at 10 GeV energy, using the continuous extrac
tion scheme, and transport it down the injection transfer 
line to the injection straight-section of the SPS machine, 
a distance of about 800 m. All the beam elements of this 
transfer system were set up to their calculated values and 
the beam arrived at a temporary beam dump placed near 
the SPS within a few millimetres of the required position. 
Once the temporary dump was removed, the beam con
tinued through the injection system of the SPS and on to 
the orbit of the machine. 

The second stage of commissioning was to allow the 
beam to go once round the SPS. This stage began and 
finished on 3 May, about a month after commissioning 
started. The beam went all round the 7 km circumference 
of the machine and arrived on a first-turn beam stopper 
only a few millimetres off target. Using the closed-orbit 
correcting dipoles, which are installed all round the 
machine, some minor adjustments were made to the 
transverse position of the beam at a few places around 
the circumference of the machine, and then the first-turn 
beam stopper was removed to allow the beam to circulate 
freely round and round the machine. Much to the delight 
of th_e accelerator builders, the beam circulated with very 
little loss of intensity for over 10000 turns, after which 
it was dumped on to an interna! beam dump. 

These tests confirmed that there were no obstructions 
in the vacuum system of the SPS and that the 1000 or 
more elements of the magnet system had been made 
within the prescribed tolerances and were correctly aligned 
in the machine tunnel. In many ways this was the most 
important test of all, since any errors in these respects 
would have taken months to rectify. 

The third stage of commissioning began on 6 May 
and concerned the acceleration of the circulating beam. 
During three runs up to 10 May, the trapping of the 
circulating beam in the RF buckets of the SPS was 
achieved, and the phase and radial loops of the RF servo-
mechanisms were closed and operated. The protons were 
accelerated only a few GeV during these tests; just suffi
cient to check the trapping efficiency, which turned out 
to be better than 60%. During these tests, it became apparent 

Figure 6 — Inside the SPS tunnel, 6.9 km in circumference. The 
sequence of four bending magnets separated by focusing magnets can 
be seen. (CERN-M.U.74) 

that more work had to be done on understanding and 
controlling the movement of the working point of the 
machine in the Q plane before the acceleration tests could 
sensibly continue. 

Consequently, the runs on 12 and 14 May concentrated 
on this problem with very encouraging results. The 
measurements showed that the SPS is a very clean 
machine in the sense that higher-order resonances, due 
to unintentional sextupole and octupole fields around the 
7 km circumference of the machine are only weakly 
present, and that the magnet fields are nearly pure dipole 
and quadrupole, as one would hope. During these 
measurements the chromaticity of the machine at injection 
was measured and then adjusted, using the sextupnle 
correcting magnets installed for this purpose all around 
the machine. The octupole correcting magnets which aïe 
also incorporated in the SPS were used to suppress a 
resistive wall instability which became noticeable at 
moderate intensities. 

The acceleration tests were continued again on 25 and 
26 May, and this time, after checking the beam trapping 
and control system, the beam was accelerated through 
the transition energy, first up to 50 GeV and then to 
80 GeV. The reason acceleration was stopped at 80 GeV, 
and the beam dumped, was that only two of the twelve 
magnet power supplies were ready at that time. 

Tests were resumed on 3 and 4 June, at which time 
six power supplies were available and operating under 
control from the main control room. After removing 
a transient shift in Q early on during the acceleration 
cycle, it was found possible to accelerate a proton beam 
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with an intensity of 2.2 x I 0 U p/p up to 200 GeV without 
any measurable loss. The beam intensity injected into the 
SPS was 3 x 1 0 u p/p so the trapping efficiency was over 
70 %. Thus in a matter of two months from the beginning 
of commissioning, the SPS had reached 200 GeV energy. 

Four more power supplies were available for the runs 
on 10 and 11 June, but it was found that at a magnet 
cycle corresponding to an energy of about 240 GeV, 
instabilities set in in the power supply system and all 
attention was focused on this problem to clear the way 
to higher energies. 

A circulating proton beam of 400 GeV energy was 
first achieved in the SPS on 17 June 1976, which happened 
to be the date of the Council session. 

Having reached the design energy of 400 GeV, the 
next step was to extract the circulating proton beam from 
the machine. The simplest extraction method is to extract 
all the beam in one revolution, which takes 23 (is, and 
this was successfully achieved for the first time on 9 July. 
During the rest of July and August the circulating beam 
intensity was increased from I0 1 2 protons per pulse to 
5 x 10'2. 

In September the slow extraction system was brought 
into operation and all the circulating beam extracted 
from the machine over a period of 700 ms. 

Figure 7 —• The SPS. at the location where the proton beam is ejected 
towards the West Area. The vacuum tube in which the beam travels 
can be seen on the right. TKO units of an ejection system are installed 
in the ring in the foreground. (CERN-419.6.76) 
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On 3 November, a circulating beam intensity of 
10" protons per pulse at 400 GeV energy was achieved 
for the first time. Early in December 4 x 1 0 u protons 
per pulse were extracted from the SPS at 400 GeV energy. 

In parallel with the commissioning of the SPS machine, 
the primary and secondary beams in the West Experi
mental Area were being installed and tested, and the 
experiments themselves brought into operation. 

The extracted proton beam from the SPS machine 
was first brought to the primary proton targets, Tl , T3 
and T5, which feed the secondary beams in the West Hall, 
on 22 October. On 3 November, the secondary beams SI 
and HI were powered for the first time and transported 
particles to four experiments in the West Hall. A few days 
later experiment WA4 was supplied with an electron beam 
which was then converted into photons. By the end of 
November the experiment WA10 was fed with a hadronic 
secondary beam and the secondary beam HIB was used 
to feed experiment WA3. Also an attenuated proton 
beam was brought to the hyperon beam Yl and operated 
together with experiment WA2. 

Finally, in the middle of December, the narrow-band 
neutrino beam was tested successfully and experiment 
WAI started to collect data on neutrino events. 

The situation at the end of the year was that all the 
secondary beams in the West Experimental Area were 
commissioned, with the exception of the wide-band 
neutrino beam, which is scheduled for April 1977, and 
the experiments have all received test beams and checked 
out their apparatus. 

Next year, on 7 January 1977, the SPS will start 
scheduled running, and the experimental research pro
gramme will start in earnest. 

Now that the SPS accelerator is working, it is interest
ing to look back at the document CERN/958/Rev. which 
was used by the Council to launch the 300 GeV Pro
gramme in February 1971. In that document certain 
conditions were specified for the 300 GeV Programme 
which can be used as a check list to see how well the 
instructions of the Council have been followed. 

In paragraph III. I of the document, the aim of the 
Programme was stated to be a proton synchrotron which 
would give an incident proton energy of at least 300 GeV 
and an internal beam intensity of at least 10 I S protons 
per second. Both these conditions have been met The 
incident proton energy is 400 GeV and the circulating 
beam intensity is 1.2 x 10 1 2 protons per second. 

In paragraph III.4 of the document, it is required that 
research should start at 300 GeV or at an intermediate 
energy in the existing West Hall during the sixth year of 
the Programme. The sixth year ends on 19 February 1977. 
As reported above, the experimental programme will start 
in the West Area on 7 January 1977 both at 200 GeV 
and at 400 GeV energy. So this requirement has also 
been met. 



Figure 8 — Wie main control room of the SPS where the accelerator 
is operated from one of the consoles. A sophisticated control system 
has been installed, involving the use of24 small computers and specially-
designed control facilities. (CERN-137.10.75) 

Lastly, the document gives the estimated cost of the 
300 GeV Programme as 1150 million Swiss francs at 
1970 costs, and states that this is the financial ceiling for 
the Programme. It is now estimated that the Programme 
can be completed for less than 11 SO million Swiss francs 
at 1970 costs, so this requirement will also be satisfied. 

Future Accelerators 

To end this review of the CERN accelerators, it seems 
appropriate to speculate a little about future accelerators 
which one day CERN may be involved in building. 
Whether or not all or any will ever be built is hardly the 
subject of this review since that will depend on many 
factors, such as the research results from the existing 
CERN accelerators, and the economic circumstances of 
the Member States of CERN in future years, both of 
which are unknown at this moment. 

Perhaps the best way to attempt a review of future 
accelerators is to go back to first principles and to re
member that only protons and electrons and their anti-
particles are stable enough to accelerate to very high 
energies or to store for long times. Furthermore, there 
are only two basic types of machine — fixed-target 
accelerators and storage rings. This gives four possibilities 
for fixed-target machines and ten possibilities for storage 
rings (in storage rings, each of the four kinds of particles 
can be stored and made to interact with any other kind. 

including their own kind). Clearly not all of these pos
sibilities have the same interest from the research point 
of view, and to limit this review, only those now exciting 
some interest will be retained. 

For fixed-target accelerators there is certainly an 
interest in proton synchrotrons to give energies well above 
400 GeV. At FNAL there is a project under way to 
install a ring of superconducting magnets in the present 
machine tunnel which, if it is used for an accelerator, 
could more than double the present energy of 400 GeV. 
At Serpukhov there is a design study under way for a 
2 to 5 TeV proton synchrotron. Since CERN is just 
completing its 400 GeV machine and concentrating all 
effort on getting the maximum research results with it in 
the coming years, no comparable studies for higher-
energy proton synchrotrons are currently under way. 
Nevertheless, CERN is involved with American and 
Soviet laboratories in preliminary studies of a very big 
accelerator (appropriately known as the VBA) which aims 
at energies of 10 TeV or higher. If ever this monster is 
built, it is imagined that it will be a "world machine'', as 
distinct from the present 400 GeV machines and the other 
new proton synchrotrons mentioned above which are 
regarded as "regional machines". 

Electron accelerators of energies greater than the 
SLAC Linac do not excite much research interest just at 
this moment unless they are part of storage ring machines 
as will be mentioned later. Similarly, positron or anti-
proton accelerators are only currently of interest as part 
of storage ring complexes. 

Turning now to intersecting storage ring machines, the 
obvious possibility for CERN or FNAL is to add proton 
storage rings to their existing 400 GeV machines, the 
latter being used as injectors. The centre-of-mass energy 
of proton-proton interactions in such a super ISR would 
be 800 GeV, which is thirteen times that of the present 
CERN ISR machine and hence a very big step forward 
indeed. To reach such a high centre-of-mass energy with 
a fixed-target accelerator would require a primary proton 
beam energy of 320 TeV, and it is difficult to imagine 
anyone proposing such an enormous machine or any 
group of nations financing it. Studies of super ISR 
machines for protons are consequently under way at 
FNAL, Brookhaven National Laboratory and CERN 
(for 500 + 500 GeV, 200 + 200 GeV and 400 + 400 GeV, 
respectively). 

Electron accelerators and storage ring machines have 
up to now been considered as "national machines" but 
the PETRA machine now under construction at Hamburg, 
and the PEP machine now under construction at SLAC, 
may be the last of these machines constructed on this 
basis. Indeed the latter can be regarded as a regional 
machine for the USA. There is a considerable research 
interest at this moment in electron-positron colliding 
machines of energies much higher than the PETRA design 
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energy of 19 + 19 GeV — somewhere in the range of 
50 + 50 GeV to 100 + 100 GeV. A study of such a 
machine, called LEP, is currently under way at CERN 
in close collaboration with ECFA. 

The combination of particle-cntiparticle colliding-
beam machines can also be considered for protons and 
antiprotons. Indeed, if a laboratory already possesses a 
high-energy proton accelerator there is every attraction 
in using the same machine to accelerate antiprotons the 
other way round to the protons and then colliding the 
two beams together. Most large proton synchrotrons can 
be run at a constant magnetic field which is about half 
the maximum field of the machine. In the case of the 
SPS machine the constant magnetic field level corresponds 
to about 250-270 GeV energy. Hence it is possible to 
consider adapting tue SPS machine to accelerate protons 
and antiprotons and running it on a very long fiat-top 
to give 270 + 270 GeV proton-antiproton interactions. 
One major difficulty with this otherwise seductive idea 
is to produce a suitable beam of antiprotons of adequate 
intensity and low enough emittance to inject into the 
SPS. During the last year two schemes have been success
fully tried out experimentally which aim at reducing the 
emittance of a beam of particles whilst maintaining its 
intensity. Essentially these schemes "cool" the beam 
i.e. reduce its emittance and momentum dispersion. One 
scheme, tried out at CERN, cools the beam stochastically 
and the other, tried out at Novosibirsk, cools it with 
electrons. These encouraging results have led to a design 
study which has already started and will be continued at 
CERN next year, on a proton-antiproton development of 
the SPS machine. In parallel with this study, an electron 
cooling experiment, using a decelerated proton beam from 
the PS and the magnets of the g—2 experiment, which 
has recently been brought to a successful conclusion, will 
be constructed at CERN. 

tn much the same spirit of using to the maximum 
equipment which already exists in the Laboratory, various 
ideas have been put forward recently on using components 
of the CERN ISR machine to make a new proton storage 
ring which can be intersected with the SPS or, with the 
help of superconducting magnets, to upgrade the energy 
of the ISR machine. These ideas all aim at proton-proton 

colliding-beam machines which, although they aie more 
modest than the 400 + 400 GeV super ISR mentioned 
above, have at least the merit of costing far less. Design 
studies on these possibilities will also go on at CERN 
next year. It is worth remarking that FNAL is con
sidering using the new superconducting magnet ring, 
when it is built, to give high-energy proton-proton inter
actions, and is also studying proton-antiproton develop
ments of its machines. 

Finally, mention should be made of a hybrid colliding-
beam scheme which is exciting research interest This 
scheme plans to use the SPS to store protons and introduce 
an electron machine into the existing SPS tunnel, whose 
beam could be used to collide with the SPS proton beam, 
thus giving proton-electron collisions. A design study on 
such a hybrid machine is under way and will be completed 
at CERN next year. 

Conclusion 

This review of the CERN accelerators has summarized 
the history and the present status of the four major 
accelerators at CERN, and it has also pointed out the 
ways in which these machines might be developed in the 
future, or new machines designed, to produce new and 
exciting research possibilities in the years to come. 
Possibly, owing to the present economic problems of the 
Member States of CERN, and the general shortage of 
funds for basic scientific research, much more thought is 
now going into modifying the existing machines or using 
their components in different ways, and rather less into 
completely new machines. Also more effort is going into 
the development of new technologies which will be 
applicable to accelerators and storage rings in the future, 
and may lower their costs or reduce their size. CERN is 
unique in having in one Laboratory so many different 
accelerators, and this fact can be exploited in the future 
to open up new research possibilities in high-energy 
particle physics at minimal cost 
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Review of CERN Scientific Activities 

by L. Van Hove 

I. In this preceding pages, Dr J.B. Adams reported in 
detail on trw ischnical and accelerator aspects of the work 
of CERN. The present report will deal with its scientific 
activities, mainly in the field of experimental physics. It 
will have to cover a rether extensive domain of experi
mentation carried out with the aid of a complex of 
accelerators. Those on the older part of the CERN site — 
the 600 MeV Synchro-cyclotron (SC), the 28 GeV Proton 
Synchrotron (PS), and the Intersecting Storage Rings 
(ISR) — have provided the physics facilities up to this 
year and now the new 400 GeV Super Proton Synchro
tron (SPS) is about to supply particles to the West 

Experimental Area (some have already been sent there) 
and, later on, from 1978, it will also feed the North 
Experimental Area. 

2. Before reporting on a few of the numerous experi
ments carried out on our older operating machines, we 
give some pictorial and statistical information on the 
physics facilities available at the SPS and on the SPS 
experimental programme, particularly as far as the West 
Area is concerned. By the end of 1976, a total of 35 experi
ments (as detailed in Table 1) had been approved for 
the SPS. The decision on the construction of the European 

Figure 1 — CERN site with the accelerators and experimental areas and the beam lines thai link them. 
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Year 
of 

approval 

Electronic 
experiments 

Bubble chamber 
experiments 

European 
hybrid 

spectrometer 
(approved 

1976) 

Year 
of 

approval West 
Area 

North 
Area 

BEBC Garga-
mette 

European 
hybrid 

spectrometer 
(approved 

1976) 

1974 
1975 
1976 

6 
3 
5 

5 
13* 3 

-

Total: 35 14 5 13 3 -

* Including one emulsion experiment coupled to BEBC 

Table I — Statistical information on SPS experiments approved 
before or during 1976. 

hybrid spectrometer was made very recently, and it is 
still too early to have any experiments approved for it. 
The only emulsion experiment approved in 1976 (WA17) 
will be concerned with neutrino physics in conjunction 
with BEBC and various electronic detectors and will be 
located near the entrance beam window of that large 
bubble chamber. 

^•i Hadron physics — conventional 

EZE3 Hadron physics. - new (^inspired) 

Photon t » physics 

Y Hyperon physics 

^ Omega spectrometer 

Leptons from hadrcrn'c 
collisions in EEBC 

n experiments 

Muons in beam dump experiment 

Charm search in tagged y beam \ \ 

\N 

3. The simplified diagram of the beam layout in the 
West Area where SPS physics is now starting (Figure 3) 
distinguishes between experiments in conventional and 
in "new" hadron physics — inspired by the discovery of 
the 'l> particles — and identifies those dedicated to neu
trino, hyperon, and photon physics. The neutrino beam, 
for example, from the underground target first reaches 

from SPS 

Figure 3 — Simplified layout of West Area with beams and main 
categories of experiments (S: separated hadron beam; EMI: 
Extent! Muon Identifier ; TST: Track Sensitive Target.) 

;.!"^SÈgiJjm<' ' • . 

Figure 2 — Aerial view of the West Area complex. The SPS lies 
below ground beyond the top of the picture and the proton beam from 
it enters the large West Hall from the right. In this experimental hall 
all the hadronic beams but one are concentrated. The neutrino beam 
from the underground targrr passes through BEBC in the tall structure 
left of centre. The light-coloured building further left houses the 
neutrino counter experiments WA1 and WA18 and, at the left end of 
the line, in the small block near the edge of the picture, sits Gargamelle 
high on a pedestal because the beam is rising at an angle of about 2°. 
(CERN-200.5.76) 

the emulsion stack of experiment WA17 before passing 
through BEBC which is rendered more effective by the 
possibility of incorporating a track-sensitive target (TST) 

Figure 4 — Interior view of the West Hall with concrete shielded 
beam channels fanning out from the back of the hall where the particles 
arrive from the SPS. (CERN-400.10.76) 
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Figure 5 — The Omega Spectrometer in the West Hall. Inside the 
hut which sits on top of the superconducting magnet are the TVcameras 
that observe the particle events occurring in the spark chambers in 
the magnet gap below. (CERN-381.W.76) 

and by the addition of an external muon identifier (EMI); 
then follow two major counter experiments (WA1 and 
WA18) and, finally, the heavy-liquid bubble chamber 
Gargamelle. The interior of the large West Hall is domi
nated by the vast amount of shielding, arranged so as to 
leave narrow channels for the various beam lines, and the 
open spaces for the experimental apparatus. Some very 
satisfactory early tests have already been carried out in 

Figure 6 — The 20 m long. 1400 ton detector of the WAl neutrino 
experiment (CERN-Dortmund-Heidelberg-Saclay Collaboration). 
Tile modular assembly consists of a succession of magnetized iron 
toroids interspersed with drift chambers and scintillation counters. 
(CERN-1.10.76) 

this hall, for example on the photon beam intended for 
photoproduction experiments at the multipurpose Omega 
spectrometer, and on the charged hyperon beam. The 
massive counter assembly for experiment WAl of the 
CERN-Dortmund-Heidelberg-Saclay Collaboration has 
also recorded some early neutrino events. 

4. The following highly selective report on various 
experiments in the physics programme of the SC. the PS, 
and the ISR is subdivided by physics subject rather than 
by machine. Statistical information on this programme is 
given in Table 2 and full details of the approved experi
ments at CERN can be found in the published catalogue 
(Experiments at CERN in 1976, CERN, Geneva, Septem
ber 1976). 

ISR PS SC 

Year 
of approval 

Electronic Bubble Year 
of approval experi

ments 
chamber 
experi
ments 

Experiments for which data taking ended between summer 1975 
and summer 1976 

1969 1 
1972 2 2 - _ 1973 1 3 1 -1974 3 3 1 4 
1975 2 3 1 _ 1976 2 - - -

Total 11 11 3 4* 

Experiments taking data or in preparation on 1 September 1976 

1969 1 _ 
1973 _ 3 I -1974 1 _ _ 9 
1975 3 1 4 7 
1976 4 7 - 1 

Total S 12 5 17» 

* Plus experiments of ISOLDE Collaboration 

Table 2 — Statistical information on ISR, PS, and SC experiments. 

5. Study of the Channelling Effect in 
Crystalline Structures at High Energies 
(Experiment S150, Aarhus-CERN-Strasbourg 
Collaboration) 

In this experiment at the PS, which is rather a novelty 
in OUT programme, the behaviour of quite energetic 
particles is studied as they pass through bulk crystalline 
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Figure 7 — Channelling of high-energy particles in crystals (PS 
Experiment SI50) : The two red tracks sliow how positive particles 
can readily penetrate a crystal lattice if they are closely aligned with 
the channelling direction. They may slay within one channel between 
parallel rows of atoms (lop track) or pass from one channel into a 
neighbouring one (middle track). Theit energy loss is much lower than 
that of particles entering in a random direction (bottom track) which 
are scattered in hard collisions. 

matter. Earlier investigations at low energies had shown 
that particles behave differently according to whether they 
travel along the direction of atom alignment in a crystal 
structure, or whether they try to penetrate matter in a 
random, non-aligned direction. This so-called channelling 
effect has now been found to remain very strong for 
positive particles, even at high energies, aided as it is by 
the Coulomb repulsion of the nuclei; the behaviour of 
negative particles is quite different and the theory more 
complicated. Results obtained with 6 GeV positive pions 
in germanium, for instance, indicate that the penetration 
reaches a pronounced maximum when the particle travels 
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Figure 8 — Energy loss of 6 GeVjc n + in a germanium crystal. For 
channelling particles (top curve) the energy loss peaks near 100 keV 
whereas in the random direction (middle curve) the loss is around 
175 ke V. Averaging over all directions (bottom curve) a double-hump 
structure is obtained. 

Figure 9 — Transmission of 6 GeV/c n* in germanium crystal with 
anomalously low energy loss. T7ie angular distribution of the particle 
penetration has a strong maximum in the channelling direction. 

in a channelling direction and the energy loss suffered by 
such a particle is remarkably low; much more energy is 
lost when it moves in a random direction. 

The two-dimensional angular distribution of particle 
transmission shows that, apart from the maximum in the 

Channelling 
planes 

Figure 10 — Two-dimensional angular distribution of particle trans
mission for 6 GeVjc 7i+ in germanium crystal. The peak indicates the 
main channelling direction and there is enhanced transmission along 
the crystal planes. 
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main channelling direction, the material is more trans
parent to the particle along the various crystal planes. It 
is likely that, just as channelling at low energies is now 
used in many ways for studies in the domain of condensed 
matter, the extension to higher energies may lead to 
further interesting applications. 

6. The properties of certain atomic nuclei, such as their 
"shape" or, more precisely, the shape of their electric-
charge distribution, can be studied with the aid of ele
mentary particles produced by particle accelerators. This 
is well illustrated by two experiments carried out at the 
oldest —• but recently improved — CERN accelerator, the 
SC, in conjunction with the most modern laser techniques. 

Measurement of the 2SU2 — 2P3I2 Energy 
Difference ih the (y.4He)+ Muonic Ion by means 
of a Tunable Dye Laser 
(Experiment SC21, CERN-Pisa University Collaboration) 

A muonic ion is formed by attaching to a helium 
nucleus a negative muon which behaves like a heavy 
electron ir. orbiting around the nucleus. The heavy mass 
of the muon has two interesting consequences: the muon 
gets so close to the helium that it becomes much more 
sensitive to the size of the nucleus than would be the 
case with an electron and, secondly, the electrostatic field 
is probed very near the nucleus. The latter point is of 
particular interest in experiment SC21, which was, in fact, 

Figure 11 — In a muonic ion (a) formed by a negative muon orbiting 
a 'He nucleus, vacuum polarization effects (b) due to the local 
excitation of virtual e~e* pairs have an enhanced effect on the energy 
levels because of the close approach of the muon to the nucleus. 
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motivated by i t At such a small separation, the field 
between the nucleus and the muon gives rise to important 
vacuum polarization effects, that is, pairs of virtual 
electrons and positrons are excited locally, which modify 
the Coulomb law of attraction. Both nuclear size and 
vacuum polarization effects can be measured by studying 
the energy levels of the muonic ion. A dye laser, whose 
radiation wavelength can be varied continuously over 
part of the infrared spectrum, serves to measure the 
energy changes involved in the transition of the muon 
from one energy level to another. An interesting feature 
of the experiment is the synchronized operation of laser 
and SC accelerator, the latter supplying a bunched muon 
beam at the same repetition rate as the flashing of the laser. 

7. Laser Spectroscopy on Short-Lived Isotopes 
of Mercury 
(Mainz Vniversity-ISOLDE Collaboration) 

In this experiment the precision of a tunable dye 
laser is joined by the refined facilities of ISOLDE, 
the on-line isotope separator at the SC. The change in 
size of the mercury nucleus (symbol Hg), resulting 
from a variation in the number of its neutrons, is studied. 
Normally, such a nucleus contains 80 protons and 124 
neutrons, a total of 204 nucléons. By reducing the 
number of neutrons from 124 to about 100, one obtains 
a series of more or less short-lived isotopes of Hg, and 
ISOLDE is an ideal tool for producing and studying 
them. With ISOLDE, highly unstable nuclei can be 
separated close to the point where they are produced 
through bombardment of a target by the SC proton 
beam, so that isotopes with a lifetime of under one 
minute are available for analysis. The change in the size 
of the nuclear charge distribution is determined by 
measuring the change in certain optical transitions of the 
outer orbiting electrons of the atoms having, as nuclei, 
the isotopes produced. The quantity of interest is the 
change in the mean radius of charge distribution for each 
isotopic nucleus relative to that of the normal nucleus. 
Earlier work at ISOLDE using other methods of spectro
scopy, for which the atomic ground state had to have 
non-zero angular momentum, determined these changes 
for the odd values of N, the number of neutrons. The dye 
laser with frequency doubler is capable of finding the 
intermediate points too, i.e. those for the even N isotopes. 

Plotting a parameter representing the difference in the 
nuclear radii as a function of N shows the gradual fall 
in size of the nucleus down to N = 106, where a big jump 
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upwards occurs in the graph: the nucleus suddenly --. 
bigger at N = 105, and shrinks slowly again for N -
101, as was discovered in the previous experiments ior 
the odd values of N. To find out what happens for the 
even neutron numbers in between these values is of the 
greatest interest. It can be achieved in the present experi
ment by the marriage of the sophisticated techniques 
mentioned above. The result for N = 104 has just been 
obtained and shows a remarkable odd-even staggering 
for N below 106. 

8. Let us next look at a number of problems in strong-
interaction physics at high energies, which have been 
studied at the PS and the ISR. We first take one among 
the many results of the analysis of data taken some time 
ago with the 2 m hydrogen bubble chamber. More will 
have to be said about this very productive chamber in 
about a year's time because it is due to be shut down at 
the ;nd of 1977. It has again operated very well this year, 
taking more than S.3 million pictures in eight months of 
operation. 

Figure 13 — The change in the nuclear radii of mercury isotopes 
plotted as a function of the number of neutrons, N (top scale), or the 
total number of nucléons, A (bottom scale). 
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Studies of the Reactions 
K~Meson + Proton —• T.- Meson + 2 + Hyperon 
at 4.2 GeVjc 
( Amsierdam-CERN-Nijmegen-Oxford Collaboration) 

In this high-statistics K p experiment for which about 
3.1 million pictures have been analysed, many different 
reactions have been studied. For illustrative purposes, we 
select a simple two-body reaction in which a K~, a strange 
meson from a separated beam of the PS, hits a proton 
of the hydrogen in the bubble chamber and just two 
particles come out: a 7t~ meson and a £+ hyperon. The 

K-p - - V 

{J* - p-° or n- +) , 

f-
K" • - - « P 

r 
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Fif ure 14 — The reaction K~p-+ r l * is interpreted as an exchange 
process characterized by the strange vector meson K* when the 
scattering angle 0 is small (left-hand diagram and left end of curves). 
When 0 is large, the exchange involves a doubly charged baryon A++ 

(right-hand diagram and right end of curves). An understanding of the 
angular distribution (top curve) and of the hyperon polarization 
(bottom) over the full angular range is still lacking. Note that the 
angular distribution shows minima corresponding to zero crossings of 
the hyperon polarization curve. 

Z+ is a baryon carrying strangeness, which is unstable 
and decays into p^° or n:t+. The scattering angle 0 is 
measured, and so is the decay angle of the hyperon from 
which the spin orientation of that particle can be found. 
The experiment consists, therefore, in simultaneously 
determining the angular distribution of the reaction and 
the spin orientation or polarization of the outgoing 
hyperon. We have theoretical views on what is happening 
when the angle 0 is small: it is then a reaction in which 
(the Regge trajectory pertaining t o ) the strange vector 
meson K* is exchanged. Similarly, we know what to 
expect theoretically when the it~ goes off at large angle, 
i.e. when G is close to 180°, the exchange is of the A+ f type, 
involving the doubly charged baryon A++. But we do not 
understand what is happening in the intermediate region 
where 6 is about 90°. The beauty of this experiment is 
that it provides information over the whole range. The 
upper curve in Figure 14 gives the angular distribution 
of the reaction as a function of (momentum transfer)2, a 
quantity proportional to 1 — cos 8. This distribution 
connects the small-0 region of K* exchange on the left 
with the large-6 region of A + + exchange on the right in a 
most remarkable way, and it has important structure at 
intermediate angles. We do not know why there should 
be such a drop in the middle, the theoretical interpretation 
of the structure having still to be found. Comparison with 
the spin polarization curve ofZ+(lowercurvein Figure 14) 
shows another very interesting fact, namely that the 
minima in the angular distribution coincide with the 
points where the polarization crosses zero in the course 
of its wide fluctuations. 

This example illustrates the fact that our knowledge 
of strong interactions is still very limited and does not 
suffice for a proper understanding of complete reactions. 
We can solve parts of the jigsaw puzzle, but we are 
ignorant of the full picture. Two conflicting attitudes of 
physicists stem from this. There are those who say that 
strong interactions are essential and should therefore be 
studied very closely; this explains why so many groups 
propose Strong interaction experiments. Others feel that 
it is all too complicated, and they would rather look at 
weak and electromagnetic interactions where things are 
simpler and can be more readily understood and where 
beautiful and striking new discoveries are being made. 

The decision on what to do is a matter of scientific 
philosophy, which is bound to be influenced by personal 
preferences. While each physicist may follow his own 
inclination, it is clear that a large laboratory like CERN 
must try to strike a proper balance of emphasis. 

9. Now for some more strong interaction physics done 
at the PS and concerning one of the oldest particle 
reactions studied in high^energy physics, the production 
of a single pion in a pion-proton collision. 
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Measurement of the Reaction TZ~ p\ —• ~+r.~n 
on a Transversely Polarized Proton Target 
(Experiment S136. CERN-MPI Munich Collaboration) 

This was an electronic experiment in which 17.2 GcV 
negative pions were shot at transversely polarized protons 
in a polarized target and the observations concentrated 
on the low-mass two-pion system ~+-~ and the neutron 
n coming out of the reaction, in the region where the 
angle 0 to the direction of the colliding particles is very 
small. The spin or angular momentum of the proton 
being oriented in a controlled way made it possible to 
find out how this "pion exchange" reaction depends on 
the orientation of that spin, if at all. For two decades 
people have believed that this reaction at smail angles is 
among the simplest in strong interaction physics and that 
it is largely dominated by the mechanism of pion exchange. 
This view has been supported by all earlier experiments, 
including those performed at CERN by the CERN-MPF 
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Figure 16 — n~p —- TTTi'n on transversely polarized proions : The 
dependence of this process at a small angle 0 of the outgoing particles 
(sec Figure 15) on the angle IJ/ of the proton spin relative to a direction 
perpendicular to the plane of the collision slwws a pronounced spin 
effect (35 % left-right asymmetry). Tlie number of events in the above 
graph was not corrected for the acceptance of the spectrometer. 
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Figure 15 — Pion production on a polarized target (PS Experiment 
SI36) : 17.2 GcV negative pions interact with transversely polarized 
protons and produce a neutron and a TL^TT system at an angle 0 to 
the direction of the colliding particles. Tlie dependence of tins one-
pion exchange reaction on the proton spin orientation was measured 
in the region of pion exchange (very small values ofO) and found to 
be considerable (see Figure 16). 

Munich Collaboration, which were characterized by high 
statistics. Existing theories predict that the process should 
not depend on spin orientation. Experiment S136 was 
the first significant experiment with controlled spin 
orientation that was capable of testing that prediction — 
and the result is a bad blow for existing theories: there 
is a very clear spin effect If theoreticians had been right, 
the curve in Figure 16 plotted against the angle of rotation 
of the proton spin would have been flat. Instead ofthat 
it rises by about 35%. The good old pion-exchange model, 
which had previously survived a number of experimental 
tests thanks to the introduction of quite reasonable 
absorption corrections, is now in for more trouble. 
Possible explanations are under consideration, but will 
have to be guided by a thorough analysis of the experi
mental evidence made available by experiment S136. This 
was the last experiment of a long series carried out by 
the CERN-MPf Munich Collaboration which extended 
over more than six years and made very significant con
tributions to a variety of pion exchange reactions with 
different particles in the final state. 

10. Another one of the things done for a long time at 
CERN and a few other places is to collide proton on 
proton and observe the simple reaction in which just two 
protons come out, in other words, proton-proton elastic 
scattering. CERN has made a speciality of studying this, 
and most of the world's knowledge of high-energy proton-
proton elastic scattering comes from only very few 
laboratories, with the largest contribution certainly from 
CERN. The following ISR results deal with different 
aspects of this proton-proton scattering process. The 
colliding protons deflect each other by some angle 0 and 
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the two regions now to be considered are (i) where 0 is 
very small — as near to zero as possible —, and (ii) 
where 0 is somewhat larger, up to about T. At 0 very 
near to zero, the whole process is described by two 
physical quantities: the total cross-section c l o t which is 
the imaginary part or the forward scattering amplitude, 
and p, which is the ratio of its real part to its imaginary 
part (the amplitude is a complex number). These two 
quantities have recently been measured at the ISR with 
high precision. 

Total Cross-Section Measurement for Proton-
Proton Collisions 
(CERN-Pisa-Rome-Stony Brook Collaboration) 

The latest combined results of various ISR experi
ments on o«,t are given in Figure 17 together with lower-
energy results obtained by other groups at CERN and 
elsewhere. The rise in cross-section with increasing energy 
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Figure 17 — Proton-proton elastic scattering : Recent results of ISR 
measurements of the pp total cross-section a,ot (in red) above and 
earlier results at lower energy are plotted against the centre-of-mass 
energy, confirm the rise in cross-section with increasing energy. The 
antiproton-proton cross-section curve is also shown and both curves 
appear to merge within a band of theoretical extrapolation (see also 
Figure 18). 

is clearly visible. By using the measured values of both 
etat and p in the so-called dispersion relations — these 
arc general mathematical relations obeyed by the scattering 
amplitude — it is possible to extrapolate the measured 
values to even higher energies. This extrapolation gets 
more and more uncertain as the energy increases. It is 
represented by the shaded band in Figure 17, with a width 
suggesting the margin of uncertainty. The latter is seen 
to become quite large at 300-500 GeV centre-of-mass 
energy, indicating that it is from this energy onward that 
future measurements of ctot would be most instructive. 

Measurement of the Ratio of the Real to 
the Imaginary Part of the Proton-Proton Strong 
Interaction Forward Scattering Amplitude 
(Experiment R805, CERN-Rome Collaboration) 

This experiment, recently completed, was one of the 
most beautiful ever carried out at the ISR, because it 
required the use of the most highly developed techniques 
for producing beams as small as possible, and for making 
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Figure 18 — Proton-proton elastic scattering : Tlte results of recent 
ISR measurements of p, the ratio of real to imaginary part of the 
forward scattering amplitude (plotted in red), taken in combination 
with the total cross-section, make it possible to estimate the band of 
theoretical extrapolation to higher energies. 
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measurements as closely as possible to such narrow beams. 
The results obtained for the ratio p are shown in Figure 18, 
again in combination with those at lower energies from 
other groups, and with the extrapolation band to higher 
energies. The error limits of experiment R805 are very 
small compared to the others. It is likely that these results, 
and those on the total cross-section, will remain, for a 
long time to come, the best information we have at very 
large energies for pp elastic scattering in the forward 
direction (0 s 0). 

11. The following experiment considers elastic proton-
proton scattering at larger angles 0, up to about 7°. It is 
part of a programme carried out at the Split-Field Magnet 
(SFM) at intersection 4 of the ISR. 

Large-Angle Elastic Scattering of Protons on 
Protons 
(Part of Experiment R40I, CERN-Hamburg-Orsay-
Vienna Collaboration) 

What is measured is the angular distribution of the 
scattered protons. The results are plotted together with 
previous work on proton-proton scattering at lower 
energies in Figure 19 where the horizontal axis represents 
t, the square of the momentum transfer, which is closely 
related to the cosine of 0. This compilation of world-wide 
results shows the large contribution made by CERN in 
this field both on the PS and the ISR. The beautiful 
diffractive structure with its very profound dip, which is 
absent at lower energies, was discovered at the ISR. It is 
interesting to note that the position of this dip moves 
with energy in a peculiar way best illustrated by the super
position of three curves obtained at different energies 
(Figure 20). By applying appropriate scaling factors to 
the horizontal and vertical scales of the plots, the curves 
and their dips can be made to coincide. To account for 
this strange property one could roughly imagine that the 
proton behaves like a balloon. As its energy is raised it is 
slowly blown up, i.e. it increases in size but its geometric 
shape remains the same. 

12. The most important discovery made at the ISR con
cerns those abnormal proton-proton collisions in which 

Figure 20 — Proton-proton elastic scattering : The change of cross- -
section with scattering angle gives a diffraction curve whose shape alters 
with centre-of-mass energy y/s. By applying suitable geometric scaling 
factors R* to such curves for different energies they can be made to 
coincide. This is shown here for three curves obtained at the Split-
Field Magnet of the ISR at centre-of-mass energies of 23, S3, and 
62 GeV, respectively. 

Figure 19 — Proton-proton clastic scattering : Tfie variation of cross-
section as a function of t, the square of the momentum transfer, 
1 = 2 il — cos 0) (centre-of-mass momentum)2 where 0 is the 
scattering angle. Recent results (in red) obtained at the Split-Field 
Magnet of the iSR have been added to those previously obtained at 
CERN and elsewhere. They show the pronounceddip of the diffraction 
structure which is absent at low energies and «as originally discovered 
at the ISR. 
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particles with a high transverse momentum (pT) are pro
duced. When proton hits proton, any particles that come 
out in a sideways direction do not normally carry much 
energy : the momentum component transverse to the direc
tion of the collision, usually denoted by pj, almost always 
has a low value. But it was found that abnormal collisions 
where sideways particles with a lot of energy (high pT) 
are produced do occur, be it very rarely, and these so-
called high p T collisions become more abundant as the 
collision energy is raised. This class of phenomenon has 
been studied very extensively at the ISR and we are 
beginning to obtain a clearer picture of it. The main 
finding of the last two years, for which the following 
experiment provides the best evidence, is that illustrated 
in Figure 21. The high Pj particles produced by the 
collision appear to be concentrated in two jets, contained 
in approximately the same plane as the incident particles, 
on opposite sides of the collision path but at variable 
angles to them. 
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Figure 21 — Proton-proton collisions producing particles with high 
transverse momentum pj-. The particles with high pj- (red) form two 
jets which are approximately coplanar with the incident protons and 
come out on opposite sides but at variable angles to them. 

Study of General Events and of Events 
Including a Fast Forward Particle Using the 
S FM Facility at the ISR 

(Experiments R407/408, CERN-Collège de France-
Heidelberg-Karlsruhe Collaboration) 

In order to select the exceptional high pj collisions, 
the measuring equipment is triggered by one particle with 
high Dj, which comes out at an angle of about 45°, and 

other high P]- particles are then observed, some coming 
out on the same side as the triggering particle and also 
others on the opposite side. These other high p T particles 
on the same side arc found to be emitted at a small angle 
from the triggering particle, and this indicates the jet 
structure containing the triggering particle. 

Plotting the production of high p T particles against a 
variable called "rapidity", which is closely related to the 
angular direction of the particles, one notes in Figure 22 
a huge accumulation near the triggering particle, which 
represents the jet containing i t To find the other, opposite-
side jet, a similar procedure is followed, but now one has 
to look for three high p,- particles; first the particle that 
triggers the equipment and then two high p,- particles on 
the opposite side. One measures the angles (or rapidities) 
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Figure 22 — Proton-proton collisions producing particles with large 
transverse momentum pj-.The existence of a jet of large p j- particles 
is studied by measuring at the same time the triggering particle Ä„ 
of high momentum and at an angle 8 to the colliding protons, and a 
second particle such as h2. of a momentum larger than average and at 
a small azimuthal angle <p to hi (<p is the angle between the plane 
containing ht and the incident direction and the plane containing A3 

and the incident direction). The above plot, from ISR Split-Field 
Magnet data, gives the distribution of ha in "rapidity", which is a 
function of the angle between the observed particles and the incident 
direction. Note the large accumulation near hi which is evidence for 
hz being in a jet containing ht. 
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in such special collisions is that one tiny constituent in 
one proton hits another little grain in the other proton 
and. since they are both very small, they are likely to 
scatter at a large angle. The debris of these two grains 
would form the two jets, whereas the normal, low p T 

particlcs would be the debris of the remaining constituents 
of the proton that tend to go through in the direction 
of the incident particles. This is, for the moment, the 
preferred picture for h«gh p T collisions, but it is still far 
from clear, and much more extensive and accurate work 
will be needed to settle the question. 

13. It would have been nice if the next topic could also 
have been dealt with in connection with the ISR. It is the 
search for the new particles such as the tjis — the discovery 
of which in 1974 was honoured by the 1976 Physics Nobel 
Prize — or charmed particles as found in 1976 at SLAC. 
In 1976, as in 1975, teams worked very hard at the ISR 
to detect charmed particles in several experiments, but 
failed to obtain positive results. Candidates for charmed 
particles were seen in Gargamelle with a neutrino beam 
from the PS in 1975, as already mentioned by Professor 
Jentschke in the last Annual Report. We shall therefore 
report on production of the J/4> particle of mass 3.1 
GeV/c2 at the PS. 

Figure 23 — Proton-proton collisions producing parlicies with high 
transverse momentum pT. Evidence for the existence of a jet on the 
side opposite to the triggering particle ht is provided by the above 
correlation between "rapidities" of particles hz and h3 based on ISR 
Split-Field Magnet data for the selection criteria given, ç is the 
azimuthal angle to the triggering particle. Tlte diagonal ridge indicating 
the greatest concentration of particle events shows that particles h* 
and h3 come out in directions close to each other, forming the jet on 
the opposite side of hi. Ttiese data arc for particles tu and h3 of positive 
and negative charge, respectively. 

of these opposite-side particles. If they tend to be close 
to each other, there is again a jet, and this is indeed what 
happens. This is illustrated by the relief map of Figure 23, 
giving the rapidity distribution of the two opposite-side 
particles. One sees that the most populated region forms 
a diagonal ridge, indicating that the two particles have 
indeed about the same rapidity or angle. What is effectively 
done is to measure a three-body correlation, and this is 
the most significant part of this important SFM experi
ment 

The correct explanation of the jet phenomenon is not 
easily established. It is thought to have some deep con
nection with what we now believe to be the internal 
structure of the proton. There are small, point-like 
constituents (quarks, or some other form of "partons" 
perhaps) inside the proton. What is believed to happen 

Symmetric Bispectrometer for a Systematic 
Search for Heavy Particles 
(Experiment SI32, Annecy-Bmssels-Freiburg i. Breisgau 
Collaboration) 

This experiment is of the same type as that performed 
by Samuel Ting with his group at Brookhaven, where 
they discovered the ift particle. Unfortunately, its appro
val was somewhat delayed at CERN as the first version 
of the proposal was not accepted. A further handicap to 
be overcome was that the PS operated at 24 GeV com
pared with the 28 GeV available at the Brookhaven AGS, 
and this turned out to make a lot of difference. Even if 
the team lost the race to find the particle, they managed to 
do remarkably good work in investigating J/'i production. 
Their experiment, now essentially complete, was done at 
the lowest energy attempted anywhere, and, what is more 
important, on a hydrogen target: it was the first time that 
the production ».. jss-section had been measured in 
hydrogen on a fixed-target accelerator. The technique 
was based on the two-arm spectrometer already described 
in the 1975 Annual Report, and the equipment comprised 
magnets and numerous detection devices in each arm of 
the spectrometer. In one of the modes of operation of 
their equipment, the team detected the simultaneous 
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Figure 24 — PS Experiment S132 : Diagram of the symmetric bispectrometer used in a systematic search for heavy particles such as Jlyr. 
The target hit by the protons is located at the apex formed by the arms of the bispectrometer and evidence for the lookcd-for decay is provided 
by the occurrence of time-coincident pairs of e+e~ in the two arms. 
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Figure 25 — PS Bispectrometer experiment S132 : J/i// production in 
hydrogen by 24 GeVjc protons. With the bispeclrometer (Figure 24) 
set for a mass of3.1 GeVjc1, which is that of the Jlyf, the above plot 
was obtained for the time difference between occurrence of electrons 
and positrons. The strong peak for coincident pairs corresponds to 
production ofjjyr decaying into the e+e~ pair. 

arrival of an electron in one arm and a positron in the 
other. Once the magnetic field and the angles had been 
set correctly, the arrival of such a time-coincident pair 
of e+e~ indicated that a particle of a given mass had 
decayed into e+e -. With the apparatus set to a mass of 
3.1 GeV/c2 and measuring the time delay between the 
detection of an electron and that of a positron, the time 
difference signal was found to peak strongly at zero. 
More than 23 good events have been recorded in hydrogen 
at a mass of 3.1 GeV/c2, resulting in the following cross-
section of }/•]> production 

E d3o- (p + p •+ + »•) 
dpLd*PT 

= (l-13153)10-» 
GeV^- 3 

for the longitudinal and transverse momenta 
p L = 0.14 GeV/c and p T = 0 of the J/î . 

14. The last experiment in this review was the earliest one 
to be approved of those listed in Table 2. Its approval 
goes back to September 1969, and although data-taking 
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finished in 1976, the analysis will only be completed in 
1977. The end of this long experiment marks also the end 
of a very long programme of research because CERN 
has devoted three successive experiments to the precision 
measurement of the magnetic moment of the muon. This 
magnetic moment is given by 

ft charge g - x x spin 
c mass 

and the value of g is close to 2. The fact that it is almost 2 
results from the famous Dirac equation. That it differs 
from 2 by a small but calculable amount is a prediction 
of the renormalizable field theory for quantum electro
dynamics, the most accurate theory in existence. One 
usually writes 

g =2(1 +a) . 

The a is a little correction that has to be applied to allow 
for the virtual quantum effects going beyond the Dirac 
equation. It is mainly determined by quantum electro
dynamics and provides one of the best means of testing 
that theory, a fact recognized for over 20 years. 

CERN used its first accelerator, the SC, when it began 
measuring this little quantity a for the muon, which is a 
heavy, unstable electron. The first g—2 experiment ended 
in 1965 and found 

a =0.001162 

with an error of ±0.000005. This was in agreement with 
theory. A very courageous team, partly consisting of the 
same people as before, then set out to re-measure a with 
greater precision at the PS. This was the second g—2 
experiment, started in the mid sixties and ending in 1972. 
It found 

a =0.00116616 

with the error equal to +0.00000031, some 15 times better 
than before, and still in agreement with theory. By then 
the team were certain that they could improve even on 
that, so before the end of experiment number 2, they 
asked for approval of a new one, which is the one just 
terminated. 

Muon g-2 Experiment 

(Experiment S97, CERN-Daresbury-Mainz Collaboration) 

The result of this experiment is 

3=0.001165922 

with the error ±0.000000009. 
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Figure 26 — Tlie muon storage ring used for experiment S97. rhe 
third g—2 experiment at CERN, that finished data taking in 1976. 
Tliis, however, is not the end of the useful life of the magnet tmirs 
of the ring. With other equipment they will he set up in the former 
Gargamelle hall for experiments on the electron cooling of proron 
(and. later on, antiproton) beams. (CERN-209.8.74) 

This should be compared with the theoretical value 

a = 0.001165920 ± 0.000000010 

(this includes the estimated effect of the strong interaction, 
which is about 0.000000070). 

It is almost as hard for theoreticians to reach thai sort 
of precision even if they only have to use pencils and 
computers instead of building complicated equipment, 
and we shall come back to the contribution of CERN in 
this respect. The experimental result fits the theory 
extremely well, and it shows not only that quantum 
electrodynamics is an excellent theory, but also that the 
muon is just a heavy electron, i.e. differs from the ordinary 
electron only by its heavier mass. In fact, the experimental 
result is so precise that it goes well beyond the realm of 
purely electromagnetic phenomena. Although the muon has 
itself no strong interaction, very small virtual effects due 
to strong interaction are already creeping in and theory 
can estimate this "tail". So, at the level of extreme 
precision achieved in the last g—2 experiment, we again 
meet strong interaction physics, a field where high-
precision calculations are not possible. We can therefore 
say that tests of quantum electrodynamics by means of 
muon g—2 measurements have now come to their natural 
end. 

An interesting by-product of these experiments is that 
they give an excellent experimental verification of the 
famous twin-paradox of relativity theory. They use muons 
stored in a magnetic ring and circulating in it at a very 
high velocity. They allow the measurement of the life
time for muon decay in this situation, and it is indeed 



found that the decay is slowed down relative to that of 
a muon at rest by the ratio of muon energy to mass x c-, 
as predicted by Einstein. 

15. After experimental physics, we now turn briefly to 
theory. In the Theoretical Physics Division of CERN, 
as elsewhere in theoretical physics institutes, two main 
types of investigation are carried out: one is devoted to 
theoretical physics problems as such, and the other to 
phenomenology, that is, work tailored to current experi
mental developments, either recent results or furthcoming 
experiments. Here, we shall mention just two items where 
CERN contributions have been very significant. Firstly, 
the development of powerful mathematical techniques for 
calculating quantum electrodynamics effects at extremely 
high precision (the theoretical part of the g—2 work is an 
example). The work in this field has reached a very high 
level of sophistication, for example in its use of computers, 
first for carrying out part of the algebra and then for 
complicated numerical integrations. These advanced 
methods prove crucial for modern tests of quantum 
electrodynamics. 

Secondly, the other pole of purely theoretical research : 
not the systematic derivation of consequences of well-
established theories but speculation — the search for the 
new theories of the future. Here, the ultimate aim is to 
encompass within one single theory the various inter
actions. The electromagnetic and weak interactions can 
now more or less be unified, but the theoreticians dream 
of more unification including the strong interaction and 
maybe gravitation, [n this category we quote some 
extremely interesting theoretical work largely started at 
CERN. It is theoretical speculation, in the sense that its 
relevance to experimental facts is an open question and 
may remain so for a long time. The primary idea is to 
construct theories able to treat fer m ion and boson 
particles together. All known particles are either fermions 
or bosons. Fermions such as electron, proton and neutron 
have half-integral spin and obey the exclusion principle — 
that is why matter is stable. Bosons such as the pion or 
the photon, the quantum of light, have integral spin and, 

instead of excluding each other, they like to get together 
— that is the basis of the laser effect. A mathematical 
way has been found to combine such different particles 
in common multiplets, joint families of particles; as the 
corresponding theories have a higher degree of symmetry 
than the usual ones, we speak of supersymmetries. A 
remarkable discovery was that if a supersymir.etry theory 
is transformed into a gauge field theory by generalizing 
a procedure which normally leads to Einstein's theory of 
gravitation, a set of equations results which describes 
more than gravitation. More particles and more inter
actions are automatically described by such schemes which 
are called supergravity theories and are now under 
intensive study by many people. 

16. We add a few words about activities in the Data 
Handling (DD) Division. As regards computer perform
ance, the CDC computer centre at CERN has done 
quite well this year and settled down to good and steady 
operation, as shown in Table 3. According to general 
experience elsewhere, one can say that the figures of the 
1976 column correspond to a very satisfactory level of 
operation, close to saturation of the available capacity. 
Another illustration is given in Figure 27, which shows 
the weekly variations of the central processor time for 
users' jobs. The computer facilities at CERN are now 

1973 1974 1975 1976 

Work accomplished Tor 
users per week 
(7600 central processor hours] 

44.5 81.1 99.4 10S.I 

Jobs ran per week in 7600 
alone 5 690 II 260 12574 13 138 

User production hours 
available per week 96.6 133.2 14Z5 146.0 

Mean time between failures 
for the 7600/R1OS front-
end combination (in hours) 

3.0 6.0 8.5 11.0 

Table 3 — Performance summary of the CDC computer centre at 
CERN for 1973-1976. 
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being augmented with an IBM 370/168 computer and a 
data communications network. 

Another activity of the DD Division is public informa
tion work. The provision of simple information on CERN's 
scientific and technical activities to non-specialist visitors 
has been encouraged. One of the results of this continuing 
effort is the display in one of the access corridors to CERN 
where, by very simple means, information is given on 
CERN's physics, its accelerators, and its detectors. The 
display seems to be rather well liked and the efforts 
in this direction are continuing. 

17. In conclusion of this 1976 report, it may be worth
while to attempt a very brief summing up of particle 
physics as we see it today, thereby catching a glimpse of 
the future. There are three very important classes of 
particle in present-day particle physics. 

First the leptons — of which we know four, the 
electron, the muon, and their associated neutrinos, plus 
their antiparticles. There are some indications that further 
leptons may exist, and this is a crucial issue for the future. 
Then there are those numerous particles which feel the 
strong force, called Uadrons. The proton and the neutron 
are the simplest ones. While leptons are point-like, the 
hadrons are extended objects and much more is now 
known about their internal structure than before. These 
particles can be well described in terms of internal 
constituents, most notable among them the so-called 
quarks. These are point-like carriers of many hadronic 
properties. Since the discovery of charm in 1976, at least 
four types of quark are needed to describe the known 
hadrons, two of which carry isospin, one which carries 
strangeness, and one which carries charm. It is quite 
remarkable that for theoretical reasons it is not possible 
to add leptons or quarks here and there freely without 
running into deep conflict. The theoretical scheme con
strains the number and the properties of these particles 
in various ways. The hadrons also contain something 
more than quarks, probably something that binds all 
constituents together. We believe that this confining agent 
is a gluonic field. This rather mysterious field is thought 
to be very important for the strong interactions. 

A very big open question is presented by a third type 
of matter, the quanta of the fields mediating the interactions. 
The good old photon — we have known it since the 
beginning of the century — is the quantum of the electro
magnetic field. The unified theoretical descriptions of the 
electromagnetic and weak interactions lead to the predic
tion of similar quanta for the weak interaction, but with 
very heavy masses. They are the hypothetical intermediate 

bosons like W : whose mass is expected to be of the order 
of 65 GeV, and Z° with a mass about equal to or greater 
than 80 GeV. There is no experimental evidence for their 
existence, but this is understandable from the high masses 
predicted for them. It seems unavoidable that higher 
energies will be needed to establish their existence, or 
otherwise to teach us what is wrong with present views 
on weak interactions. Very basic in all this is the idea that 
science only makes sense when unified descriptions of 
very diverse phenomena can be achieved. Therefore, 
unification of more and more interactions, perhaps even 
including gravity, is on the programme for the long-
range future. 

18. Can something be done at CERN, fast and cheaply, 
i.e. essentially by using the existing large equipment, to 
try to have a glimpse of these fascinating open questions ? 
Perhaps it can, if we are willing to be adventurous and take 
some technical risks. In fact, we have now decided to try a 
long leap to very high energies by attempting to use the 
SPS as a colliding-beam machine. The ring as it is has 
protons orbiting in i t If negative particles of equal mass, 
antiprotons, are put in the same ring orbiting in the 
opposite direction, they could collide with the protons, 
providing very high centre-of-mass energies. The big 
question is how to put enough antiprotons in the SPS, 
and high intensities cannot be counted upon in such a 
cheap approach. The PS can make the antiprotons in 
large numbers, but there is still a problem. The antiprotons 
as made by the PS have all sorts of energies and fly off 
in too many directions. They must be brought together 
in momentum — "cooled" is the technical term used for 
this — in order to be formed into a nice beam with all 
particles having the same energy and going the same way. 
We have decided to find out whether this can all be done, 
and we are hopeful because of recent progress in cooling 
techniques. 

Studying the technical possibilities in this direction 
I ings about a meeting between the past and the future 
at CERN. The ring of the g—2 experiment and some of 
its equipment will be moved into the PS hall where Garga-
melle did its great neutrino experiments, including the dis
covery of the neutral currents, and there, together with some 
other apparatus, it will be used to find out how, by 
"cooling" the particles, good focalization and small 
momentum spread can be achieved, first for protons and, 
later on, for antiprotons. All this in the hope of taking 
in a few years' time that elegant leap into the world of 
very high energies where so much physics remains to be 
done! 
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Theoretical Physics 
Division 

Over the past two years, progress in the theory of 
particle physics has evolved in a rather unusual way. 
Important discoveries in experimental physics, such as 
neutral currents, dimuons, new J/<J> particles and the 
probable evidence for charmed particles, have had a 
strong influence on theoretical thinking. On the one hand 
there has been a marked development in the phenomeno
logy of weak interactions and of charmed particles. A 
large number of theoretical models have been proposed 
for the interpretation of the available, and often frag
mentary, data. On the other hand, a wealth of new 
theoretical ideas, many of them very original, have been 
proposed. They appear very promising although they 
have not yet reached a level of development allowing a 
detailed description of the data. In addition, theoretical 
studies have continued in more "conventional" fields and 
perhaps less spectacular, but nevertheless interesting, 
results have also been obtained. 

The success of the charm scheme allows a qualitative 
and to some extent a quantitative explana; m of the 
phenomena associated with the new particles. On the 
quantitative level, however, it is often necessary to intro
duce crude models. This is the case of charmonium, in 
which the levels and decays are described with a charmed 
quark-antiquark system, bound by an effective potential 
having a long-range component, responsible for the con
finement of the quarks. A number of studies have been 
devoted to this problem in which the validity of the model, 
the relativistic corrections, the various possible potentials, 
the spectra and the branching ratios of the various decays 
of the J/iJi have been discussed. The problem of the masses 
of truly charmed particles has also been examined, in 
particular the D f D° mass difference. 

The phenomenology of charmed particles has also 
received attention. Production cross-sections of these 
particles have been calculated in neutrino reactions, e+e~ 
collisions, and in hadron-hadron collisions. The polariza
tions in final hadronic states have been estimated. The de
cay spectra and branching ratios of charmed baryons have 
been given in the context of the Salam-Weinberg model. 
Although particularly attractive, this model is, however, 
only one of a variety of models derived from gauge 
theories. It provides a satisfactory description of the data, 
with perhaps a few significant exceptions, such as the 
anomaly observed in the y distribution in antineutrino 
reactions. The model has also been criticized from the 
theoretical point of view because of the two coupling 
constants which it contains, the manner in which parity 
violation is introduced, etc. It is not surprising therefore 

that other models with a higher number of quarks have 
been proposed and discussed. In general, these lead to 
predictions which differ from those of the Salam-Weinberg 
model and are therefore testable. 

The notion of charm as a new quantum number is 
obviously important. It acquires, however, its full funda
mental significance in the gauge theories, which also lead 
to an impressive number of predictions. One example of 
these is the existence of neutral currents. A discussion of 
the experiments which provide a complete determination 
of the properties of neutral currents has been presented. 
The interfeience effects of neutral currents with electro
magnetic phenomena has been discussed. An interesting 
problem is the possible violation of parity, due to neutral 
currents in atomic physics; particular attention has also 
been devoted to this topic. 

The Higgs mesons, which are responsible for the 
spontaneous symmetry breaking of the gauge theories, 
are interesting objects. A very detailed study of their 
production and decay properties as a function of their 
masses, and, therefore, of the possibility of their detection 
has been carried out. 

It goes without saying that vector mesons play a 
predominant role in gauge theories and it is essential to 
know their different modes of production and decay. 
Studies on this subject are being carried out in many 
places, in particular at CERN. W-production in proton-
proton, proton-antiproton, and especially in e^e - colli
sions, has been calculated. 

Non-Abelian gauge theories lead to the possibility of 
asymptotic freedom, which, in particular, justifies the 
notion of scale invariance introduced some time ago. 
Several aspects of scale invariance and its violation in 
such theories have been envisaged and their phenomeno-
logical aspects have been discussed in greater detail. 

Many theorists are, however, convinced that these 
models and their above-mentioned properties originate 
from a fundamental and relatively simple gauge theory 
of weak electromagnetic and strong interactions in which 
the colour degree of freedom is exactly conserved. In 
addition to the asymptotic freedom, it is hoped that such 
a theory will also lead to the confinement of quarks. 
Various techniques have been developed in this connec
tion. One of the approaches is to study the infra-red 
behaviour of the non-Abelian gauge theory in the hope 
that the divergences are not compensated by the emission 
of soft vector particles, as is the case in quantum electro
dynamics. This divergence might be the reason for the 
confinement. In another approach, one considers a field 
theory on a lattice which, in certain cases, leads to a 
non-perturbative solution with confinement properties. 
Until recently, little attention was given to these subjects 
at CERN, but they are now actively studied. 

Supersymmetric theories are, without any doubt, an 
important development in physics. They have been dis-
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covered and elaborated mostly at CERN. Supersymmetry 
provides a connection between bosons and fermions. The 
aim is to construct particle supermultiplets with different 
spins, whereas in ordinary symmetries the multiplets are 
formed of particles with the same spin. The transformation 
laws are known. It is quite surprising that such a symmetry 
(Bose-Fermi) is possible, but it is nevertheless true, and 
there is no violation whatsoever of the fundamental 
principles of field theory. There are various ways of 
combining internal symmetries with supersymmetry. They 
have been classified and appropriate Lagrangian models 
have been constructed. The supersymmetric gauge theories 
are of special interest, as they may constitute a convenient 
and simple way of unifying weak, electromagnetic, and 
strong interactions. 

From a certain point of view, supersymmetry is an 
extension of the Poincaré space-time group. Just as the 
gauging of the Poincaré group leads to Einstein's theory 
of gravitation, the gauging of supersymmetry leads to 
what is now called supergravity. Here, the graviton with 
a spin 2 is accompanied by one or several fermions with 
a spin 3/2 and, in some versions, by vectors, spinors, and 
scalar fields. All of these particles are in the same super
multiplet and have very symmetrical interactions. Super-
gravity offers a possibility for unifying all interactions in 
the same formalism, including gravitation. It might per
haps also provide an answer to a very important technical 
problem, namely the renormalization of the gravitarfnnal 
interaction. As is well known, Einstein's theory cannot 
be renormalized. It may be that supergravity, owing to 
the elimination of infinities due to the form of the inter
actions and the relations between the coupling constants, 
is more convergent than ordinary gravity. Very encourag
ing results have already been obtained in this connection. 
It has been proved that, in the one-loop approximation, 
supergravity is renormalizable. The unified gauge theories 
of weak, electromagnetic and strong interactions are 
renormalizable. If this were also true for supergravity, 
we might well be at the beginning of a truly unified 
consistent theory of elementary particles. 

The dual theories, which are at the basis of super-
symmetries, have always been actively investigated at 
CERN. Recently,a generalization of the known dual string 
models has been attempted by extending the transforma
tion properties of the partition function under the mod
ular group. Spectra of states and Regge trajectory struc
tures are henceforth obtained for some cases which could be 
of physical interest. A dual model of currents has also been 
proposed so as to satisfy Lorentz and gauge invariance. 

Recent work on non-perturbative approaches to field 
theory is leading to a synthesis of apparently different 
ideas. Sine-Gordon theory in one space dimension exhibits 
kink or soliton solutions, which behave like extended 
particles. Quantum mechanically, their behaviour is equi
valent to the particles of the massive Thirring model. 

What makes the soliton stable is a topological quantum 
number determined by the boundary conditions of the 
Sine-Gordon field. The generalization to 2 or 3 space-
time dimensions requires the addition of gauge fields and 
the soliton becomes either a vortex line (maybe a dual 
string) or a magnetic monopole. Topological quantum 
numbers may also occur in other ways. For example, the 
instanten may resolve the i\ problem, the absence of a 
low-mass, isoscalar, pseudoscalar meson. 

The Theoretical Physics Division has taken an active 
interest in these developments, in particular in the 
quantization in one space dimension and in the construc
tion of new monopole solutions associated with gauge 
groups larger than the simple Maxwell U(l). The mono-
pole concept has been generalized to include the strong 
interaction SU(3) colour group. The hope is that the 
monopoles are describing a possible hadronic structure 
within a framewr-k of unified gauge theories of weak 
and electromagnetic interactions. 

Another interesting subject in which non-perturbative 
field theoretical techniques have been widely applied is 
that of Reggeon field theory. This is a well-defined theory 
that, if developed perturbatively, reproduces the multi-
Regge contributions to scattering amplitudes. The mass 
of the Reggeon is related to the intercept (JA = otj — 1) 
so that for Oo > 1 the perturbative development loses 
its meaning. The solution for a 0 > 1 — and there
fore relevant to rising cross-sections — was obtained at 
CERN by recognizing a phase transition typical of the 
field theory in question, which shows a novel origin of 
the vacuum dynamical instability. Phenomenological 
implications of the theory (such as asymptotic amplitudes, 
multiplicities, etc.) have been investigated and provide 
patterns which are in agreement with the data. 

An interesting application of Reggeon field theory 
(with a(0) > 1) has been that of high-energy scattering 
of particles with nuclei. The A dependence of inclusive 
quantities shows interesting features which can be of 
experimental relevance. Reggeons are known to be the 
shadow of inelastic events and in Regge field theory any 
diagram implies a large number of different intermediate 
states counted with well-defined rules. An interesting 
attempt made at CERN has been that to introduce the 
idea of thresholds which are different for different con
tributions. This leads to a modification of Reggeon field 
rules which are of phenomenological relevance. 

Another interesting development in small pr hadron 
phenomenology, is related to the observation of a large 
violation of Feynman scaling at small pr, 90° in the cm.s. 
in the ISR experiments. This phenomenon has been inter
preted in the multiperipheral scheme of multi-cluster 
production thanks to the large mass scale introduced by 
the clusters. It leads to the interesting conclusion that 
the observed small value of < pr > is a property of low-
energy cluster decay rather than of high-energy cluster 
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production. Another line of research Tor the description 
of small pr phenomena has been a geometrical formula
tion of hadronic diffraction in full analogy with classical 
diffraction. In addition, attention has been devoted to 
the input parameter properties of inelastic diffraction, 
observed for small masses at 1SR energies in the reaction 
pp —+ :r+np, and theoretically interpreted as an s-channel 
unitarity effect. 

Large pr physics, to which the ISR has contributed 
in an essential way, has, of course, triggered the activity 
of many theorists. It is a common idea that these processes 
give evidence of hard constituents of the nucléons which 
are related to those which are responsible for the scaling 
behaviour in lepton-induced processes. It is, therefore, 
not surprising that the phenomenological approaches of 
these different fields are very similar and lead to analogous 
jet-structure of final states. Indeed, the finding of jets at 
large p T (and in e+e - collisions) confirmed these ideas and 
has shown avenues for tighter experimental confirmation. 

By studying specific behaviours, such as angular 
distributions (inclusive and correlations), it has been 
possible not only to show the agreement of data with 
the parton-model predictions, but to discriminate — 
within the model — the type of quark-quark scattering. 
Let us however mention that large p T phenomena seem 
to be not inconsistent with the alternative approach of 
the statistical bootstrap model. 

An s.tempt to unify large and small pj processes 
within a single framework is represented by the bag 
models of which a novel version has recently been 
investigated at CERN. Satisfactory results have been 
obtained, not only on spectra and other properties of 
particles, but also on the final states arising from dynamical 
processes such as scattering and lepton-induced reactions. 

In the field of nuclear physics applied to elementary 
particles, it has recently become clear that the axial 
polarizability of nuclear matter is the main factor that 
governs the bound pion field in nuclei. This gives a novel 
and clear physical picture with far-reaching analogies to 
electromagnetic interactions with media. A considerable 
effort is spent on following up this picture in various 
fruitful applications, particularly to weak and electro
magnetic nuclear processes and to nuclear forces. The 
region of large energy transfer in nucleus muon capture 
is described by exploiting PCAC requirements. This 
problem allows us to explore the behaviour of somewhat 
virtual pions in a nuclear medium. 

The longest range potentials, generated from a two-
photon exchange mechanism, have been derived in terms 
of the electromagnetic polarizabilities of the systems in 
interaction. 

Finally, Compton scattering on nuclei has been studied 
as a probe of pion distribution, and the dramatic influence 
of an absorptive potential on the predicted existence of 
pp bound states and resonances has been shown. 

Activity in axiomatic field theory and in S-matrix 
theory has continued. The crossing properties of the 
amplitudes of multi-body processes are at present being 
studied. In two-dimensional models such as the Thirring 
and Sine-Gordon models, the factorizability of the S matrix 
has been established on the basis of causality. 

New rigorous consequences of analyticity and unitarity 
have been obtained. It has been possible to make a radical 
improvement in the absolute limits on the pion-pion 
amplitude. These limits are no longer very far from the 
phenomenological level. A new positivity property of 
elastic differential cross-sections has been found which 
is valid for particles of any spin, and its consequences 
have been exploited and compared to experimental results. 
These positivity properties can also be used to demonstrate 
the scale invariance property of the diffraction peak. 

New inequalities have also been obtained on the 
number of bound states in potentials. These inequalities 
play an impôt tant role in the problems of rigorous atomic 
physics, particularly in the question of the stability of 
matter. 

The Division's activities are not confined to the 
scientific work described above. The Division also plays 
a significant role as a centre of information and scientific 
stimulation for the European physics community. This is 
borne out by the consistently high number of visitors 
throughout the year, coming for periods ranging from a 
week to a year. Of an average total of 120 persons in the 
Division, only 20 are staff members. The majority of 
visitors come from Member States, and about 20 come 
from elsewhere. Furthermore, the Division includes about 
30 fellows who come for a two-year period, which often 
proves essential for their future scientific career. Although 
CERN does not offer these young researchers a conven
tional university-type education, they are able to attend 
lectures on specific subjects, as well as a great number of 
general and specialized seminars or workshops dealing 
with important topical questions. Let us mention, for 
example, the special seminars on strong interactions, on 
electromagnetic and weak interactions, the working groups 
on the phenomenology of larçe p T , on confined solutions 
in field theory, on new particles, and on Reggeon field 
theory etc. 

One of the important tasks of the TH Division is to 
establish a satisfactory collaboration with the experimental 
groups at CERN. Theorists take part in the majority of 
the CERN experimental committees. They have partici
pated in the discussion of the present and future scientific 
programme of the Organization by attending study groups 
on new detectors, on the future of the ISR, and on pro
jects for new proton-proton, proton-antiproton and 
electron-positron machines. It should also be mentioned 
that, as in the past, there have been a large number of 
informal discussions between theorists and experimental
ists on experimental results and their interpretation. 
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Experimental Physics Division 

This report contains a large selection of physics results 
obtained during the last twelve months, together with a 
brief description of the programme being prepared for 
the SPS. 

PS PROGRAMME 

Electronics Experiments 

A Mulhouse-Strasbourg-Turin Collaboration is study
ing the processes pp ->• e+e~, pp ->• W ->• e + e _ n° 
and pp ->• 2it°, with antiprotons brought to rest. The 
branching ratio for the first reaction has been measured 
r(e+e-)/r(tota!) = (3.2 ± 0.9) X 10-', and evidence 
for two structures, p' (1250 MeV) and p" (1600 MeV), 
has been found. 

A Daresbury-Mainz-TRIUMF, Vancouver Collabora
tion is measuring the X-rays of protonium (pp atom). 

PP ; <=e 
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Figure I — Experiment S135 : Mulhouse-Strasbourg-Turin Collabora
tion. Existing data on the proton electromagnetic form factor in the 
time-like region. The two points at ql = —3.52 and q2 = —3.6J 
(GeVIc)- are new data obtained from the measurement at CERN of 
the branching ratio : 

rfpp - • e+e-) 
* e+e- ' «« r(pp -* total) at rest. 

The value of r(pp 
cross-sections a(]ip -
momentum. 

* total) at rest is extrapolated from known 
total) between 0.3 and 1 GeV/c antiproton 

A slow antiproton in matter loses energy primarily by 
ionization and comes to "rest", with little loss by annihila
tion in flight. In H 2 one expects it to be captured by a 
proton into an orbit of about the size of the first Bohr 
orbit of H, 0.53 x 10"8 cm. The protonium is formed 
with an energy quantum number n Ä 30, large orbital 
quantum number, and velocity somewhat above thermal. 
The subsequent cascade results in the de-excitation of the 
protonium either by collision or by radiative transitions. 
Some transitions are purely Coulomb transitions, such as 
K„(2p-ls), Kp(3p-ls), L„(3d-2p). The strong interaction 
shifts the energy levels and broadens the level widths. 
The experiment is designed to measure the K X-rays from 
the pp atom. The energy shift will give the sign and 
magnitude of the strong interaction correction to the 
Coulomb energy of the Is state, and hence the sign and 
magnitude of the scattering length a„. The line shape, if 
there is sufficient resolution in the apparatus, will provide 
information on the spin dependence of a„. A measurement 
of the L X-rays from the pp atom allows a deduction of 
a relative value for annihilation from the n = 2 states 
compared with the n = 1 states of protonium. This 
experiment, which is particularly difficult and elegant, is 
now running at the PS in order to try to establish the 
existence of the transition lines. 

A study of hypernuclear y-ray transitions and of AN 
interactions at low energy is being carried out by the 
CERN-Lyon-Warsaw Collaboration. This experiment is 
the continuation of the previous one which permitted the 
identification of the 1.09 MeV y-line induced by the inter
action of the stopped K~ mesons with TLi target nuclei 
as a y-transition in the £H hypernucleus. The energy of 
the Ml y-transition between the excited 1 + and the ground 
0+ states of £H is directly related to the spin-spin inter
action of the A-parricle with the unpaired proton in the 
3 H core nucleus. This result gives crucial information on 
the Ap s-state interaction. More complete information on 
the spin-dependence of the AN forces could be obtained 
if the excitation energy of the mirror j{He of the hyper
nucleus were known. The knowledge of the energy of both 
the £H and Ĵ He y-transitions would allow the determina
tion of the spin-dependence of the AN interaction, 
including its charge symmetry-breaking term. Experiment 
S152, now running at the PS, aims to search for the £He 
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y-transitions and to perform more precise measurements 
of the energy and production rate of the ^He y-Iinc. The 
y-Iines will be identified by detecting the TI mesons 
accompanying the following two-body decays : 

*He — «He + TI» (E*> = 57 MeV). 

A Clermont Ferrand-Lyon-Lund-Uppsala-Warsaw 
Collaboration is searching for N*s in helium. The main 
aim of the experiment is to search for evidence of "pre
existing" N*s in the helium nucleus. This will be done by 
comparing the baryon resonance spectra obtained with 
helium and hydrogen targets, and by measuring the 
momentum and angular spectra of the residual nuclear 
fragments. At the time of writing, about 10" events have 
been recorded. The analysis is in too preliminary a stage 
to be reported. 

An Aarhus-CERN-Strasbourg Collaboration has 
established the existence of channelling effects for protons, 
pions, and deuterons transmitted through a 1 mm thick 
germanium single crystal. For 1.15 GeV/c and 1.35 GeV/c 
protons, n~ and deuterons, very strong directional effects 
have been observed. By using position-sensitive drift 
chambers the influence of crystal structure on transmission, 
wide-angle scattering, and blocking distributions have 
been measured. For positive particles it is clearly seen 
that whenever the incoming particles are aligned with 
crystal axes or planes to within a certain critical angle 
( ~ 1 mrad), the transmission yield is strongly increased 
owing to the focusing of the particles between planes or 
strings of atoms in the crystal. For negative particles a 
different behaviour is observed. Here the aligned incoming 
particles are focused around the nuclei, giving rise to an 
increased scattering probability. As a result of this 
phenomenon, very broad and pronounced transmission 
dips are found. By using the crystal target as an intrinsic 
germanium detector, the energy loss of each incident 
particle is measured. It is found that channelled positive 
particles lose around one third of normal energy loss in 
traversing the crystal. The channelled negative particles 
have nearly normal energy loss. The new experiment 
(SI 50) of the same collaboration is studying the chan
nelling properties up to 15 GeV/c for both negative and 
positive particles. 

The CERN-Munich Collaboration has performed a 
measurement of the reaction jr~p -»• jr+jr-n on a trans
versely polarized target at 17.2 GeV. This is a logical 
continuation of a previous experiment on the same reac
tion on a pure hydrogen target. The combination of the 
results of the two experiments allows a model-independent 
amplitude analysis of this process, which plays a crucial 
role in the study of mt scattering as well as in the investiga
tion of exchange mechanisms. Strong nucléon polarization 

effects (left-right asymmetries of 35 %) have been observed 
at low four-momentum transfer in a region which was 
supposed to be dominated by one-pion exchange and was 
therefore expected to show little or no nuclear polarization 
effects. 

If this strong nucléon polarization effect is due to the 
exchange of an additional particle, this object has the 
same quantum number as the A,. The effect can also be 
explained by final-state interactions. The result is of 
particular interest for TOI scattering, as A, exchange has 
been assumed to be absent in all TZTZ phase-shift analysis. 

The CEN, Saclay Group is measuring at the PS 
the polarization of K +n charge exchange reaction at 
6 GeV/c for a transfer momentum t in the range 
0.15 < | t | < 1.5 (GeV/c)2. The beam is an unseparated 
one with 2.5 x I 0 - 2 K+/(n+p). The deuterium polarized 
target with a coaxial dilution cryostat has been built at 
CERN. The neutron polarization in the deuterons of the 
95 % deuterated propanediol target is about 40 %, and 
the length of the target is 12 cm. The result of the 
experiment will be related to Regge phenomenology. 

The University of Geneva Group has studied the 
reaction K ± p -*• K* ± p, K* -» K 0 ^ at an incoming 
momentum of 10 GeV/c, with emphasis on the 1.6-2.0 GeV 
region i'or a search of the 3~~ K* state. The analysis of the 
Kit system in the mass region of K* (1780), based on a 
sample of 46 000 K°^+ final states, has shown evidence 
for a relatively narrow width, ~ 100 MeV, and with the 
spin parity assignment J p = 3~. 

Other reactions have been studied, such as: 

i) x~p — X±p, X± -*- ICK*; 
ii) pp -*• A + + A + T ; 
iii) Ap -»• Açp, with ç -*• K +K~ and A = zt~, K + , p. 

It is worth while mentioning the results obtained in the 
last case. The following ratios have been determined: 

and 

jt~p -»• 3t~9P 

K~p -> K~<pp 

PP — P9P 
K+p -*• K+9P 

= 0.012 ± 0.005 

= 0.16 ±0.06 , 

compatible with the Zweig rule predictions. 
A CERN group has measured the differential cross-

section of K~p and K + p elastic scattering at 4.2, 7, and 
10 GeV/c in the very forward region of scattering angles. 
The region of momentum transfers covered is 0.001 < 
| t | < 0.10 (GeV/c)2 and 0.001 < | t | < 0.03 (GeV/c)2. 
Over these regions the Coulomb and nuclear amplitudes 
reach their maximum interference. Dispersion relation 
fits have been done using also earlier measurements. The 
same group, in collaboration with a group from the 
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Collège de France, will soon start a new experiment 
hunting for narrow baryon resonance formation in 7t-p 
backward elastic scattering. 

The Annecy (LAPP)-[[SN-Freiburg Collaboration has 
accumulated data at the PS using a symmetric bispectro-
meter technique. The lines of research may be listed as 
follows: 

i) Iepton pair resonance survey; 
ii) J/i}> production in hydrogen, carbon, and tungsten, 

and detection of J/4> through the e+e - and j* + n - decay 
channels; 

iii) hadron pair correlations; 
iv) hadron pair resonance production; 
v) single lepton production; and 
vi) single hadron spectra in carbon and hydrogen. 

Preliminary analysis of the data gives an invariant 
differential cross-section for the production of the 
3.1 GeV/c2 J/iJ/ resonance with a mean longitudinal 
momentum of 0.14 GeV and with zero mean transverse 
momentum: 

E d ^ p p - ^ , / | , 3 + 0 . 4 ) x I 0 . M c m 2 / ( G e V 2 / c 3 , 
7t dp L dpf \ — 0 . 3 / 

The ratio of the production cross-section on "free nucléon" 
in carbon and the production cross-section in hydrogen 
is 

7i2[d 3a(pC->J/Wdp LdpT ? + 0.8 
d»a(PP->J/+)/dpLdp? ' - 0 . 6 

at the 90 % confidence level. 
The anomalous g-factor a^ = (g — 2)/2 has been 

measured for muons of both charges in the Muon Storage 
Ring by a CERN-Daresbury-Mainz Collaboration. The 
two results a ^ = (1165909 ± 12) x 10- 9 and 
a(1_ = (1165935 ± 12) x 10~9 are in good agreement 
and combine to give a mean â  = (1165922 ± 8) x 10~9 

which is very close to the most recent theoretical 
prediction (1165921 ± 10) x 10~9. For the experimental 
results the total statistical and systematic error is given. 
The measurements thus confirm the remarkable quantum 
electrodynamics calculation plus hadronic contribution 
and serve as a precise verification of the CPT theorem 
for muons. A by-product of the experiment consists of 
the determination of the (i* lifetime in flight (Lorentz 
factor y ~ 30) with an accuracy of ± 0.5 °/m. The results 
agree with the expected value T = YT0, where T 0 is the 
mean life at rest. An upper limit of the electric dipole 
moment of the muon is established at a level about 
40-50 times better than the previous direct measure
ment done at the Synchro-cyclotron in 1961. 

A Heidelberg-CERN Group has established the exis
tence of a narrow resonance at a mass of 1939 ± 3 MeV. 
For its natural width an upper limit of T < 4 MeV 
has been obtained. One speculates that, close lo the pp 
threshold, proton and antiproton may form long-living 
nuclear states. These states are called baryonium by 
analogy with the positronium. An alternative explanation 
for the narrow width may be similar to the case of ç and 
J/4> particles, namely the Zweig-Uzuka-Okubo rule applied 
here on the decay of a diquark-diantiquark system. 

Omega Spectrometer 

A search for charmed particles ha* been made in ?r~p 
interactions at 19 GeV/c (total cm. energy available 
being 6.0 GeV) by the groups participating in Omega 
experiments. The experiment was prompted by current 
theoretical ideas which hold that charm, like strangeness, 
should be conserved in strong interactions and therefore 
should be produced in pairs in reactions of the general 
type I 

:r-p/->-D"D»p 
; - > D C + 

— D°C 
-* D°C+7t-, etc. 

where D and C represent charmed mesons and baryons, 
respectively. 

The lowest-mass states are expected to decay mainly 
through a strangeness-changing weak interaction; for 
instance, 

D° - * K + « -

C+ ->-K~7t+p 
C — KTp 

-* K~p:r+:r-. 

The production of charmed particles would then 
manifest itself by the presence of narrow peaks in the 
relevant mass plots obtained from final states containing 
charged kaons. The following two reactions were studied : 

nrp -» K+K~7t-p 
Tt~p - > K'^K^TT+TT-Tirp. 

The data were taken with two triggers, requiring a 
forward K~ or a forward K + , respectively. Together, the 
data covered the full range of possible production dis
tributions of charmed mesons with masses above 1.5 GeV 
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Figure 2 — Experiment SI 12 : Spin parity analysis of the Sit system 
in 7rp ~* K*-K-7t°n at 12 and 18 GeVlc in the Omega spectrometer by 
Birmingham-Rutherford-Tel Aviv-Westfield Collaboration showing 
the A2 and the <o(l675). 

and charmed baryons with masses above 2 GeV with an 
average sensitivity (effective n - flux multiplied by the 
apparatus acceptance) of 0.4 events/(ib for the K~ run 
and 0.26 events/jib for the K + run. 

For each of the above two final states the effective 
mass of the possible decay products of one charmed 
meson or baryon was plotted against the effective mass 
of the associated charmed meson, and all possible two-
dimensional mass plots were investigated in a search for 
narrow peaks. No evidence for charm production was 
obtained. At the 95 % confidence level, the cross-sections 
multiplied by the product of the two decay branching 
ratios are between 40 nb and 2 jib depending on the 
channel, the production mode, and the charmed particle 
masses. 

The Zweig rule has been invoked for many years now 
to explain the production and decay properties of the 
9 meson. Both its quantitative aspects and theoretical 
foundations are far from being clear. Renewed interest 
in a thorough testing of the rule has arisen since the 
discovery of the J/9 family of new particles; a common 
feature of the theories trying to explain the new particles 
is to use the Zweig rule as the dynamical ingredient 

responsible for their narrow widths. Summarily the rule 
states that two quarks in a meson do not annihilate; 
instead, production and decay take place by connected 
quark diagrams. 

In the absence of accompanying strange particles, 
9 production can occur only through the ~ 10% non-
strange quark content of the 9, which is deduced from 
its prc decay mode. Thus 9 production rates of the order 
of a few per cent of those of «a and p mesons are expected 
in "forbidden" reactions. When extra strange particles 
are present, connected quark diagrams are possible, and 
the rule allows 9 production with rates comparable to 
those of c>> or p production. 

An experiment performed at the Omega spectrometer 
has led to the observation of 9 production in the reactions 

w-p- - K + K"it + 7c-3:-p 
- K + K " K + K _ 5 r - p 

( I ) 
(2) 

at 19 GeV/c, with 9 — K+K". 
The following results are obtained: 

9 production unaccompanied by (KK) pairs: the observed 
cross-section is (0.7 ± g;J) yb. The equivalent co cross-
section has been measured to be ( 130 ± 18) fib in a bubble 
chamber experiment at 16 GeV/c. Therefore 

97C+7C-7t_p 0.7 
= 0.005 + 0.005 

Ci>7E+7E-7E-p 130 0.002 

.•4îom I the Zweig rule well in agreement with the deviatioj).̂  
expected from 9-td mixing. 
9 production accompanied by (KK) pairs (reaction (2)) 
has been compared with pD production in reaction (1), 
with the result: 

9 K + K - n - p _ n ^ + 0 . 2 5 . 
- U 4 : > _ 0 . 1 5 p»K + K 7c-p 

It is therefore concluded that 9 production with extra 
kaons behaves like a Zweig-rule-allowed process with a 
cross-section comparable to that of p° production in a 
similar allowed process (Birmingham-CERN-DESY-Glas-
gow-Ecole Polytechnique-Liverpool-Saclay Collabora
tion). 

Two experiments have looked for backward-produced 
exotic meson resonances in baryon exchange reactions of 
the type 

TCN -* Y(forward) + X ± : t . 

In the simple quark model all meson states are formed 
from quark-antiquark pairs, and all meson states which 
cannot be so formed are called exotic. Extensive searches 
have been made in the last few years, mainly in reactions 
mediated by meson exchange, with negative results at the 
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level of 2-10 jib upper limits to their production cross-
sections. The motivation for looking for exotic mesons 
in baryon exchange reactions arises from the theoretical 
observation that, in order to satisfy two-component 
duality, baryon-antibaryon scattering requires the exist
ence of exotic resonances. Thus exotic states might be 
expected to couple preferentially to a baryon-antibaryon 
vertex. Furthermore, two-component duality predicts that 
the cross-section for exotic resonance production should 
be of the same order of magnitude as that for non-exotic 
resonance production in equivalent baryon exchange 
processes. 

The first experiment studied, at 12 GeV/c incident 
momentum, the inclusive reaction 

Ti+p ->• A(forward) + X + + , 

where X + + represents a doubly charged meson. 
The reaction is assumed to occur through exchange 

of a E~ and thus requires an antibaryon-baryon coupling 
at one vertex. 

Events were selected with a trigger that required a 
forward A produced with any number of charged particles. 
To further enhance the baryon exchange mechanism, 
events in which the four-momentum transfer from the 
incident 7c+ to the A was larger than 0.5 (GeV/c)2 were 
considered separately. From the study of the mass-
squared distributions recoiling against the A, no significant 
effect could be found and only upper limits to X + + pro
duction cross-sections can be given. At the 95% con
fidence level, these upper limits range from 60 jib for 
masses below ~ 2.6 GeV to 150 jib for masses between 
2.6 and ~ 3.6 GeV. 

The cross-section for backward K* (890) production 
in 7t~p reactions has not been measured at 12 GeV/c, 
but is calculated to be 160 jib by extrapolation from 
measurements at lower energies. 

The absence of exotic resonances in the experiment 
weakens but does not disprove the duality predictions 
(Freiburg-Saclay-ETH, Zurich Collaboration). 

The second experiment studied the reaction 

7c_n - • p(forward) + X 

produced by 12 GeV/c it- in deuterium. 
Preliminary results on the investigation of the duality-

favoured decay X -»• A°A++ —>• p7t-pV- have been 
presented, using events with well identified secondaries 
and fitting the hypothesis 

:r~d -* p(spectator) + p(forward) + pp7c-7c_. 

No evidence is found for A A production, and only upper 
limits to the cross-section can be given; for X masses 

below 2.5 GeV an upper limit of 40 jib is found at the 
95 % confidence level. 

The backward cross-section for p° production in 
•n'P - • pp~ has an interpolated value of (670 ± 70) jib 
and is thus substantially larger than that for production 
of an exotic meson X with a mass below 2.5 GeV; 
there is thus in this mass range a contradiction with two-
component duality (CERN-Collège de France-Ecole Poly
technique-Orsay Collaboration). 

Bubble Chamber Experiments 

It is difficult to collect, within a short time, results 
recently obtained in the widely dispersed laboratories 
analysing bubble chamber data, and, therefore, the results 
reported in this section concern only experiments in which 
CERN-based groups collaborate directly. Except where 
otherwise indicated, the results come from the 2 m bubble 
chamber. 

Resonance Physics 

E*(2030) 

In the large-statistics (130 events/jib equivalent) 
experiment studying K~p interactions at 4.2 GeV/c, the 
existence of an S = —2 baryon resonance (H*) at a mass 
of 2030 MeV has been firmly established. The evidence 
comes from the reactions ICp - • (S lcy iC, where it 
shows as a 6-7 standard deviation effect above back
ground in the invariant mass spectrum of the negatively 
charged (ZK.) system. The mass and width are determined 
to be: M = (2025 ± 3) MeV and T = (28 ± 8) MeV. 
The observed cross-section is about 3 jib, which explains 
why, in the absence of large-statistics experiments, the 
S* spectrum is so badly determined. The data do not lead 
to a significant spin-parity assignment. However, the 
observation of the 3*(2030) in the channel (AÏC)~ with 
a branching ratio AK/2ÎC = 0.24 ± 0.09 agrees with 
the SU(3) prediction of a 3 * in the observed mass region 
belonging to the J p = 5/2+ baryon octet, the other mem
bers being N(1688), A(1815), and 2(1915). 

i)' spin parity 

A partial wave analysis of the 7j7C7t system in the 
reaction K~p - • Aqmc at 4.2 GeV/c has been made. The 
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analysis used the A polarization as well as the q' decay 
angular distribution and the Dalitz plot population. 
Events with very forward-produced vj' mesons were 
investigated in detail. On the basis of the results of these 
analyses, together with those at other incident energies, 
the 7]' spin parity is established to be 0~. Previous experi
ments, although favouring strongly the 0 _ over the 2~ 
assignment, had led to doubts about the attribution of 
the r{ to the pseudo-scalar nonet; this because, while 
SU(3) symmetry-breaking effects explain well the pro
perties of vector and tensor nonets, their application to 
a pseudo-scalar nonet containing the TJ' does not lead 
simply either to the observed mass spectrum or to the 
radiative rates found. 

<a*(1675) 

A partial wave analysis of the (37t)° system in the 
reaction K~p -» AK+TZ--^ at 4.2 GeV has been made 
using an isobar model. Although J p = l + waves, with 
both isospin 1 = 0 and J = I, contribute over the mass 
region 1.0-1.7 GeV, no evidence for axial vector meson 
resonance production is observed. Significant production 
of A2(I3I0) J p = 2+ and <o*(1675) J p = 3" is observed 
with characteristic Breit-Wigner behaviour both in the 
amplitudes and phases. The latter provides badly needed 
confirmation of the <o*(l675) as a Regge recurrence of 
the <o(780) meson/ 

The above''three results were obtained by the Am-
sterdam-CERN-Nijmegen-Oxford Collaboration. 

8 and D mesons 

The existence of the 8 meson has been confirmed in 
16 GeV/c i^p collisions by the observation in the (•»)-) 
mass distribution of a peak at (980 ± 7) MeV with T = 
(46 ± 23) MeV. No evidence is found for the decay 
8 -»• pr:, consistent with a J p = 0+ assignment. In these 
collisions evidence for a new decay mode of the D meson 
into p7CTt is observed with a branching ratio 

D -» pjnr/D - • TJTTTI = 0.96 ± 0.19. 
The 7j:nr decay proceeds mainly through the chain 
D -> Sn -> 7j7t7t. The D mass and width are 
M = (1279 ± 2) MeV, r = (26 ± 18) MeV (Aachen-
Berlin-Bonn-CERN-Cracow-Heidelberg-Warsaw Collab
oration). 

The Zweig rule inf production and decay 

A quantitative estimate has been made of the validity 
of the Zweig rule both in the production and in the decay 
of the J p = 2 + , I = 0 meson f, whose only established 
decay mode is into KÏC. According to the rule, backward 
f ' production is forbidden if the f is entirely made up of 
strange quarks; if produced through f'-f° mixing, back

ward production should be suppressed relative to f° pro
duction by a factor tan2 0 m , where 0 r a measures the 
departure from ideal mixing. The cross-sections for 
Af' (f' — KK) and Af°(f° — TT+TT"), with f'(f°) emitted 
backwards in the K~p reaction at 4.2 GeV/c, results in 

-)—?• ~ p - = tan» 6 m < 0.025 
o(K p ->• A P V * 

at the 95 % confidence level. 
This is obtained from the observation of 0 ± 5 f ' ->• 

KJÎCf events and 1360 ± 110 f° -> jt+st- emitted back
wards in the collision centre of mass. 

The rule forbids also the decay f ' -> TZ+TZ~. A search 
for this decay mode has been negative (—2 ± 9 events 
can be ascribed to the f ) and yields the value 

at the 95 % confidence level. 
To a fairly good precision the rule applies well to 

the f (Amsterdam-CERN-Nijmegen-Oxford Collabora
tion). 

Quasi-two-body Reactions 

The reactions K _ p —• 7 t + 2 : t have been measured at 
4.2 GeV/c. Both reactions show abundant structure in the 
differential cross-section, and the Z + polarization is 
measured to be significantly non-zero and exhibits pro
nounced structure over the complete range of scattering 
angle. The reaction K~p -» - + Z ~ shows a clear -+ forward 
exotic peak. An SU(3) comparison of A + + exchange in 
K~p -» 2 +7t- and :t-p -» p - - at 3.92 GeV/c shows 
remarkable agreement both in differential cross-section 
and in polarization. 

A model-independent transversity amplitude analysis 
has been performed for the reactions K~p -*--c~SJt(1385) 
at 4.2 GeV/c. The reaction K"p - • re+2_(1385) exhibits 
a substantial -+ forward exotic peak, and the amplitude 
analysis has shown this to be due to a double transversity 
flip amplitude. Such an interpretation also explains, via 
charged symmetry, the small but significant violations of 
the additive quark model predictions in the reaction 
K"p->7r-2+(1385)(Amsterdam-CERN-Nijmegen-Oxford 
Collaboration). 

Using the high-statistics data of the 7t+p experiment 
at 16 GeV ( ~ 18 events/t*b), a systematic study has been 
performed of quasi-two-body reactions with A++(I236) 
production at the baryon vertex. The production of 0~ 
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mesons (JI°, i), i)'), 1 ~"(p, w), and 2+(f) resonances, and of 
the 0+(7IJT) s-wave at the meson vertex has been studied. 
Data on two-body reactions at high energy are particularly 
important for the study of the properties of t-channel 
exchanges, such as trajectory functions, factorization, 
SU(3) sum rules, etc. 

The differential cross-section d<r/dt' for the reaction 
71+p -»• 7r°A++ indicates a dip towards t' = 0 and has a 
minimum at t' =: 0.6 GeV2; do/dt' for the reaction 
7t+p -»• 7]A++ also has a turnover in the forward direction. 
The SU(3) sum rules relating the differential cross-sections 
of the two reactions are well satisfied. The A + + spin 
density matrix elements for both 7t° and •/) production are 
consistent with the predictions of the Stodolsky-Sakurai 
model, except perhaps at the very forward direction. 

The 7) production is supposed to proceed via A s 

exchange in the t-channel. Using data from 7i+p experi
ments at 8 and 16 GeV/c, the effective A8 trajectory has 
been found to be (0.4 ± 0.2) + (0.7 ± 0.4)t, in 
good agreement with expectations (Aachen-Berlin-Bonn-
CERN-Cracow-Heidelberg Collaboration). 

Diffraction Dissociation 

A spin parity analysis has been made of the low-mass 
(NTC) systems produced diffractively in the reactions 
7t±p -»• ^(Nre) at 16 GeV/c. The parity of the diffractive 
states is found from their interference with A(1236) pro
duction. At the (NTT) threshold the dominating state is 
found to have J p = 1/2", which violates the Gribov-
Morrison rule stating that the change of parity AP at the 
diffractive vertex should be given by AP = (—l) a j, 
where AJ is the change of spin. Diffractive waves with 
J p = 1/2" and 3/2+ together with A production are 
sufficient to describe the data for (NTC) masses below 
1.4 GeV. Comparing this result with diffractive proton 
dissociation into Arc and meson diffraction dissociation, 
a common feature of all threshold enhancements appears 
to be the dominance of s-waves (Aachen-Berlin-Bonn-
CERN Collaboration). 

K+p ->• K«n+p 

Analysis of this final state, previously studied at 3, 
3.5, 5, and 8 GeV/c incident momentum, has now been 
extended to II momenta between 3 and 16 GeV/c, using 
the data of the world K + Collaboration. Strong production 
of K*(890), K*(1420), and A++(1236) resonance is observed 
throughout with decay distributions that indicate but 

little change with energy in the production mechanisms. 
The K*(890) production occurs mostly by unnatural 
parity (UP) exchange at small |t] and by natural parity 
(NP) exchange at large |t|. From the NP contribution a 
Regge trajectory is found that is consistent with that of 
the <•> meson, except for a smaller slope than was expected. 
The NP contribution has a slower energy dependence 
than that of the UP and shows a forward dip, whereas 
the UP shows a forward peak. Further comparison with 
K+n - • K*°(890)p shows that the NP exchange is domi-
nantly isospin I = 0, whereas UP exchange has I = 1. 
Production of the A++(I236) agrees with the Stodolsky-
Sakurai prediction of p exchange, and indeed the extracted 
trajectory is consistent with that expected for the p meson 
(Birmingham-Brussels-CERN-Mons Collaboration). 

Phenomenology of Inclusive Reactions 

Following the successful application of the triple 
Regge formalism to the inclusive reaction K~p - • A + 
anything at 4.2 GeV/c, similar analyses have been per
formed for K~p -»• S + + anything, K~p -»• H~ + any
thing, and K~p - • £±(1385) + anything, at 4.2 GeV/c. 
The effective trajectory for target fragmentation p -» S + 

was found to be between the K and K*(892) trajectories, 
and agreed remarkably well with that deduced from p -»• A. 
For the beam fragmentation K~ -»• 3", the results for 
the annihilation process Yp + pions suggest that the 
exchanged meson trajectory is exotic, thus lending support 
to the conjecture that ordinary s-channel resonances in 
baryon-antibaryon scattering should be dual to an exotic 
exchange. For the target fragmentation p -»• S+(1385), 
the exchanged trajectory responsible for the annihilation 
process Yp -»• pions is found to be consistent with the 
exchange-degenerate f '-9 trajectory. 

The inclusive reactions K~p -»• AX and K~p -» S+X 
at 4.2 GeV/c in the region of target fragmentation have 
been analysed in terms of a dual model of Reggeon-
particle scattering. Distributions of missing-mass, X, and 
pf are well reproduced. 

A detailed study of A polarization in the reaction 
K~p -» AX at 4.2 GeV/c has shown a significant de
pendence on the composition of the system X. For a 
system X of pions only, the A polarization is measured 
to be significantly different from zero, whereas for a 
system X containing a KK pair the A polarization is zero. 
This latter observation lends support to the dominance 
of Pomeron exchange in strangeness non-annihilation 
processes (Amsterdam-CERN-Nijmegen-Oxford Collabo
ration). 

The inclusive reaction K+p -»• AX at 16 GeV/c shows 
a dominant contribution of target fragmentation; early 
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Figure 3 — Inclusive reaction K*p -* AX at 8 and 16 OeVjc. The 
figure illustrates the interpretation of the production of A in high-
energy K*p collisions in terms of two mechanisms : fragmentation and 
central production. For the region near x = — /, the A arise from 
target fragmentation, a process well described by the triple Regge 
formalism as shown by the curves. The situation is similar near x = — / 
for projectile fragmentation. Near x =• 0. an additional process of 
central production is evident in the data (Binningham-Brussels-
CERN-Mons-Serpukhov Collaboration). 

scaling is observed when the data are presented in terms 
of (M2-M&)/s and t, where Mm is the threshold value of 
the effective mass M of X. The choice of inclusive variables 
is crucial in the energy region of interest because the 
mapping of one set of variables on another is strongly 
energy dependent. No scaling behaviour is observed with 
other choices. With the scaling variables, a triple Regge 
analysis yields a trajectory which is essentially coincident 
with the K, Q, L degenerate pair. Scaling is not observed 
in the beam fragmentation region of the reaction, nor is 
it verified for the reaction K +p -»• AX, although there is 
evidence for the presence of beam fragmentation con
tributions. If these contributions are estimated by means 
of tripIe-Regge amplitudes involving the Ha and N a 

trajectories, and added to the target fragmentation, 
integration over the entire phase space yields cross-section 
values increasing approximately as log s, as observed. 
A subtraction of this evaluation of the fragmentation from 
the observed distributions yields an estimate of central 
production, which peaks near x = 0 for A production, 
and near x = 0.2 for Ä". The structure function appears 
to increase with s in the vicinity of the peak, but to scale 
elsewhere (Birmingham-Brussels-CERN-Mons Collabora
tion). 

With the participation of the Scandinavian Bubble 
Chamber Collaboration (Helsinki-Oslo-Stockholm), the 
same Collaboration has tested the factorization hypothesis 
in a comparison between the reactions K +p -»• AX and 
pp -»• AX. As the combination (beam particle, target 
particle, produced antiparticle) has exotic quantum num
bers in both cases, the hypothesis is expected to hold. 
The comparison of the structure functions, to be meaning
ful, has to be made in corresponding regions of the Chew-
Low plot. The factorization hypothesis is found to be 
satisfied at the 10% level when the squared four-momen
tum transfer t from proton to A verifies | t | < 1 (GeV/c)2. 

An extensive study of inclusive resonance production 
has been made using over one million events of jt^pand 
K _p reactions at 16 GeV/c and K~p reactions at 10 GeV/c 
by the Aachen-Berlin-Bonn-CERN-Cracow-Heidelberg-
Imperial College, London-Vienna-Warsaw Collaboration. 
In particular, p, f°, ij, and « production have been 
analysed. In 7c+p reactions it is found that most of the 
7t~ produced are decay products of resonances; only 10% 
to 20 % are directly produced. This is in agreement with 
a quark model by Anisovitch and Schekhter, who predict 
7 % of direct pion production. In general, the fractions 
of resonances produced in Tip interactions agree with the 
quark model except for TJ'/TJ; while this ratio is predicted 
to be 1.7, the observed value is between 5% and 10%. 
An explanation of this result could be that the JJ' is 
composed largely of strange quarks, such as the 9 meson. 
Supporting evidence for this is that in K~p leading to 
A production the i)' and 9 production cross-sections are 
of the same order of magnitude. 

Some further consequences of the dominance of 
resonance production are: 

i) the fact that the diameter of the hadronic fireball as 
determined by second-order interference effects (Han-
bury-Brown, Twiss method) is as large as 2 fermis can 
be explained as being the average distance a resonance 
travels before decaying; 

ii) the observed angular correlations between particles 
are better explained in terms of resonances than of 
cluster formation. 

Using inclusive resonance production, quantitative 
estimates can be made of the amount due to fragmenta
tion of the incident particle and that due to central pro
duction. Thus at 16 GeV/c, in 7t~p reactions p° production 
«s observed to come both from central production and 
from beam fragmentation, while in K~p collisions at 
16 GeV/c K*°(890) production results almost entirely 
from beam fragmentation. After normalizing to the total 
inelastic cross-section, subtraction of the K*(890) distribu
tion from the p° distribution as a function of x results in 
a distribution symmetrical about x = 0 corresponding to 
central production. 
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Using data from a 16 GeV/c rc+p bubble chamber 
experiment, the production of pions and meson resonances 
in the central region has been studied. Transverse spectra 
have been analysed in terms of the variable E t = , / p J+ M2. 
We find that the Et spectra of "stable" particles, of 
resonances like p, co and f, and of corresponding non-
resonant two- and three-pion systems all follow one 
simple exponential in Et over several orders of magnitude 
in cross-section. All spectra are consistent with one 
common slope parameter of approximately 120 MeV 
(Aachen-Berlin-Bonn-CERN-Cracow-Heidelberg-Warsaw 
Collaboration). 

Neutrino Physics in Gargamelle 

The following results have recently been obtained by 
the Gargamelle groups from Aachen, Brussels, CERN, 
Ecole Polytechnique, Milan, Orsay and University 
College, London. 

Neutral to Charged Current Inclusive Cross-Section Ratios 

The ratios of the neutral current to the charged current 
cross-section have been measured for neutrinos and anti-
neutrinos in events with a hadronic energy greater than 
I GeV. These ratios are found to be Rv = 0.25 ± 0.04 
and R; = 0.56 ± 0.08. 

Assuming the validity of scaling and a V/A-type 
structure for the neutral current, the ratios were corrected 
for the effects of the energj cut and found to be 
R$°" = 0.25 ± 0.04 and Rc-°" = 0.39 ± 0.06. These differ 
from the predictions deduced from parity-conserving 
models (pure V or pure A) by more than three standard 
deviations. In the framework of the Weinberg-Salam 
model, the values of R and R are very well compa
tible with the same value of the mixing parameter 
sin2 6W =-- 0.32 ± 0.05. 

fsospin Properties of the Weak Neutral Current 

The results obtained on the one-pion neutral current 
reaction of neutrinos and antineutrinos on nuclei, e.g. 

have been analysed in order to deduce the isospin pro
perties of the neutral current transition. The ratio of the 
number of re- to the number of ÎI° produced is shown to 
be independent of any nuclear effect if the transition is 
purely isoscalar. The results are in disagreement with 
such a hypothesis and are compatible with at least an 
important contribution from an isovector neutral current 
transition. 

Evidence for a New Weak Current. Observation of 
\L~e* V Reactions 

Three events of the type v^N -* [i _e +V° -f anything, 
which can be interpreted as charmed baryon production, 
were found at the end of 1975. A systematic study of the 
various correlated channels was performed. It confirmed 
and improved the results of the first analysis: 

(i) The events found in the channel: 

v^N -* (jre+V° 

have a very small background, and no event of the 
type 

v^N -* (x-e-V° 
was found. 

(ii) A systematic study of the sources of the events 

v„N —* ( i _ e + + anything 

has given a total of 7 expected events due to back
ground, mainly ys and Dalitz. On the contrary, 16 | i _ e + 

events are observed, and this number is compatible 
with a sum of the background events plus events due 
to undetected strange particles, i.e. Kj\ neutral decays, 
charged 2 , and K. 

(iii)The numbers of \jrt~ and e_V° events, 25 and 6, 
respectively, are compatible with the background 
calculations and confirm the results obtained in similar 
calculations for the background in the [jre+V 0 and 
\irt+ channels. 

(iv) One V° in the events yre+V° is identified as a A 0, and an 
event [ire+ shows in addition the decay mode A 0 -* mP. 
This production of strangeness—1 associated with the 
7t _e + is what is expected from the charm hypothesis. 
The results of this experiment are evidence for the 
production of a charm baryon with mass in the vicinity 
of 2.5 GeV. 
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JSR PROGRAMME 

Experiments at the ISR may be divided into the 
following categories: 

total cross-section and elastic scattering at very small 
angles; 
elastic scattering and diffractive excitation; 
scaling; 
large transverse momentum phenomena; 
direct lepton production; 
particle searches. 

Total Cross-Section and Elastic Scattering at 
Very Small Angles 

The elastic differential cross-section at small momen
tum transfers is used to determine the imaginary part of 
the forward amplitude, which, th-ough the optical theorem, 
gives the total cross-section. At t = 0 extrapolation is 
achieved from the measurement of the elastic scattering 
cross-section in the range 0.01 < |t | < 0.1 (GeV/c)2. 

The ISR results on the rising cross-section have 
eliminated the concept of reachable asymptopia, which 
was usut'ïy expected to appear for y's > > m, the mass 
of the particle involved. This phenomenon has profoundly 
affected theoretical approaches to hadronic interactions. 

Elastic Scattering and Diffractive Excitation 

In the differential cross-section the main feature is 
obviously the dip at a |t | value of the order of 1.4 (GeV/c)2. 
It was first found by experiment R601. The most recent 
result comes from experiment R401. The second maximum 
occurs after exponential fall-off by over six decades. The 
second maximum is followed by another exponential fall-
off with a smaller slope, up to | t | = 6 (GeV/c)2. 

More involved difTractive processes have been studied 
at the ISR, such as double diffractive excitation with two-

Figure 5 — The figure shows the first observation of the differential -
cross-section dajdt of the double neutron diffraction reaction tm -* 
(pn~) (pit') : this is one of the preliminary results of experiment 
R417 which is investigating incoherent and coherent deuteron reactions 
using pd and dd beams at the ISR (CERN-Pavia-Collaboration). 
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proton flaring, or such as double Pomeron exchange with 
two quasi-elastically scattered protons and a Tew slow 
pions. 

One of the major achievements in this area of research 
has been the observation that diffractive excitation is not 
limited to a few low-mass states, but that it extends up 
to high masses. This diffractive excitation phenomenon 
has been established up to 12 GeV. 

Scaling 

Diffractive excitation contributes about one quarter 
of the inelastic proton-proton collisions. The transverse 
momentum p T and the rapidity y distributions are found 
to be stable over the whole range of ISR energies. While 
the kinematic range in p T and in y increases with energy, 
the local density distributions change very little. This 
property, which is particularly true in the case of 
p T

 < : 1 GeV/c, is called limiting fragmentation or scaling. 
The majority of secondary particles are pions with 

low transverse momenta. The distribution da/dpf is with 
good approximation exponential with an average value 
of p T ~ 0.35 GeV/c. This value of <pT) is very stable 
over the ISR energy range. 

Scaling applies also to correlations among secondary 
particles; ih fact not only the mean rapidity distribution 
remains stable but also fluctuations in rapidity are very 
stable versus energy when viewed in terms of correlations 
among particles produced in the interactions. 

Experiments R201, R202, R203, and R102 provided 
evidence for scaling in the central region. Experiment 
R405 studied the inclusive production of fast neutrons, 
and experiment R603 the inclusive production of A++. 

Experiment R801 has shown the validity of the scaling 
in the correlations among secondary particles. Experiment 
R701 obtained more refined data (but with less statistics) 
using streamer chambers. The use of lead-glass detectors 
allows experiment R70I to obtain charged-neutral and 
neutral-neutral correlations. 

Large Transverse Momentum Phenomena 

The production of hadrons in lepton-induced reactions 
gives strong support to the existence inside the proton of 
spin 1 / 2 point-like constituents which materialize into 
hadron jets. A natural process for the production of large 

tan e 

tan e 

Figure 6 — Evidence for Jet structure observed in ISR experiment 
R702. The trigger is a n« with p, > 8 CeV\c : the function displayed 
is the polar angle correlation function of secondaries at opposite 
azimuth to the trigger and with transverse momentum Px in the range 
indicated. (CERN-CEN, Saclay-Zurich Collaboration) 

p T hadrons in pp collisions is then the hard scattering of 
two-proton constituents (quarks ?) which in turn dress up 
into two-hadron jets. It is known that such a process 
implies the observed power law scaling behaviour of the 
inclusive large p T cross-section. An important feature of 
the hard-scattering hypothesis, which inclusive measure
ments cannot test, is the prediction of a coplanar two-jet 
structure in large p T events: a jet towards the trigger 
containing the large p T triggering particle and a jet away 
from the trigger in the opposite azimuthal hemisphere. 
Owing to the longitudinal motion of the constituents 
inside the protons, these two jets are not expected to be 
emitted back to back in the pp cm. system. They should, 
however, have opposite transverse momenta. 
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Figure 7 — Experiment RS06: The J/ty production cross-section in
creases by almost a factor of six over the ISR energy range, as shown 
by recent measurements of the Brookhaven-CERN-Syracuse-Yale 
Collaboration. 

The Split-Field Magnet (SFM) facility provides 
magnetic analysis over a very large solid angle and is 
being used to study the structure and nature of large Pr
events with three different triggers for the SFM detectors: 

(i) with a 7t° emitted at 90° and with Pr > 2 GeV/c; 

(ii) with a large pj. charged hadron emitted at 20° or 45° 
with p T > 2 GeV/c; 

(iii)with a large p T identified hadron (7tà, K ± , p*) at 90° 
and p , > 2 GeV/c. 

All three experiments confirm the presence of a jet 
towards the trigger at all triggering angles, which cannot 
be reduced to a trivial two-body resonance effect. The 
distribution of particles produced in the hemisphere away 
from the trigger is shown to be compatible with the 
existence of an away jet; thus 

(i) large p T away particles stay in the plane defined by 
the large p T trigger and the incoming protons; 

(ii) pairs of large py away particles are strongly correlated 
in angle. 

However, at present pj. values of the trigger (2-
3 GeV/c), it is not yet possible to isolate the away jet, 
event by event More decisive tests are expected from 
future experiments which should reach larger p,- values 
(5-10 GeV/c). 

Preliminary studies of the event structure associated 
with large py, -n, K, and p triggers show only "light 
differences in the small fraction of the data so far analys^-d; 
more significant results on quantum number correlations 
should result after complete analysis of the data already 
available. 

Direct Lepton Production 

Direct production of leptons in proton-proton colli
sions was first found at large Pr with yields remarkably 
proportional to those of pions, at the level of 10-*. The 
origin of these leptons is still a mystery, and the under
standing of the production mechanism is the purpose of 
several experiments now approved. 

Inclusive electron and positron emission has been 
observed for 0cm ~ 30° and s = 2800 GeV2. Over the 
transverse momentum interval 0.2 GeV/c < p T < 
1.5 GeV/c, electrons and positrons, which are equal in 
number within the experimental accuracies, appear to 
grow with respect to other particles (pions) approximately 
like l/pj. It seems that an explanation of their number 
and Pj dependence in terms of a "conventional" mecha
nism is not possible. 

Particle Searches 

Large Pj. production of leptons is a standard trigger 
in searching for new effects such as the production and 
weak decay of charmed hadrons. 

The search for magnetic monopoles is based on 
possible large magnetic charges g = ng D , with n = 1, 2, 
3, . . . , and g D = 137 e/2. This implies that relativistic 
monopoles have large ionization losses equal to 4700 n 2 

times that of minimum ionizing particles. Another possible 
basis for the search for magnetic monopoles is the fact 
that monopoles are produced in pairs and annihilate 
immediately into many photons. These may be the cause 
of the so-called Schein events, with multiple photons 
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Figure 8 — Experiment R606 is designed to investigate production of 
new particles in the fragmentation and diffraction regions. Use is made 
of a toroidal Held provided by 12 flat copper coils, seen here as the 
rays of a wheel ; in the free spaces between coils are housed Cerenkov 
counters. Tltese counters, together with calorimetric shower detectors, 
toi ated behind the magnet, provide separation of electrons from hadrons. 
The momenta of particles going through the system are measured with 
two sets of three drift chamber modules, two in front of the magnet, 
one behind, whose sizes increase from about 1.5 m for the one seen 
on the picture to 5 m for the one at the back (' Aachen-CERN-Harvard 
Universitv-Muinch-Northwestcrn-Riverside Collaboration). 
(CERN-il.ll.76) 

Figure 9 — 77«? magnet assembly for experiment R209 at the ISR to 
search for high-mass muon pairs and associated hadrons (Frascati-
Genoa-Harvard-MIT-Naples-Pisa Collaboration). (CERN-417.10.76) 
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Figure 10 — Tlte aims of experiment RW8 include an investigation 
of the dilepton spectrum at high mass and the particles produced in 
association, and a measurement of the particles produced in events 
containing a large transverse momentum it". 
Tlic detector designed by the CERN-Coh nhia-Oxford-Rockefellcr 
Collaboration consists of a superconducting solenoidal magnet, planes 
of cylindrical drift chambers, scintillation counters and two arrays, 
each composed of 168 lead-glass Cerenkov counters. 
(CERN-280.II.76) 

found in cosmic rays. The first method allows for either 
a direct measurement looking for magnetic monopoles 
as soon as they are produced, or an indirect measurement 
assuming that the monopole has been trapped in materials 
and observed later. 

The present lower limit cross-section obtained at the 
ISR is 7 x 10-38 cm2 (95 % confidence level) for mono
poles with mass m s < 20 GeV and a magnetic charge in 
the range 0.2 g D < g < 20 gD. 

The search for quarks has been active at ISR energies. 
Early searches were made by the CERN-Munich and 
British-Scandinavian Collaborations. No quarks were 
found; upper limit cross-sections for m < 26 GeV are 
of the order of 2 x I0 - 3 1 cm2. A new search has been 
made in the SFM; if negative, the limit will be brought 
down by two orders of magnitude. 

SC PROGRAMME 

Out of the many experiments either on the floor or 
recently completed, and of which only a few can be 
mentioned here, the outstanding experiment performed 
by the CERN-Pisa Collaboration must be the first to be 
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described. Among all the low-energy experiments done 
in order to detect the vacuum polarization effects, the 
measurement of the transition energy between the 
2P3/2-2Si /2 levels of the helium muonic ion ([i4He)+ is 
one of the most significant. The leading term is due to 
the vacuum polarization contribution at a mean momen
tum transfer of the order am,,. Negative muons from the 
Synchro-cyclotron gx-channel are stopped in a gaseous 
helium target at 40 atm and 293°K, and about 5 % of 
them form excited muonic helium atoms in the 2S state. 
The lifetime of this metastable state is about 1.6 [xs. A 
pulsed electromagnetic radiation, produced by an infrared 
dye-laser excited by a Q-switched ruby laser, is applied 
to the (n4He)2

t

s ion system. By varying the radiation 
wavelength X, a search for resonances with the 2S, /2-2P3/2 

transition is possible. The presence of the 2P 3 / 2 state 
is identified by the detection of the 8.2 keV X-ray promptly 
emitted (T 2 P = 5 X 10 - 1 3 s) in the 2P-IS decay. The energy 
difference S ? p = 2S1 / 2-2P3 ; 2 is determined at that value 
of the wavelength X which corresponds to the maximum 
enhancement in the number of X-rays in coincidence 
with the radiation pulse. The published value is 
S; x p = (2S,/2-2P3/2) = (1527.4 ± 0.9) x lO-^eV. The theo
retical value is S',h =(1525.1 ±8.7)x 10-3eV. The uncer
tainty of the theoretical value is due to the uncertainty in 
the r.m.s. charge radius of 4He. The above theoretical value 
is obtained using a value of <r2)"2 = (1.650 ± 0.025) fm. 
More data have been recorded in 1976 and analysis is in 
progress. 

Recently, polarized positive muons at rest in con
densed or gaseous matter have been used to study the 
bulk properties of the target material. Unlike the u,-, the 
[i+ is not captured in atomic or molecular orbits and does 
not suffer from nuclear interactions. Until its decay, the 
positive muon behaves much like a proton, playing the 
role of the nucleus in the muonium, a light isotope of 
atomic hydrogen. A lot of interest has been focused on 
the muon spin's magnetic interaction with the target 
medium. The muon will "see", through its magnetic 
moment, all the magnetic field components at its location. 
These local fields may originate from nuclei, electrons, 
paramagnetic ions, or a 'ariety of hyperfine interactions. 
All these phenomena may be influenced by externally 
controlled parameters, such as temperature and applied 
field. Examples of such applications have recently been 
started at the SC. 

The CERN-Uppsala Group is using positive muons 
to study local magnetic fields in different materials. A 
polarized muon beam is employed with energies of 30-
50 MeV, and the muons are stopped in different targets. 
During its lifetime the muon will precess in the magnetic 
fields present, and after the decay of the muon the emitted 
positron is detected in plastic scintillators. The time of 
flight and the angle of the detected positron are used to 
calculate the magnetic field at the position of the muon 

in the sample. The aim of the experiment is to study the 
local magnetic fields in pure metals such as Ni and Fe 
at low temperature (a dilution cryostat will be used to 
produce temperatures well below I °K), spin polarization 
in ferromagnetic Gd, and the long-range ferromagnetic 
coupling in PdFe and PdNi systems. 

Figure 11 — The line-width a observed if ta muon precession experiment 
on polycristalline niobium. The tow-temperature tine-width is due to a 
distribution of local fields from the surrounding nuclear dipoles. At 
high temperatures the muon diffuses fast enough to average out the 
local fields. In the transition region around 100 °K the characteristic 
jump time for the nttton is found to be ~ /0~ 6 s, which is several orders 
of magnitude larger than expected from comparison with hydrogen 
data (Experiment SC65 : CERN-Uppsala Collaboration). 

A group from Parma University is studying some of 
the phenomena of muonic chemistry in condensed matter. 
When polarized positive muons stop in condensed matter, 
muonic atoms are formed in the final part of their range, 
and direct measurements of the JJL+ spin polarization are 
possible via the asymmetric decay into positrons. The 
hyperfine interactions determine the characteristic pre
cession frequencies of u,+ spin in muonium, «(muonium). 
Such frequencies can be altered by the interaction of the 
muonium's electron spin with the surrounding medium. 
The measurement of «(muonium) in a condensed system 
is known to provide information which is often unique 
with respect to the system. 

The use of muonium atoms as a light isotope of 
the simple reactive radical H° allows the investigation 
of fast reactions of radicals over a typical time scale 
lO - 9 <t < 10_ 6s, which is determined either by the instru
mental resolution or by the (i+ lifetime. In biological macro-
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molecules, transient radicals such as the constituents of 
the DNA itself are expected to exist for a time scale of 
sub-microseconds, and a search for them, in their natural 
biological state, by other conventional techniques has 
failed in the past. The purpose of the experiment is to 
provide evidence for transient radicals in substances of 
biological interest, where their detection is fundamental 
for the basic understanding of the changes occurring both 
naturally and as a consequence of damaging agents. 

An experiment designed to test the possibilities for 
parity violation of neutral current in muonic atoms has 
been carried out by a CERN-Karlsruhe-Basel Collabora
tion. The experiment consists of measuring the forward-
backward asymmetry of E2(E1) transition X-rays in 
muonic atoms with respect to the muon spin. The measured 
transition is 3di / 2 -lS, / 2 with an energy of 1.96 MeV in Zn. 
In a first series of experiments, the possibility of detecting 
X-rays coming from the X-ray cascade of one muonic 
atom in coincidence was investigated. Coincidences be
tween muonic X-rays have been observed in muonic Si 
and Zn atoms. Such a new technique opens up new 
possibilities, not only in the field of the experiment on 
neutral currents but also in the investigation of exotic 
atoms. A second series of experiments was devoted to 
the possibility of narrowing the time resolution of the 
Ge(Si) detectors in the presence of a high counting rate. 
All these preliminary experiments are necessary before 
starting the measurements that will detect neutral current 
effects on muonic atoms. 

Recent work on n- absorption in heavy nuclei p 'Bi 
and I 8 1 Ta) has been carried out by an Amsterdam-Basel-
CERN-Karlsruhe-Stockholm Collaboration. Experiments 
performed in Dubna have shown clear indications of the 
population of states with very high spin in the residual 
nuclei. Similar experiments have been carried out at SIN. 
In order to make the identification of states more reliable, 
the collaboration working at the SC measured the 
gamma activities in several time intervals after the time 
the pions were stopped in the target nucleus. In this way 
it was possible to use the information available on half-
lives of isomers produced, as well as energy values and 
intensity relations, in the assignment of spectral lines. 
Since the low-energy pion beam contained a fraction of 
muons, the measurements were repeated with a pure muon 
beam. In this way it was possible to eliminate muon lines 
from the pion spectra. The preliminary results indicate 
that states produced in (7t_, xn) reactions are populated 
in both target nuclei. In the case of 2 0 0 Bi, gammas from 
cascades in various Pb isotopes have been seen. Some of 
the states produced have rather high spins, and thus the 
earlier Dubna results are confirmed in this respect. 

A group from Louvain-la-Neuve has been looking for 
2y emission in TC- capture. The absorption of a TZ~ by a 
nucleus can occur through the annihilation of this pion 
on a virtual tz* in the nucleus: 7t_A -» B2y. In such 

reactions the emission of two photons is required by 
angular momentum conservation if the two pions are in 
a relative s- tatc. Moreover, the momentum transfer is 
not restricted to the value of q- ~ nû as it is in the usual 
rao/ative TC capture: 7r_A -» By. If the first process in 
two photoni proves to be of substantial importance, it 
could provide a nice way of exploring the momentum 
trapper dependence of the induced pseudo-scalar form 
factor investigated until now at q 2 ~ mjthrough ii-capture 
measurements. At the present stage of the experiment, 
one cannot ascertain that the coincidences observed, 
between high-energy y-rays detected by a set of four 
lead-glass detectors and the incoming beam particle, are 
due to true 2y events. Improvements to the apparatus 
and more data-taking runs are needed before making any 
conclusion. 

Figure 12 — Measured excitation spectrum from the reaction llN(7t~, 
2n)l'C observed at the 600 MeV Synchro-cyclotron. The three strong 
peaks correspond to the quasi-free pion absorption by neutron-proton 
pairs with isospin T = 0 and orbital angular momentum L — 0 
(Experiment SC55 : CERN-Karlsrulie Collaboration). 

A group from Bologna University is measuring the 
cross-sections of the elastic scattering of (pp) and ((id) 
muonic atoms against protons and deuterons. Systematic 
measurements of these processes are needed in order to 
get more information on the slowing down of the muonic 
atoms towards their thermal energies, and on the popula
tion of the hyperfine structure states at different stages 
of this process. 

The technique consists in forming the j*p or j*d 
muonic atoms slowing down negative muons in an ultra-
pure gaseous target, containing a series of thin foils of 
Al, and in detecting the diffusion of one ,up (,ud) atom 
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in one of the foils by observing the 2P-1S de-excitation 
X-ray coming from the (>AI)* + p. The delay of these 
X-rays with respect to the muon stopping time is measured 
for each event. The time distribution is analysed to extract 
the value of the diffusion cross-section. The experiment 
has begun to record data. 

The fSOLDE-2 facility has continued regular opera
tion throughout the year 1976. In addition to the elements 
produced in 1975, francium and cadmium also became 
available, and targets for several other elements are now 
ready for operation. The most important technical de
velopments in 1976 were the introduction of new types 
of ion-sources. A low-pressure plasma ion-source (de
veloped at GSI, Darmstadt) has made it possible to 
produce mercury in yields similar to those obtained earlier, 
only of caesium and rubidium, or about I0 1 0 atoms/s. 
Another remarkable event is the development of the first 
versions of surface ionization sources for negative ions, 
potentially important for the production of the halogens: 
bromine, iodine, and astatine. 

Several new experimental nuclear physics programmes 
were initiated, and the number of scientific participants 
has been increasing; it now totals about 100 from more 
than 15 different laboratories. Some of the more exciting 
results from the experiments are the following: 

Direct determinations of nuclear masses have been 
performed in a systematic manner using the newly 
constructed precision mass spectrometer, which is operated 
on-line with the ISOLDE isotope separator. A number of 
rubidium nuclides far from stability have been measured 
with an accuracy similar to that by which the stable 
species are known. 

The measurement of spins of ground states and long-
lived isomers has been continued on a large number of 
isotopes of gold, caesium, and rubidium. In addition, 
determinations of magnetic moments of caesium isotopes 
have also been successfully initiated. 

Optical pumping experiments aiming at the measure
ment of spins and moments, which earlier was so success
fully carried out on mercury isotopes, have now been 
extended to the elements caesium and rubidium. Even 
more important is the introduction of a laser with con
tinuously variable frequency, which makes optical spectro
scopy possible on the relatively small amounts of material 
contained in shorter-lived radioactive samples. The first 
important result was tested by a measurement of the 
isotope shift of the even mass 1 9 0 Hg; the potential number 
of interesting cases is very large. 

The time-differential perturbed angular correlation 
method for the measurement of nuclear moments has 
been applied to radioactive sources implanted in solids 
directly from the beam of the isotope separator, and 
experiments are now in preparation. Another series of 
experiments makes use of implanted samples for low-
temperature orientation studies. 

Precision measurements of the energies of K X-rays 
emitted from caesium isotopes after electron capture have 
been performed in a new bent-crystal diffraction spectro
meter, with the purpose of determining the isotope shifts 
resulting from the variation in the nuclear charge volume. 
This represents a new technique, which in certain cases 
will allow the measurement of charge radii of extremely 
short-lived nuclear levels, fn the first experiments an 
unexpected and most interesting result has been found, 
as indications point to a shift from the ground state to 
excited levels more than an order of magnitude larger 
than predicted by current theory. 

The investigations of delayed particle emission have 
continued. Among recent results, the most important is 
the observation of six cases of ß-delayed a emission. 
This provides the first estimate of the tz-strength function 
for highly excited nuclear levels. The heaviest self-
conjugate nucleus, "Rb with 37 neutrons and 37 protons, 
has been identified. The half-life of 64.9 ± 0.5 ns indicates 
that the isotope is a member of the family of isospin 
triplets, important for weak-interaction theory. It seems 
that the limit of stability has here been reached, and that 
the next lighter isotope, , 3 Rb, will be particle-unstable 
with a very short half-life. 

The extensive programme of nuclear spectroscopy 
bused on the study of ot, ß, and y radiation has continued, 
the main emphasis still being on the shape of nuclei in 
the platinum-mercury region. 

The range of caesium and rubidium atoms in noble 
gases has been investigated in the energy range 20-120 keV 
through direct use of the beams of the isotope separator. 

CERN-SERPUKHOV COLLABORATION 

Work has continued at CERN, Karlsruhe, Pisa, 
Serpukhov and Vienna on the analysis of the data taken 
at the Serpukhov accelerator during the NICE experi
mental programme — the fourth joint electronics experi
ment by CERN and Serpukhov. 

The production mechanism of the J p = 4+ meson, 
discovered in this experiment, has been investigated, 
using some 3500 selected events of the reaction ~~p —>• hn. 
The differential cross-section shows a marked peripheral 
character which can be explained in terms of pion 
exchange. 

The search for associated charmed particle production 
has been concluded. Final results were presented at the 
Tbilisi Conference and were recently published. Using a 
total of 10" incident 7c~ at 40 GeV/c, one candidate for 
the reaction n~p - * D°D°n, D° -* K°jr° was found with 
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mD. = mg-, = 1.88 GeV/c2, to which would correspond 
a cross-section of 3 x I0 - 3 3 cm2/(BR)2, where 
BR = r(D° — K0re°)/r(D» — all). 

The analysis of îi _p -» vjn, nj -* 2y at 40 GeV/c has 
yielded a high-statistics, pure sample of more than 
100000 events (compared with 1000-3000 events in pre
vious experiments), ranging in |t | up to 5 (GeV/c)2 where 
the cross-section drops to a level of I0 - 3 5 cm2 (10 - 9 of 
the total - _ p cross-section). There is a sharp change 
in the slope of the differential cross-section at 
| t | ~ 1.3 (GeV/c)2 from a value of 7(GeV/c)"2 to a value of 
2 (GeV/c)-2. The result, reported at the Tbilisi Conference, 
represents a first but definite observation of this new 
behaviour. Similar high statistics and high-quality 
measurements at other energies would be very interesting, 
since they would allow the determination of the A2 

trajectory at very large |t|. 
The analysis of the K~p —> K°n reaction has been 

carried out in detail at 40 GeV/c. Two different recon
struction programs, using somewhat complementary 
approaches, were employed. The selection of the elastic 
charge exchange events can be done in terms of the 
reconstructed TOT invariant mass, which shows a clear 
peak at the K° mass with FWHM = 30 MiV/c2. The 
procedure is currently being extended to the whole sample, 
together with the study of systematic effects. 

A sophisticated Monte Carlo program has been set 
up and is in the process of being implemented on all the 
computers utilized by the NICE Collaboration. It makes 
use of a "bank" of real f-showers detected in the apparatus 
to take into account, systematically and realistically, the 
shower fluctuations. It is expected to be able to reproduce 
the behaviour of the system in considerable detail, and 
therefore allow a proper evaluation of the overall accep
tance of the apparatus and programs used. This is necessary 
for final analysis of 3y and 4y events. 

Measurements have begun on Erasme on film from 
the 4.5 m Mirabelle hydrogen bubble chamber at Serpu
khov of interaction of K~ of 32 GeV/c from the RF 
separated beam constructed by CERN. Results have been 
presented by the France-Soviet Union and CERN-Soviet 
Union Collaborations on particle multiplicities, inclusive 
productions of particles and resonances and exclusive 
reactions. 

SPS PROGRAMME 

For the West Area, 29 experiments have been approved 
of which about half are electronics experiments. 

Figure 13 — Testing of the c-y andhadron calorimeter prototypes of 
experiment NA3. The c-y calorimeter is sandwiched with 5 mm Pb 
plates and the hadron calorimeter is sandwiched Kith J cm Fe plates. 
Both calorimeters are made ofPlexipop scintillator sheets (Amsterdam-
CERN-Cracow-Munich-Oxford-Rutherford Collaboration). 
(CERN-151.3.76) 

Up to the present, seven experiments have been 
approved for the North Area, five of them using electronic 
techniques and one involving the construction of a rapid-
cycling bubble chamber which could operate in high-
energy hadron beams, thus complementing the physics 
that will be done with BEBC using an RF-separated 
beam in the West Area. 

High-energy neutrino interactions will be studied soon 
in the WA1 experiment at the highest available energies, 
using principally the dichromatic neutrino beam N3. The 
basis of the detector is a massive target calorimeter in 
which the energy deposited by a neutrino (or antineutrino) 
is measured by electronic techniques, and the momentum 
of outgoing muons is determined by magnetic deflection. 
The experiment consists of 19 magnetic modules, each 
weighing 65 tons. The first seven of these are each 
equipped with fifteen scintillator planes, the next eight 
with five planes, and the last four with one plane, and 
all have been installed. About 140 of the 150 scintillator 
planes are fully equipped with electronics and, at the 
moment of writing, 17 of the 19 drift chambers have been 
installed. The on-line programs are completed, and the 
off-line programs are well advanced. 

The physics programme is to study the inclusive 
neutrino reaction in Fe, rare processes such as three-
lepton production, inverse muon decay, heavy lepton 
production and intermediate boson production, and to 
compare neutrino interactions in hydrogen and deuterium. 

BEBC, filled either with neon-hydrogen or with pure 
hydrogen, and implemented with an external muon 
identifier (EMI) is one of the best instruments for studying 
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Figure 14 — The electronic detector to study neutrino interactions of 
experiment WAl performed bv the CERN-Dortmund-Heidelberg-
Saclay Collaboration. (CERN-213.2.77) 

neutrino interactions. Charge-current processes are to be 
studied by means of BEBC filled with 75 % Ne-H2 mixture 
and the EMI, exposed to a narrow-band beam of 
275 GeV/c for neutrinos and 200 GeV/c for antineutrinos. 
Differential inclusive cross-sections will be determined, 
and very small values of x down to about 0.0004 can be 
reached. In addition, y distributions can be measured in 
detail over the full range and without large geometrical 
corrections. Dilepton production will be studied with the 
~ 100 <i~yr and — 100 [jre^ events expected in the 
neutrino film. The good electron detection efficiency, 
combined with the knowledge of the neutrino, should 
allow one to test if the (X";J.~ and ;x-e"r events come from 
the same source, as well as to test their properties. 

An experiment to be performed in BEBC, filled with 
H2, -rid using a wide-band neutrino beam, will allow a 
search to be made for charmed particle production by 
the appearance of .iS = M) events, to test the quark 
picture by measurement of the cross-section for N* and 
A production by neutrinos, and to study inclusive reac
tions. 

It is perhaps of interest to mention an experiment 
which aims at investigating the nature of dilepton events 
and of the recently discovered new particles, and to search 
for other such particles. The method allows lifetime 
determination in the range 10 - 1 1 s to W~u s and mass 
determination of the particles in favourable cases. It is 
based on the use of an emulsion stack of ~ 50 kg placed 
near the entrance beam window of BEBC, and a veto 
coincidence counter system defining the instant when a 
neutrino produces an interaction in the stack with 
emission of charmed particles observed in BEBC. 

The stack works as a sensitive target capable of 
recording decay paths of a few microns or more, as one 
would expect for charmed particles or heavy leptons. 
By tracing particle tracks observed in BEBC back into 
the stack, a small fiducial volume will be determined, 
within which a search for neutrino interactions will be 
made. The EMI is needed for muon identification. 

An experiment to study neutral currents is planned in 
Gargamelle, the heavy liquid bubble chamber, where the 
discovery of neutral currents was made. This experiment 
will use a dichromatic beam operating at a parent energy 
of 60 GeV/c. At this energy the neutrinos from the pion 
decay are well separated from neutrinos from K decay, 
which produce only 10% of the interactions. The energy 
resolution of the re-v at this energy is 10%, thus defining 
well the energy of the interaction. This is necessary for a 
measurement of the x, y distribution of neutral current 
interactions, from observation of the direction and energy 
of the hadronic shower. The experiment is aiming at an 
understanding of neutral current total cross-sections for 
v and v, the charged to neutral current ratio for v and v, 
the differential cross-section as a function of x and y, 
and the strange particle production by weak neutral 
currents or by decay of charmed particles. 

A second programme in Gargamelle consists of look
ing for purely leptonic and other rare antineutrino inter
actions such as v^e- ~* v^e-, dilepton processes, ve and 
v interactions, events with jieV topology. 

The neutrino programme at the SPS consists of more 
approved experiments besides those mentioned above, 
both in BEBC and in Gargamelle. A second experiment 
using counter techniques has recently been approved. 
The physics aims of this experiment are the study of 
inclusive semileptonic neutral current neutrino interactions 
with nucléons, the measurement of polarization of JL+ 

produced in antineutrino interactions in Fe, the measure
ment of polarization of u + from dimuon events, and the 
search for new particles. 

Details of the preparation of the Omega facility for 
SPS experiments are given in the Experimental Physics 
Facilities Division report. Here we may add that the 
collaboration that will study charmed states using a 
tagged photon beam has already completed and tested 
the tagging system, built and calibrated a large part of 
the photon spectrometer, and built the triggering equip
ment. For the beam dump experiment in an intense -~ 
beam (107 pions/burst) looking for muons resulting from 
the decay of charmed mesons produced in association 
with a $, the apparatus and software are already prepared 
and being tested. Both experiments should be able to 
take data at a very early stage of the SPS operation. 

Work on the superconducting radio-frequency cavities 
for the separated beam is continuing at GFK in Karlsruhe. 
Satisfactory progress is being made in the construction 
of the triggering systems for the approved experiments in 
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Cerenkov Photon 
counter detector 

Figure IS — Experiment WA4 : charm physics, using a tagged photon 
beam in the Omega spectrometer, by the Bonn-CERN-Ecole Poly-
technique - Glasgow -LAL, Orsay - Paris VI - Lancaster - Manchester -
Rutherford-Sheffield Collaboration. 
a) View showing the two beam lines into the Omega facility. The beam 
on the left provides hadrons up to 40 GeV/c, the 80 GeVjc electron 
beam on the right strikes a radiator, thus sending tagged photons of 
up to 70 GeV/c into Omega. 
Beam tests with CERN 's first high-energy electron beam began when 
the SPS started operating in November 1976. Initially, a 60 GeV/e 
electron beam was used, sending tagged photons into the detectors of 
the Omega facility. (CERN-378.10.76) 
b) A hadronic interaction of the high-energy photon producing five 
charged tracks in the optical spark chambers. Some particles pass 
through the threshold Cerenkov counter and into the large photon (n°) 
detector, consisting of scintillator hodoscopes and lead-glass counters. 
(SIS 66697) 

this beam: production of rare meson states in K^p inter
actions at 18 and 32 GeV/c, and AA production at large 
p T in pp interactions between 5 and 10 GeV/c. 

Another important line of research at the SPS is the 
study of electromagnetic interactions of muons. Two 
experiments have been approved in the muon beam. The 
first one makes use of a large spectrometer. The first stage 
of the spectrometer will include a forward spectrometer 
comprising a large-aperture dipole (2 m x I m ) with a 
bending power of ~ 5 Tm and a magnetized iron filter 
to distinguish the scattered muons from hadrons. Drift 
chambers and multiwire proportional chambers will be 
used in front of and behind the magnet to detect charged 
products of the interaction, and to allow a momentum 
determination of the scattered muon to an accuracy of 
— 1 % at 100 GeV/c, and an angular definition of ± 0.1 
mrad. 

At a later stage a polarized target will replace the 
liquid-hydrogen target to gain information on spin effects. 
This apparatus will evolve with time, and at a later stage 
of the experiment the addition of a vertex magnet sur
rounding the target is envisaged to maximize the accep
tance for momentum-analysed produced hadrons. 

The second experiment aims at investigating deep 
inelastic inclusive muon scattering to the highest energy 
and q 2 made available by the high-intensity muon beam. 
The liquid-hydrogen target has a length of ~ 50 m and 

Figure 16 — View from downstream of the WA7 experiment. In the 
foreground are scintillation hodoscopes and, immediately behind them, 
is a threshold Cerenkov counter, standing on its edge (CERN-
Genoa-LAPP, Annecy-Niels Bohr Institute. Copenhagen-Oslo-
Universily College, London Collaboration). (CERN-205.2.77) 
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is surrounded by a magnetized torus. The properties of 
the magnetized torus are to produce oscillations of scat
tered muons about the beam axis, where the amplitude 
of the oscillation is proportional to q2. This property 
causes trapping of muons inside the torus, leading to a 

high efficiency for their detection. In addition, the trig
gering can be set on a minimum q 2 for the reaction by 
demanding that a muon reach a certain minimum distance 
from the axis. The experiment can operate in incident 
beam fluxes of up to 109 particles/pulse. 

PS ELECTRONICS EXPERIMENTS ON THE FLOOR IN 1976 

Experiment 
number Experiment Collaboration 

S97 Muon g—2 experiment CERN-Daresbury-Mainz 
S131 Measurement of production of strange bosons in the reactions 

K p -* K°ir-p and K+p -* K°7i+p 
Geneva University 

S132 Symmetric bispectrometer for a systematic search of heavy particles Annecy (LAPPMISN, Brussels-
Freiburg-im-Br. 

S135 A systematic study of electron pair and gamma-ray production in pp 
annihilation at res' 

Mulhouse-Strasbourg-Turin 

S137 Measurement of the polarization in K + neutron charge exchange Saclay Group 
S140 Measurement of the reaction K~p - • A(forward) + neutral meson CERN-Munich 
S141 Spin-dependent effects in pp interactions at 24 GeV/c Annecy (LAPP)-CERN-Oxford 
S142 X-rays of protonium (pp atom) Daresbury-Mainz-TRIUMF 
SI43 A search for N* resonances in helium Clermont Ferrand-Lyon-Lund-Uppsaia-

Warsaw 
S149 Study of the reaction and scattering cross-section for pp at p momenta 

below 1 GeV/c 
CERN-Heidelberg (MPI)-

Heidelberg (Phys. Inst.) 
S150 Study of the channelling effect in crystalline structures at high energies Aarhus-CERN-Strasbourg 
S15I Exotic atoms Basel-Karlsruhe-Stockholm 
S152 Further study of hypernuclear gamma transitions Lyon-Warsaw 
S156 Measurement of the polarization parameter in p-n elastic and charge 

exchange scattering at 24 GeV/c 
Annecy (LAPP)-CERN-Oxford 
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ISR EXPERIMENTS ON THE FLOOR IN 1976 

Experiment 
number Experiment Collaboration 

RI07 
RI08 
R109 

R207 
R208 
R209 
R301 
R401 

R4I0/413 
R4I1 
R414 
R417 

R606 

R702 
R805 

R806 

Multiple gamma-ray production in pp collisions 
Study of high transverse momentum phenomena 
Search for magnetic monopoles using the superconducting solenoid at the 
ISR 
Small-angle diffraction dissociation at ISR energies 
Search for direct photon production at the ISR 
High-mass muon pairs and associated hadrons 
Search for magnetic monopoles at the ISR 
Isobar production at ISR energies 
High transverse momentum events and central correlations at the SFM 
Double diffraction dissociation at the ISR 
Study of high-mass muon pair production at the SFM 
Study of exclusive neutron reactions and coherent proton-deuteron 
processes with the SFM 
An improved set-up to search for muon-electron coincidences and hadronic 
states of new particles 
Search for charmed particles and electron pairs 
Measurement of the ratio of the real to the imaginary part of the pp strong 
interaction forward scattering amplitude 
Study of transverse momentum phenomena 

Brookhaven-Rome 
CERN-Columbia-Oxford-Rockefeller 

CERN-Rome 

CERN-Holland-Manchester 
BNL-CERN-Rome 

Frascati-Genoa-Harvard-MIT-Naples-Pisa 
Bologna-Fermilab 

Annecy (LAPP)-CERN-Hambui£-Vienna 
Liverpool-MIT-Orsay-RHEL-Scandinavia 

Pavia-Princeton 
CERN-Hamburg-Heidelberg-Oisay-Vienna 

CERN-Pavia 

Aachen-CERN-Harvard-Munich-
Northwestem-Riverside 

CERN-Saclay-ETH, Zurich 
CERN-Rome 

BNL-CERN-Syracuse-Yale 
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SC EXPERIMENTS ON THE FLOOR IN 1976 

Experiment 
number Experiment Collaboration 

ISOLDE 

SC2I 

SC50 

SC52 

SC53 

SC55 

SC57-1 

SC57-2 

SC5S 

SC59 
SC60 
SC63 
SC64 
SC65 
SC66 

SC67 
SC68 
SC69 
SC70 

ISOLDE programme 
Measurement of the 2Si. -» 2P% energy difference in the (u,*Hc)+ muonic 
ion by means of a tunable dye laser 

Nuclear cross-seaions of cosmic-ray interest 

Measurements of average energies, forward momenta, and anisotropics 
of specific fission products from fission of lead induced by 600 MeV protons 

Study of products of binary fission in disintegrations of U , Pb, Pr, Ag, Sr, 
and Cu by 600 MeV protons 
A study of particle emission induced in the absorption of stopped IT- in 
" O and other p-shell nuclei 
Hadron radiobiology: investigation of the survival of spermatogonia type B 
in mice after exposure to the SC2 595 MeV neutron beam 
Hadron radiobiology: investigation of the inhibition often days' growth 
of Vicia Faba roots after exposure in the 600 MeV neutron beam from SC2 
Production of " N a from U at intermediate and low proton energies 

Precision measurement of the partial muon capture rate c Li- 6 He 
Search for a new mode of capture in nuclei: - _ A — B2y 
Elastic scattering of (zp and [id muonic atoms against protons and deuterons 
Tests for fast separations of nuclear reaction products 
Local magnetic fields in ferromagnetics studied by positive muon precession 
Various experiments with the Omicron spectrometer 

Pion absorption in nuclei 
Muonic chemistry in condensed matter 
Study of the muonic and pionic X-ray cascades in H 2 , D 2 , and 4 He 
Studies of fission of heavy nuclei induced by muons, pions and protons 

ISOLDE 
CERN-Pisa University 

Laboratoire Rene Bernas du CSNSM, 
Orsay 

Department of Chemistry, 
Oslo University 

Lund-Oslo 

Karlsruhe-CERN 

C E R N 

CERN 

Department of Chemistry, 
Oslo University 

Louvain Croup 
Louvain Croup 
I N F N , Bologna 

Technische Hochschule, Darmstadt 
CERN-Uppsala 

Amsterdam (IKO)-Birmingham-CERN-
Ljubljana-Oxford-Turin 

CERN-Basel-Karlsruhe-Stockholm 
Institute of Physics, Parma University 

CERN-Daresbury-Mainz-TRIUMF 
Dubna-CERN-Copenhagcn 
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SPS PROGRAMME OF APPROVED EXPERIMENTS 
Experiment 

number Experiment Collaboration 

WA1 High-energy neutrino interactions CERN-Dortmund-Heidelberg-Saclay 

WA2 Leptonic decays of hyperons Bristol-Heidelberg-Geneva-Orsay-
Rutherford-Strasbourg 

WA3 Exclusive np and Kp interactions Amsterdam-CERN-Cracow-Munich-
Oxford-Rutherford 

WA4 Photoproduction of hadrons Bonn-CERN-Daresbury-Ecole 
PoIytechnique-GIasgow-Lancaster-

Manchester-Orsay-Shemeld 

WA5 Backward two-body reactions Indiana-Saclay 

WA6 Polarization in pp and r.p elastic scattering CERN-Padua-Trieste-Vienna 
WA7 Two-body reactions at large PT CERN-Genoa-Annecy (LAPP)-

Niels Bohr Institute, Copenhagen-Oslo-
University College, London 

WA8 Production of rare meson states in K=p collisions University of Birmingham 
WA9 High-precision study of elastic scattering in the Coulomb interference 

region 
Clermont Ferrand-Leningrad-Lyon-

Uppsala 
WA10 Study of K^p-^Ks^p and reactions of similar topology with high statistics Geneva-Lausanne 
WA11 Search for high-mass states produced with the ^(3.1) Indiana-Saclay 
WA12 Beam-dump experiment in Omega Birmingham-CERN-Ecole Polytechnique-

MPI, Munich-Neuchâtel 
WA13 pp -» X°A° at large PT in Omega CERN-Collège de France 
WA14 A wide-band beam neutrino experiment with Gargamelle Bari-CERN-Ecole Polytechnique-Milan-

Orsay 
WA15 A wide-band beam antineurrino experiment in Gargamelle to study purely 

leptonic and other rare v interactions 
Aachen-Bergen-Brussels-Strasbourg-

University College, London 
WA16 An exploratory experiment at very high neutrino energy in a narrow-band 

beam with Gargamelle 
CERN-Ecole Polytechnique-Orsay-

Strasbourg 
WA17 Investigation of dimuon events and search for new particles in neutrino 

interactions in an emulsion stack coupled to BEBC 
Ankara-Bru ssels-CERN-Dublfn-

University College, London-Rome-
Strasbourg-Turin 

WA18 Study of semileptonic n.c. processes and of ^-polarization produced in v 
and v interactions using counter techniques 

CERN-Hamburg-Moscow (1TEP)-
Rome (TNFN) 

WA19 A study of high-energy neutrino interactions using BEBC filled with a 
Ne-H» mixture 

Aachen-Bonn-CERN-Oxford 

WA20 Beam-dump test in BEBC filled with neon Aachen-Bonn-CERN-Oxford 
WA21 High-energy v and v interactions in BEBC filled with H a Aachen-Bonn-CERN-Oxford 
WA22 An experiment in BEBC to compare neutral and charged current neutrino 

interactions induced by v* and v« at the same energy 
Imperial College, London-CEN, Saclay 

WA23 Study of neutral current interactions using Gargamelle exposed to the 
dichromatic beam N3 

CERN-Milan-Orsay 

WA24 High-energy v and 7 interactions using a hydrogen TST in BEBC Bari-Brussels-Ecole Polytechnique-
Rutherford-Saclay-

University College, London 
WA25 Neutrino and antineutrino interactions in deuterium Amsterdam-Bologna-Padua-Pisa-Saclay-Turin 
WA26 K _ p interactions in BEBC at 70 GeV/c Glasgow-Paris (LPNHE)-RHEL-Saclay 
WA27 K+p interactions in BEBC at 70 GeV/c Brussels-CERN-Genoa-Mons-Nijmegen-

Serpukhov-Tel Aviv 
WA28 K"p interactions in BEBC at 110 GeV/c Aachen-Berlin-CERN-Cracow-

Imperial College, London-Vienna-Warsaw 
WA29 Antiproton annihilation at IS GeV/c using Omega Liverpool University 
NAI Comparative study of hadron fragmentation Frascati-Milan-Pisa-Rome 
NA2 Electromagnetic interactions of muons The European Muon Collaboration: 

CERN-Daresbury-DESY-Freiburg-Kiel-
Lancaster-Liverpool-Orsay-Oxford-

Rutherford-Sheffield-Turin-Wuppertal 
NA3 Hadronic production of high PT leptons and hadrons CERN-Collège de France-

Ecole Polytechnique-Orsay-Saclay 
NA4 Inclusive deep inelastic muon scattering CERN-Dubna-Munich-Rome-Saclay 
NA5 Inelastic hadron reactions using a streamer chamber triggered by a single-

arm spectrometer 
Karlsruhe-MPI, Munich 
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Experimental Physics Facilities 
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One of the first neutrino interactions observed in BEBC (Big European 
Bubble Chamber) after the start-up of the SPS and the 200 GeV 
narrow-band neutrino beam in the CERN West Area. 
An electromagnetic shower, showing up in a great number of e± pairs 
curling in the 35 K Gauss magnetic field of BEBC, develops in the 
heavy liquid (76 mol % NejH^ filling of the chamber. In spite of the 
shower, the details of the event at the interaction point are easily 
recognized. 



Experimental Physics Facilities Division 

Introduction 

The Experimental Physics Facilities (EF) Division, 
formed from parts of the former NP and TC Divisions, 
came into being on I January, 1976. 

The objectives of the EF Division are: 
— to build and operate experimental facilities, such as 

bubble chambers and spectrometers; and 
— to provide advanced equipment for experimental 

physics, such as detectors, magnets, measuring 
machines and cryogenic apparatus. 
This report follows the lines of the CERN scientific 

programme. It shows that the main effort of the EF 
Division in 1976 was concentrated on the preparation of 
experiments at the SPS. The other activities are within 
the framework of the TSR and PS programmes. 

SPS Programme 
Neutrino and RF-Separated Beams 

The Neutrino Wide-Band (WB) Beam 
In this beam, the neutrino parents, pions and kaons, 

are focused by two pulsed lenses, the "horn" and the 
"reflector". During 1976, both devices were constructed 
and tested by 105 pulses of 10 ms, at 150 000 and 180 000 A 
respectively. After these life-tests, they were installed in 
the SPS neutrino cave to be tried with the final system, 
including mechanics with remote control, and pulsed 
power supplies. 

Neutrino Flux Measurement 

The neutrino flux and spectrum in the wide-band 
beam is measured through the determination of the muon 
flux from the decay of the neutrino parents. For this 

purpose, solid-state detectors are placed between the iron 
of the muon shield. With the help of movable supports, 
the flux pattern is mapped. 

During 1976, the solid-state detectors were delivered 
and tested, and the supports with their remote control 
were constructed; the complete installation now works 
very well. 

Neutrino Narrow-Band (NB) Beam 

In this beam a momentum band of the neutrino parents 
is magnetically selected, and the parent beam is focused 
by quadrupoles. 

By October 1976 all magnetic elements had been 
mounted, tested and measured. Magnets were installed 
in the neutrino cave, connected to their pulsed power 
supplies, and final tests of the complete system took place. 

At the beginning of December 1976, this beam was 
used for the first time and neutrinos with parent energies 
of 200 and 275 GeV were sent to the experimental areas. 

Radio-Frequency Separated Beam for BEBC 

The aim of this ~900 m long beam is to obtain 
separated iz, K and p beams for experiments with BEBC. 
Separation will take place up to momenta of 90 GeV/c; 
"mixed" K~/p will be possible at even higher energies. 
In this case the particle identity will be determined by 
Cerenkov counters, and the corresponding trajectory will 
be "tagged" by scintillator hodoscopes. 

By November 1976 the superconducting bending 
magnets, allowing for a maxim urn momentum of 90 GeV/c, 
were ready. The RF equipment has been installed since 
June and has been tested. The performance of the 500 m 
long, temperature-stabilized, RF line has been measured 
and found to be satisfactory. Instrumentation for the RF 
and beam tuning, monitoring and control has been 
installed and tested. 

In December, K~ at 64 GeV/c were separated for the 
first time. The purity of the beam itself was 97%. 
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BEBC 

BEBC was not operated for physics during 1976 since 
the West Area did not receive any beams from the PS. 
AH work was concentrated on preparations for physics 
with the SPS, where BEBC is planned to be operated 
with hydrogen, neon-hydrogen mixtures, deuterium and 
a track-sensitive target (TST). 

This involved a great deal of installation work and 
modifications to the existing installations. Three technical 
runs were made in order to test important items. For 
these runs a gamma beam from an 18 MeV Betatron was 
used, which CERN had taken over from the Hôpital 
Cantonal in Geneva. 

Figure I — Jlie 18 Me V Betatron which has been used for the technical 
runs of BEBC. (CERN-l.4.76) 

Neon-Hydrogen Tests 

A large fraction of the BEBC runs in the future 
neutrino beams will be done with a neon-hydrogen filling, 
either with the highest possible density or with mixtures 
matched to the use of track-sensitive targets. All the 
installations for the storage of pure neon and for the 
preparation of the appropriate mixtures with hydrogen 
are finished and tested. Neon is being delivered to CERN 
regularly at a rate of 1 !A to 2 tons per month. It is stored 
as liquid in a dewar which, by the end of the year, con
tained 27 tons, enough for a mixture containing 72 mol% 
of neon (density 0.65 g/cm3, radiation length 47 cm). A 
further extension of the storage facilities is being prepared 
to increase flexibility in changing over from operation 
with hydrogen or deuterium to neon mixtures or vice 
versa. 

Figure 2 — This photograph, taken during the technical run with a 
neon-hydrogen mixture of 72%, shows cosmic rays and short tracks 
of Coinpton electrons, created by the gammas coming from the 
Betatron, 

The first operation of BEBC with neon-hydrogen 
filling took place in November. Very clean pictures with 
no turbulences and no parasitic boiling in the visible 
volume have been taken. The servo-controlled expansion 
system (other chambers usually operate with a resonant 
system) turned out to be particularly useful. The shape 
and duration of the expansion curve could be optimized 
easily in order to obtain sensitivity throughout the whole 
chamber with almost no vibrations, which had been a 
matter of great concern because of the very low com
pressibility of Ne/H». The piston has also been operated 
as a very powerful mixing pump for obtaining a uniform 
mixture in the chamber. 

Track-Sensitive Targets 

The technique of track-sensitive targets (TST) had 
been developed successfully in the past with comparatively 
small TSTs (less than 100 litres) used for hadron exposures 
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in various bubble chambers. The first successful applica
tion of TSTs for physics was with the 1.5 m Rutherford 
Laboratory bubble chamber, where, between 1972 and 
1974, several experiments with a total of 2.9 million 
pictures were performed, In late 1973, tests with TSTs 
in the 12 foot Argonne bubble chamber were started 
and the first physics run was completed in December 
1975. The targets used at the Rutherford Laboratory and 
Argonne had been developed and built at CERN and 
the material used was Plexiglas. 

The future application of this technique for neutrino 
physics calls for a very large TST. The experience gained 
in early applications proved to be extremely valuable for 
the construction of a huge "neutrino-TST" (2.4 m long, 
1.4 m wide and 0.8 m high) as prototype for BEBC. This 
time, the construction material was Lexan, a thermo
plastic transparent polycarbonate. It has the advantage 
of much higher mechanical strength than Plexiglas, which 
is an important feature for the construction of large 
vessels. However, the glueing technique is by far more 
difficult and has had to be specially developed. It may be 
described as a solvent welding of Lexan under pressure 
of 30 to 40 bar. This method yields vessel edges {15 cm 
wide vacuum-sealed joints) of high structural integrity 
and excellent optical transparency. The H 2 filling line, 
the inlet and outlet of the TST heat exchanger and the 
passages for vapour pressure thermometers are Lexan-
metal vacuum seals, achieved by shrinking appropriate 
metal tubes into Lexan. The TST is suspended by springs 
inside BEBC, thus allowing the vessel to follow the 
movement of the liquid in the chamber. 

Figure 3 — The large track-sensitive "neutrino target ' ' (2.4 m long, 
1.4 m wide, 0.S m high) prior to its installation in BEBC, where it 
successfully passed a test run in May 1976. (CERN-37.4.76) 

Installation inside the chamber and the external 
piping and instrumentation were finished in May fur a 
first technical run, with both the TST and the surrounding 
chamber filled with H 2. Both spaces were made sensitive 
without any difficulty, and all aspects of the operation 
of a large TST could be tried successfully (filling and 
emptying, movements and vibrations during expansion, 
thermal control and optics). The only test which remains 
to be done is the operation of a large TST in a neon-
hydrogen mixture of 75 mol%, which has not been pos
sible up to now owing to the still insufficient quantity -~>f 
neon available; it is planned for 1977 with an improved, 
even larger TST with a volume of 3 m3. 

The operation of a TST will require the chamber to 
be operated at fairly high temperatures, a little above the 
phase separation limit of neon-hydrogen mixtures (> 29 °K). 
The TST can be operated at a slightly lower temper
ature, but still above 28.5 °K, where bubble growth is 
much slower than at 26 °K, the temperature at which 
BEBC has been operated so far. First tests run at 28 °K 
and 29 °K did not show any problems due to the higher 
pressure necessary or the different heat exchanger con
ditions. Results on track contrast are satisfactory but 
only preliminary because the expansion conditions with 
neon-hydrogen mixtures cannot be simulated in a tech
nical run with hydrogen only. 

Deuterium 

BEBC runs with a deuterium filling are planned from 
the end of 1977 onwards. The quantity of heavy water 
necessary to produce 42 m 3 of liquid deuterium is avail
able at CERN. An electrolysis plant has been delivered and 
commissioned with ordinary water. Electrolysis of heavy 
water has started, first for a series of technical trials, to 
be followed in 1977 by the continuous production of 
deuterium. 

Double Pulsing 

The repetition rate of the SPS is about 8.4 seconds 
which is rather slow compared to that of the PS. Double 
pulsing of BEBC will therefore be very useful in order 
to make the most efficient use of the SPS. It is planned 
to inject two bursts into BEBC on the same SPS cycle, 
i.e. a hadron beam coming from protons at 200 GeV/c 
and a neutrino burst at 400 GeV/c about 2 seconds later, 
the whole cycle being repeated every 8.4 seconds. 
BEBC has been successfully tested in this mode of oper
ation, the quality of the second photograph being equal 
to that of the first one, even with a pulse separation 
of only 500 ms. The same series of double pulsing tests 
was repeated successfully with the track-sensitive target. 
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Some hadron experiments using the neutrino TST have 
already been planned and accepted. 

Exploitation of films taken in the double-pulsing mode 
will be much easier using copies of the original film. 
Copying BEBC film without any loss in precision has 
been shown to be feasible ; several practical possibilities will 
be available in 1977. 

Improvements 

A few other improvements to BEBC have been made 
in parallel with the preparations for the SPS: 
— A stainless steel piston of improved design has been 

built by the CERN Central Workshops and now 
replaces the prototype piston. 

— A floating disc and large scotchlite panels have been 
installed, which are expected to improve the overall 
picture quality. Although the precision of the tracks 
is very good, automatic measuring machines such as 
ERASME are disturbed by a ring of parasitic boiling 
around the main piston seal and by stains due to dust, 
which accumulates slowly with time in areas where the 
scotchlite is electrostatically charged, in particular 
on the piston. The bubbles and the dust can be hidden 
by a floating disc about 50 cm above the piston, as 
could be shown with a prototype disc. Some remaining 
parasitic boiling created by the disc or the panels, 
when operated with hydrogen, is much less disturbing; 
with neon-hydrogen mixtures such boiling could be 
eliminated completely. 
All technical runs in 1976 went very smoothly, without 

any breakdown. The start-up of BEBC with the SPS, 
however, was disturbed by a failure of the refrigeration 
plant which contains as essential parts Ave oil-lubricated 
turbines. Oil was found to have leaked into the cold 
helium circuit where it blocked up some heat exchangers. 
Of all possible pollutants in a cryogenic plant, oil is the 
worst because it requires very time-consuming cleaning 
by successive washings of the whole helium part of the 
refrigerator. Operation of the chamber can start again in 
January 1977, after some modifications have been made 
to increase the safety margin against similar incidents in 
the future. 

Electronic Detectors for BEBC 

External Muon Identifier (EMI) 
This detector identifies muons produced in neutrino 

interactions in BEBC. Whereas hadrons are absorbed in 
the; iron shield around BEBC, muons penetrate and are 

Figure 4 — The external muon identifier (EMI) for BEBC. (CERN-
374.1.77) 

detected in a 150 m2 layer of proportional chambers, 
each equipped with three sensitive planes, i.e. two anode 
wire and one cathode plane. 

For the first narrow-band neutrino run, 39 chambers, 
covering 100 m2 and with 96 % acceptance of charge-
current events, were installed behind BEBC. The electronic 
and computer readout, gas system and power supplies were 
in place, so that the commissioning of the system could 
start when beam was available. 

External Particle Identifier (EPI) 

This detector identifies charged hadrons leaving BEBC 
through its exit windows by their difference in ionization 
in the region of the relativistic rise. The EP1 consists of 
128 sensitive layers of proportional chambers, of about 
200 x 100 cm2, with a total of 4096 wires. 

The construction of the EP1 wire chambers and 
associated electronics was finished in 1976 and the system 
should be assembled and installed behind BEBC early 
in 1977. 

Gargamelle 

The chamber continued to operate in the South-East 
neutrino beam until the PS shutdown at the end of 
December 1975. In January 1976, its disassembly com
menced, preparatory to its removal and reinstallation at 
the West Area Neutrino Facility (WANF). 
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In its new position, the chamber, with its surrounding 
magnet and expansion system, intersects the inclined 
neutrino beams at a height of 9.65 m above ground level. 
The total weight is about 2500 tons. 

At the end of March, the base plate of the magnet, 
which weighs about 180 tons, was dismounted and ready 
for transport, and was then removed and reinstalled at 
a height of 6.5 m on a reinforced concrete plinth founda
tion in building 185. Since no crane of suitable capacity 
was available, this operation required many delicate 
manipulations with hydraulic jacks and packing blocks 
to reach the desired position. This work was completed 
successfully in mid May, with the help of the SB Division's 
Transport Section, while other work to finish the building 
continued. 

On 15 June the building became available for use and 
the installation work started. 

During the first half of the year, a major programme 
of repairs and maintenance to all important parts of the 
chamber systems was instituted, and largely completed. 
Some parts of this programme are still continuing, in par
ticular, the overhaul and reinstallation of the compressor 
for the expansion system and its associated equipment. 

On the chamber body, modifications were made to 
the hydraulic heating and temperature-control circuits, 
the suspension and support system, and, also, the inside 
surface was stripped and re-coated with a solvent-free 
epoxy resin. The chamber body was reinstalled in the 
magnet by the end of August. 

The pressure regulation system for the expansion 
system was rebuilt. A new rapid-dump and depot area 
for the liquid charge of the chamber, was installed near 
to building 185. 

The two inner pancakes of the magnet coil have been 
eliminated, in order to improve the acceptance of the 
chamber to the particle beams. This required modifica
tions to the coil protection covers, and the coil connec
tions. New water-cooled bus bars are being installed 
between the connecting cables and the magnet coils. A 
new power supply is being built by the PS Division. 
Preparations are being made, in collaboration with the 
BEBC Group, to use their automated system to map the 
new configuration of the magnetic field, both inside the 
visible region of the chamber, and also in the useful 
region downstream of the chamber. 

A NORD-10 computer has been incorporated into 
the control system of the chamber. Initially it will be used 
for data-logging, and progressively for closed-loop pro
cess control. Many of the chamber control circuits have 
been rebuilt both for reasons of rational operation, and 
also to permit dialogue with the computer. 

A new servo-drive for the cameras has been built and 
tested. The power supplies for the flash tubes have been 
rebuilt for greater safety and reliability. Considerable 
effort has been made to regroup and streamline the 

electrical power network for the chamber systems. The 
reinstallation work in building 185 is continuing. 

Particular attention has been paid to leaving the 
maximum unobstructed access for supplementary counters 
and particle detection systems at the beam entry and exit 
windows of the chamber. 

A major modification of the support system for the 
magnet coils at the beam exit side of the chamber has 
been designed and is under construction. The new support 
system will not only withstand the electromagnetic forces 
produced at the heads of the coils, but will also serve as 
an absorber and discriminator of particles for the external 
muon identifier. Provision is also being made to support 
an 11 t copper calorimeter in the coil gap. 

Operation of the chamber in its new location is 
planned to begin in spring 1977. 

Electronic Detectors for Gargamette 

External Muon Identifier (EMI-G) 

This detector identifies muons produced by neutrino 
interactions in Gargamelle. It consists of two layers of 
proportional chambers separated by an iron absorber. 

Figure 5 — Ttiis photograph shows the support on which shielding 
weighing ISO tons is installed, 6 metres above ground. Eight proportional 
chambers will be hung on each side of it on the supporting structure 
which can be seen to one side of the shielding. 
In the final version both shielding and chambers will be enclosed in a 
metallic casing. (CERN-I53.11J6) 

68 



All the chambers were built in 1976, and will be installed 
by the start of Gargamelle operation, in the early months 
of 1977. 

Hadron Calorimeter 

A. hadron calorimeter is being developed by Garga
melle user groups. For this purpose the shielding at the 
chamber exit has been constructed in "slices" and the 
scintillation counters are inserted in the gaps. The calori
meter is also expected to be ready by the start of physics 
runs. 

Figure 7— Computer display of an event of the WA4 photoproduction 
test run. 

Omega Spectrometer 

The Omega spectrometer will be fed by two SPS 
beams: a tagged photon beam and a hadron beam which 
is planned to be equipped with a superconducting RF 
separator. 

For the SPS experiments the spectrometer is being 
completed and improved by a number of new detectors: 

(i) A cylindrical 24 channel target hodoscope has been 
constructed and installed. Combined with the first 

0.5 mm pitch proportional chamber, the hodoscope 
yields track multiplicities of the events for the trigger. 

(ii) Three 0.5 mm pitch proportional chambers (each with 
two planes and a sensitive area of ~ 8 0 cm 2 but with 
large frames) will be mounted downstream from the 
target. A prototype has been tested and the first 
chamber is finished. 

(iii)A new set of eight optical spark chamber modules, 
which detect particles leaving the target sideways, has 
been constructed and will be installed at the beginning 
of 1977. 

Figure 6 — Layout of the Omega spectrometer for the photon experiment WA4. 
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(iv) The spark chamber fiducial mark system has been im
proved, and a laser diode detector system will allow 
continuous position control of all detectors in and 
near the Omega magnet. 

(v) There are two downstream lever-arm drift chambers 
(each with four wire planes, covering an area of 6 m2) 
of which one is tested and one nearly finished. They 
will improve momentum resolution of high-energy 
particles. 

(vi) A lead-glass mosaic y energy detector (7 m 2) provided 
by Orsay is being complemented with a y-position 
detector consisting of a lead-glass active converter 
provided by CERN, and a 700 channel scintillator 
hodoscope provided by the University of Paris. 

Many new CAMAC and other electronic modules 
have been designed and constructed to handle the large 
amount of data from all detectors of the spectrometer. 

Quite a number of the modifications and improve
ments on detectors and their equipment have been made 
in close collaboration with the user groups. 

In November the Omega spectrometer received the 
first beams from the SPS, and the experiments WA4 
and WA12 could take first test data. 

Cryogenics 

SPS West Area Liquid Helium Refrigeration 

The cooling plant for the superconducting Omega 
spectrometer magnet has undergone extensive overhaul-
and improvement. In particular, the circuit compressor, 
which in the past had suffered from various deficiencies, 
has been modified and now works very satisfactorily. 
Plant and magnet are in good shape and ready for SPS 
experiments. 

The refrigeration system for the superconducting RF 
particle separator, in beam SI to Omega, is nearing 
completion. It consists of a 1.8 °K/300 W refrigerator, 
which has already reached the specified performances 
during preliminary tests, and a large, 100 m long helium 
transfer line system which is in its final stage of assembly. 
The whole installation should thus be ready for the 
cooling of the separator. 

SPS North Area Liquid Helium Refrigeration 

For the halls EHNI and EHN2 a helium cooling 
system is being set up which in terms of area and power 
can be considered the largest in Europe. As a first stage 

five identical plants have been ordered, each specified to 
yield 400 W at 4.4 °K as a refrigerator or 100 //h as a 
liquéfier, without external pre-cooling. If boosted with 
liquid nitrogen the plants should give up to 50% higher 
performances. Four of the five plants will be employed 
as refrigerators for large superconducting detector or 
spectrometer magnets. The fifth one will serve as a liquéfier 
for small consumers (beam magnets, polarized targets, 
etc.) and will be installed in a separate service building 
which will also house all plant compressors, a helium 
purifier, a 10000 / liquid helium storage tank and the 
central control room. It will be possible to extend this 
refrigeration system by the addition of further plants at 
a later date. 

Liquéfier Section 

The following quantities of cryogenic fluids were used 
for experiments and tests during 1976: 

3 900 000 litres of liquid nitrogen, 
19000 litres of liquid hydrogen, 

152 000 litres of liquid helium. 

ISR Programme 
Split-Field Magnet (SFM) 

Operation of the SFM spectrometer continued success
fully for the whole running time of the ISR. Four col
laborations took data, partly in parallel, using the multi
user operation system : 

R401/4I4 (CERN-Hamburg-Heidelberg-Orsay-Vienna) 
R410/413 (Annecy-Liverpool-Rutherford Laboratory-

Scandinavian laboratories) 
R4II (Pavia-Princeton) 
R4I7 (CERN-Pavia). 

Physics results are presented in the Experimental 
Physics Division section of this Report. 

In parallel with experiments, a limited improvement 
programme has started, in order to prepare for the next 
generation of approved experiments from 1977 onwards. 
This programme has two aims: 

— improved pattern recognition by using packed eight-
plane proportional chambers to replace some of the 
present two-plane chambers, and the new software; 

— particle identification in the central region by six 
Cerenkov counters and time-of-flight hodoscopes; 
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these detectors are developed jointly by the user 
groups and CERN. 

PS Programme 

2 m Bubble Chamber 

The chamber underwent routine maintenance during 
the PS shutdown at the beginning of the year and was 
ready for physics experiments on 25 February. The actual 
operation started in April since there was a feasibility 
study in March, to find out if the k20 beam was adequate 
to give K~ between 0.45-0.90 GeV/c (necessary for experi
ment T236). The same beam was also used for tests with 
p of 0.68 GeV/c (required for experiment T239). 

Afterwards, the u8 beam was installed and the break
down of pictures taken is as follows: 

Experi- Beam Period 
Number 

of pictures 
taken 

T209 K- 8.25 GeV/c 27.4-13.5 327 120 
T237 p 7.3 GeV/c 20.5-17.6 767 170 
T209 K- 8.25 GeV/c 25.6-15.7 626 370 
T227 T.- 4 GeV/c 30.7-20.8 383 060 
T209 K~ 8.25 GeV/c 26.8-24.9 1 242 550 
T209 K" 8.25 GeV/c 6.10-13.11 957 480 
T209 K- 8.25GeV/c 19.11-20.12 1056110 

The total of 5 359 860 pictures taken in eight months of 
operation in 1976 is the highest yearly picture yield 
obtained from the 2 m chamber (previous record: 1971 
with 5 251 350 pictures in eleven months of operation). 

Film Development Installation 

The most important "customer" has been the 2 m 
chamber, which this year has supplied 2750 km of film 
to be developed. It is followed by the spark chambers of 
the Aachen-Padua Collaboration. 

The minicomputer installed in 1975 has contributed 
to keeping a close check on development quality by 
permitting an increase in the sensitometric analysis of the 
various photographic emulsions and by permanently dis
playing the values of the important parameters of the 
development process. 

A thorough investigation of the various emulsions 
proposed by film manufacturers has also been carried 

out thanks to the enhanced possibilities of sensitometric 
analysis. This will facilitate the choice of the films to be 
used in the near future on the various chambers. 

Film Measurement 

ERASME 
The report concerning ERASME is presented this 

year by the Data Handling Division. 

BESS YMA TIC 

BESSYMATIC is a system for the scanning, pre-
measuring and identification of BEBC pictures at SPS 
energies. It has been specially designed for those physics 
experiments for which it would not be economical to scan 
and premeasure directly on ERASME. 

It is planned to build six tables controlled by a PDP-
11/40 and featuring the following facilities: two magnifica
tions (xI7 and x42), two stages with encoders providing 
a resolution of about 6 urn, a function keyboard and an 
alphanumeric display for computer-operator interaction. 
The prototype machine has been in operation since June 
and has been used for scanning-premeasuring and for 
identification of the 12 GeV/c antiproton experiment in 
BEBC. The second machine is being assembled and should 
start production towards the beginning of 1977. 

Special effort is being devoted to the implementation 
of a fast link between the PDP-11/40 and the ERASME 
DEC System 10. Using this data link, it should be 
possible to use the on-line geometry programs residing in 
the DEC System 10 and to carry out the complete 
measurement on BESSYMATIC of neutrino events in 
BEBC filled with a hydrogen-neon mixture. 

Spiral Readers (LSD) 

Since 1972 the two spiral readers have been used to 
measure a single experiment (K~p at 4.2 GeV/c in the 
2 m chamber). In February 1976 this operation came to 
an end with the impressive figure of 1 010000 measured 
events. As from June 1976 only one reader has been 
assigned to the processing of medium-energy experiments 
(TT- p at 3.9 GeV/c and K~p at 8.2 GeV/c). The second 
reader is used for measuring tests of FNAL rapid-cycling 
bubble chamber film. A study is being made of the spiral 
reader's ability to detect very energetic tracks of "jet" 
type events. The first, most encouraging, results make this 
machine a serious candidate for measuring experiments 
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performed at SPS energies with the rapid cycling bubble 
chamber, at present under study. 

Gargamelle Scanning and Measuring 

In anticipation of photographs from Gargamelle taken 
at 300 GeV, several modifications have been made to the 
existing installation. Three of the MINNIE tables which 
up to now have been used solely as scanning machines 
are in the process of being converted into full scanning 
and measuring tables, to be connected on-line to the two 
CDC 3100 computers. In order to improve the efficiency 
of the system, the computer configuration has been 
changed, which has involved the installation of new 
transmission lines. Work is also proceeding on automatic 
methods of distinguishing and measuring track elements. 

Technical Services 

As in the past, the technical assistance group and the 
Divisional workshop have given their support to ail 
programmes. The main effort was concentrated on the 
preparation of the neutrino beams. The high radiation level 
under which equipment will operate makes it essential to 
be able to replace the horn as well as the reflector with
out manual intervention, by means of remote control oper
ation. This required also, amongst other things, the design, 
construction and installation of automatic devices for the 
precise positioning of the neutrino horn and reflector, 
connections to the electrical power supply, and adjustable 
mechanical supports for detectors to measure the muon 
flux. 
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Data Handling Division 

Introduction 

In the light of the decisions made by the Council in 
December 1975 concerning the Laboratory's budget, a 
considerably reduced development programme for the 
central computing facilities was finally approved. The 
proposal to acquire a second CDC 7600, to provide 
additional capacity to meet the predicted needs of the 
SPS physics programme, had to be dropped. The acquisi
tion of an IBM 370/168 to provide improved computing 
facilities and peripherals was retained. The development 
of a data communications network was also kept, to 
provide over the next few years high-speed data link con
nections between central and remote computers over the 
site. 

At the end of 1975 the CDC 6600 was switched off, 
after nearly ten years of service. 

Following the major upgrading of software in 1975, 
1976 has been a year of consolidation of the service on 
the 7600 system with emphasis on stability and tuning to 
obtain the maximum capacity in a time of near saturation. 
New records have been made consistently for availability, 
stability and throughput. 

The increase in the number of computer ports through 
SUPERMUX, the ability to switch terminals via INDEX, 
and the high availability of the interactive system INTER
COM has widened the appeal of terminals. 

Following the decision to order an IBM 370/168, a 
large effort has been devoted to defining the software, 
and to training systems programmers, user support staff 
and operators. 

For the network the major tasks have been to define 
the various level protocols and design the interface equip
ment. 

For data handling, emphasis has been placed on 
preparation for the exploitation of the SPS. Thus the 
Omega on-line system has been reprogrammed for the 
new configuration. Off-line program support has been 
given to experiments: WA1, WA18, NA2, NA3 and NA4 
and general-purpose programs of interest to many groups 
have been made available. Special hardware processors 
for the WA7 and WA1I experiments have been built. 
ERASME has entered into routine production and soft
ware is being developed to handle neutrino film from 
BEBC. 

Computer Centre 

The CDC 7600-6500-6400 System 

The 6400 memory was upgraded to the maximum 
128K. The performance of both the hardware and soft
ware has continued to improve. The mean time between 
dead-starts for the combined 7600 and 6000 front-end 
(now the 6400) to which are connected the remote input/ 
output stations (RIOS), is now averaging 10.5 hours (an 
increase of 17 % compared with 1975), and the total batch 
workload on these two machines is averaging over 18 000 
jobs per week (an increase of 20%). 

On the 7600 software effort has concentrated on 
stability, user support and performance improvements. 
The mean time between dead-starts on the 7600 due to 
software is now over 80 hours. The performance improve
ment programme on the 7600 provides fast turnaround 
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for short jobs (up to 300 jobs per hour) whilst achieving 
high user CPU utilization. Thus, in September, an average 
of 13 530 jobs per week were run on the 7600, and the 
average central processor time charged to users was 
121 hours per week. The 7600 User's Guide has been 
revised and distributed to all registered users. It now 
incorporates a First Aid Guide to help programmers 
debug their programs. 

The version of the software on the 6000 front-end 
used to support the RIOS was brought into line with 
that of the other front-end in February. Both now operate 
under SCOPE 3.4.3 which allows direct communication 
between the two front-ends. The mean time between dead-
starts due to software problems on the front-ends is now 
about 50 hours. 

The popularity of the interactive service INTERCOM 
operating via SUPERMUX has continued to increase, 
and the service is now available for 150 hours per week 
on both 6000 front-ends. Over seventy terminals are 
connected to SUPERMUX which now consists of three 
HP 2100 concentrators each connected to both front-
ends. A basic configuration of INDEX (Independent 
Data Exchange) is operating with some twenty-five ter
minals connected, "^tensions to accommodate more 
terminals and to provide access to the IBM 370/168 have 
been ordered. Over 200 corrections have been installed 
in INTERCOM, and many utilities have been introduced 
or improved, in particular SCAN, which provides a 
convenient way of scanning output at a display. 

Eight high-density disk drives (1.4 x 109 bits per pack) 
have been installed, and have allowed the file bases on 
the two front-ends to be expanded substantially. Perma
nent file space is now controlled by a further extension 
of the user registration and control system which was 
introduced last year. Tighter budgetary control of com
puter usage has also been introduced, with individual 
allocations to each experiment. 

Tape processing has continued to perform to the 
agreed standards set for the units. With new maintenance 
procedures the "closed shop" service is now achieving 
the target of one bad tape mount in 1000. A self-service 
paper tape reading and punching facility has been 
introduced in the computer centre. 

The FOCUS service which runs on both 6000 front-
ends via a CDC 3200 (with a CDC 3100 for back-up) 
has been used regularly by five on-line experiments, and 
has achieved an availability of 99 % during PS and ISR 
runs. A facility (SUPER-RIOS) which allows a data 
acquisition computer to act as a remote input/output 
station for both character and binary data has been put 
into operation in the West Area. 

The computer centre now houses remote job entry 
(RJE) stations linked to the Rutherford and Saclay com
puter centres, as well as terminals temporarily connected 
to an IBM computer in Zurich. An RJE station to be 

linked to the Zeeman Laboratory in Amsterdam is being 
installed. 

The INFOL information retrieval system continues 
to attract new applications. The TABLOID system is now 
fully documented; its role in the installation of the SPS 
has now come to an end, but it continues to be used for 
many aspects of the maintenance, as well as serving other 
Divisions. The TOTAL DBMS was installed on the front-
end computers. 

Routines have been written for several statistical 
distributions (in particular, inverse of normal and chi-
square distribution, Kolmogorov testand Student distribu
tion), also a zero-hunting routine for complex functions, 
and a cluster analysis routine using Wishart's method. 

Consultancy work has included a collaboration with 
the PS Division on the estimation of parameters in con
nection with beam emittance measurements and with the 
EP Division on the solution of a special integral equation 
of the first kind. A mathematical consultancy office has 
been established in the TH Division. 

The IBM 370J168 System 

Following authorization by the Finance Committee, 
a contract was signed with IBM early in April for a 
370/168 system with 3M bytes of memory, five channels, 
twelve disks, ten tape units, two line printers, a card 

Figure 1 — A general view of the IBM 3701168 during installation. 
In the foreground are the operations console and central processor ; 
in the background are the channels and disk units. (CERN-43.12.76) 
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reader, a communications multiplexor and various ter
minals. This marked the start of a training programme 
for some eight system programmers, twelve operators and 
supervisors and the members of the Program Enquiry 
Office. 

Modifications in the Computer Hall were carried out 
for the installation of the IBM computer system, its power 
and water supplies. The installation of the 370/168 was 
completed on 20 December and the acceptance tests of 
the system will start on 3 January 1977. 

The Data Communications Network 

The service to be provided for North Area experi
mental groups in the first phase of the network project 
has been defined. The protocols necessary to allow user 
computers access to this service are completely specified. 
The principal facility will be remote access to permanent 
files on the CDC 6000 series computers. The basic inter
face provided by the network can be seen as a set of 
building blocks from which more complex sequences of 
operations can be built. Typically, these sequences will 
be used to send samples of experimental data to the CDC 
centre for processing and to return the results to the user 
group's own on-line computer for storage or display. 
Similar facilities are being planned for the IBM machine. 

Four MODCOMP II computers to be used as nodes 
in the communications sub-network were delivered in 
February and have been used for software and hardware 
development. To facilitate this development they have 

Figure 2 — A module for the network project produced with the help 
of the semi-automatic wire-wrap machine. A set of recently developed 
programs speed up considerably the development of prototypes. 
(CERN-3S9.I.77) 
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been connected to the Omega network (OMNET). Two 
of the machines are equipped with couplers to CDC 6000 
computers. Four other machines, one of which will have 
a coupler for the IBM 370/168, are on order. 

The design work for the hardware to be built by 
CERN is finished. Prototypes of the CAMAC and 
MODCOMP link interfaces are being checked out and 
the prototype PDP-11 link interface is under construction. 

A BCPL compiler generating MODCOMP code has 
been written for the CII 10070; a cross-assembler with 
macro-facilities has been written in BCPL and also runs 
on the CII 10070. 

Included in the software being written are, for the 
CDC 6000 machines, the network interface and file 
manager programs, and for PDP-1 Is using the RSX-ll 
operating system, the basic software interlace to the net
work (transport manager) and file access routines. Studies 
of IBM system software have now progressed far enough 
for proposals for the network interface implementation to 
be made. 

Data Processing 

Data Processing for Bubble Chambers 

The measurement of film from experiment 82 (K~p in 
the 2 m chamber at 8.25 GeV/c) on ERASME was com
pleted on 3 May. Almost 165 000 frames had been pro
cessed in a single pass by that date. 

The major part of ERASME production time is 
currently devoted to two experiments: 

(i) Experiment 101 — pp in BEBC at 12 GeV/c 

By the end of September, 24000 vertices from 11 000 
events had been measured on all four views, using an 
on-line geometry program. Significant effort is being 
devoted to checking the precision and to the comparison 
of results from these measurements with results from film 
measured in collaborating laboratories. 

(ii) Experiment 422 — K~p in Mirabelle at 32 GeV/c 

By the end of September, 5000 events, each of which 
requires, on average, the measurement of five views, had 
been measured. 

The KI-10 central processor on the DEC System-10 
computer has been upgraded to a KL-IOcentral processor, 
as foreseen in the original project planning. The perform
ance of the new processor has been very good. 

The microspot cathode ray tubes on four ERASME 



units have been replaced during the year, following the 
successful resolution of stability problems. 

The ERASME operator display facilities are being 
improved. TV monitors driven by a raster scan from the 
cathode ray tube have proved much easier for the operator 
to use and they have been installed on all machines. A 
system to overlay the film-image on these TV monitors 
with computer-generated information has been developed. 

Software developments are in progress to enable 
neutrino film from BEBC to be measured when SPS 
physics starts. Work is also in progress to improve the 
connection between the DEC System-10 and the PDP-11 
which controls the Bessymatic system. 

Collaboration continues on the European hybrid 
spectrometer project with a view to preparing a detailed 
specification of the data acquisition and control systems. 
Collaboration also continues on the data acquisition and 
control systems for the external muon identifiers (EMI) 
behind BEBC and Gargamelle. About half of the total 
number of chamber modules required for these EMIs had 
been tested by the end of September and installation of 
the BEBC EMI is currently in progress. 

On-line Support 

Reprogramming of the Omega on-line system in pre
paration for SPS physics has taken place. This system 
consists of a data-acquisition computer, a computer to 
monitor Omega common equipment and two computers 
for experimental groups. These computers communicate 
with each other and the CII10070 via the OMNET system. 
A basic system was available for the first tests with SPS 
beams in November. Similar facilities have been developed 
with the European Muon Collaboration (EMC) team for 
the EMv experimental programme. Using these systems 
as a basis, it is hoped to provide a modular standardized 
data-acquisition system for experiments using PDP-lls 
(mainly visiting teams). 

The Split-Field Magnet on-line system has been 
modified by the phasing out of one EMR 6130 and the 
upgrading of the remaining one; work has also started 
on the changes needed for the detector improvement 
project. On-line event filtering for one experiment is being 
implemented. 

During the year a number of extensions to the OMNET 
system of interconnected computers around the CII 10070 
have been realized. Approximately thirty minicomputers 
are now connected to the Omega network; they include 
the Omega, SFM and EMC computers, the Bessymatic 
system in the Experimental Physics Facilities Division, 
and some development machines. 

Off-line programming support 

The Division provides off-line programming support 
for the Omega and Split-Field Magnet facilities, experi
ment R108 at the ISR, and experiments WA1, WA18, 
NA2, NA3 and NA4 at the SPS. Until October, the 
Omicron facility at the SC was also supported. 

Omega 

During 1976, the production ->nd simulation programs 
have been modified to cope w ...i the new detector. A fast 
track-finding algorithm has been implemented in the 
pattern recognition program and the geometry program 
has been completely rewritten. It is now based on spline-
fitting techniques and it contains a general-purpose vertex 
finder in a magnetic field. 

Split-Field Magnet 

During 1976, development has concentrated on two 
major aims: to allow for thick absorbers in the pattern 
recognition and geometry programs for the double-muon 
search, and to reduce the overall running cost of these 
programs. 

R108 

A straight-line track-finding program for the cylin
drical drift chambers is working; the simulation and the 
pattern recognition programs for particles in the solenoid 
field are being developed. 

WAl, WA18 

For these West Area experiments data analysis pro
grams are in preparation. For WAl the reconstruction 
program is near completion and it is being tested out with 
both real data from cosmic muons, and simulated data. 

NA2, NA3, NA4 

For all of these North Area experiments pattern 
recognition and geometry programs are being developed. 
Studies have been made for NA2, both of the spectro
meter acceptance and of lead-glass counters. A geometry 
package based on splines has been written. For the NA3 
experiment, a multiview line- and point-finding program 
has been developed and tested in which the momentum 
calculation has been based on the spline methods, and a 
general vertex fitting routine without magnetic field has 
been written. For NA4, a new method (based on geometric 
features) has been developed for matching of tracks found 
in two views. 
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Omicron 
The programs for on-and off-line pattern recognition 

and geometry have been developed and handed over to 
the users. 

General 

A major item has been the development of a simulation 
program called GEANT. This program, which can easily 
be adapted to simulate almost any counter experiment, 
provides the necessary facilities (for example, an extensive 
graphics package) for studying different detector layouts 
in order to optimize them with respect to acceptance, 
pattern recognition and other considerations. The pro
gram is in use at the Omega facility, experiments NA3, 
NA4, WA9 at CERN, at Orsay and at Saclay (GOLIATH). 

The HBOOK and HPLOT package has been imple
mented on various computers, e.g. IBM, Univac, DEC 
System-10, and several CDC computers. 

An automatic system (FELIX) for running production 
programs has been made available for general use. Once 
a directory of input and output tapes (up to several 
hundred in some cases) has been created on disk, FELIX 
will run automatically the user jobs to process these tapes. 
The system is now used regularly by several physics 
groups who report a significant speeding up and simplifica
tion of their production work. 

A FORTRAN language analyser, FLOP, has been 
written to ease the transfer of programs to other com
puters by providing various automatic changes to 
FORTRAN programs. 

Special Hardware Processors 

A special-purpose hardware processor for the on-line 
filtering of elastic scattering events has been installed at 
experiment WA7. It reads wire chamber data to make 
high-resolution checks on coplanarity and opening-angle 
constraints. The wire chamber data can be read by the 
processor at high speed ( «100 ns per word) so that a 
decision can be made in a time shorter than that required 
by the on-line computer to read out the complete event 
(«500 lis). For example, a relatively clean event can be 
analysed by the processor within 20 [*s. The processor is 
expected to retain only a small fraction ( < 10 %) of all 
triggers, which should lead to a substantial increase in 
the rate at which elastic events can be recorded. 

Another processor (essentially a point-finder) for use 
in experiment WA11 is being checked out. The output 
from this processor will be used in further calculations 

in the on-line computer for monitoring and filtering of 
events. It can also be used off-line as a specialized algo
rithmic unit on a PDP-11. 

Assistance in the development of fast stored logic has 
been given to the NA1 collaboration. The circuit developed 
can be programmed to recognize up to four independent 
sets of logical combinations often inputs, with an expected 
time resolution of about 10 ns and a propagation delay 
of about 25 ns. 

The study of an array of independent microprocessors 
for fast on-line data filtering has progressed to the point 
where the overall structure has been entirely defined and 
a prototype bus controller has been built and tested. The 
prototype system will be interfaced to CAMAC. A 
modular array of up to 32 processors is provided for, and 
each of the microprocessors will operate in the speed 
range of one instruction per microsecond. 

A scheme is being elaborated for the NA4 experiment 
to provide a very fast decision based on a global recogni
tion of tracks in the experimental equipment. 

Scientific Information Service 

The Library has started a general review of its collec
tion in the Main Reading Room. Many duplicates have 
been eliminated and older, less frequently used publica
tions have been put in the archives. It is hoped that this 
operation will free sufficient shelf-space for the next two 
years. 

Since the beginning of 1976, the journal CERN 
Courier, produced by the Publications Section which 
joined the Scientific Information Service in January, has 
attempted to fulfil a more international role in reporting 
high-energy physics news. In general, the new arrange
ments, involving more active participation of other labo
ratories in supplying information, have been implemented 
successfully. Printing and distribution of copies for North 
America are handled by Fermilab, while DESY, INEN 
and the Rutherford Laboratory have taken over the 
distribution in the Federal Republic of Germany, Italy 
and the United Kingdom respectively. The Section has 
been responsible for other information dissemination 
activities, including the new exhibition of CERN's work 
set up in the Main Building. New ranges of documenta
tion in the field of general information are being produced. 

The workload of the Document Reproduction Section 
remained at the same level as last year. New equipment 
for computer-aided typesetting has recently been installed, 
and the operators are being trained. 
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Figure 3 — A stand-alone text processing system consisting of a mini
computer with keyboard, visual display and floppy disk as auxiliary 
storage. The system is used for entering and editing text which is 
transferred to a photocomposition machine via magnetic tape cassettes. 
Tlie cassette unit is shown on the right. (CERN-190.9.76) 

Other Activities 

Position-Sensitive Detectors 

A proportional chamber, incorporating a high-density 
drift space has been developed for the detection of positron 
annihilation radiation. It provides a spatial resolution of 
1 mm in two dimensions and a detection efficiency of 
15% over an area of 10 x 10 cm. Using two of these 
chambers as a positron camera, the Fermi surface of 
copper has been investigated. 2 x 106 events were recorded 
in two days from a copper sample of 2 millicuries initial 
activity. The angular resolution was 0.9 x 0.6 mrad 
FWHM. The Fermi surface necks were clearly observed. 
The camera offers two important advantages over con
ventional techniques; two-dimensional information and a 
greatly increased data rate. It has now been installed at 
Geneva University where it will be used for new experi
ments on the structure of alloys. 

A prototype chamber for thermal neutron imaging 
has been demonstrated at the Institut Laue-Lange vin, 
Grenoble. The construction of a chamber for high-energy 
photons has been completed with assistance from the SB 
Division. 

Figure 4 — Views of the high-density proportional chamber for use 
as a high-energy shower detector. The holes traverse the 20 cm 
"sandwich" comprising 260 lead-epoxy sheets. (CERN-315, 317, 
319.10.76) 
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Divisional Workshops Safety 

Following the closing down of the mechanical work
shop of the Division, the last machine tools were trans
ferred to the EP and EF Divisions. 

A computer-controlled system (QUEST) for assisted 
layout of printed circuit boards has been installed in the 
electronics workshop and is now in operation. In addition 
to a considerable improvement (30-50%) in the speed 
with which the art work can be made, this system ensures 
a high and constant level of technical quality in the dense 
circuit boards commonly produced in the Division. The 
wire-wrap facility has been extended recently with the 
possibility of wrapping boards of different standard 
formats, thus further improving the design cycle from 
conception to series production of circuit boards. 

CERN Computing School 

The Division assisted with the organization of the 
1976 CERN Computing School at La Grande Motte, 
France, and also provided a number of lecturers for the 
school. 

Draft descriptions of the safety plan have been pre
pared and discussed with the HS Division. Certain parts 
of the plan have been provisionally implemented already, 
e.g. the DD Safety Information Manual has been compiled 
and evacuation exercises have been carried out in buildings 
31 and 513. 

In collaboration with the HS and SB Divisions, a re
assessment of the fire risk in the computer centre, based 
on new standards (SIA 183, 1974) has taken place and 
the recommendations arising from this study are being 
implemented. 
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Proton Synchrotron Division 

The MSC and MPS Divisions were amalgamated at 
the beginning of this year to form the present PS Division. 
Not altogether unexpectedly, a number of problems arose, 
in the administrative and other fields. These were aggra
vated by the departure of staff without any possibility of 
replacement, which could eventually lead to significant 
delays in some parts of the programme. E»'ery effort is 
being made to weld the two former units into a harmo
nious and efficient whole, and to make the most of the 
limited resources in money and manpower. 

PROTON SYNCHROTRON 

Introduction 

The vital first stage of the scheme for pulse-to-pulse 
programming of beam parameters was implemented early 
in the year, together with the introduction of "supercycle" 
operation. A beam with the required specifications was 
ready for the first SPS trials, whilst the ISR and the 
"25 GeV" experimental areas continued to operate on 
acceleration cycles tailored to fit their requirements. In 
October, the technique of double-pulse injection to the 
SPS was successfully tried out; two pulses of half the 
usual length, totalling 1.7 x I0 1 3 protons, were trans
ferred to the new machine within 1.2 seconds and com
bined there before acceleration. 

Throughout this year, the Booster has worked full 
time as PS injector for experimental physics with com
mendable reliability. Their new tripartite role demands 
a considerable degree of flexibility from both Booster and 
PS. and its mode of execution must take into account 
available resources as well as the necessity for long-term 
reliability. Therefore the policy on spare parts is under 
review, and at the same time a study is being made of 
the relationship between accelerated beam intensity and 
the irradiation of machine components, with respect to 

both material damage and the cost of repairs in terms 
of radiation dose to personnel. 

Considerable effort has been devoted to improving 
beam quality, especially at high intensity, and to under
standing beam behaviour. An additional dividend from 
this programme was the successful acceleration of deute-
rons and alpha-particles in useful quantities and, inci
dentally, reaching record energies. 

Important contributions have been made to support 
for the SPS experimental programme in the West Area 
and to preparations for the North Area. Besides beam 
transport power supplies and the associated cabling, 
intercommunication and television surveillance equip
ment has been provided and installed, and a target built 
for secondary beam production. 

The Physics Programme 

Operation 

During the annual long shutdown (Christmas to 
25 February), a great many changes were made throughout 
the whole accelerator complex, largely in order that it 
should adequately meet the greater demands of its new 
three-fold function as supplier of protons to the SPS, the 
ISR and "25 GeV" experimental physics. Despite some 
shortage of time and manpower, which prevented all the 
preliminary checks and tests desirable before the start-up 
from being made, after only a few weeks of somewhat 
irregular operation all the new features were functioning 
satisfactorily. It is now standard practice to run with a 
"supercycle", that is, a sequence comprising from one to 
three 10 GeV accelerating cycles foT the SPS followed by 
one or two 26/24 GeV cycles for the ISR and PS experi-
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Transfer PSB — PS 
(800 MeV) 

Accelerated 
beam current in each 

of four PSB rings 
(intensity adjusted 

as required) 

PS main magnet 
field cycle 

Accelerated 
beam current 

in PS ring 

CT — SPS 

FE: 2 x 2b -

Key: PSB: Booster 
FE: fast ejection 
T: target 

26 GeVjc 
24 GeVjc 
10 GeV/c 

»HBC 

FE: 20b 

SE -T- T(~400 ms) -* East ~ South Halb 

CT: continuous transfer 
SE: slow ejection 
Tp: Teraproton — I01S protons 

HBC: hydrogen bubble chamber 
b: bunch (20 in PS ring) 

Figure Y — Anatomy of a supercycle: a six-beam oscilloscope picture from the PS Main Control Room. 

mental areas. This entails changing beam properties such 
as intensity and emittance from one machine pulse to 
another, and making an immediate "on-line" rearrange
ment of beam utilization when one of the users does not 
require his cycle. With a supercycle of 8.4 seconds, two 

successive PS pulses could be injected into the SPS and 
combined there before acceleration, enabling the still 
"magic" intensity of 10 1 3 protons to be achieved at 
400 GeV. In the PS experimental areas, slow extraction 
to the East Hall shared with a South Hall target, and fast 

83 



/7///x\^V*— 368h. 
EXPERIMENTAL PART TESTS 
PHYSICS :5174h. / / Ä W \ (linac, magnet, etc.) 

///$s x + start-up time. 
/ Scheduled // 

' Shutdown \ MACHINE I/ /. operation fl ' Shutdown \ 
DEVELOPMENT :937h. W / 6111h. A 230Sh. 1 INSTALLATION and 

'///////////Y/ 9v ' MAINTENANCE : 

W///////M 
9v ' 

radioactivity cool-down 
Time lost owing x///////////// /irïK i 

V/AÎSÇk / 

time; other scheduled 
to accelerator W / / / / '////// 

/irïK i 
V/AÎSÇk / closures. 

faults :300h. (4.9%) / / / /SC/} . / 
///lrßrh,y 

Figure 2 — Functional division of the PS year (24 hours per day). 

extraction of a few bunches supplied the hydrogen bubble 
chamber and, for some runs, the g—2 experiment. Filling 
periods for the ISR began with the use of a few bunches for 
setting up, and then either took all of the higher energy 
cycles or shared with the PS experimental programme. 
On several occasions deuterons were successfully acceler
ated to 26 GeV/c and supplied to the ISR, which stored 
beams of up to 9 A and observed both d-d and d-p inter
actions (see also "Acceleration of Other Particles" below). 

Statistics of the year':, performance are shown in 
Figure 2. Major faults concerned the 800 MeV injection 
kickei (96 hours) and the recombination septum magnets 
in the Booster (74 hours); during these periods operation 
continued at reduced intensity using 50 MeV injection. 
Significant time was also lost due to a fault in one of the 
temporary poleface-winding power supplies and to mecha
nical failure of the shim in magnet unit 62; since this was 
the second time the latter item had given trouble, means 
are being sought to dispense with it altogether. 

Experimental Areas 

In the East Hall, the experiment installed in beam pu 

at the beginning of the year (K~ p -^ A f o r w a r d + neutral 
meson) was completed in the summer, and replaced by 
the Aarhus-CERN-Strasbourg Collaboration's study of 
channelling effects in crystalline structure at high energies. 

The c 9 experimental area was modified for an extension 
of experiment S14I (polarization effects in p-n elastic 
scattering) and to accommodate a parasitic experiment 
(spin dependence of TC° production in p-p collisions). 
Modifications made to the bispectrometer (experiment 
SI32, beam s7) included the installation of a hydrogen 
target. When experiment S130 in the neutral beam b 2 0 

ended, the area was converted for tests using charged 
particles up to 10 GeV/c (t 4). The 2 m hydrogen bubble 
chamber used the RF-separated u a beam for most of the 
period; at the end of the year, the primary beam line e 1 4 

was in the course of reconstruction to provide an improved 
low-momentum p and K~ secondary beam. 

The last run of the neutrino experiment took place 
in December 1975, and the g—2 experiment has had 
exclusive use of the South-East Area during 1976. In the 
South Hall, experiments S143 (search for N* resonances 
in helium) and S149 (study of pp cross-sections) ended in 
August, and the experimental areas are being dismantled 
since target 08 — which supplied them — will no longer 
be used; this will enable test area b 1 6 to be profitably 
enlarged. The m u beam is being used by experiments 
S142 (X-rays of protonium) and S135 (pp annihilation at 
rest) in alternation. In spring, the d 3 1 beam became a test 
facility, and the six available test zones have been crowded 
with up to three users each throughout the year. 

An acquisition system for data from the monitors in 
the slow-extracted East Hall beam was set up and pro
grammed; the object is to provide current information on 
beam performance and quality, as well as statistics of 
proton usage. There is a heavy load of maintenance work 
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SOUTH HALL (S) 
Target 0/ : five beams are derived from this target : 

I, : for tests ; ~ / Ce Vie ; 
mu : partially separated ; mainly p up to 0.9 GcV/c: 
(/,, .• test beam < 4.4 GeV/c ; 
d3,:tth <10GeV/c; 
b10 : neutrals at O'1 production angle ; protons for tests. 

Target 08 : two beams are derived from this target : 
kw : partially separated p, Kî up to 0.9 GeV/c, mainly 

for stopped K's (se : spectrometer) : 
<j„: n*. AC* '5GeVlc. 

EAST HALL (E) 
Slow ejection from straight-section 62 ; the primary beam, e13, is 
divided into three branches, each with a target, from which six 
secondary beams are derived : 

pK: 7i*, K* <12GeVlc; 
c9 : scattered primary protons at ejection energy; 

< /O* P per pulse ; 
tA : charged particles up to 10 Ge Vic for tests ; 
Pu : n± up to 19 GeVjc ; 
s7 : double-branch spectrometer analysing two-body decays: 

Jtig : electrostatically separated ; K±, p at 0.8 GeV/c. 
Fast ejection front straight-section 58 ; two possible target positions 
give a choice of beams for the 2 m hydrogen bubble chamber : 

iig : RF-separated (three cavities) ; K+ up to 16 GeV/c 
and other possibilities ; 

Aa, : not in use in 1976. 

SOUTH-EAST AREA (SE) 
Fast ejection from straight-section 74 : a target iit the primary 
beam provides a secondary beam ofn~ at ~ 3 Ge Vic for the g—2 
experiment. 

Figure 3 — Schematic diagram of the PS external beams and experimental complexes in 1976. 

on beam transport elements in order to provide for the 
new layout in 1977. Problems of electrical noise in the 
PS ring necessitated circuit modifications to the TV 
observation equipment used for extracted beams. 

Current Technical Development 

Linac 

During the long shutdown the mercury diffusion 
vacuum pumps were replaced by turbomolecular units; 

each of the three tanks has one in use and one on standby. 
A new sweeping magnet installed in the spectrometer line 
enables ten spectra to be measured during a single pulse, 
giving a rapid check on the effect of adjustments. 

After the shutdown there was a rapid return to stable 
and reliable operation at the 80-90 mA current level. In 
March, the experimental acceleration of deuterons and 
alpha-particles produced currents of 13 mA for the former 
and 2 m A for the latter. In the course of trying to optimize 
intensity in these tests, a different focusing configuration 
was used for the first ten quadrupoles of tank 1, and upon 
returning to proton acceleration it was found that this 
had pushed the current up to 100 mA. 

85 



(a) Evolution nf the 
shape anaphase of two 
bunches over a 0.5 
ms period; successive 
scans are displaced 
vertically. 

{b) Scans of one bunch 
superimposed. 

(c) Diagram in phase-
space of the oscilla
tions. 

m = 2 
(juadrupole mode 

m -- 3 
Sextiipole mode Octupole node 

Figure 4 — Oscillations in the shape and position of bunches in the Booster during acceleration, observed here for one period of the synchrotron 
frequency. Some of the more unstable modes have been troublesome in limiting accelerator performance at high intensity, but an active damping 
system installed in October has greatly improved the situation, virtually suppressing all the lower-order fand more common) modes. The same 
system can also be used to excite any selected mode for closer study, as in the cases shown (from a paper presented at the 1976 Chicago National 
Conference on Particle Accelerators). 

Booster Synchrotron 

The overall project (1975-78) for providing output 
beams with different characteristics in individual cycles 
calls for eight kinds of machine pulse, four of which are 
already operational. This effectively amounts to converting 
the Booster from an accelerator with fixed parameters 
into one with characteristics which are programmable 
from one pulse to another — quite a complicated process. 
Apart from extension and modification of the whole 
timing and sequence control network, cycle-to-cycle 
change of parameters entails the adaptation or rebuilding 
of a good deal of other equipment — for example beam 
observation and control (sensitivity adjustment), power 
supplies (voltage or current programmes and polarity), 
and computer control and acquisition systems. At present, 
the beam intensity is regulated by altering the triggering 
time of the vertical linac beam distributor, thus changing 
the number of turns injected. More sophisticated items to 
follow include control of bunch length, of injection line 
optics, and of transverse density; the last case will prob
ably involve inserting a "sieve" in the injection line 
and/or shaving the beam in both planes. 

Although almost all projects have been delayed be
cause of diminished resources, the active damping scheme 
for longitudinal instabilities is now fully operational, and 
the ninety-six new multipoles are ready to be brought 
into service for the highest beam intensities. Substantial 
progress has been made on the injection line position 

Figure 5 — A stack of four of the new Booster nudtipolc modules used 
for stop-band compensation. Each of the modules shown contains one 
skew and one normal sextupole and a similar pair of octupoles. The 
installation comprises altogether thirty-two modules, of which half are 
of the type illustrated and the other hoi fare made up of skew sextu-
poles and octupoles together with vertical and horizontal dipoles. 
(CERN-20.2.76) 
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monitors, the 800 MeV switching magnet system, and the 
computer-assisted 800 MeV data acquisition and display. 

Following the successive breakdown of two d.c-
energized septum magnets used for beam recombination, 
after four years of trouble-free service, the related spare 
parts policy was reviewed. Analysis showed that the 
breakdowns were due to electrolytic corrosion, a pheno
menon which is much less marked in the similar, but 
pulsed, magnets in the PS. Since these components become 
highly radioactive with time, immediate repairs are rarely 
feasible, and it was therefore decided to procure a second 
spare. As a further measure to forestall possible effects 
of ageing, one of the four RF accelerating cavities is 
exchanged each year for a reconditioned unit. 

Thanks to the new hardware and to continued machine 
studies, a higher peak intensity — 1.65 x I0 1 3 protons 
per pulse — has been reached. Closed orbit distortions 
have once again been reduced to the previous best values 
of 3 mm (horizontal) and 2 mm (vertical). The systematic 
(structure) resonance 3QV = 16 was compensated, and 
trials on the vertical recombination of beams from two 
rings produced a longitudinal phase-space density of 
about 7 x 10'3 p/eVs. 

The possibilities of reducing Booster cycling time are 
being investigated as part of the studies on multipulse 
injection into the SPS (see "Performance Developments" 
below). To go down to 0.6 seconds (from the present 1.2), 
the main magnet power supply could be used in a different 
mode, with minor modifications. However, a new installa
tion would be required to compensate the fluctuation in 
reactive power, and a number of auxiliary supplies would 
have to be upgraded. Tests with a shorter cycle showed 
that there would be no undue disturbance to the local 
electricity supply network. 

Main Proton Synchrotron 

The first stage of the planned modifications to the 
poleface-winding (PFW) system has now been completed. 
During the annual shutdown figure-of-eight windings 
were installed around the focusing ("F") and defocusing 
C'D") halves of all the (101) magnet units, and temporary 
programmable power supplies provided to feed the 
existing "F" and "D" circuits separately. This installation 
was a major part of the shutdown work, and necessitated 
other modifications, such as the replacement by dipoles 
of the "bump coils" (wound around the magnet yokes 
and used to produce orbit deformations for some ejection 
schemes), and changes to the equipment which generates 
a train of pulses related to the average value of the main 
magnet field (B-pulses). 

The new system effectively confers the advantages of 
separated functions on a combined-function machine. 
Currents in the three sets of windings are computer-
controlled so as to keep the working point ("Q" value 
and chromaticity) correctly adjusted during acceleration. 
I n practice, the blow-up which occurred with high-intensity 
beams when crossing resonances at high energies has been 
almost entirely avoided, and up to 21 GeV/c it is no 
longer necessary to use sextupoles and octupoles; above 
that energy some octupole correction is required because 
of saturation in the figure-of-eight magnetic circuit. 

The final version of the power supplies, now on order, 
will improve the performance of the system because of 
their higher stability, greater accuracy, and better zero-
current adjustment. The new poleface-winding sheets 
themselves have also been ordered; each half-unit will 
have two separate circuits, initially connected in series 
for normal operation. The possibility of separate connec
tions will be used to study the advantages of a five-current 
system for "Q" and chromaticity control. 

The auxiliary magnet system has been completed by 
installing four large-aperture dipoles, four more high-
energy sextupoles, four high-energy quadrupoles, and two 
skew quadrupoles. Nine programmable units and six of 
the capacitor discharge type have been added to improve 
the power supply situation, as well as fifty new power 
amplifiers for the back-leg windings (used at injection). 

The performance of the 800 MèV injection kicker has 
been upgraded by installing new ferrite cores and modify
ing the power supply, with beneficial effects on beam 
losses during transfer and an improvement in reliability. 
A project proposal is being prepared for a new modular-
type kicker with a suitable margin of deflecting power. 
A second spare for the injection septum magnet is being 
built, since similar magnets used elsewhere have recently 
broken down owing to corrosion effects (see "Booster 
Synchrotron"). 

The new RF beam control system with a wide dynamic 
range is operational, and proved to be an important factor 
in the acceleration of deuterons and alpha-particles. In 
the immediate future, the main problems to be tackled 
on the accelerating system concern longitudinal damping 
of oscillations at high intensity, beam loading effects on 
cavities, pulse-to-pulse and long-term drift of beam posi
tion, and computer acquisition and control of the most 
important parameters. The available effort, however, 
might make it difficult to go ahead with this programme 
as rapidly as could be wished. 

The performance of the vacuum system is good, and 
improvements are made only when opportunity arises in 
connection with other installations. Priority is placed 
upon extending the working life of components and 
pumping equipment. The components for mechanical 
alignment of the electrostatic pick-up electrodes, using 
metallic vacuum seals exclusively, have been received; 
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assembly has begun, and all electrodes in the PS ring will 
be realigned. 

Targets and Ejection 

The new rapid-action internal beam dump, described 
and illustrated in the 1975 Annual Report, proved to be 
very useful and was most reliable until, in November, it 
developed a vacuum leak. Since a complete spare unit 
was ready, including its own shielding, replacement was 
effected during a short scheduled machine stop. Then the 
Mascot remote-handling servo-manipulator (see Annual 
Report for 1971) was used to remove the top shielding 
and locate the leak, which proved to be in the connecting 
vacuum chamber. Further dismantling isolated the faulty 
component from the much more radioactive target unit, 
and, at this stage, the repair was carried out by a w«lber 
working on the spot. Reassembly again used the remote-
handling facility. The whole operation on a highly radio
active piece of equipment was thus carried out with 
minimum radiation dose to personnel, and a spare unit 
is once more available. For beam profile measurements, 
targets of the type successfully used in the Booster have 
been installed in the PS ; a new design using a mechanically 
resonant system for faster operation is now being studied. 

Since almost all "25 GeV" experimental physics is 
now concentrated around the slow-extracted beam in the 
East Hall, improvements are being made to the ejection 
system upon which it depends. The single extractio/i 
(septum) magnet in straight-section 62 will be replaced by 
two new units in straight-sections 61 and 62; the first of 
these is now ready for tests. Three more modules are 
being added to the existing nine of the full-aperture kicker 
magnet (FAK) in order to have an adequate reserve of 
deflecting power. The large-aperture extraction (septum) 
magnet built for straight-section 16 is now ready. 

A programme aimed at increasing the accuracy and 
reliability of >!ow-extracted beam intensity measurements 
has been actively pursued. Secondary-emission chambers 
(SEC) were calibrated against current transformers in a 
fast-extracted beam and then used as secondary standards 
for absolute intensity measurements in the slow-extracted 
beam (where noise problems preclude the use of trans
formers). Long-term stability of SEC signals is also under 
investigation, and the use of materials other than the 
traditional aluminium (e.g. titanium) is being examined, 
together with the influence of gas-discharye cleaning of 
the emission foils immediately prior to use. 

A new type of beam monitor has been developed for 
the slow extraction time-structure servo-system. It observes 

Figure 6 a) and b) — "Master" and "slave" units of the "Mascot" 
servo-manipulator in action during reassembly of the PS internal dump 
target unit (see text). The two units are some forty metres apart, and 
the operator is working with the help of three steerable television 
cameras and a sound pick-up as well as the "feel" conveyed to him by 
the force-feedback system. (CERN 333 and 335.1.77) 

gas scintillation in the 6 cm gap between the machine and 
external beam vacuum systems; a differential technique 
is employed to cancel out effects of nearby proton losses. 
Early attempts to use air as the scintillating medium ran 
into problems with corrosion of the light-guides by 
atmospheric irradiation products (ozone and oxides of 
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nitrogen). These have been solved, with the added benefit 
of better signal strength, by using pure nitrogen flowing 
through the detector at a modest rate. 

For ejection from straight-section 16, a second beam 
transport line has been installed, leading through the ring 
wall to an absorber buried underground. The beam can 
be switched to this dump line from one cycle to another, 
and the facility has been extensively used during prepara
tions for SPS and TSR runs and for machine development. 

Beam Transfer to (he SPS 

The continuous transfer system has been in normal 
operation since May, and is working reliably; it is fully 
computer-controlled, including beam diagnostics. The 
design intensity of 10" protons has been obtained within 
the specified emittances at an efficiency of 93 %. Using a 
two-shot five-turn mode of operation (instead of the 
standard one-shot ten-turn), a maximum of 1.7 x 1013 

protons has been transferred. 
Nevertheless, a number of improvements are being 

carried out or are under study. Apart from making the 
system easier to operate efficiently, these largely concern 
stability of the ejected beam, which is subject to variations 
arising from changing beam quality in the PS. Con
sequently, attention is being concentrated on optimization 
routines (operator-initiated) and direct feedback of 

Figure 7 — Some of the 10 km of cable used m delay lines to create the 
"staircase ' ' waveform, which, via fast bumper magnets in the PS ring, 
drives the accelerated beam in steps of 2.1 ps across the aperture of 
the first extraction element in the continuous transfer system feeding 
the SPS. (In the background are the pulse generators for the full-
aperture kicker used for fast extraction). (CERN-192.3.76) 

measured beam parameters to the ejection equipment. 
Active damping of radial oscillations is also under con
sideration. For future developments, tests have been made 
of extraction over two, three, and five turns (see "Perform
ance Developments" below). 

The junction area of the beam transfer tunnels leading 
to the TSR and SPS was taken over by the PS Division 
in the early part of the year. Radiation security interlocks 
and other basic control equipment were installed during 
the long shutdown. Since then, additional special beam 
diagnostic apparatus has been added, including 32-channel 
profile monitors. 

Computer Control and Instrumentation 

Computer control has been extended to a substantia! 
number of accelerator elements, including the poleface 
windings. The remaining Varian-computer-driven func
tion generators used for the PS have been replaced by 
autonomous generators, each capable of producing four 
functions; this makes all the Varian generators available 
for the Booster. Power is now supplied to the IBM 1800 
via a motor-generator set, which helps to protect the disk 
files in the event of mains failure. The average response 
time of the operator consoles in the Main Control Room 
has been significantly improved by software modifications, 
and up to sixteen console screen pictures can now be 
stored for later print-out. 

The new regulation equipment for the main magnet 
power supply and the new timing system, required for 
supercycle operation, are both working satisfactorily. 
Pulse-to-pulse programming of accelerator parameters has 
involved a major software change for both Booster and 
PS, but computer control has conferred considerable 
flexibility. With it, the cycle sequence programming unit 
can handle eight different cycles, sixteen levels of beam 
intensity, forty separate operations (such as fast or slow 
extraction or target operation), eight operational modes, 
forty pre-set timing counters, and eight beam-loss moni
tors; this is more than adequate for present requirements. 
Since it came into service, the reliability of the software 
has been further improved by a number of modifications. 

A gain control for the electrostatic beam observation 
pick-ups has been installed, and can be manually operated 
from the Control Room; further modifications to the 
system will be required for automatic pulse-to-pulse 
switching. In preparation for multiple measurements of 
the closed orbit during a single acceleration cycle, fast 
switching from radial to vertical beam position measure
ment has been provided. 
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The chronometer for accurate measurement of the 
instantaneous accelerating frequency is now operational, 
and will be used with a computer program currently 
under development. 

Further Development and Future Plans 

New Linac 

Progress on the project is not as well balanced as 
would be desirable; some subsystems are now noticeably 
lagging behind others, mainly owing to staff shortages in 
certain areas. 

The 750 keV pre-accelerator has been commissioned 
and is providing beam for ion-source and matching studies 
on a routine basis. The accelerating column has been 
formed to accept up to 830 kV, and computer control of 
ion-source parameters by way of an optical link works 
satisfactorily. Some problems have been encountered with 
insulation behaviour when HT transients occur, and with 
the fast regulation circuit (which compensates beam 
loading effects). A temporary set-up has been in use for 
750 keV beam spectroscopy; the final elements of the 
transport and matching system were being installed at 
the end of the year. Investigations of the influence of ion-
source parameters and geometry on beam quality con
tinued in parallel, and low-emittance beams of up to 
500 mA have been obtained. 

The three tanks to contain the main accelerating 
structure have been received, checked for dimensions, and 

Figure 8 — The first section of the first accelerating cavity (tank) for 
the new Linac undergoing vacuum tests on arrival. (CERN-144.8.76) 

Figure 9 — Part of the operating console for the fully computerized 
controls of the new Linac. Parameters are selected and then checked 
or adjusted using the two units seen on the right, the choice being 
made by means of "touch-panels ' ' which replace entirely the multitude 
of buttons to be seen in older control centres. The three units on the 
left of the picture serve for the analysis of accelerated beam charac
teristics, using application programs which can themselves be edited 
by way of the keyboard display unit. Tlie screen just above the tele
phone is displaying an "on-line ' ' analysis of the transverse character
istics of the actual 750 ke V beam from the pre-accelerator. 
(CERN-152.7.76) 

vacuum-tested: the quadrupole lenses and their power 
supplies have also arrived and passed reception tests. 
Design and production of drift tubes and related com
ponents are proceeding, and alignment procedures have 
been determined. Specifications have been prepared for 
a test facility to investigate the 10 MeV output from the 
first tank. 

Development of the RF system is almost complete, 
and both low- and high-power units are in production. 
Nearly all the vacuum equipment has arrived and passed 
its tests. 

The digital part of the control system (computers and 
data transmission equipment) is complete and is being 
used for the beam tests referred to above. Units for con
version from digital to analogue signals, and vice versa, 
are being manufactured. 

Development of the Control System 

Project authorization was obtained in September for 
the PS controls improvement programme, comprising 
conversion, in stages, to an integrated multicomputer 
control system. The first step, which will lean heavily on 
experience gained at the SPS, will be the conversion of 
one subprocess, and initial operation is planned for 1977. 
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Acceleration of Other Particles 

The study programme on the feasibility of accelerating 
light ions in the PS achieved its first concrete success in 
March. After nearly a year of careful preparation and 
simulation tests, deuterons were accelerated to 26 GeV/c 
(total momentum, equivalent to 13 GeV/c per nucléon), 
and alpha-particles to 40 GeV/c (10 GeV/c per nucléon). 
This is, incidentally, the highest energy so far reached in 
any accelerator for these particles. The intensities of the 
accelerated beams were 67 x 1010 particles per pulse for 
deuterons, and 2 x I0 1 0 for alphas. As mentioned else
where, the ISR were able to use the deuteron beam. 

The mode of acceleration was substantially different 
from the normal one used for protons. In the Linac, the 
velocity is halved, so that the particles take twice as long 
to pass through the drift tubes (47t mode); the shape of 
the field in the tanks has to be carefully adjusted. In the 
synchrotron, the velocity changes by a factor of six during 
acceleration, and in order to accommodate this with the 
limited frequency range available in the RF system, the 
harmonic number has to be changed from 40 to 20 part 
way through the cycle. These beam gymnastics involved 
a good deal of tricky adjustment, but it is worth noting 
that they occupied only a relatively small fraction of the 
time of the staff concerned, and were carried out entirely 
with existing equipment; the only appreciable material 
expenditure involved was for the provision of the cylinders 
of deuterium and helium gas. 

Only fully-stripped light ions can be accelerated in the 
CERN machines, for reasons connected with vacuum, 
and an electron-beam ion-source to produce them is 
under construction; first tests will begin shortly. 

The project for the acceleration of polarized particles 
was discontinued for financial reasons in 1975. However, 
a polarized source had already been ordered, and it has 
now been received and assembled, incorporating the 
improvements originally planned. So far, it has produced 
a continuous current of 50 u,A of protons, and more than 
80 [/A in the pulsed mode, which are the highest values 
reported anywhere in this field. The possibility of using 
its atomic beam as a polarized jet target in the SPS is 
under consideration. 

Performance Developments 

The possibilities of increasing the intensity available 
for each SPS pulse are being studied. A cheek through 
the PS accelerators for bottlenecks showed no single 

limiting factor, and indicated some relatively simple steps 
that should lead to intensities of 1.5 to 2.0 x 10" protons 
per pulse when the new Linac is in operation. There are 
indications that these figures are practical possibilities 
within the present limits of emittance, since a peak of 
1.2 x 1013 has already been reached in a study session. 

Another approach is the use of more than one PS 
pulse to fill the SPS ring. Reduction of the PS cycling 
time is feasible, and the continuous transfer process has 
been shown to operate satisfactorily with two, three, and 
five turns — in the latter mode it has been used to fill 
the two halves of the SPS circumference in two successive 
shots, doubling the intensity. Various proposals for 
transfer schemes based on a repetition rate of 0.6 seconds 
are being studied. 

At intensities of over 1013 protons, it becomes neces
sary to reduce density in the central regions of the bunches 
in order to stabilize the beam. Various techniques are 
under investigation, and the most promising at present 
seems to be redistributing particles within the bunch by 
modulating at 200 MHz. For this, the RF cavity used to 
imprint a 200 MHz signal on the beam transferred to the 
SPS (for purposes of observation) can be employed. 

The efficiency of colliding-beam experiments can be 
raised by increasing longitudinal density in the PS. One 
possible method was included in the original design of 
the Booster, namely vertical recombination of the beams 
from the two pairs of rings, to give ten bunches instead 
of the usual twenty. This has now actually been done, 
but the technique will need refinement to reduce losses. 

A further exploratory study, being conducted in col
laboration with other Divisions, concerns the production 
of antiproton beams for p-p collisions in the ISR or the 
SPS. This will require the maximum obtainable longitu
dinal proton density to achieve a final luminosity adequate 
for meaningful experiments, and therefore the use of 
"cooling" techniques for obtaining dense beams by 
reducing random particle motion begins to look interest
ing. Besides the stochastic method developed at the ISR, 
recent results from Russia indicate that "electron cooling" 
could be particularly attractive for antiprotons. The PS 
Division is collaborating in an experiment being prepared 
to study the technique, using the existing storage ring 
built for the "g—2" measurements, with protons supplied 
by the PS at energies between 50 MeV and 2 GeV/c. 

SYNCHRO-CYCLOTRON 

The hopes for a steady exploitation of the reconstructed 
Synchro-cyclotron (SC2) at increasing beam currents, 
which had been nourished by a marked improvement of 
its performance in 1975, were disappointed. Technical 
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difficulties associated with the rotary condensers caused 
the suspension of SC operation for several weeks on two 
occasions and led to the loss of three months of machine 
time for physics. However, by the end of the review period, 
several serious technical problems had been resolved and 
solutions to others were being worked out. The SC ended 
the year well with three months of steady operation, 
during which it produced not only 600 MeV protons but 
also 400 MeV 3 He + + ions. 

SC2 Operation 

The allocation of machine time between 1 January 
and 31 December 1976 was as follows: 

Hours 
Nuclear physics 4141 

Prime users' time 5926 
Secondary users' time 3789 

Technical development 612 
Breakdowns 2396 
Maintenance and cooling 898 
Beam changes and ion-source filament changes. . 417 
Official holidays 320 

Total 8784 

The loss of physics time due to breakdowns was 
partly compensated by the suppression of a planned shut
down of about 1500 hours. Compared with 1975, the 
time allocated to physics research was more than doubled 
and the users' beam time was trebled. On average, two 
to three physics groups used the machine simultaneously. 

The two prolonged suspensions of operation due to 
the rotary condensers are discussed below. The ion-source 
and the internal targets which had caused problems in 
1975 no longer affected the operational schedule; ion-
source filaments frequently operated for a hundred hours 
and a target platform carrying pre-positioned, axially 

Figure 12 — One of the experiments at ISOLDE (Isotope Separator 
Oil-Line). A crystal diffraction spectrometer is being used to measure 
small shifts in the frequencies of X-rays emitted from the lower electron 
energy levels, from which it is hoped to extract information on dimen
sions of the nuclei concerned. (CERN-361.10.76) 

moving, internal targets required only infrequent changes 
or attention. 

A pulsed internal target was used in conjunction with 
an accumulated beam. It performed 660000 cycles in 
532 hours and permitted the successful conclusion of the 
experiment on the Lamb-shift in mu-mesic helium. 

New monitoring devices coming into service included 
a set of diagnostic targets, position indicators for the 
extracted proton beam and an analyser to check its time 
structure. 

During the year, a pion beam, a muon beam and a 
new parasitic test beam were put into operation. All three 
are derived from the extracted proton beam via an 
external pion target. The increasing use of these beams, 
and the frequent changes from the external target con
figuration to the underground proton beam, increased the 
radiation dose to personnel and steps are being taken to 
effect these changes by means of switching magnets. 

Figure 11 — Internal beam monitoring equipment installed in the SC in 1976. The radial bar carries three devices which can be moved vertically 
to intercept the proton beam : 

a) an insulated copper block target at R = 58 cm (57 MeV) 
b) a thin insulated aluminium target at R = 80 cm (105 MeV) 
c) a copper target fitted with a thermocouple at R = 177 cm (420 MeV) 

a) is used for absolute measurement of the oeam current, whilst b) and c) can be used for relative measurements. The bar also carries two non
destructive beam pick-up loops for investigating the RFstructure of the beam. Since the device becomes highly radioactive, a complete spare 
unit is available. (CERN-127.1.77) 

93 



The Rotary Condensers 

The frequency modulation of the accelerating field is 
produced by one of the two rotary condensers, RC1 or 
RC2, the other being intended to act as a spare. Manu
factured by industry, both had to be completed and 
modified by CERN before they could be brought into 
service. 

RC2 was the second model to be made and the first 
to become operational. It was used at the SC from 
September 1974 to February 1976, when RC1 became 
available. The existence of a spare made it possible to 
start on a programme of improvement and upgrading of 
the condensers, but this has been slowed down by the 
unreliability of RCI, which was the prototype and there
fore had many deficiencies. 

Moreover, a new defect was discovered in RC2 during 
tests after its upgrading for higher power. Its mechanical 
stability was impaired by the failure of a ceramic bushing 
which protects the rotor bearings. Consequently there 
was no spare condenser available during a four-week 
overhaul of RCI and this time was lost to physics. The 
failure of the bushing was traced to a manufacturing 
defect. Its reconstruction is treated as a matter of extreme 
urgency since a similar failure may also occur in RCI. 

Experience of the past two years has proved the con
cept of the rotary condensers but has shown many weak
nesses in the execution, and elimination of these weak
nesses will take time and effort. A project for this work 
has been approved and funded. 

SC2 Development 

Although the time available for machine development 
was limited, progress was made in important respects. 

The duty cycle of the external proton beam was sub
stantially improved by the use in cascade of the two long-
burst systems, i.e. the peripheral Cee electrode and the 
pulsed-field coil. This mode of operation also improves 
simultaneous long-burst operation between internal tar
gets and the external proton beam; it is now used regularly 
for many experiments. Measurements of the emittance of 
the external proton beam showed it to be less than 6 -x mm 
mrad in both the horizontal and vertical planes. 

The computer-based data log system was equipped 
to record twenty selected analogue signals. These are 
continuously stored on disk and can be retrieved and 
analysed by a variety of programs. 

The project for the acceleration of 3 H e + + ions has 
been approved. Ion capture and transmission efficiencies 

were calculated for various practicable voltage and fre
quency programmes, showing that beams of about a 
microampere could be accelerated. Orders for an extension 
of the Dee accelerating system have been placed. A first 
test of 3 H e + + acceleration to 400 MeV using the low-
frequency end of the proton frequency-programme was 
performed on 15 November. It showed that the design 
current could be reached with the existing ion-source. 

Support Activities 

The adaptation of the SC central region model for 
operation at 8 MHz was completed, and the model has 
been operating at Dee voltages up to 45 kV. It is being 
used by the French "Groupe pour l'Accélérateur National 
à Ions Lourds" (GAN1L) for the acceleration of C + + and 
N + + + ions and for a study of the beam characteristics n 
the injector cyclotron planned by GAN IL. 

Building work and service installations required by 
the Omicron spectrometer were completed. Modifications 
to the 200 ton magnet lent by the Rutherford Laboratory 
were designed and carried out and the magnet underwent 
its first power tests in December. 

Figure 13 — The Omicron spectrometer, a 200 ton former bubble 
chamber magnet on loan from the Rutherford Laboratory, which is 
shortly coming into service at the SC : various planned particle and 
nuclear physics experiments require a spectrometer with large momen
tum and solid-angle acceptance. The useful volume surrounding the 
target (1 m x 2 m x 0.85 m) will be filled with event-tracking wire 
and drift chambers. (CERN-4U.77) 
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Intersecting Storage Rings Division 

Introduction and Summary 

The operational performance of the Intersecting 
Storage Rings improved considerably in 1976 so that 
the demands of the physicists for maximum luminosity 
at all available energies were fulfilled. At 26 GeV the 
average luminosity during the physics runs was around 
2 X 10 3 1 c m - 2 s - 1 or five times the ISR design figure. 
31.4 GeV is now considered to be one of the ISR standard 
energies and luminosities up to the design figure have 
been achieved. Equally important, background radiation 
has not been allowed to rise and has even been reduced 
in certain intersections. 

Of particular interest was the first ever attempt to 
stack deuterons. This was immediately successful and 
accounted for 5.6 % of the time allotted to physics experi
ments. In spite of nine- and eleven-week shutdowns the 
total operating time was 3374 hours of which 2740 were 
for physics, filling and adjustment, the remainder being 
devoted to machine development. 

The number of colliding beam experiments taking 
data increased to fifteen of which no less than ten were 
completed. Replacing these experiments by new ones 
accounts for the long shutdown periods. Among the most 
notable installations were the superconducting solenoid 
together with a low-beta system using conventional 
magnets in intersection 1-1, a muon magnet weighing 
600 tons in 1-2 and a large air-cored toroidal magnet in 
1-6. Preparations were made for improving the Split-
Field Magnet detector system during the 1977 long shut
down and detailed studies were carried out on several 
candidates for a new magnet facility. 

Long-term development studies have concentrated on 
two possible large projects. One of these consists of super

conducting storage rings for 400 GeV protons, with tïie 
possibility of storing antiprotons and, with an additional 
20 GeV electron ring, to permit electron-proton collisions, 
whilst the other is a large electron-positron ring with 
energies up to 100 GeV. 

A prototype of the most demanding quadrapole of 
a superconducting high-luminosity insertion in the ISR 
has been successfully completed, reached its design gra
dient of 40 T/m at the first quench and went on to 47 T/m. 
Members of the ISR staff participated in the ECFA 
Working Group on Future European Storage Rings and 
in the October Workshop on Future ISR Physics. 

Performance of the ISR 

Limitations to Performance, Remedies and Anticipated 
Improvements 

The main performance limit at high energies is still — 
«fid will remain — the vacuum limit, i.e. the ion-induced 
pressure rise occurring above a certain critical current. 
Progress, now mainly achieved by glow-discharge treat
ment of an increasing fraction of the circumference, is 
slow but steady. The maximum beam current reached has 
increased to 39 A. More important, beam currents of well 
over 30 A have been used in physics runs. 

The problem of overlap knockout — occurring with 
operation near the integral resonances and mentioned in 
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Schottky signals 
(+ noise) 
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zero-calibration 

Figure 1 — The decrease of vertical Schottky signals (which are proportional to the effective beam height) under the actum of the 1-2 CH: 
cooling system. If the finite noise contribution in this measurement is taken into account, the cooling rate is found to be 6 */Jh. 

last year's report — is now, as a matter of routine, 
handled by an RF stacking programme that minimizes 
the high-frequency content of the bunch spectrum. This 
has led to a reduction of the effective beam height 
generally achieved in physics mns. The maximum lumino
sity reached (at 26 GeV) is 2.9 x 10 3 1 cm-* s _ 1 in all 
intersections and 4.9 x 10 3 1 c m - 2 s - 1 in the low-beta 
insertion. 

Stimulated by considerable demand for running at 
lower energies, performance was carefully optimized at 
II and IS GeV/c momenta, leading to maximum lumino
sities of 3.2 x 10 3 0 and 7.0 x 10 3 0 cm"2 s"1 respectively. 
Particularly good progress was made with phase-displace
ment acceleration to 31 GeV. Some remaining beam 
losses due to leakage of particles into the empty buckets 
were investigated and are now quite well understood. 
Methods to reduce this effect are being tested. 31 GeV 
has become a standard energy and a luminosity of 6.3 x 
10 3 0 c m - 2 s _ 1 (with circulating currents of 15.7 x 19.1 A s) 
has been achieved. 

At the highest energies the two other basic limitations 
— transverse instability of the stack and dilution of the 
injected beam's density by high-frequency longitudinal 
instability — are comfortably above the vacuum limit. 

The transverse feedback system with SO MHz band
width is used continuously. Together with the now stan
dard working line close to integral resonances (called 
ELSA) this feedback system would stabilize currents in 
excess of 50 A, which is way above the vacuum limit. In 
fact, the present maximum current of 39 A has been 
obtained with reduced tune spread. 

The studies of the high-frequency instability occurring 
at injection have continued. Optimized RF programmes 
have led to a maximum peak density of 1 A per mm at 
26 GeV. In the absence of all other limitations this would 
correspond to over 60 A beam current. However, at low 
energy this density is lower and the longitudinal high-
frequency instability represents a performance limitation. 
For a fixed longitudinal phase-space density in the bunch 
the threshold of this instability increases with increasing 
current from the injector. To cope with more bunched 
current, a beam-load compensation system for the RF 
cavities has been built and is being run in. In addition, 
the suppression of the coupled bunch instability oy means 
of an experimental Landau cavity, operating ai an RF 
harmonic, has been tried successfully. As this instability 
becomes intolerable at higher injected intensities, Landau 
cavities for both rings will probably be needed. 

Information about transverse stability and wall im
pedance has been obtained by measuring the response 
of the beam to RF excitation as shown in Figure 2. Experi
ments to determine the beam-beam limit for protons were 
carried out in a high-beta configuration. Some time was 
spent in studying slow bunch dilution due to RF noise. 

In view of the possible accumulation and storage of 
antiprotons, experiments with stochastic cooling have 
continued. The momentum spread of a 200 uA proton 
beam has been reduced, and the corresponding phase-
plane density increased by 50 %. These studies are being 
actively pursued. 

Following their successful acceleration in the PS, 
deuterons have been stacked and accelerated by phase 
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Figure 2 — Beam stability and Kall impedance obtained from the beam response to RFexcitation. The photographs show 
the measured phase and amplitude of the response. The curves are polar plots of the inverse response-amplitude as a 
function of frequency related to the Nyquist diagram. They have the shape of the stability diagram but are shifted by an 
amount which depends amongst others on the coupling impedance and the frequency spread of the beam. 

displacement to 31.4 GeV/c in the ISR. In total nine runs 
have been performed with almost every possible permuta
tion of deuterons and protons at 26 and 31 GeV/c in the 
two rings. With d-d collisions luminosities of 1.6 x 
10™ cm- 2 s- 1 (26 GeV/c; 9.0 x 8.6 A 2) and 0.6 x 10»» 
cm- 2 s - 1 (31 GeV/c; 6.9 x 4.6 A 2) have been attained. 
With d-p collisions luminosities of 1.5 x lO" cm -* s _ 1 

(26 GeV/c; 4.0 x 18.5 A 2) and 1.6 x 10*> cm-* s"1 

(31 GeV/c; 6.6 x 14 A 2) have been reached. At the end 
of the first deuteron run a rather unique experiment was 
performed; a 5.5 A stack of protons was made in the 
same ring as a 3.3 A stack of deuterons. Both beams 
occupied the same position in real space and the same 
closed orbit but were of course separated in the longitud
inal phase space owing to their different revolution 
frequencies. The beam of deuterons was later accelerated 
by phase displacement to 31.4 GeV/c, leaving the protons 
at 26 GeV/c to be lost against a low-momentum target 

Tuning and Transverse Phase-Space Problems 

To satisfy the high-luminosity requirements of most 
of the runs, the machine was mainly tuned on the ELSA 
working line and several improvements were added to 
the standard procedures described last year. To exploit 
fully the capability of the on-line correction of the space-
charge detuning during stacking, it was necessary to 
improve the precision of the calculation of the poleface 
windings' currents, to take into account the saturation in 
the main magnets and the influence of the initial tune. 
A double decay stacking programme, which accelerates 
with a reduced RF voltage and longer bunches, was used 
in addition to the Q-shifts mentioned last year to further 
decrease the vertical blow-up due to dipole overlap 
knockout. Higher-orde-effects predicted from theory have 
been observed for special tunes. They are negligible for 
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normal machine conditions but may be of importance in 
future in the case of large dissymmetries between the two 
rings (different particles or momenta). 

To speed up the luminosity optimization and for a 
better control of the beam positions at the intersections, 
two prototype, magnetic beam-position detectors have 
been built and installed in intersection 1-5. The monitors 
detect the beam by means of a small vertical modulation 
at 80 Hz ( ± 0.1 mm for 5 A beams) and provide direct 
measurement of horizontal and vertical coasting-beam 
positions with a precision of 0.01 and0.05 mm, respectively, 
and without a noticeable effect on background. 

Starting from the theoretical studies performed last 
year on coupling, a method has been developed to measure 
the amplitude and, indirectly, the phase of the coupling 
vector C. An electronic device has been built on this 
principle and the measurements made in the ISR agree 
with theory. It was shown that the present skew quadru-
pole compensating system works in a very narrow range 
of the phase of C and, therefore, can only compensate 
effectively for tilts in the main magnet system. A new 
scheme for coupling compensation has been worked out 
It uses most of the existing skew quadrupoles and eight 
new short ones (per ring) which have been designed and 
ordered. These quadrupoles have to be powered in seven 
independent groups per ring instead of two. The scheme 
is effective for any phase and was developed initially to 
compensate the coupling due to longitudinal fields. The 
accuracy of the compensation has Leen improved by a 
factor of two and the resulting vertical momentum com
paction function has a negligible effect on beam height 
With this new system, it has become possible, at least in 
principle, to use schemes for reducing the vertical emit-
tance in the transfer line in order to increase the luminosity. 
A system of transfer-line septum magnets, which decreases 
the vertical emittance by a nominal factor of four at the 
expense of an increase of more than four for the horizontal 
emittance, has been studied. It appears that the final gain 
in luminosity would be negligible, mainly because of the 
losses in the septa and of the vertical blow-up due to 
intrabeam scattering. The latter effect was shown to be 
a severe limitation for all schemes which reduce only the 
vertical emittance. 

Developments in the Vacuum and Electron Clearing Systems 

The year saw a considerable effort to consolidate 
various lines of improvement to vacuum performance and 
reliability initiated in the past years. A further 175 m of 
the vacuum chamber have been glow-discharge cleaned 
so that 40 % of both rings has now been dealt with in 

this way. A substantial benefit from this work in terms 
of increased stable beam currents can be expected only 
when a large fraction of the ISR has been treated because, 
until then, the uncbaned sections remain as the weakest 
link. Nevertheless, a 35 A beam was maintained for four 
hours without pressure increase and a short-term record 
current of 39 A was achieved in ring 1. This work is 
backed up by a parallel laboratory programme investigat
ing the details of different surface-cleaning techniques 
(inert-gas glow-discharge, high-temperature vacuum an
nealing, etc.) and the surface characteristics of various 
alternative materials (titanium, inconel, aluminium, etc.). 

The ultra-high vacuum integrity of the ISR is being 
improved by the addition of small holding ion pumps to 
each sector/roughing valve assembly. This reduces die 
need to open valves to the roughing-pumps and so limits 
the risk of surface contamination and consequent vacuum 
instability at these poinii. Other hardware modifications 
include the introduction of a more creep-resistant silver-
copper gasket material which substantially reduces the 
risk of flange leaks — in fact during the year only one 
hour of operation has been lost owing to vacuum leaks. 

A programme has been initiated to replace the original 
vacuum gauges which, owing to pressure improvements, 
are now quite outside their useful operating range. Ten 
ISR sectors have been equipped with new gauges which 
will permit an accurate assessment of the pressure, which 
is now about 6 x 10~ u torr. A complementary device 
for pressure measurement, the clearing-electrode current-
monitoring system, is now in the final production stage 
and the installation in the tunnel has started. First results 
from pilot sections in the ISR have been obtained. 

ISR Operation 

Statistics of Operation 

Operation started on 1 March after a two-month 
shutdown to install a special vacuum chamber in 1-6, to 
dismount an experiment in 1-1 and to cany out modifica
tions, maintenance and vacuum improvement work. A 
short shutdown in April and a long one from mid August 
to November were also scheduled. These were used for 
the installation in 1-1 of a new experiment, a super
conducting solenoid and low-beta quadrupoles, the latter 
being transferred from 1-7. At the same time a titanium 
vacuum chamber was installed in 1-7, experiments ex
changed in 1-2 and an analysing magnet added in 1-6. 
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By the end of the year the ISR had been in operation 
for 3374 hours, of which 2740 hours were for physics, 
filling and adjustments, and 634 hours for studies of 
machine performance and development Of the scheduled 
hours of machine time, 389 (11.5%) were lost owing to 
equipment failure, non-availability of the PS or external 
causes such as perturbations of the 18 kV power line. 
Some of this time loss at the beginning of March occurred 
because of an aperture obstruction in ring 2, eventually 
traced to two pieces of loose wire left accidently in the 
vacuum chamber. 

Stable colliding beams for physics were available for 
2110 hours. Their distribution at various beam conditions 
and the values for beam currents and luminosities per 
intersection are shown in the following table: 

Momentum 

GeV/c 

Running Time 

'/„ Hoars 

Beam Current 
Range 

A 

Luminosity 
Maxima Average 
x /0» air's-1 

P-P 
11 
15 
22 
26 
31 

Asymmetric* 

13.3 (282) 
13 (274) 
2.4 (51) 

50.5 (1065) 
9.7 (205) 
2.8 (59) 

7-14 
10-22 
5-20 

16-33 
10-19 
4-10 

3.2 2 
7 5 

11 8 
29 20 
6.3 4 

d-d 
26 
31 

d-p 
26 
31 

4.8 (101) 
0.8 (18) 

1.6 (35) 
0.9 (20) 

4-9 
~ 6 

~4(d)-18(p) 
6(d)-14(p) 

1.6 
~ 0 . 8 

1.5 
1.4 

With the improved luminosities available, several 
experiments were able to use fully the higher beam-beam 
event rate only when the background rates were cor
respondingly lower. For this reason, beam intensities, 
dimensions and location in the vacuum chamber were 
regulated according to the experience gained with back
ground conditions. A secondary, though important, source 
of background was due to local regions of induced radia
tion caused by beam loss during the setting-up of injection 
and stacking, necessitating rigorous control of all beam 
handling procedures. Scintillation counters, ion chambers 
and dosimeters were employed to locate regions of beam 
loss, so that the source of the loss could be identified 
quickly and corrections made. 

With high-intensity stacks, the beam loss rates were 
maintained at < 10 ppm/min average over 40 hours in a 
typical run. With primary and secondary collimators 
limiting the vertical beam size, and occasional scraping 
of the beam halo, the background conditions in all inter
sections could be kept at tolerable levels throughout a run. 
Standard scintillator-counter telescopes were used to 
measure the background rates in all intersections simul
taneously and have proven to be essential for maintaining 
minimal rates in all intersections. 

More experience was gained with the low-beta inser
tion in 1-7 in the early part of the year. Attempts to main
tain this experimental facility as part of the regular 
physics programme were suspended because of a radia
tion problem caused by beam losses during injection. 
With the low-beta scheme in operation, the 1-7 vacuum 
chamber turned out to be the local aperture limit and 
whenever the injection errors and local closed orbit 
distortion combined in the wrong way, beam was lost 
directly into the physics counter areas. After transfer of 
the low-beta insertion to 1-1, the problem was solved by 
modulating the beam envelope by means of the tuning 
quadrupoles. 

Special procedures to achieve very small, low-
momentum-spread interaction diamonds for the R805 
Roman Pot experiment were successfully employed in two 
series of data-taking runs at each ISR energy. 

By now 31.4 GeV has become firmly established as an 
ISR standard energy for physics and while the luminosity 
at this energy is less than at 26 GeV the production rate 
of high-mass states is expected to be higher. 

Operational Improvements and Equipment Behaviour 

Four new Nord-10 computers have been installed as 
part of the project, described last year, to extend the con-

* 11 GeV/c against IS, 22,26 or 31 CeV/c 

Running Conditions for Physics 

As shown in the previous section, the operational 
performance for physics has improved considerably com
pared with that of 1975. The demand for high-luminosity 
physics runs at 26 GeV has continued and has been 
satisfied by average luminosities equal to five times the 
ISR design value. Experimenters in 1-2 required high 
luminosities at the lower energies, 11.7 and IS GeV, and 
groups in 1-1, 1-6, 1-7 and 1-8 requested the highest 
possible luminosities at 31.4 GeV. These requests were 
met under peak performance conditions. This was due to 
prompt application of machine development work and 
the regular revision of operational procedures which, in 
turn, have increased in precision and complexity. The 
improved beam quality and machine reliability has per
mitted longer runs of typically 40 hours, and, therefore, 
fewer fills. The total integrated luminosity up to the end 
of the year was 5.1 x W e m - * . 
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Figure 3 — A computerized system for the production of printed 
circuit masters has been installed. Some stages of the process are 
shown : draft from the pen-plotter, digitized information on punched 
tape andprinted-circuit master from the pen-plotter (CERPf-107.12.76 
andCERN-105.12.76) 

trol computer system. Preparations for putting the first 
of these computers into service are well advanced. In 
particular, digital data relating to the ISR vacuum system 
is now collected by means of a Serial Camac Highway, 
extending to all the auxiliary buildings, whose total cable 
length is 2.5 km. This highway will be transferred from 
the main ISR control computer to the vacuum supervision 
computer in 1977. Meanwhile, many improvements of 
detail have been made to the operational programs. 

Using two new programs, one which derives the orbit 
distortions from given alignment errors and the other 
which performs the converse, it was possible to establish 
good correlations between measured orbits and geo
metrical surveys and to realign only the critical elements. 
However, the autumn shutdown permitted all the magnets 
and other important beam-line equipment to be surveyed 
and realigned. 

Figure 4— The addition of16 new quadruples and the rearrangement 
of the existing ones allow more flexibility and new possibilities in 
tuning Ihe ISR. (CERN-441A0.76) 

More flexibility and new possibilities in tuning the 
ISR have been achieved by the installation of 16 new 
quadrupoles and the rearrangement of the existing ones. 
This new tuning facility was tested successfully at die be-
beginning of November. It was then used operationally 
to create a working line with Q v = 8.3 for the needs of 
the stochastic cooling experiments. Thanks to the doubling 
of the capability in tuning procedures, it is now possible 
to run the ISR up to the maximum energy under any 
expected operating conditions. 

New RF amplitude detectors and improved RF pro
gramme generators, together with several programs for 
automatic calibration and testing via the cn-line HP com
puter, have improved the operational flexibility and per
formance of the RF system. The system for compensating 
beam loading on the RF cavities due to higher beam 
densities delivered by the PS, is ready for operation in 
ring 1 and will be operational in ring 2 early in 1977. 

The SO MHz vertical feed-back system for transverse 
stabilization has been installed in both rings and can be 
used operationally. However, its use creates problems 
with the measurements of vertical Q from Schottky signais 
and these are being studied. 

A programme to improve the reliability of 125 recti
fiers for auxiliary windings and radial field magnets was 
successfully executed at the beginning of the year. Later, 
a spare 8.5 MVA transformer and filter chokes were 
installed in the ring 2 power supply and fully tested. 
Installation commenced of a system to monitor transients 
in the current fed to the poleface windings so that their 
effect on the stacked beams can be studied. 

The increased beam deflection of up to 3 mrad at 
31 GeV/c available with the new 0.5 i i , 60 kA beam 
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Figure S — The core and coil assembly of an S.S MVA transformer 
before insertion into its oil tank. The completed assembly was in
corporated into the ring 2 main power supply. 

dumping system ensures safe and efficient dumping under 
all operating conditions without the need to move one 
edge of the absorber block close to the beam. During 
injection, background in ring 2, particularly in 1-4, has 
been reduced by the addition of a tungsten radial colli
mator and further collimators are proposed for 1977. 

Because of the many disadvantages of the moving 
shutters at present used to protect stacked beams from 
the strong field of the in.flectors during injection, an 
experimental static screen system was installed in ring 1. 
It demonstrated that high-intensity stacks, up to 33 A so 
far, can be made and that ion-induced gas desorption 
from the titanium screens is negligible. Following an 
accident with the dynamic shutter, the screen had to be 
removed from the ISR but will be reinstalled during 1977. 

Protection of personnel and of equipment has been 
improved in several ways. A fire-detection system has 
been added in all the tunnels and auxiliary equipment 
buildings whilst leakage detectors for the inflammable 
gases used in certain intersections are being installed. 
Radiation surveys and dosimetric measurements have 
been performed regularly and, with the exception of some 
marginal points near access doors, the dose rates just 

figure 6 — The improved spark-gap for switching 60 kA in the beam 
dumping system. (CERN-2I7.2.73) 

outside the shielding walls and in the experimental halls 
are less than 1 mrem/h. The induced radioactivity in the 
injection and dump regions slightly increased with respect 
to 1975; in particular, the injection region of ring 2 was 
twice as radioactive. 

Experimental Support at the ISR 

Experimental Areas in 1976 

The six intersection regions of the ISR available for 
physics have continued to be fully exploited with fifteen 
experiments running at some time during the year. An 
eleven-week shutdown, the longest ever needed for the 
installation of experiments, came to an end on 1 Novem
ber, with changes having been made in all intersections, 
including the installation of three large magnetic devices: 
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1-6 SEARCH FOR CHARMED 
PARTICLE PRODUCTION 
(R606) 

1-4 
SFH 

ISOBAR PRODUCTION (R401) 
DOUBLE DIFFRACTION 
DISSOCIATION (R411) 
CORRELATIONS WITH A LARGE 
TRANSVERSE MOMENTUM 
TRIGGER AT 90° (R410/413) 
STUDY OF HIGH-MASS MUON 
PAIR PRODUCTION (R414) 
EXCLUSIVE NEUTRON REACTIONS 
AND COHERENT PROTON-DEUTERON 
PROCESSES (R417) 

PRODUCTION OF SINGLE ELECTRONS 
AND ELECTRON PAIRS (R702) 

VERY SMALL ANGLE ELASTIC 
SCATTERING (R805) 
ELECTRON AND PHOTON 
DETECTION WITH ARGON 
CALORIMETERS (R806) 

1-1 SEARCH FOR MULTIGAMMA 
EVENTS (R107) 
STUDY OF HIGH TRANSVERSE 
MOMENTUM PHENOMENA (R108) 

1-3 
SEARCH FOR MAGNETIC 
MONOPOLES (R301) 

DIFFRACTION DISSOCIATION AND 
FORMATION AT SHALL MOMENTUM 
TRANSFERS (RZ07) 
SEARCH FOR DIICCT PHOTON 
PRODUCTION (R208) 
HIGH-MASS MUON PAIRS AND 
ASSOCIATED HADRONS (R209) 

Figure 7 — ISR experiments in 1976. 

an air-cored toroidal magnet and an iron magnet for 
muon identification, designed and built by the Intersecting 
Storage Rings Division, and a superconducting solenoid 
built by the Experimental Physics Division. 

In intersection 1-1, experiment R107 (search for 
multigamma events) continued to take data until Easter 
although large-scale preparations for experiment R108 
(study of high transverse momentum phenomena) started 
in January with the construction of a new counting room 
and the installation of 3000 signal cables. During the 
Easter shutdown the equipment of R107 was replaced 
by the detectors of R108 but without the superconducting 
solenoid which continued to be assembled in the adjacent 
hall 181. 

At the start of the autumn shutdown 1-1 was cleared, 
the shielding wall removed and the solenoid rolled into 
position on a chariot and rail system with the new vacuum 
chamber already mounted in the magnet. The low-beta 
insertion, brought from 1-7, was installed with the quadru-
poles being placed on special sliding supports to allow 
access to the cylindrical drift chambers inside the solenoid. 
Dipole compensation magnets, designed to be easily re
moved for access reasons, were also installed. The com
plete experimental installation, including scintillation 
counter hodoscopes and arrays of lead-glass Cerenkov 

counters on remotely controlled chariots, was commis
sioned during November, in parallel with the testing of 
the low-beta insertion and the operation of the solenoid. 
By the end of the year the first physics runs using the 
solenoid had been successfully completed. 

Activity was also intense in 1-2, although the year 
started calmly with the continuation of experiment R207 
(diffraction dissociation and formation at small momen
tum transfers). A new experiment R208 (search for direct 
photon production), consisting of a remotely controlled 
movable "vail of lead-glass Cerenkov counters to detect 
photons at 90°.. was added later in the year. In August 
the intersection was completely cleared and prepared for 
the installation of the 600 ton muon magnet of experiment 
R209 (high-mass muon pairs and associated hadrons). 
The magnet and its power supply were assembled and 
tested by the Division during the first part cf the year 
and then installed, together with a new thin-walled flat 
vacuum chamber supported by the magnet itself. By the 
end of the shutdown some 9000 cables of various types 
had been installed, together with the majority of the ten 
scintillation hodoscopes and 600 m 2 of drift chambers 
forming the complete experiment. Installation of the 
remaining detectors then continued in the following access 
and shutdown periods. 
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Figure 8 — Intersection 1 showing, in the centre of the photograph, 
the superconducting solenoid and detectors of experiment RIOS sur
rounded by their shielding. Some of the compensating magnets and 
auadrupoles of the low-beta insertion arc abo visible in the foreground. 
(CERN-259.11.76) 

The ferromagnetic detectors designed to trap magnetic 
monopoles at 1-3 (experiment R301) were removed in 
May and sent to FNAL for analysis. 

At the Split-Field Magnet (SFM) in 1-4, experiments 
R40I (isobar production), R411 (double diffraction 
dissociation) and R410/413 (correlations with a large 
transverse momentum trigger at 90°) took data until May 
when the Split-Field Magnet detector chambers were 
removed to allow the installation of the laminated stain
less steel absorbers of experiment R4I4 (study of high-
mass muon pair production). The intricately shaped 
absorbers weighing 25 tons were fitted around the vacuum 
chamber and proportional chambers and the experiment 
took data until August. The absorbers were then removed, 
together with the external detectors of R410/413, in 
preparation for experiment R417 (study of exclusive 
neutron reactions and coherent proton-deuteron pro
cesses) which required no equipment in addition to the 
SFM detector but ran with deuteron beams at 26 and 
31 GeV during December. 

A great deal of effort went into the design and con
struction of a new air-cored toroidal magnet and its 
associated power supply for experiment R606 (search 
for charmed particle production). The intersection 1-6 
was prepared for this experiment in January with the 
construction of a pit, 1.6 m deep, and the installation of 
a new thin-walled cylindrical vacuum chamber. Until 

Figure 9 — The completed muon magnet of experiment R209 in 
intersection 2 before installation of the drift chambers and scintillation 
hodoscopes. (CERN-416.10.76) 

August the experiment ran in a preliminary phase with 
two small acceptance spectrometers in differing con
figurations to detect p-e and --K coincidences. A large 
acceptance electron spectrometer consisting of the toroidal 
magnet with atmospheric pressure Cerenkov counters, a 
segmented liquid scintillator calorimeter and new multi-
sensewire drift chambers was then installed, together with 
the septum magnet and chambers previously used in 
experiment R603 to form a forward hadron spectrometer. 

Early in the year a special iron-plate muon magnet 
was rapidly constructed from existing material to fit 
between the two electron spectrometers of experiment 
R702 (production of electrons and electron pairs) to 
form a muon spectrometer and extend the experiment to 
detect muon-electron coincidences. At the same time the 
electron spectrometers were completed with the addition 
of large drift chambers built at Saclay. The experiment 
suffered considerably from radiation damage caused by 
particle losses during injection, as described in the section 
on running conditions for physics, but the problem has 
since been overcome. During the long shutdown the 
intersection vacuum chamber was replaced by a similar 
one made of titanium, whose increased transparency 
reduces the number of converted photons by half. 

Experiment R80S (very-small-angle elastic scattering) 
continued to take data during special runs until it was 
completed in June. Also in 1-8, two additional liquid 
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Figure 10 — Experiment R606 installed in the specially constructed 
pit at intersection 6. From left to right can be seen the giant wheel of 
the air-cored magnet and Cerenkov counters, the drift chambers and 
the thin-walled cylindrical vacuum chamber. (CERN-59.12.76) 

argon calorimeters were installed for experiment R806 
(electron and photon detection with argon calorimeters). 
The experiment continued until August, taking data with 
four complete spectrometers consisting of drift chambers, 
transition radiation detectors and scintillation counter 
hodoscopes as well as the calorimeters. During the autumn 
shutdown a rearrangement of the same equipment was 
made to improve the acceptance for high-mass electron 
pairs and data-taking recommenced in November. 

Preparations for Future Experiments 

In addition to the large installation programme of 
this year, preparations have been made for the upgrading 
of the Split-Field Magnet for experiments R415 (study 
of events with electrons at large angles) and R416 (study 
of rare events). This is planned for May 1977 and will 
involve important modifications to the proportional 
chambers to improve pattern recognition and efficiency 
as well as the addition of external particle identifiers. 
These latter consist of large gas Cerenkov counters, a 
time-of-fiight system, lead-scintillator sandwich counters 
and a liquid-argon calorimeter. The ISR Division is 
providing a large part of the effort by designing, construct

ing and installing the supporting structures as well as a 
complete new vacuum chamber with one fifth of the mass 
of the existing chamber. This great improvement has 
been achieved by reducing the aperture of the vacuum 
chamber and positioning it to follow the displaced beam. 
As a consequence the SFM will always have to be powered. 
This has entailed work to improve the reliability of the 
SFM power supply and of its interlocks which prevent 
the vacuum chamber being destroyed accidentally by the 
beam. 

Preparations are also under way in the Division for 
the installation of passive detectors for magnetic mono-
poles, experiment R109 (search for magnetic monopoles 
using the superconducting solenoid). The detectors will 
be mounted on remotely controlled retractable supports 
to reduce damage from radiation during beam stacking 
and machine studies. 

Feasibility studies were made in some detail on a 
superconducting lumped-coil solenoid and a super
conducting toroid as candidates for a new magnetic 
facility at the ISR, but were finally not approved. 

Intersection Region Vacuum Chambers 

During 1976, two new large experimental facilities 
were installed in the ISR. There is the experiment R108 
equipped with a superconducting solenoid, and the experi
ment R209 which uses a massive toroidal iron magnet. 
Both of these experiments required new interaction region 
vacuum chambers. For 1-1 (R108) an enlarged mega-
bicone was constructed and installed. Apart from its 
large size and yet thin (0.3 mm) stainless steel shell 
structure, this vacuum chamber also contains a "trans
parent" clearing electrode made out of a delicate tracery 
of titanium wires. This was designed to encourage elec
trons produced in the central region to move out and be 
collected on more robust electrodes placed outside the 
field of view of the experiment. 

The R209 vacuum chamber, christened the "flat
fish" because it is so thin (0.4 mm) everywhere that it 
needs a sophisticated strong backbone to prevent it 
collapsing, presented considerable welding and forming 
problems. However, these were successfully overcome in 
the West Workshop of the SB Division and the vacuum 
chamber is now installed, baked, and under excellent 
vacuum. 

Minor changes were also carried out to the 1-6 inter
section chamber, resulting in a rebake of this region, in 
order to accommodate experiment R606 and its new 
spectrometer magnet. 
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Figure 11 — Development work carried out by the ISR metallurgical 
and workshop services on the technology of forming and welding very 
thin (0.28 mm) titanium allowed the construction, for experiment 
R702, of the most "transparent" intersection vacuum chamber so far 
realized. (CERN-219.9.76) 

The collapse last year during bake-out of the titanium 
vacuum chamber used in experiment R702 presented the 
ISR workshop and metallurgists with the very difficult 
task of assuring the quality and reproducibility of welds 
on sheets of pure titanium only 0.28 mm thick. Thanks 
to their combined efforts, outstanding progress has been 
made and knowledge of welding this material improved 
to the point that experiment R702 is now equipped with 
the most "transparent" experimental chamber yet installed, 
giving excellent vacuum conditions. 

Development work continued on vacuum chambers 
which are yet more transparent, possibly less universal, 
but more practical for certain types of large spectrometers, 
such as, for example, the SFM. 

Long-Term Development 

The major emphasis in long-term development work 
has been on design studies for two possible large future 
projects. The first of these, known as the LSR, consists 
of a pair of large superconducting storage rings for proton-
proton collisions, with maximum energy in each beam of 
400 GeV, and with the possibility of storing antiprotons. 
An additional ring for electrons of energies up to about 

20 GeV for electron-proton collisions is included in the 
facility. The other project under study, known as LEP, 
is a large electron-positron ring with energies in each 
beam up to about 100 GeV. 

For the LSR, designs for injection of protons from 
the SPS and the resultant consequences on main-ring 
design have been examined. Previous work on lattice 
structure and the design of interaction insertions has been 
modified somewhat to minimize the overall circumference, 
and general layouts for the whole machine have been 
outlined. The problems of dumping the high-energy beams 
have been carefully studied and it is believed that an 
ejection system based on the one now in use at the ISR 
would be satisfactory. Several designs for the beam-dump 
itself have been studied, for example, a water dump or a 
dump made of several parts of solid or powdered materials. 
Studies on vacuum problems have been continuing and 
a complete procedure for cleaning vacuum chambers prior 
to installation has evolved. In the chambers, a titanium 
wire might be used for in situ sputtering that could provide 
continuous pumping during operation. A prototype section 
of the vacuum system is being designed. 

All designs of possible proton collision rings include 
high-luminosity insertions and the use of superconducting 
quadrupole magnets. Therefore, the development of such 
an insertion at the ISR meets simultaneously the require
ments for enhancing their experimental potentialities and 
for providing practical experience for future machines. 
A detailed layout, which could accommodate one of the 
most advanced experimental set-ups at the ISR, has been 
worked out and its beam-optics parameters and expected 
performance have been computed for a realistic operating 
«mention of the machine on the usual ELSA working 
line. 

In order to make sure of the feasibility of the required 
components, a superconducting quadrupole has been built, 
with the characteristics of the most demanding one in the 
scheme. This prototype quadrupole has 210 mm cold 
bore and 1.25 m magnetic length. During tests in a vertical 
cryostat, the required gradient of 40 T/m was reached at 
the design current of 1500 A after one quench. A maximum 
gradient of 47 T/m, corresponding to a field above 6 T 
in the windings and to a stored energy of 700 kJ, was 
reached after 20 quenches. 

After the final assembly of the quadrupole in its own 
horizontal cryostat, magnetic measurements were per
formed in the 173 mm warm bore. They showed that 
both the excitation characteristics and the field quality 
were very satisfactory: in particular, the required toler
ance of 2 x 1 0 - 3 on the gradient over the whole beam 
region had been achieved. 

A magnetic and mechanical design has been worked 
out for an LSR superconducting dipole, which can be 
wound from commercial multifilamentary composite in 
the same way as the ISR quadrupole. A self-triggering 
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Figure 12 — Tire prototype superconducting quadrupole magnet ready 
to be inserted into its cryostat. T/ie inmr tubs, which carries the 
auxiliary windings, and the external shrinking cylinder form part of 
the wall of the liquid helium vessel. 

current bypass inside the cryostat for magnetic protection 
in case of quench has been studied and tested. 

In electron-proton collisions, the natural polarization 
of electrons in a storage ring could be used for studying 
weak interactions, and a system of magnets has been 
designed to rotate the polarization vector from its natural 
transverse direction into a longitudinal direction at the 
interaction point. By the addition of special "wiggi-r" 
magnets, the characteristics of the electron beam, partic
ularly the polarization, can be kept over a range of 
energies from the maximum of 20 down to about 10 GeV. 
It has also been found that, by suitable reversals of field 
but without change of geometry, polarization in the 
opposite direction can be obtained from 10 <ip to about 
17 or 18 GeV. For the main magnet system of the electron 
ring, the use of combined-function magnets, rather than 
separate bending and focusing magnets, has been exam
ined. The advantages of this system in reducing synchro
tron radiation and increasing the damping aperture must 

still be weighed against the system's greater complication. 
For the large electron-positron ring, LEP, a set of 

parameters has been obtained giving a luminosity of 
10" c m - 1 s - 1 from the maximum energy of 100 down to 
50 GeV at each of eight intersections, and with a lumino
sity proportional to E* below SO GeV. The circamfew.ice 
of the machine is about SO km. As an injector, ? 'A Hz 
electron synchrotron with a maximum energy ;f 20 GeV 
is being studied at the Rutherford Laboratory in collabora
tion with the group at CERN. 

Because of the large jump in energy to 109 GeV for 
LEP, its parameters cannot be scaled from îne machines 
now under construction for energies of 15 to 20 GeV. 
Although some of the problems that have been uncovered 
are still under study, and the design for the whole machine 
is not yet complete, it is believed that a machine with the 
present parameters could be built. The lattice structure, 
aperture and current values have been adjusted to balance 
conflicting requirements for achieving the desired lumino
sity, chromaticity corrections, dispersion values, and beam 
lifetime. To keep the luminosity constant from SO to 
100 GeV and proportional to E s below 50 GeV (instead 
of the usual variation as E'). a scheme of "wiggler" 
magnets and lattice modifications has been designed. 

At the moment, there seems to be no way to avoid 
a very large RF system (requiring about 100 MW) but 
methods for reducing the power needed are being in
vestigated. In order to reduce beam loading in the RF 
cavities, the choice of 32 bunches in each beam has been 
made. This means that the beams cross at 64 places and 
so means must be found for separating them in the 
56 places other than the eight interaction regions. How
ever, this number of bunches and the lower average 
current in LEP results in less severe higher-order mode 
losses in the RF cavities than in lower-energy machines. 

For the vacuum system, the installation and operation 
of distributed pumping over 50 km appears difficult and 
present studies are concentrating on a lumped system 
with pumps only at regular intervals. Since the gas load 
due to synchrotron radiation is almost uniformly distri
buted along the circumference, the whole machine must 
be connected to the pumps by pipes of sufficient conduct
ance. The beam aperture required to permit full luminosity 
down to 50 GeV results in a tube diameter almost as 
large as the 20 cm needed for the vacuum requirements. 
However, C- or H-shaped bending magnets are not very 
efficient with a circular beam pipe, so a magnet design is 
being considered where the field is created by shaped 
conductors fitted tightly around the pipe. Engineering 
studies on such magnets and on methods for mass pro
ducing them cheaply are under way. Some preliminary 
designs for a combined-function magnet system are also 
being studied. 

In collaboration with the SPS Division the possibility 
of installing an electron ring in the SPS tunnel to provide 
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for collisions between 25 GeV electrons and 270 GeV 
protons has been given some attention. 

Several of the staff working on long-term development 
have been taking part in the working group that has been 
set up by ECFA for examining future European storage 
rings, particularly the study of electron-positron 

machines. Also, during the October Workshop on Future 
ISR Physics, several staff participated in the sessions on 
"unconventional ideas", discussing various ways of 
moving and »combining the ISR to collide with beams 
in the SPS or of converting the ISR to higher energies 
by the use of superconducting magnets. 
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Super Proton Synchrotron 

Doubts.. 

followed by smiles, as the first acceleration to 300 CeVis achieved.. 

and this is what they were watching. (CERN-310.313 and 239.6.76) 



Super Proton Synchrotron Division 

Introduction 

1976 has been a most exciting and significant year for 
the SPS. The accelerator operated for the first time, 
achieved the design performance, and sent the first beams 
to experiments in the West Hall. Laboratory II was joined 
up with Laboratory 1, the site becoming CERN Prévessin 
and the staff becoming SPS Division, which, in turn, was 
reorganized during the year to take account of the change 
from construction to commissioning and operation of the 
accelerator. 

The highlights of the year were the first injection line 
tests on S April; the first circulating beam on 3 May, 
with acceleration to 80 GeV three weeks later; the attain
ment of 200 GeV energy on 4 June, the dramatic and 
successful attempt to reach 300 GeV and then 400 GeV 
for the Council session on 17 June; the first extraction 
on 9 July and the arrival of the first beams to the West 
Area on 22 October, and finally, 10 1 3 protons per pulse 
to 400 GeV on 4 November, meeting the design specifica
tion and far exceeding the minimum requirement of the 
300 GeV Programme Definition document. This was 
followed by the setting-up of secondary beams in the 
West Hall and the completion of the neutrino beams. 
A number of experiments took their first test data towards 
the end of the year, and the experimental programme 
should be in full swing early in 1977. 

The previous Laboratory II annual reports were 
divided into sections describing the activities of the 
individual groups. This was convenient because each 
group was responsible for the design and construction of 
separate parts of either the accelerator, its site, or the 
experimental areas. There are two reasons why this divi
sion is no longer appropriate: the commissioning of the 

SPS has involved all the groups working together, and 
the groups themselves were reorganized during the year. 
An Operations Group was formed, and the Controls, 
Experimental Areas and Site Installation Groups were 
subdivided. Some members of the Magnet Group were 
transferred to other groups, and the remainder, together 
with the Vacuum Section of the Mechanical Engineering 
Group, became the Main Ring Group. The resulting 
sixteen Groups were organized into three "groups of 
groups", concerned with the accelerator, the experi
mental areas, and the site and technical services. These 
also provide natural divisions for the sections of this, the 
first annual report of the SPS Division. 

The SPS Accelerator 

Completion of Construction and Installation 

As reported last year, the great majority of the com
ponents for the accelerator had already been manu
factured and installed by the beginning of 1976, and the 
first few months of the year were largely taken up with 
connecting them up and testing. 

The last of the main ring magnets was installed at the 
end of 197S. As a result of the rebuilding of all the dipoles 
which had faulty or suspect coils, there have been no 
failures of dipoles in the ring, and they have withstood 
long periods of pulsing at the 400 GeV levels. Periodic 
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high-voltage tests have not shown any deterioration in 
the coil insulation. On the other hand, a few quadrupoles 
showed an alarming decrease in their insulation resistance 
and this was traced to the use of the wrong resin by the 
manufacturer for the repair of some coils which had 
failed on test. These quadrupoles were progressively re
placed by others with new or correctly repaired coils, and 
no further trouble has been experienced. 

The separate half-sectors of dipoles were first used to 
test the main rectifier stations in the auxiliary buildings 
and were then all joined up in series, for the first beam 
tests in May. These started with four rectifier stations in 
operation, two for the dipoles and two for the quadru-
poles. The other rectifier stations were brought into use 
progressively, all fourteen being available for the 400 GeV 
tests in June. 

Pulsed operation of the twelve dipole stations in series, 
together with the two quadrupole stations, is only possible 
by continuously controlling their output voltage with the 
help of a dedicated computer that acquires field measure
ments and carries out power supply adjustments in real 
time. The necessary software was tested and further 
developed up to a point where reliable and precise opera
tion was obtained. Programmes for defining and adjusting 
the cycle shape from the control centre were also put into 
operation. 

Experience during the summer has shown that the 
most important remaining sources of failure are the 
occasional breakdown of thyristors and firing of the 
spark-gaps that protect the magnets against overvoltage. 
Both tend to occur during irregular mains voltage changes 
which are mainly associated with thunderstorms. Protec
tive devices are being improved further and the failure 
rate has decreased steadily. 

The reactive power compensator has been found to 
perform well within specification. During 400 GeV pulses, 
the power taken from the network varies periodically, 
with a peak-to-peak excursion of more than 200 MW. 
Under this condition, the compensator keeps the voltage 
on the pulsed network steady to within ± 0.6 %. 

The ring vacuum system was completed as soon as 
all the elements were in place. It has proved to be very 
clean and tight, and there have been very few changes in 
machine elements which have required opening up the 
vacuum system. As a result, the average pressure in the 
ring, after continuously pumping for a month or more, 
is below IO - 8 torr, ten times better than the design figure. 

Practically all the equipment for the radio-frequency 
accelerating system was installed and operative at the 
beginning of the year. Tests performed with the accelerat
ing cavities at the end of 1975 had revealed the gradual 
build-up of a metal coating on the coupling-window 
ceramic insulators. Apparently this was due to sputtering, 
which in turn was triggered by a weak multipactoring. 
After several weeks this resulted in a short circuit. The 

Figure I — The wide band pick-up assembly before installation in 
LSS3. From left to right can be seen an electrostatic pick-up followed 
by a Kail current pick-up and finally a directional coupler pick-up. 
These three are separated by sections of vacuum tube containing wave
guide mode traps. (CERN-45.3.76) 

effect was cured by modifying the procedure for metal-
coating the coupler parts in order to reduce the out-
gassing to a minimum, and by using metal parts and 
coatings which show a low yield factor for sputtered 
atoms and a low electron secondary-emission coefficient 
Both cavities were equipped with modified windows and 
couplers shortly before the commissioning of the machine. 

After several hours of RF conditioning, both cavities 
were tested under ail possible working conditions at the 
highest possible power ratings. All parameters, such as 
the accelerating voltage as a function of the RF power 
(i.e. the coupling impedance of the accelerating cavities), 
the losses in the cavities and feeder lines, etc. were found 
to be as expected, within the accuracy of the measure
ments. 

The installation of the elements in the injection beam 
line from the PS to the SPS and of the pulsed kicker to 
inflect the beam into the ring were completed early in the 
year. The build-up of the extraction system in the long 
straight-section 6 went smoothly, thanks to the experience 
with the system previously installed in LSS2. This involved 
the installation of four electrostatic septum tanks, nine 
magnetic septum tanks and 73 auxiliary elements, and 
was completed in April. 

Two production lines set up for the assembly and 
adjustment of the pulse-forming networks and the high-
tension switches for the different fast pulsed magnet 
systems of the SPS were busy until September. This year, 
six pulse generators for fast extraction and the spare 
generators for the inflector, internal beam dumiing and 
Q-measuring systems were produced. 

Nine resonant-charging power supplies, which can 
charge the pulse-forming networks for fast extraction 
three times per SPS cycle, have been constructed and 
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Figure 2 — The heal computer room in auxiliary building 3. The 
computer and racks on the left control the main magnet power supplies, 
and the right hand computer controls all the other equipment in the 
building. (CERN-20U.77) 

installed. In June, the whole fast extraction system was 
tested successfully under local control. 

The three control consoles and all the central com
puters, together with the majority of the satellite com
puters, were operational by the end of 1975, and inactive 
use for the testing of equipment and development of 
applications programs. This work continued in 1976, and 
the advantages of using the NODAL language and inter
preter for applications programs were clearly demon
strated. Members of all groups were busy writing pro
grams for sophisticated control of their equipment even 
at the commissioning stage. All the remaining computers, 
except those destined for the North Area, were installed 
during the year, together with all the necessary CAMAC 
and multiplex equipment. This now consists of some 
60 CAMAC crates, 800 CAMAC modules, 560 multiplex 
crates and nearly 5000 multiplex and timing modules. 

The remainder of the beam instrumentation equip
ment, the beam position monitors, the beam current 
transformers and the secondary emission devices of 
various types, together with the fluorescent-screen televi
sion monitors, were installed and operational for the 
first beam tests. 

Commissioning 

Although many of the subsystems had been extensively 
tested before, the commissioning of the SPS can be said 
to have started on 5 April, when a beam was sent down 

the 800 m long TT10 transfer channel from the PS to the 
SPS. The elements were set up to the theoretical values, 
and the first pulse arrived at a screen in LSS1, within 
5 mm of the correct position. This was the culmination 
of a flurry of activity in many areas. The access control 
system was brought into use for the first time, and the 
procedures for searching the tunnel and ensuring safety 
had to be shown to be effective. Communication and 
exchange of information and timing signals between the 
PS and the SPS were established. After the initial excite
ment, the different modes of transferring protons from 
the PS to the SPS, including the exchange of horizontal 
and vertical phase planes of the beam, were all tested 
successfully and since then the system has been operating 
regularly and reliably. 

The next important milestone was reached on 3 May, 
when protons were first injected into the SPS. On the 
first attempt die beam went around the entire ring and 
hit the luminescent screen located just in front of die 
first-turn beam stopper. After travelling 6.8 km along the 
SPS, the beam was well centred vertically and about 5 mm 
off centre horizontally with a transmission of 90%. 

The beam instrumentation was fully operational, 
which made it possible to measure the first-turn trajectory 
in both planes by the 216 beam position detectors. This 
first-turn measurement is a very powerful tool for a large 
machine. The knowledge of the beam position allows the 
beam to be centred along die machine as in a transfer 
line, by successive action on the correcting dipoles, located 
a quarter of a betatron wavelength upstream of each 
monitor. In this case, the maximum peak-to-peak error, 
without any correction, was 32 mm in the horizontal 
plane and 20 mm in the vertical plane. Adjustment of 

Figure 3 — The first circulating beam. (SfS 65788) 
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only 10% of the dipoles reduced these figures to less than 
half, and when the first-turn beam stopper was removed, 
the beam circulated for 300 ms without any apparent loss. 

The next stage was the commissioning of the RF 
acceleration system. While most of the high-power equip
ment could be tested beforehand, it was not possible to 
test the novel and rather complicated low-level control 
system without a beam in the accelerator. The PS and 
the SPS RF systems had to be tuned together to achieve 
the initial trapping. The phase and radial control loops 
were successfully put into operation and the time-constants 
and the different loop gains were adjusted. The frequency 
and phase pre-programs, which are derived directly from 
othsr machine parameters, and the amplitude control 
system needed only minor adjustments. 

The crossing of the transition energy during accelera
tion, with all its requirements like phase jump at a given 
moment and polarity changes worked immediately without 
any beam less; this resulted in acceleration to 50 GeV 
and then 80 GeV on 26 May, limited only by the magnet 
power supply, since at that time only two rectifier stations 
were in use for the dipoles. To achieve this, difficulties 
had to be overcome in the tracking between the dipoles 
and quadrupoles as soon as the field was increased above 
the injection ievel. An automatic system of Q-measure-
ment, using pulsed kickers and Fourier analysis of the 
resultant beam displacement by one of the computers, 
proved invaluable in those investigations, and allowed the 
power supplies to be programmed to maintain Q sufficiently 
constant to avoid the main stop-bands during accelera
tion. The main cause of the mis-tracking was later found 
to be due to differing time-constants of the field measuring 
systems in the dipoles and quadrupoles. 

On 4 June, six rectifier sets were in operation, and 
acceleration to 200 GeV was achieved. The small closed-
orbit deviations at high energy showed that the magnets 
were very uniform and had been aligned to well within the 
required tolerances. Up to intensities of about 2 x 1012 

protons per pulse, the accelerator behaves like the ideal 
linear machine, showing that the multipole errors in the 
dipoles and quadrupoles are very small. Increasing the 
intensity above this level causes instabilities to build up, 
especially when the sextupoles are adjusted to give ze.-o 
chromaticity. The first of these to be experienced was the 
resistive-wall instability, which was completely suppressed 
when the active damping system was brought into opera
tion. About 5 x I0 1 2 protons per pulss could then be 
accelerated to 200 GeV, out of the 6 x 1012 coming from 
the PS. Turning up the injected protons above this level 
only increased the losses in capture and acceleration. 

The next stage in the commissioning was achieved 
when all twelve rectifier stations were available to power 
the dipoles, and, on 17 June, a 300 GeV cycle was estab
lished, and despite incomplete correction of the tracking, 
some beam was accelerated to 300 GeV, the maximum 
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Figure 4 a — Horizontal and vertical closed orbits at 400 GeV 
(17.6.76, 15.50 h). Tltc tall lines indicate the maximum semi-aperture 
in the two planes. (SIS 65997) 
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Figure 4 b — Slow spill for extraction at QH = 27 Iß, controlled by 
the closed loop servo. (SIS 66744) 

energy previously agreed by the Council, which was in 
session at the time. At the same time as the Council was 
being asked for permission to go above 300 GeV, the 
magnets were being inched up progressively to 350, 380, 
390 and finally 400 GeV. Using the previous experience, 
an approximate correction for the tracking error was 
applied and the beam from the PS was injected again, 
and about 30% went up to 400 GeV, just after the 
Council had agreed to the increased energy. 

By 9 July, the fast-extraction system was ready, and 
when the various elements had been set to their theoretical 
values, the first pulse was extracted and directed on to 
the beam dump at the beginning of the beam line to the 
West Area, within millimetres of the correct position. 
Later, on 2 September, the slow-extraction system was 
operateJ for the first time, with similarly impressive results, 
a spill time of 700 ms oeing readily obtainable. Later, it 
was shown to be possible to control the spill rate by 
means of a feed-back loop which acted on the RF 
mean-radial-pcsition servo. 
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It was also shown that the fast extraction of a small 
part of the beam, followed by slow extraction of a variable 
amount, terminated by fast extraction of the remainder, 
could be achieved, as required for sharing the beam 
between a number of experiments. Another requirement, 
a cycle with an intermediate flat-top at 200 GeV for slow 
extraction, followed by further acceleration of the re
maining beam to 400 GeV with fast extraction for the 
neutrino targets, was also tried. By keeping the RF 
switched on during the flat-top, it was possible to acceler
ate further without appreciable loss when the intensity 
was limited to 2 x 1012 protons per pulse, but the losses 
increased rapidly above this level. This is due to the build
up of instabilities during the flat-top, probably due to a 
higher-order mode in the cavities. Tests with an active 
feed-back system to suppress this are expected early 
next year. 

The next stage was to explore the limitations on 
intensity, to measure the widths of the systematic stop-
bands and to identify the instabilities that occurred. The 
"head-tail" instability, which causes transverse distortions 
of the individual bunches, was identified, and the theore
tical cure of making the chromaticity negative below 
transition and positive above was shown to be effective. 
Correction of the stop-bands with the multipoles was 
shown to be effective at low energies. The result of this 

work was shown on 25 October when, using a cycle with 
a long threshold at injection level, a pulse of about 8 x 
I0 1 2 was ejected from the PS in five turns, transferred to 
fill half the SPS ring, captured by the RF and stored for 
1.2 seconds while the PS accelerated another pulse, which 
was then ejected to fill the other half of the SPS ring, 
recaptured by the RF and 1.2 x I0 1 3 protons accelerated 
to 200 GeV. Later on, using an extended cycle to allow 
both the long threshold and a 400 GeV magnet cycle, 
101S protons were accelerated to 400 GeV, but there were 
appreciable losses above 300 GeV, since the sextupoles 
are not strong enough to suppress the head-tail effect 
above this level. Operational use of such high inten
sities at 400 GeV cannot be expected until more pow
erful sextupoles have been obtained and installed, or 
other means of suppressing the instability have been 
found. 

In addition to the work carried out to explore the 
capabilities of the accelerator, the beam line TT60 to the 
West Experimental Area was operated for the first time 
on 22 October, when the beam-line elements and splitters 
were set up to the theoretical values, and the first extracted 
pulse showed up on the fluorescent screens in front of 
each of the three target positions; only minor adjustments 
were needed to centre them. Later tests with the targets 
in position gave the first secondary beams in the West 
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Figure 6 — a) Healthy bunches before head-tail instability. 
b) Broken comb of bunches after head-tail instability. 

Wide-band intensity pick-up signal displayed for one revolution 
showing bunch intensity distribution. (SIS 66595) 

Area, followed by successful operation of the fast-slow 
extraction mode, giving a spill of about 5 ms, later 
reduced to 1 ms. as needed for the combined bubble 
chamber and counter experiments. 

In December, protons were sent to the target for the 
narrow-band neutrino beam, and some neutrino events 
recorded. From now on, the emphasis will be more and 
more on operation of the accelerator for setting up 
secondary beams and experiments, and so, although there 
is much still to be done to understand the accelerator and 
obtain stable operation, the initial commissioning can be 
considered to have been completed. 

Operation 

An Operations Group was formed in April, to be 
responsible for the operation of the accelerator and 

carrying out machine physics and development. Staff 
were transferred from other SPS groups and other Divi
sions in CERN to form a number of operating teams, 
each consisting of an engineer and two technicians. 

The training of these teams has taken a considerable 
amount of time and effort. By the end of the year, most 
teams were able to set up the machine without the 
specialists being present and to make the necessary 
diagnosis in case of faults, in order to call in the hard
ware experts when required. The optimization of the 
machine in non-standard conditions still requires the 
presence of specialists. ' 

Although the early beam tests took place on only one 
or two days a week, to allow for the completion of 
installation, mainly in TT60 and the neutrino cave, the 
frequency increased during the latter part of the year, 
and by the middle of October the SPS was operating 
24 hours a day for long periods. 

The preliminary statistics on the functioning of the 
accelerator complex during the running-in period show 
that the fault rate is already acceptably low for such an 
early stage of operation when the working conditions are 
constant, but are much higher when the conditions are 
changed for accelerator development. 

As mentioned earlier, there has been no trouble with 
the magnet system, but there have been some failures of 
thyristors in the power supplies, under fault conditions. 
Measures to prevent further failures are being taken. 

The vacuum system has been extremely reliable, the 
only major leak occurring when a weld opened, following 
the accidental dumping of 10 1 3 protons per pulse at 
200 GeV at two points in the ring for several hours, 
due to the mis-timing of the beam dumping system. 

The RF system has afco been very reliable, running 
for long periods without attention. There have been no 
further signs of the earlier troubles which resulted in 
sputtering on the coupler insulators, and no amputier 
tubes have shown signs of failure so far. 

The control system, with all its computers and 
thousands of electronic modules, has, not unexpectedly, 
had some troubles, but the causes of systematic failures, 
such as a particular type of integrated circuit used in the 
data-link repeaters, are being identified and eliminated. 
The introduction of numbers of new data modules and 
applications programs in the first half of the year caused 
some instability in the software side, but improvements 
to the system have now reduced the effects of program 
errors on the operation of the system to an almost 
negligible level. 

Many of the accelerator components are now surveyed 
at regular intervals by the control system, and the alarm 
ménages, together with diagnostic programs that are run 
on demand, enable faults to be found rapidly, which has 
contributed significantly to the reduction of down-time. 
Additional surveillance programs are being written for 
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those components not yet included, and periodic logging 
of some parameters is carried out, to determine trends 
and possibly allow future failures to be predicted. 

An operation schedule has been prepared for the 
physics runs in the first part of 1977. The CERN acceler
ator complex (PS, [SR and SPS) works with a period of 
five weeks. Seventy-four per cent of the scheduled time 
of the SPS will be devoted to high-energy physics experi
ments, the rest being used for setting up and accelerator 
development. 

Experimental Areas 

West Beam Lines and Targets 

Last year, there had been some worry about the delivery 
rate of the quadrupoles for the proton beam lines. By 
the end of this year, 120 out of the order for 147 beam 
transfer quadrupoles had been delivered. The delivery 
rate was just sufficient to complete the TT60 transfer line 
with its six proton beam branches in time for the tests. 
If the present delivery rate is maintained, the TT20 beam 
lines can also be installed according to schedule. The 
correcting dipoles for TT20 and TT60 have all been 
delivered, and the last units of the series of C-magnets 
for the beam switches in TT60 were delivered early this 
year and could be installed in time. 

All coils and thirteen of the fourteen cores for the 
steel-septum splitter magnets have been delivered. Two 
double-septum magnets and two single-septum magnets, 
as required for the beam splitter for the West Area, were 
assembled, tested and measured during the summer and 
were installed in September. The remaining ten magnets 
required for the splitters in TT20 and as spares are now 
being assembled at a rate of about one per month. 

Copper collimators in front of the splitter magnets in 
the TT20 and TT60 beam lines shield the steel septa 
against the incident proton beam. The tight mechanical 
tolerances for the collimators of TT60, with a length of 
1.5 m, have been attained. The installation of the TT60 
beam lines was completed in September, when the system 
tests could start. The commissioning of the beam lines 
went very well and the calculated beam sizes at the various 
targets were obtained. 

Six different target stations are needed for the genera
tion of secondary particle beams for the West Area. The 
stations Tl, T3 and T5 for the counter experiments in 
the West Hall have been brought into operation. The 
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Figure7— The beam lines to the West Hall. The proton beam arriving 
from the lower right hand side is cut into three parts by the special 
steel septum magnets, seen in the centre of the picture, and then 
focused on to the targets just out of sight on the left. The beam line 
near the right hand wall carries an RF-separated beam to BEBCfrom 
a target located deep in the TT60 tunnel. (CERN-I40.I0.76) 

Figure 8 -4 One of the two target stations feeding the West Hall. 
After the proton beam has been split into three branches, the outer 
two are directed on to targets in the cast-iron shielding box, the centre 
branch passing through the box to another target station downstream. 
Five different targets can be put in each beam, controlled by the 
mechanism, seen on top. (CERN-307.12.76) 
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station T7 for the RF-separated beam for BEBC as well 
as the target stations T9 and Ti l for the wide-band and 
narrow-band neutrino beams are installed and will be 
commissioned before the end of the year. 

West Area Secondary Beams 

All the new magnets for the West Area were delivered 
in time for installation. These inciuded 49 bending mag
nets of four types, 72 quadrupoles of two types, 70 cor
rection dipoles and seven correction sextupoles. In addi
tion, about 100 magnets and quadrupoles were recuperated 
from the previous 25 GeV beams. These were recondi
tioned and improvements were incorporated to make 
them more radiation-resistant. 

Other elements, such as collimators with two or four 
movable jaws, have been designed by CERN, manu
factured by industry and then assembled and tested at 
the Laboratory. Equipment going into the target area and 
neutrino cave had to be "radiation-hardened". 

Large numbers of various types of detectors have been 
produced for use in the West Area. The greater part of 
the effort was put into the production of six CEDAR 
Cerenkov particle identifiers. The manufacture of the 
quartz optical elements in three countries was a delicate 
task, and the control of the gas density was performed by 
computer. In addition, two dozen filament-scanning coun-

Figure 9 — The internal part of the CEDAR counter on the mounting 
bench. Ttie counter is a differential Cerenkov, corrected for chromaticity, 
able to differentiate ns from Ks up to 350 Cef. Counters of this type 
are used in all SPS liadron beams. (CEKN-33.3.76) 

ters have been assembled and tested, as well as a number 
of scintillation counters, assembled on retractable supports 
to serve as trigger or veto counters in the various beams. 
Television monitors looking at chromium-activated alu-
minate screens are used to survey the proton beams at 
the beam dumps. 

The multiwire proportional chambers (MWPC) needed 
for beam profile measurement and for the beam momen
tum spectrometers, as well as the threshold Cerenkov 
counters, were produced in quantity by the EP Division. 

All these devices require a considerable amount of 
electronic equipment for data aquisition and control. 
About 50 different types of electronic modules are needed, 
most of them to the CAMAC standard, as the CAMAC 
serial loop system is used to connect them to the West 
experimental computer, linked to the main cor irol system. 
About half of these modules were available as standard 
high-energy physics equipment, but the other half had 
to be developed to fit the special needs. A new version 
of the SYNTRON operating system has been developed 
for the computers in the experimental areas. In addition 
to the other facilities, this will provide for up to twenty 
time-sharing terminals, to allow the experimenters to 
control their secondary beam elements. 

A most important project concerns the fast read-out 
of the digital MWPC for the various spectrometers (more 
than 2000 wires in total). Owing to the density of the 
beams (up to 107 particles/cm2/s) "magic gas" cannot be 
used in the chambers, which therefore show very small 
pulses. Therefore, a special amplifier-driver with the 
ultimate sensitivity of 0.5 jiA was designed. The signals 
are then sent down to the experimentalists' huts on special 
twisted pairs which have very low velocity dispersion. 
The readout system allows three users to take data 
simultaneously when a parasite experiment is running. 

Hydrogen targets for experiments WA3, WA7, WA10 
and for the Omega spectrometer were designed, con
structed and installed. Their liquid-hydrogen content 
varies from a fraction of a litre to a few litres and the 
boil-off is either recondensed by a refrigerator or com
pensated by a dewar. A central ventilation system for 
the targets has been installed in the West Hall, as well as 
a continuously monitoring hydrogen detection system. 

West Area Installation 

The installation of the seven secondary beams and 
the nine counter experiments scheduled to be operational 
at the end of the year provided a major exercise in plan
ning and deployment of the available resources. The West 
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Area Preparation Committee played a big part in this, 
as well as a team created during the year to coordinate 
and help with the installation of the experiments in the 
experimental halls. This team played an essential role in 
building big Cerenkov detectors and scintillation hodo-
scopes for WA7. It also established a general gas supply 
system for the experimental hall EHWI and planned a 
facility for the maintenance of the big wire chambers. 

About 250 magnetic elements, including large spectro
meter magnets, were put in place, precisely aligned along 
the beam lines and connected to their power supplies and 
to the demineralized water cooling plant. Prior to their 
installation, the quadrupoles and bending magnets were 
equipped with vacuum chambers and a total of 30 pump
ing sets are used to provide a vacuum of 1 0 - 2 torr along 
the beam path. 

When the heavy hadron and muon shielding, made 
of 43 000 tons of concrete and 6000 tons of cast iron, 
and consisting of about 10 000 blocks and supporting 
beams, was put in place it was found that the floor of the 
West Hall had sunk locally as much as 4 mm. Luckily 
the deformation seems to be elastic, and when no further 
deflection was detected a week later, the secondary beams 
were realigned. 

All the barracks to house the electr iiics for the 
experiments, and the complex gangway system to gain 
access to them were erected at a height of 4 m to leave 
the floor space free for the experimental set-ups. 

In the West Area neutrino facility, the decay tunnel 
was completed and evacuated to a pressure of about 

Figure 10 — Secondary beam lines immediately after targets in the 
West Area. Notice the great density of elements, necessary to provide 
all the beams wanted for West Area experiments. (CERN-24.8.76) 
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Figure II — Secondary beam lines emerging from the target area in 
August 1976. Subsequently, the beams have been completed and 
covered by several metres of shielding. (CERN-39.8.76) 

5 ton with two trochoid pumps of 425 m'/h installed in 
the auxiliary building BA 7, and a hadron stopper, to 
assist in the definition of the neutrino energies, was 
designed and installed inside the tunnel. All the magnets 
and quadrupoles were prealigned on their supports and 

Figure 12 — The hadron stopper for the neutrino beam. This 3.5 ton 
assembly of iron blocks moves up and down the 300 m long decay 
runnel under vacuum to stop hadrons at a variable distance from the 
detector, therefore controlling the energy definition of the neutrinos. 
(CERN-8.10.76) 



equipped with plug-in connections for the electrical power, 
cooling water and control cables, to ease their main
tenance. 

Tests of some parts began in August and all equipment 
was installed by the end of the year. This activity was 
coordinated by the West Area Running-In Committee. 

North Area Civil Engineering and Services 

The work on the North Experimental Area is pro
gressing roughly to schedule, allowing installation work 
to start in many places. The critical items are the transfer 
tunnels TT81, 82 and 83 between the target area TCC2 
and the experimental hall EHNI. They are on the average 
about two months late, mainly owing to a late start after 
the summer holidays and bad weather conditions in the 
autumn. It is expected that the concrete work will be 
finished by spring of next year, and most of the under
ground galleries will have been equipped with cable 
ladders, etc., so that cable pulling can start. 

The two experimental halls should be finished by the 
end of the year with their heating systems in operation, 
and the three service buildings BA 80, 81 and 82 are 
following close behind. Pipes and cables are already being 
laid in the service galleries. 

Figure 13 — An aerial view of the North Experimental Area. The 
vaulted roof of the target building can be seen in the middle foreground. 
This will later be covered with earth shielding. Beyond it can be seen 
the beam lines going to the large hall EHNI and the muon beam line 
to lite hall EHN2 in the dislance. (CERN-22.2.77) 

Five out of the fourteen air treatment stations for the 
underground parts are installed and in service to heat and 
dry out the tunnels. A plant to supply chilled water for 
the air treatment units was ordered in September. Three 
large demineralized-cooling-water plants were ordered in 
June, and invitations to tender have been sent out for 
the associated cooling towers, primary pumps and de-
mineralizing plant. 

The amount of liquid helium required increased as a 
result of the approval during the year of experiments 
using superconducting elements. A description of the 
helium supply plant is given in the report from the 
Experimental Physics Facilities Division. The building for 
the compressors is under construction. 

Orders for 18 kV switchgear, transformers and the 
cables necessary for the North Area electrical distribution 
network have been placed, and manufacture and delivery 
are progressing according to schedule. A contract was 
placed in December for the third 90 MVA 38S/18.7 kV 
power transformer, to serve the North Area pulsed loads 
and act as a standby to the two existing transformers. 

Towards the end of the year, an order was placed for 
a second reactive compensator, identical to th; first one. 
This will be used to allow pulsed operation of the North 
Area beam lines. It will also serve as a spare for the first 
compensator. Two additional harmonic filters (for the 
non-pulsed and pulsed parts of the North Area network) 
were designed and orders were placed for their main 
components. 

North Area Beam Elements 

Installation of the primary beam elements in TT20 is 
proceeding according to schedule, and if the delivery rate 
of the quadrupoles can be maintained, the primary beam 
lines should be completed in the middle of 1977. The 
design of the target stations T2, T4 and T6 for the North 
Area is in progress and their cast iron shielding is being 
manufactured. 

The manufacturing and deliver}' of magnets for the 
North Experimental Area secondary beams are continuing 
according to schedule, except for the QNL quadrupoles 
which are late by several months, owing to delays in 
setting up the manufacturing process by the main con
tractor. However, the first quadrupoles arrived in Decem
ber and it is hoped to catch up with this delay during 
series production. Some superconducting magnets will be 
used in the secondary beams in the North Area. These 
include the quadrupole CASTOR, which was overhauled 
after two years of operation in a beam and where no 
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damage was found. The joint CEA-Saclay-CERN project 
for the two "CESAR" dipoles is well under way: all 
components and the tooling have been ordered and are 
being manufactured. A full-scale dummy pole and the 
first pole wound with superconductor have been com
pleted. 

Other elements for the North Area arc either being 
designed or in production. The latter include electronic 
modules and particle detectors. Hodoscopes for use in 
the high-intensity muon beam are under development, as 
are detectors for use in experiments NAI, NA2 and NA3. 
Orders for the shielding have been placed. 

The experiments approved for EHNI use hydrogen 
targets which are of small volume, and these will be 
connected to small refrigerators. One piece of equipment 
in EHN2 will use a very large hydrogen target, 50 m long 
and 150 mm in diameter, divided into nine units mounted 
in toroidal magnets. A 500 W refrigerator will be used 
to condense the hydrogen after an initial filling from a 
dewar. This refrigerator has been ordered. 

The layouts of all the beams in the North Area have 
been settled, and a North Area Steering Committee has 
been formed to approve the designs and coordinate the 
installation work. 

Services 

Electricity Supply 

The transient variations of the 380 kV supply from 
Génissiat have been greater and more frequent than was 
originally expected. These perturbations are usually 
associated with thunderstorms, which are particularly 
frequent in this region during the summer. They caused 
malfunctions in various types of electronic equipment, but 
particularly in the control computers. The difficulties have 
been solved to a large extent by the installation of "no-
break" power supplies for the computers. Additional units 
have been ordered to cover other electronic equipment 
in the existing buildings, and provide similar facilities for 
the North Area. 

The contract negotiated with the Electricité de France 
allowed some initial relaxation of the "declared peak 
power" element, but from the beginning of October the 
full tariff terms have applied. The declared peak power, 
"puissance souscrite", integrated over 10 minutes, is now 
45 MW. The maximum instantaneous peak power was 
145 MW, and the compensator kept the peak voltage 
variation to within ± 0.6 %. 

Figure 14 — An aerial view of the SPS substation. The 380 kViine 
from Génissiat comes in from the lower right hand comer, via the 
380 kV switchyard, to the two 90 MVA 380/18 kV transformers. 
Behind these is the building which houses the 18 kV switch gear, and 
beyond that, the 120 MVAR compensator and filter network. (CERN-
35.10.75) 

Figure 15 — Target hall TCC2, equipped with all services, ready to 
receive the beam elements. (CERN-I26.2.77) 

Because of the large amount of liquid helium which 
will be used in the North Area, operational and economic 
considerations justify the provision of a completely 
independent source of power, in case the electricity supply 
should fail. Tenders have been requested for a 1.5 MVA 
diesel generator set and the associated 3.3 kV supply 
system. 
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Figure 16 — Clean water for the SPS : the photograph slums the 
interior of one of the two reservoirs of 5000 m* capacity, each of which 
receives the lake water from the supply system which the Swiss 
Federal Government has constructed for CERN. Each reservoir is 
circular in shape with a diameter of 36 metres, has a flat bottom and 
a vaulted ceiling which, in the photograph, is seen mirrored on the 
still water surface. (CERN-366.1.77) 

Cooling 

The supply of raw cooling water from the pumping 
station at Vengeron on Lake Léman has continued 
satisfactorily during the year. The contract with FfPOI 
(Fondation des Immeubles pour les Organisations inter
nationales) for the supply of water and the amortization 
of the capital costs of the plant is in preparation. 
The CERN pumping station came into full service at the 
beginning of the year, after modifications to some valves, 
and has been accepted after comprehensive tests. It has 
performed satisfactorily during the year. 

Mechanical Design and Workshops 

Although the design work for the accelerator was 
reduced, manpower was needed to record the modifica
tions made during the installation, and also, the work for 
the experimental areas increased considerably, so that the 
total effort needed remained high. As much as possible 
of this work has been subcontracted to design firms in 
the area. 

The workshops of all types have also been fully 
occupied, despite a policy of subcontracting as much as 
possible of the work. About 30% of the total work has 
been carried out by about 30 local firms. Owing to 

figure 17 — A four4hck collimator installed on a control table for 
positioning the alignment reference marks. Designed for use with the 
secondary beams, the collimators operate in vacuum conditions. The 
maximum aperture that can be provided has a square cross~section of 
144 cm* and any desired rectangular aperture can be obtained, with 
or without centering. The blocks are made of steel and have a standard 
length of I m. (CERN-I4.1.77) 

changes in the French laws concerning temporary labour, 
service contracts have been negotiated to replace the 
temporaiy labour, which provided about a third of the 
total effort during the year. 

Electronics Services 

The electronics and printed circuit design offices con
tinued to be very busy. About 140 new printed circuit 
board layouts were produced as well as 90 complete 
dossiers for the manufacture of electronics units by out
side firms. A Quest digitizing system has been installed 
to assist in the production of printed circuits and layout 
drawings. The electronics workshop produced over 500 
units and subcontracted a further 2500, to be produced 
using components supplied by CERN. The instrument 
repair workshop accepted 350 new instruments and re
paired about 200 during the year. 

The control-cable installations for the accelerator 
proper were completed at the beginning of the year, but 
the work to equip the transfer tunnels and the West Hall 
then started, and the workload therefore remained con
stantly heavy until the end of the year. By then some 
5000 cables with a total length of 400 km had been installed 
in the transfer tunnels and the West Area, together with 
about 350 additional cables with a total length of 33 km 
in the SPS itself and the auxiliary buildings. 
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Survey 

The year 1976 saw a peak in the activities of the Survey 
Group. In addition to completing the alignment of the 
SPS, there was a substantial increase in the survey require
ments of the West Area beam lines and experiments, 
together with a field survey for the North Area. 

In the main tunnel, the quadrupoles were positioned 
using the reference geodetic chain determined by brackets 
fixed to the internal and external walls of the tunnel, 
after computation of their coordinates and height above 
sea-level. On completion of these measurements, radial 
smoothing was carried out in order to ascertain the radial 
position of each quadrupole in relation to the two adjacent 
ones. The radial displacement was measured with a nylon 
wire apparatus, and in the areas perturbed by draughts 
this was done by means of a laser device with a servo-
operated target. An adjustment by the "least-squares" 
method showed that the radial standard deviation between 
three consecutive quadruples was 0.08 mm, i.e. half the 
required tolerances. Using the quadrupoles, the dipoles 
were aligned, levelled and their tilts measured. The 
tolerances of these measurements were well within the 
specified limits. 

Final adjustment of the injection beam line com
ponents was completed at the beginning of the year, in 
time for the first injection tests. The elements in the 
ejection tunnel TT60 for the external proton beam were 
aligned in September, and those for the RF-separated 
beam and the two neutrino beams in November. 

In the West Area, the work on installing the secondary 
beam components increased from the beginning of the 
year. It was first necessary to strengthen the local surface 
geodetic network so that the accuracy of the coordinates 
could be maintained all over the site, ft was thus possible 
to carry out installation work in the West Area, the 
BEBC hall, and the neutrino counter and Gargamelle 
buildings before the survey link was provided through 
the transfer tunnels. 

Apart from the many special invar lines used for 
length measurement, and the various jigs for alignment 
of the different components, ten automatic clinometers 
and three hydrostatic levels were built for alignment of 
experiments in the West Hall. The laser apparatus with 
the servo-operated targets developed during the year 
allows alignment measurements in areas where draughts 
make the nylon thread measurements unreliable. 

Contracts 

As a result of the joining together of the Laboratories, 
the two separate contracts offices will be combined into 
one at the beginning of 1977. This year, the number of 
contracts and orders diminished compared with last year 
to just over 4000, with a total value of 71 million Swiss 
francs. During the whole project, nearly 250 invitations 
to tender were issued, resulting in contracts and orders 
to the value of about 660 million Swiss francs. 

122 



Technical Services and Buildings 

The new conference room in the Main Building. (CERN-I15.4.77) 



Technical Services and Buildings Division 

Introduction 

In spite of the increased workload of the Division, 
especially with respect to maintenance, the number of 
staff members was considerably reduced and amounted 
at the end of the year to 583 persons. 

The organization of the Division has not changed: 
it includes the management services and the six groups 
whose activities are described below: new works (civil 
engineering and technical installations), alterations, main
tenance and operation of technical installations, mechani
cal engineering and specialized workshops, and transport, 
equipment handling and cleaning. 

In 1976, the Division's expenditure amounted to 
92.5 million Swiss francs, including 33.5 for the personnel, 
broken down as follows: 

Millions 
of Swiss 

francs 

Construction 16.3 
Power, water 24.9 
Maintenance, operation, alterations 26.6 
Workshops 14.3 
Transport 7.3 
Management and operational services 3.1 

92.5 

This amount included neither the cost of alterations 
to installations and central workshop jobs put out to 
contract, which is charged to the budgets of other Divi
sions, nor the cost of the work for the SPS Programme 
in which personnel from the SB Division took part. 

New Works 

The following work was completed, started or con
tinued in 1976: 

— the official transfer to the users <EP Division) of 
laboratory 28 and assembly hall 186; 

— the completion of the West Area installations for the 
neutrino and Gargamelle experiments; the following 
buildings were officially transferred to the users: 
neutrino hall 182, Gargamelle hall 185, laboratory 35 
and their annexes; 

Figure 1 — Neutrino and Gargamelle Halls m the West Area. (CERN-
51.7.76) 
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— the full fitting-out of the whole of the sixth floor of 
the Main Building, comprising the new conference 
room and its annexes; 

— the extension to the computer room in the computer 
centre (building S13) for the installation of the new 
IBM machine; 

— the start of work on the water filtering station, 
necessitated by the presence for a few years now of 
a considerable quantity of manganese oxide in suspen
sion in the water supply to the Meyrin site; 

— the fitting-up of a third boiler in the central heating 
plant on the Prévessin site. 

The Division continued to cooperate with the SPS 
Division in civil engineering work and general technical 
installations. The very large construction programme in 
the North Experimental Area continued to make heavy 
calls on the Division's resources for: 

— the further civil engineering work for the experimental 
halls, technical buildings and connecting tunnels; 

— technical installation work, including: general dis
tribution piping, laying high-voltage power supply 
cables, fitting out buildings with lighting, power, 
heating, ventilation and overhead travelling cranes 
etc; 

— the installation of a sprinkler fire-fighting system in 
the shafts giving access to the SPS and fire alarm 
devices to protect the whole of the machine. 

The Division collaborated further with ESO in com
pleting the basic fitting-out programme for the La Silla 
Observatory, including, in particular: the commissioning, 

Figure 2 — Fitting the overhead travelling crane in hall EHN1. 
(CERN-59.10.76) 

after assembly of a water-softening installation for the 
Observatory; the commissioning of the new hot water 
production plant; the construction of new general cold 
water, hot water and heating systems; and the technical 
equipment of the new astronomy workshop. 

Maintenance and Operation 

The Group took over a large number of new installa
tions and buildings, including the West Area and many 
different technical installations for both sites (seventeen 
overhead travelling cranes, seven lifts, sixteen pumps, 
about 200 thermal and fluid installations and many Highl
and low-voltage electrical systems, etc.). 

The extra workload was absorbed by reducing the 
frequency of some maintenance operations and by putting 
work out to contract. Nevertheless, a few incidents, 
including a major breakdown in the mobile emergency 
generator, showed that particular attention must be paid 
to preventive maintenance and that it is imperative to 
take on more staff to handle the considerable increase in 
the workload. The staff at present engaged in construction 
work could fill these posts in the future. 

The performance of the pilot filter station for the 
Meyrin site water supply has been excellent and it was 
therefore possible to obtain approval for the construction 
of the new filter station, due for commissioning in the 
spring of 1977. 

A great deal of work was done on the computer 
centre during the installation of the new IBM 730/168. 
A selective protection system for the stand-by electric 
power network was commissioned. Design studies are 
continuing on improving the operation of the central 
heating plant for the Meyrin site and on the emergency 
power supply using inertia-flywheel motor-generator sets. 

The Group made special efforts in the field of safety, 
both by improving the installations and by giving the 
personnel full instructions. 

The annual variation in the consumption of power, 
water, fuel oil and gas from 1971 to 1976 is given in the 
table on the following page. 

Alterations to Buildings and Installations 

Two thousand and two hundred alteration jobs were 
completed between I January and I October 1976, costing 
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ANNUAL VARIATION IN POWER, WATER AND FUEL OIL CONSUMPTION 
FROM 1971 TO 1976 

Active power consumption 
(units of one thousand kWh) 

1971 1972 1973 1974 1975 1976 

Active power consumption 
(units of one thousand kWh) 

192184 
17434 

203242 
21665 

224907 
53000 
8665 

482443 
14076 

100588 

222719 
20751 

243470 
55000 
8364 

319417 
15818 

115328 

242660 
18063 

230080 
18711 

248791 
57800 

6877 
484074 

11951 
47767 

264778 
19721 

284499 
68200 

6472 
308726 

13226 
34502 
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Maximum instantaneous power (kW) . . . . 
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a total of some 7.5 million Swiss francs. Many of these 
jobs related to the setting up of experiments or alterations 
aimed at improving safety. 

This Group also handled some major work, including 
the enlargement of the film development building (labo
ratory 27) and alterations to the surface treatment work
shop, both of these being large-scale projects which were 
approved during the year. Design studies are continuing 
on a station for dealing with the chemical effluents from 
the surface treatment workshop as part of the fight against 
pollution. 

the shielding and weighing 5.5 tons each. Six CEDAR 
counters with spares for the SPS were put out to contract. 

Quality Control Section 

There was a heavy workload, mainly for the SPS 
programme. 

Printed Circuit Section 

Central Workshops 

1976 was marked by a drop in requests for the manu
facture of mechanical engineering parts, but this was 
counterbalanced by a heavy increase in requests for the 
seconding of fitters and other specialists to the other 
Divisions. The number thus detached at any given time 
averaged 25. 

The Surface Treatment and Printed Circuit Section 
premises are being altered to allow the installation of a 
production line for the manufacture of prototype printed 
circuits up to 1700 mm long. 

The spray-gun installation was improved and re-sited 
in a more suitable place. 

The Divisions called upon the Group's engineers and 
designers for various jobs, particularly concerning the 
external muon identifier projects for BEBC and Garga-
melle. A design study for the Gargamelle chamber involved 
two zinc-filled honeycomb-structure side-pieces forming 

There was a constant demand for the manufacture 
of large circuits for wire chambers. Special chemical 
machining work was performed on items such as tungsten 
and glass-expoxy grids and embossing on large stainless 
steel components. 

Surface Treatment Workshop 

The work included the silvering of a tubular cryogenic 
pump and of beryllium-copper pins for the drift tubes of 
the new Linac, the copper and gold plating of ceramic 
windows for RF counters, the alumina-polishing of tita
nium electrodes for electrostatic septums, and the polish
ing and anodization of aluminium-alloy cathodes. 

Thermal Treatment Section 

A large amount of brazing in vacuo was carried out, 
including, for example, 52 copper-stainless steel and 
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copper-copper beryllium drift tubes for the new Linac, 
and the assembly of extraction septum components and 
two five-component structures, each six metres long. 

The new large vacuum oven was mainly used for out-
gassing components for use in ultra-high vacua by the 
ISR Division. 

Mechanical Engineering Section 

The major jobs done in the Main Workshop included 
one vacuum tank and support for SC bending magnet 
Nil, two magnetic horns, two vacuum tanks for the new 
Linac, the machining of four beam-stoppers for the SPS, 
four titanium cathodes for an electrostatic septum and 
one supporting assembly for targets T9 and TII for the 
SPS Division and a new piston for BEBC. 

Detector Section 

Six of the seven people employed in the wire-chamber 
manufacturing workshop were seconded to projects for 
the whole of the year. Four were detached to the external 
muon identifier and two to the external particle identifier 
and the split-field magnet projects. 

The Plexiglas workshop was overloaded all the time. 
Some of its interesting constructions included two hodo-
scopes for experiment WA7, one 24-output counter, and 
one counter with seven helical-blade light-guides. 

Figure 3 — Machining the end of the new BEBC piston. (CERN-
83.6.76) 

Slteet-metalworkj Welding Section 

The workload was heavy. Interesting jobs included 
the manufacture of a new piston for BEBC consisting 
of 36 blades and a stainless steel outer casing 1800 mm 
in diameter, all welded to a 4 m rod, 14 hydrogen target 
appendices 150 mm in diameter, between 3 and 6 m long 
and made of 0.13 mm thick stainless steel, the electron 
bombardment welding of 1300 mm long titanium tubes 
with a wall thickness of 0.3 mm, and the assembly by 
electron bombardment welding of four beam-stoppers 
for the SPS, 4.7 m long and consisting of two aluminium 
alloy components. 

Technological Services Section 

This Section provided various services. It helped con
siderably, for example, in the manufacture of alpha-ray 
converters using unconventional machining methods such 
as photo-engraving, and in the development and applica
tion of coatings on complex substrates with the aid of 
combined methods: electroplating, vacuum evaporation, 
sputtering, etc. 

Methods of improving certain items (the optics of 
Cerenkov counters, welded metal bellows, titanium high-
voltage electrodes, etc.) or developing new techniques 
(titanium-stainless steel bonds, for example) are being 
investigated. The mechanical engineering support work
shop did some interesting jobs: a high-resolution calori
meter for detecting high-energy gamma-rays, and the 

Figure 4 — Counter with seven helical light-guides for light particles 
(Plexiglas). (CERN-34.7.76) 
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forming of ellipsoidal mirrors and parabolas with several 
sectors, thus making it possible to produce a better 
aluminium coating on the inside surface. 

Work Preparation and Distribution Section 

This Section drew up the scheduler for mechanical 
engineering work, engineering construction, surface treat
ment, printed circuit manufacture, etc., covering about 
250 000 working hours. 

Work to a total cost of about 4 million Swiss francs 
was put out to contract. 

Transport, Equipment Handling and Cleaning 

CERN possesses a fleet of 438 vehicles, including 
passenger cars, utility vehicles, lorries, tractors, trailers, 
cranes, etc., all of which are maintained by the Transport 
Section. 

While continuing to carry out its everyday duties 
(moving furniture and effects, transporting passengers for 
conferences, visits, site maintenance, refuse collection, 
etc.), the Section also took part in major operations such 
as the reassembly of the Gargamelle chamber and the 
setting up of experiments in the West Area, together with 
the re-installation of the experiments in the 1SR halls 
while the machine was shut down. 

128 



Finance 

The Payments Office prepares and gives instructions for about 70000 
payments every year in some twenty different currencies. 
(CERN-180.3.77) 



Finance Division 

Financial Situation Accounts for the Financial Year I976 

Hopes of seeing the foreign exchange market settle 
down during 1976 were dashed. On the contrary, exchange 
rates again varied considerably, with the pound sterling 
dropping by up to 26 % against the Swiss franc, the 
French franc by up to 18 % and the dollar by 7 %. The 
only exception was the German mark which rose by 3 % 
over the year, after falling by 7 % between January and 
June. 

The exchange equalization account successfully acted 
as a moderator on currency exchange movements. Not
withstanding all the precautions taken and in spite of the 
very cautious application of the policy of selectively 
covering commitments in currencies other than the Swiss 
franc (more than 100 million francs in 1976), the consider
able and unpredictable fluctuations sowing confusion in 
the foreign exchange markets may well result in a sub
stantial loss sooner or later. 

Another salient feature of 1976 was the very low level 
of interest rates for short-term investment of monies 
temporarily available. They varied around 0.75 % at one 
month, 1 % at three months and 1 7/8 % at six months 
for the Swiss franc. Accordingly, income from bank 
interest again dropped considerably in comparison with 
the previous year, when the average interest rate had been 
about 4.5 %. The interest earned in 1976 amounted to ,' 
only 3.70 million Swiss francs, as against 7.10 million in : 
1975 and more than 17 million in 1974. 

Income from bank interest for the Basic and ISR, 
and 300 GeV Programmes was estimated at 4.01 million • 
Swiss francs in the 1975 budget. Taking into account the; 
amount set aside for the Special Fund for SPS physics 
(0.34 million francs), the interest credited to these pro
grammes was only 3.36 million Swiss francs, a shortfall 
of some 0.645 million francs. This difference was covered 
by additional true income. ; 

[Mindful of the economic situation in the Member 
States and the uncertainty as to what provisions would 
be; available for completing the programmes for the sub
sequent years, the Directors-General took the step at the 
beginning of the year of ordering very strict economy 
measures in all fields. No new commitments were approved 
until after the scientific programme review, which was 
completed in May 1976, and the Council's decision in 
June 1976, to fix the budget total for 1977. 
; In addition, the Directors-General continued to 
impose restrictions on staff recruitment. 
| These measures resulted in a saving of 2.39 million 
Jswiss francs under the heading of Personnel and 11.31 
million Swiss francs under the heading of Materials, thus 
'making it possible to avoid committing the amount of 
113.7 million Swiss francs in the Special Fund. 
1 The accounts of the Organization may be summarized 
i as follows: 

Expenditure 

Budgets Accounts 
(millions of Swiss francs) 

Basic and ISR Programmes . . 465.43 457.08 
300 GeV Programme 231.62 217.10 

697.05 674.18 

Taking into account the savings made in 1976 
(28.7 million francs), the figures show overspending of 
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Figure I — Development of the expenditure of the Organization. 

5.83 million francs in relation to the net budgets. This 
overspending concerns expenditure for which no provision 
could be made in the budgets (taxes, services rendered to 
third parties, etc.) and is fully covered by corresponding 
compensatory income. 

Taking into account the savings made in 1976 
(28.7 million Swiss francs), the excess of income amounts 
to 35.50 million Swiss francs. A total of 29.62 million is 
being reimbursed to the Member States (bank interest 
— 0.64 million, unused reserves 1.50 million, miscellaneous 
0.06 million, savings 28.7 million); the balance of 5.88 
million Swiss francs is additional compensatory income. 

Income 

Budgets Accounts 
(millions of Swiss francs) 

Contributions from Member 
States 642.21 642.21 l 

Transfer from the Special Fund 26.70 26.70 
Bank interest 4.01 3.36 
Brought forward from previous 

financial year 3.64 3.64 
Contribution from the 300 GeV 

Programme to the Basic and 
ISR Programmes 17.40 17.40 

Contribution from ESO . . . 0.52 0.68 
Miscellaneous income . . . . 2.57 9.86 

697.05 703.85 

1977 Budgets 

Budget for the Basic and ISR Programmes 

The firm estimate for the 1977 net budget for the 
Basic and ISR Programmes approved by the Council 
amounted to 409.7 million Swiss francs at 1976 prices. 
In December, 1976, the Council awarded a salary index 
of 1 8% and an overall index of 1.61 % (see document 
CERN/FC/I953/Rev. 2). Thus the net budget for the 
Basic and ISR Programmes totals 416.28 million Swiss 
francs at 1977 prices, to which should be added the 
21.55 million francs detailed below. 

The balance of the Special Fund (8.7 million Swiss 
francs) will be used in 1977 to reduce contributions. 

1 Including 604.92 million Swiss francs paid by 31 December, 1976, 
and 37.29 million Swiss francs to be paid at the beginning of 1977. 
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Taking other income into account, the contributions total 
405.69 million Swiss francs. However, in December, 1976, 
the Council decided that the saving of 13.7 million francs 
made in 1976 could be used to reduce contributions, with 
each Member State free to choose whether to draw its 
share in 1977 or in 1978 (see document CERN/FC/2022/ 
Rev.). 

millions of Swiss francs 
(at 1977 prices) 

The gross budget amounts to . 
from which must be deducted: 
— the cost of services paid for 

by the 300 GeV Programme 18.40 
— the overheads covered by 

ESO 0.61 
— the income from work car

ried out and charged for by 
the workshops 2.54 

giving a net budget of . . . . 
from which must be deducted: 
— a transfer from the Special 

Fund 8.70 
— miscellaneous income . . . 1.89 

Contributions payable by the 
Member States 

437.83 

Budget for the 300 GeV Programme 

The budget for the 300 GeV Programme for the year 
1977 was set by the Council at its Forty-fifth Session 
(CERN/1050) at 165.0 million Swiss francs at 1970 prices, 
which represents 223.9 million Swiss francs at 1975 prices. 
At its Fifty-sixth Session, the Council approved (CERN/ 
1218) the proposal made by the Directors-General 
(CERN/FC/1879/Rev.2) to modify the budget profile for 
the years 1976-1979, the budget for 1977 being 213.1 mil
lion Swiss francs at 1975 prices. At 1976 prices the 
corresponding figure is 225.8 million Swiss francs. 
Following the decision by the Council at its Fifty-seventh 
Session (CERN/1235) on a firm estimate of 628.1 million 
Swiss francs for 1977, the Directors-General proposed in 
document CERN/FC/1977, discussed at the Finance 
Committee meeting of September 1976, that 7.4 million 
Swiss francs of the required budget reduction be appor
tioned to the 300 GeV Programme budget. The budget 
for the 300 GeV Programme in 1977 is therefore 218.4 
million Swiss francs at 1976 prices. 

At its Fifty-eighth Session, the Council granted a 
salary index of 1.8% and an overall index of 1.61 %. 
The budget for the 300 GeV Programme for 1977 there
fore amounts to 221.92 million Swiss francs at 1977 prices, 
including a contribution of 18.4 million francs to the 
Basic and 1SR Programmes for services rendered. 

Jn the course of the sixth financial period, it was 
possible to save an amount of 14.7 million Swiss francs, 
to reduce the contributions of the Member States for 1977 
(see CERN/FC/1988). 

millions of Swiss francs 
(at 1977 prices) 

The budget for 1977 amounts to 
from which must be deducted: 

221.92 

— probable bank interest . . 
— other income brought for-

0.89 

— 21.55 
0.14 

— 21.55 — savings made in 1976 . . . 14.70 — 15.73 
416.28 Contributions payable by the 

Member States 

The total budget for the 1 three prog] 

206.19 

— 10.59 

Member States 

The total budget for the 1 three prog] rammes thus 
amounts to: 

405.69 • millions of 
Swiss francs 

Basic and 1SR Programmes 416.28 
300 GeV Programme 221.92 

Total 638.20 
From which must be deducted: 
— the true income (including the transfer of 8.7 

million Swiss francs from the Special Fund 
and the saving of 14.7 million made in 1976) 26.32 

Net contributions payable by the Member States 611.881 

Financial and Accounting Services 

The internal fixed exchange rates applicable to the 
four main currencies (the German mark, the French franc, 
the US dollar and the pound sterling) had to be adjusted 
a dozen times in the course of the year. It was once again 
a difficult year both for short-term investments, which 
earned very low interest, and for the purchase of currencies 
to provide cover for CERN's commitments in currencies 
other than the Swiss franc. Considerable liquid assets 
were available throughout the financial year as, on the 

1 Not allowing Tor the possible withdrawal by each Member State 
of its share of the saving of 13.7 million francs made in 1976. 

1 Not allowing for the possible withdrawal by each Member Stale 
of its share of the saving of 13.7 million Swiss francs made on the 
Basic and ISR Programmes in 1976. 



one hand, large sums were blocked for the Special Fund 
and, on the other, the savings made during the year 
released substantial amounts. 

The everyday work was complicated by a large number 
of changes in the recording of accounting data and the 
implementation of the new programme budget system 
(PBS). 

Administrative Data Processing Service 

The extensions made to the existing systems during 
the year, especially the commissioning of a new stores 
management model, absorbed the potential of the IBM 
360/30 computer, which has been fitted with an additional 
memory and with higher-performance peripherals. At the 
same time, new peripherals made it possible to reduce 
operating costs, particularly through the output of results 
in the form of micro-cards. 

The Organization's new planning and budgeting 
system affects the whole of the administrative data pro
cessing system and involves the hardware, the basic soft
ware anc* the existing applications. An IBM 360/50 com
puter was hired to replace the IBM 360/30, which had 
become saturated, and was installed so as to provide the 
computing capacity needed for these developments 
immediately. Investigations are now under way into a 
medium- and long-term data processing plan to satisfy 
all these needs. 

Supply Services 

Purchasing 

The salient feature of 1976 was a relative stabilization 
in the economic situation resulting in a drop in cost prices 
in certain fields, especially civil engineering. Suppliers are 
now more willing to conclude contracts not containing 
price revision formulas in countries with a stable economy. 
Nevertheless, the fluctuations in the exchange rates of 
certain currencies have meant that a constant eye has 
had to be kept on the market and contracts have had to 
be concluded in the currency of the country concerned. 

One of the results of the economic situation has been 
that more firms want to transact business with CERN 
and the number of price enquiries reached a total of 2041 
at the end of December 1976, as against 1963 at the end 
of the same period in 1975. In this period, too, the 
number of calls for tenders for major contracts exceeding 
a value of 200 000 Swiss francs increased from 112 in the 
previous year to 117. Contracts placed with industry 
totalled 89. The number of orders increased from 39 884 
in 1975 to 41 317; the number of invoices remained steady. 

During the course of 1976, the Purchasing Service 
organized an exhibition on the site with the cooperation 
of the British electronics industry, represented by thirteen 
manufacturers. In addition, 49 suppliers from eight 
Member States showed their range of products at CERN 
in 1976. 

A further effort had to be made this year to achieve 
savings both in the field of temporary labour and by the 
elimination of overtime working and various overheads, 
despite the unchanging workload. 

Stores 

The general level of the service's activity remained 
the same as in previous years. The value of stocks re
mained ver>' close to the authorized limit. The number 
of standardized items out of stock increased slightly in 
relation to the previous year owing to unpredictable 
increases in the delivery times of some suppliers and rising 
demands towards the end of the year. 

A new system of stores management (GESTOCK) 
was introduced and implemented for about 1600 items, 
representing 50 % of the total turnover. This system 
employs a new method of forecasting future demand, 
based on fluctuations in the past and the differences found 
between previous forecasts and the actual demand. 

A plan to centralize the stores has been drawn up and 
approved by the Executive Board. Its main aims are to 
save staff and simplify working procedures. The intention 
is to abolish four area stores, to centralize their work in 
a single central store, and to introduce a supervised self-
service system and a delivery service from the central 
store. A call for tenders for the new equipment for the 
future central store has been sent out, and a contract 
awarded to two manufacturers for the shelving and order-
picking trains. Provisionally, the area stores are scheduled 
to be closed towards the end of 1977. 

A contract has been concluded with an outside body 
for the quality control at the manufacturers' premises of 
certain standardized raw materials before their despatch 
to CERN. 
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STOCK MOVEMENTS 
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Figure 2 — Development of stock movements since 1970. 

A special effort was made to eliminate obsolete items 
from the stores (1247 items, or 5.7 % of the total number 
of standardized items, were declared obsolete during the 
year). 

The safety of the chemicals stores was improved by 
the installation of an automatic fire detection and 
extinguishing system. 
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During 1976: 
— the total value of issues of standardized items was 

34.3 million Swiss francs, representing a drop of 2.8 % 
in relation to 1975; 

— the self-service system accounted for 5% of total 
issues; 

— the annual rate of stock turnover was 2.5; 
— the average stock level was within — 4 % to + 16 % 

of the authorized limit of 12.7 million Swiss francs. 
At the end of December, the level was 3 % above the 
authorized stock limit; 

— 55 395 deliveries and 14 545 despatches were recorded 
for the Organization as a whole; 

— 13 174 delivery requests and orders for standardized 
material were drawn up. 
The Standardization Groups took 2549 decisions 

during the year. As a result of these decisions, 457 new 
items were introduced into the stores and 1247 items, 
worth about 330 000 Swiss francs, were declared obsolete 
and handed over to the Salvage Service. 

The Salvage Service sold items outside the Organiza
tion worth about 700 000 Swiss francs (including 280 tons 
of pape • and 960 tons of metal waste). 

Insurance Service 

The main feature of 1976 for the Insurance Service 
was the entry into force of the new Rules of the Staff 
Insurance Scheme, which is administered by the Service. 
As a result of the provisions approved by the Council, 
all pensions now being paid have been re-calculated. 

The insurance policy covering fire risks, storm 
damage, etc., has been reviewed and brought up to date 
with respect to certain installations, in particular those 
of the SPS. The cost of the damage resulting from the 
most serious accident over the past few years, the fire at 
the PS in 1975, has been settled at about 3.6 million Swiss 
francs, 2 million of which have already been paid. 
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1976 EXPENDITURE AND 1977 BUDGET 
300 GeV PROGRAMME 
(in thousands of Swiss francs) 

Breakdown 
Financial year 1976 

Budget Expen
diture 

131,620.0 217,100.0 

31,600.0 29,854.6 
30,450.0 

1,150.0 
28,940.6 

914.0 

42,100.0 34,428.7 
4,000.0 
4,000.0 
2,000.0 

1,200.0 
11,000.0 
2,500.0 

5,690.5 
2,831.8 
1,075.3 

138.0 
214.8 
629.2 

5,080.3 
1,368.8 

17,400.0 17,400.0 

157,920.0 152,816.7 
71,100.0 
11,800.0 
36,920.0 

38,100.0 

68,809.6 
5,006.9 

42,167.6 
86.7 

36,730.6 
15.3 

TOTAL 
Personnel 

10) Staff members 
15) Fellows 

2. Operation 
20) Site and buildings 
21) Service equipment 
22) Accelerators 
23) Equipment for experiments 
24) Beams 
25) Data handling 
27) Power, water 
28) Administration 
— Contribution to general overheads of 

Basic and ISR Programmes 

3. Capital outlays 
30) Site and buildings 
31) Service equipment 
32) Accelerators 
33) Equipment for experiments 
34) Beams 
35) Data handling 

138 



Personnel 

r 
- - .̂'-̂ c-xli 

I 

*Ç£t-X 
• i » 

fil !! 

»» 

\ -*JÛS 

& 

7»<? CERN telephone exchange. (CERN-73.2.77) 



Personnel Division 

The freeze on external recruitment continued through
out the year and it was therefore necessary to try and 
fill vacancies through reassignment and transfers. 

The number of fellows and paid associates remained 
fairly constant, whereas the number of unpaid associates, 
in terms of man-years, rose by 20 %, as compared with 
1975. 

The summer student and technical student programmes 
were organized this year on the basis of reviewed budgetary 
arrangements, which modified the student quotas for 
each Division and made it easier to control expenditure. 

The five-yearly review of the Staff Rules and Regula
tions is under way and a working group has been com
missioned to submit recommendations to the Directors-

3618 
3596 

3519 
CERN total 

454 
300 GeV Programme 

3065 
Basic and ISR Programmes 

Dec.1971 Dec.1972 Dec.1973 Dec.1974 Dec.1975 Dec.1976 

Figure I — Fluctuations in the numbers of staff members and auxiliaries during the last five years (I972~I976). 
The numbers of arrivals and departures include changes in contractual status (staff member becoming an associate, 

for example). 
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OUTSIDE CERN OUTSIDE CERN CERN 
FELLOWS, 

ASSOCIATES, 
LABORATORY 

STAFF \ \ 

CERN 
FELLOWS, 

ASSOCIATES, 
LABORATORY 

STAFF 

SS 

\ \ / / 

SS 

\ 
CERN STAFF MEMBERS 

31.12.75: 3596 
31.12.76: 3519 

Figure 2 — Turnover of staff members between 31.12.1975 and 
31.12.1976. 

General. Several studies regarding this review are in 
preparation. 

A study is also being made of problems connected 
with the vocational guidance and training of children of 
members of the personnel, in particular those who are 
away from their home country. After preliminary discus-

Some personnel statistics at 31.12.1976 
(staffmembers) 

Sex Men 89% 

Women 11% 

Family Persons receiving the family allowance 87% 

Average number of children 1.5 

Average age of children 10.3 years 

Breakdown according to occupational category 
and average age 

Physicists and scientific programmers 

% 

12% 

age 

40.0 

Engineers 10?.. 41.7 

Technicians 26% 39.9 

Draughtsmen 6% 37.8 

Manual workers 19% 41.4 

Operalors 5% 38.2 

Administrative staff 6°i 42.2 

Office staff 9% 37.1 

Auxiliary service staff 1% 42.7 

Total 100% 40.3 

1600 

1500 -

1400 

1300 • 

1200 

1100 

1000 -

900 

'" i r i 1 i J 

1526 

-1 1 i 

1976 

• 

»4SI 1451 1 • 

JÏ33I 
Il304 1309 

13261 
12711 

1 1973 
1207 12171 

11641 

I " 2 8 j 
I"01 I3iil__, " 

. 1 10701 
, l I O M 1047 
[Ï026 

W 9 9 3 

J F M A M J J A S 0 N D 

Figure 3 — Breakdown of CERN staff members on 31.12.1976. 

Figure 4 — Monthly totals of fellows, associates and students present 
at CERN in 1973 and 1976. 

sions the Vocational Guidance Service of the Canton of 
Geneva and the "Inspection Académique" of the Depart
ment of the Ain have agreed to provide liaison between 
the children concerned and the vocational guidance ser
vices of their respective home countries. 

Arrangements have been made with the French Social 
Security authorities to provide a regular service at CERN 
for those who intend to rejoin the French social security 
scheme. 

The Spanish authorities have also been approached 
so that a study may be made of the situation of Spanish 
nationals still working at CERN with regard to their 
national social security system. 

The academic training, general education, technical 
training and language courses and the apprenticeships 
are listed in Appendix C, together with the courses 
organized for the summer students. It will be noted that 
semi-intensive language courses for the Divisions form 
an increasingly important part of this programme. 

The Scientific Conference Secretariat continued to 
help organize colloquia and seminars, in addition to the 
CERN schools and conferences listed in Appendix D. 

The Mail Office now provides an internal passenger 
transport service on some of the daily rounds. The 
number of rounds each day varies from one sector to 
another according to the quantity of mail to be delivered. 

Possible ways of reducing telephone and telex expenses 
were studied; a number of proposals were selected for 
further discussion with the PTT and may be put into 
effect in the next few months. Preparations are now under 
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TOTAL NUMBER OF PERSONS AT CERN ON 31.12.1976 

Associates 
Division Staff Laboratory CERN Member Non-Member TOTAL 

Members Staff Fellows States States 

Directorate-General 64 _ - 1 _ 65 
Theoretical Physics 22 - 26 13 14 75 
Experimental Physics 370 149 54 1054 153 1780 
Experimental Physics Facilities 394 1 7 4 3 409 
Data Handling 270 18 10 7 2 307 
Proton Synchrotron 529 - 14 9 2 554 
Intersecting Storage Rings 347 - 5 - 3 355-
Super Proton Synchrotron 464 - 2 6 3 475 
Technical Services and Buildings 585 - - - - 585 
Finance 203 - - - - 203 
Personnel 125 - - 8 3 136 
Health and Safety 146 5 2 1 1 155 

CERN TOTAL 3519 173 120 1103 184 5099 

way for the installation in March 1977 of a direct dialling 
system for incoming telephone calls. 

CERN furnished flats have been in use now for twelve 
years and the thousandth tenant was recorded at the end 
of 1975; more than 200 families stayed in these flats 
during 1976. Unfurnished flats are now easier to find, 
but an increasing number of people come to the Housing 

Office for advice on problems connected with the can
cellation of leases; assistance is also given by the Office 
in securing the best possible conditions in this respect 
when the leases are actually signed. The new hostel of 
the association "Logement et Accueil des Travailleurs et 
Famille; de l'Ain" which opened last summer at St. Gem's 
has taken some of the load off the CERN Hostel. 
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Health and Safety 

Marking a "hot spot " at an intermagnet gap located by the "Rover ' 
vehicle measuring system. (CERN-I68.2.77) 



Health and Safety Division 

Radiobiology Research Group Safety Group 

The programme of investigation into the biological 
effects of high-energy particle interactions continued. 

Three series of irradiations were made at SIN (Swiss 
Institute for Nuclear Research) in the biomedical pion 
beam. Mice were irradiated to determine the survival of 
spermatogonia type B, for comparison with measurements 
made previously using the pion beam from the CERN 
Synchro-cyclotron. An investigation was started into the 
effect of negative pions on the rate of growth of beau 
roots (Vicia faba). The results indicate that stopped pions 
are up to 3.5 times more effeciive than 6 0Co gamma-rays 
in producing a slowing down of the root growth to SO % 
of the normal growth after ten days. These studies are 
now being extended to determine the influence of oxygen 
on the biological response to pions. Extensive beam 
measurements and dosimetry were necessary to ensure 
that the conditions of the biological irradiations were well 
known. Counter telescope measurements were made to 
determine the pion stopping rate as a function of depth 
in an absorber so that the contribution to Jae total dose 
of short-range products from the pion interaction could 
be estimated. 

Two runs were made to irradiate mice i the 600 MeV 
neutron beam of the CERN SC, where irradiations to 
investigate the induction of opacification in the eye lens 
were concluded. The survival of type B spermatogonia 
and testes weight loss after irradiation were also studied, 
and some tests were made of the effect of the radiation 
on bone marrow. 

The principal activity of the Safety Group continued 
to be the systematic inspection of installations and equip
ment, to identify potential hazards and to prescribe 
precautionary measures, improved methods of work and 
the use of safe equipment. Meetings were held with 
Divisional Safety Officers and Monitors with whom close 
liaison was maintained. 

Much emphasis was given to the field of information. 
Safety lectures were organized concerning electricity, 
chemicals, transport and lifting, and general safety : 
approximately 1200 staff members attended the lectures. 
In addition, seven Safety Bulletins were issued. 

The Chemical Safety Section, established recently, 
made an inventory of chemicals used at CERN, set up a 
system to register users of chemicals, introduced methods 
to control external purchases of poisonous materials 
(which were put into operation with the cooperation of 
the Finance Division), and collaborated with the Technical 
Services and Buildings Division and other Divisions in 
the introduction of additional measures to control 
pollution. 

Detailed experimental studies were begun during the 
year to establish the sequence of events in cable fires in 
the conditions prevalent at CERN. Particular attention is 
being paid to the way in which fire-detection systems 
respond, to the evolution of poisonous and corrosive 
vapours, and to new measures that may be taken to 
obtain early warning of situations that might lead to 
such fires. 
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A major effort was made to evaluate safety problems 
associated with the SPS and the installations being set 
up for SPS physics. A large amount of equipment asso
ciated with the SPS was inspected by the Mechanical 
Inspection and Materials Section and many radiographic 
examinations were carried out. 

In accordance with the Agreements between CERN 
and ESO, the 3.6 m telescope and associated structures 
and buildings at La Silla in Chile were inspected, and 
recommendations were made to the ESO management. 

Fire-risk analyses of buildings continued, coupled 
with studies of evacuation alarm systems and of emer
gency-stop facilities. 

Throughout CERN, the legally required routine 
testing and examinations of lifting equipment and pres
surized systems continued, involving more than 2000 
inspections. 

Accident Statistics for the Period I January 1976 to 
30 November 1976 

(Accidents to contractors' employees are not included) 

Total number of accidents reported 267 
Number of disabling* accidents 58 
Number of lost working days 890 
Disabling* accidents per 10s man-hours** 0.468 ± 0.06 
Lost days per 10s man-hours*** 7.18 

* A "disabling accident" is an accident causing an absence from work 
of more than one day. 

*• This quantity is k..own also as the "frequency rate": in many pub
lications the unit used is "per 10' man-hours". 10* man-hours 
corresponds approximately to a working life of SO years. 

*** This quantity is known also as the "severity rate". 

Medical Service 

The main work of the Medical Service during 1976 
was in the following fields: 

and on persons resuming work after a period of illness, 
together with those carried out upon the award of inde
finite contracts. In addition, the Organization's Staff 
Insurance Scheme or, indeed, members of the personnel 
themselves, may ask for a medical examination. 

Regular examinations are still organized first and 
foremost for employees in "safety" posts, such as firemen, 
drivers and crane operators, and electricians. 

Also, the apprentices and the Surface Treatment Shop 
personnel who are exposed to considerable occupational 
hazards have been systematically examined, while in Sep
tember 1976, a programme of examination of all the 
members of the SB Division was instituted. 

Moreover, particular attention was paid to all per
sons (both CERN personnel and employees of outside 
contractors) required to work in neutrino shafts VI to V6. 
This was especially necessary for people who are not 
accustomed in their usual work to such considerable and 
repeated physical effort as that required to climb ladders 
25 metres or more high. Out of 194 persons examined, 
six were declared unsuited to the work (because of cardiac 
conditions, for instance). 

The Medical Service recommended occupational 
restrictions in a total of 81 cases. 

Complementary Tests 

With respect to complementary tests, routine examina
tions were continued (blood tests, bio-chemical, toxico-
logical and audiometric examinations, ECGs and sight 
testing). The following deserve special mention: 

— the chest X-ray campaign, in which 3060 people took 
part. Twenty-eight people were checked again, and 
six of them had to be referred to their own doctors, 
while two had to receive treatment immediately; 

— the introduction at the end of the year of new exami
nations for the early detection of liver conditions, 
which are now required for personnel exposed to the 
risk of chronic intoxication through the use of various 
solvents. 

Medical Supervision 

This concerned various categories of the personnel 
and was carried out either on request, or at regular 
intervals. The Medical Service made more than 2800 
medical examinations. 

Examinations made on request included those carried 
out on prospective employees, on fellows joining CERN 

Inspection of Working Areas 

In order to supplement the knowledge which the 
Service must have of the working conditions of the staff, 
a more regular system of inspecting working areas has 
been implemented. 
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Figure I — Teaching mouth~to~mouth and mouth-to-nose artificial 
respiration at the first aid course, using an instruction dummy (CERN-
200.3.77) 

First Aid 

De-fibrillators, which are useful for cases of electric 
shock, were added to the equipment available in the 
infirmary and ambulances. The infirmary staff and Site 
Security Service were fully instructed in their use. 

The auxiliary infirmary in block 3 on the Prévessin 
site was closed on 1 June 1976, leaving only one infirmary 
open for the whole of the site. This step has made it 
possible to ensure that a nurse is available at all times 
between the hours of 7.30 a.m. and 6.30 p.m. A total of 
5448 cases were treated. 

A large number of first aid courses were organized 
with the close collaboration of the Site Security Service 

Collaboration with Other Groups 

Links were maintained with the other groups in the 
HS Division and with the services of other Divisions 
concerned with its vork (Personnel Division, especially 
the Social Service, ti.e Staff Insurance Scheme, and the 
Data Handling Division). 

Radiation Protection Group 

In 1976 the former Radiation Group of the 300 GeV 
project and the Health Physics Group of the Health and 

Safety Division merged to become the Radiation Pro
tection Group. Some members of the Health Physics 
Group were transferred to the Radiobiology Group and 
some staff from the former SPS Radiation Group left to 
join other groups in the SPS Division. 

Radiation Survey and Control 

The scope of the Radiation Survey and Control Sec
tion was considerably increased by the coming into 
operation of the SPS. This necessitated some reorganiza
tion of the routine work and a redeployment of personnel. 

At the SPS, the injection area, the main ring tunnel, 
the ejection areas and transfer tunnels and, more recently, 
the West target area and experimental hall became radia
tion areas. The programme of measurements of induced 
activity and assessment of risks for work in the primary 
beam areas (including access control) was initiated and 
new techniques were introduced for routine surveys and 
protection work. Accelerator operation while installation 
work continued called for special procedures and increased 
the burden of area and access control. 

Surveillance and logging programs, with the calibra
tion and interpretation of the readings of the computer-
controlled monitor systems, were completed. 

The high beam intensities achieved caused such levels 
of induced activity in the SPS that access restrictions and 
strict work control became necessary. In the West Area 
special monitoring and survey techniques were used to 

Figure 2 — A "Rover'* radiation survey vehicle measuring and 
recording the radiation level along the SPS ring structure. (CERN-
181.2.77) 
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measure the muon component of the radiation field. The 
levels of radiation and radioactivity were consistent with 
estimations made earlier. 

At the ISR, the increased beam currents and the 
operation scheme used in 1976 led to higher radioactivity 
levels in the ring, particularly in the injection region, 
which caused higher individual exposures. The perfor
mance of the radiation protection (RP) monitor system 
inside the [SR ring was assessed and an improved system 
was specified. 

During 1976 the radiation levels from remanent radio
activity in the PS continued to increase, owing to the 
frequent operation at higher intensities. Work was con
centrated mainly on problems linked with induced radio
activity, shielding improvements and personal exposure 
control. New monitor systems were introduced. For the 
first time the injector of Linac 11 produced radiation. 

At the SC, the increasing extracted-beam intensity and 
the fact that some of the new components required fre
quent interventions gave rise to some concern. Changes 
in beam layouts often required working in high-radiation 
areas. The SC and ISOLDE complex is among those 
areas with the highest radiation risks; proposals to 
improve safety are being studied. 

For the site and environmental programme improved 
software and y-ray libraries were introduced for isotope 
identification. The group joined an IAEA intercomparison 
of processing Ge(Li) y-ray spectra. The environmental 
monitor system and methods for measuring radioactivity 
on the site were finalized and standardized for the Meyrin 
and Prévessin sites. The measured release of radioactivity 
and activities on the site showed comfortably low levels 
compared with the limits given by the legislations of the 
host countries. All site monitors for stray radiation came 
into operation; most of them are linked to the computers 
or to the RP data-logging system. At the CERN bound
aries the yearly doses were below 150 mrem. 

The number of registered radioactive sources increased 
to a total of 1026; 730 are on loan to users, and 121 new 
sources were introduced into the inventory register 
in 1976. 

Twenty-seven transports of radioactive materials 
were prepared, mainly containing irradiated samples 
from the SC. The total amount of radioactive waste 
dispatched to the Swiss authorities (51 containers) was 
about the same as last year. 

Experiments in the stray radiation field of the PS 
were made to compare measuring methods for a quick 
and reliable assessment of dose equivalent. Various per
sonal neutron-monitoring devices used at CERN and 
other European institutes were compared. 

Development work on computer programs continued 
in close collaboration with CERN groups and visitors 
from European universities. In particular, shielding calcu
lations and estimations for the West Experimental Area 

were made. Progress was made on programs used in 
personnel protection and for the control of radioactive 
sources and materials. Training sessions for the RP staff 
and instruction lectures on radiation safety for CERN 
personnel continued. 

Personnel Monitoring 

The number of film badges distributed increased by 
about 10 % compared with the preceding year. There was 
considerable turnover of personnel owing to the great 
number of visitors, temporary labour and contractors' 
employees. A new system for the registration of radiation 
workers and short-term visitors was introduced with the 
aim of improving the information on safety given to new
comers. Studies were carried out on a new neutron-
monitoring system based on track-co> nting in plastic foils. 

Calibration 

The number of radiation-protection instruments 
requiring calibration increased owing to SPS operations. 
During 1976 more than 300 instruments were calibrated. 
Monthly routine calibrations were made for the per
sonnel-monitoring film badges. The calibration facility 
was improved with the acquisition of a 200 jig 2 5 2 Cf neu
tron source. 

Technical Support 

The main task was the completion of the monitor 
system for the SPS. Some progress was made in improving 
existing systems. For the SPS all alarm monitors were put 
into operation with their computer links. The beam-loss 
monitor system was completed early in the year. A first 
check after more than six months of operation showed a 
satisfactory performance. The West Experimental Area 
monitor system, comprising radiation-level monitors, 
alarm monitors and a personnel warning system was 
completed. 

Progress was made in the construction of an auto
mated reader for personnel alarm monitors (PAM). The 
Development and Technical Support Section has also 
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maintained and repaired all radiai.ion protection instru
mentation and has assisted the Radiobiology Research 
and Safety Groups. 

High-Level Dosimetry and Material Testing 

The work of testing materials to determine their 
resistance to radiation continued. A long-term test pro
gramme for magnet-coil insulating material was initiated 
and a great number of samples were installed in the SPS 
ring together with glass dosimeters. In collaboration with 
industry and AERE Harwell, an intercomparison of resin 
samples used in CERN magnets was continued. Tests 
and calibration of dosimeters in the megarad region 
were continued. A collaboration with industry to develop 
dosimeters for the range of 109 rad was started. 

General Services 

The General Services include the Site Security Service 
(which acts as the fire brigade, provides first aid outside 
working hours and carries out guard duties), the confer
ence room technicians and the gardening staff. 

The workload of these three sections, which is closely 
bound up with the general level of activity at CERN, 
continued to increase. 

For the Site Security Service, the trend observed 
during the first half of the year continued, namely an 
increasing amount of guard and patrol duties, mainly 
owing to the progress of work at the SPS and the first 
experiments with the large accelerator. While fire-fighting 
and first aid activity had remained at the level of the 
previous year during the first six months of the year, it 
increased considerably during the latter half. In addition, 
ihe Site Security Service continued to make a major 
contribution to safety at CERN by giving first aid courses 
and increasing the number of emergency evacuation 
exercises. 

The conference room technicians, as usual, gave their 
services at various conferences, seminars, courses and 
colloquia, of which a few more were held than in 1975. 
In addition to this routine work, the technicians helped 
to install the equipment in the new conference room on 
the sixth floor of the Main Building and, together 
with SPS technicians, extended the closed-circuit tele
vision system to the SPS. They completed the new instal
lations in the Council Chamber and finished the design 
studies and began the actual work on overhauling the 
installations in the main auditorium. 

The gardening staff, apart from their routine work, 
further improved the appearance of the site by planting 
more flower beds, particularly around the buildings. 
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Appendix A 

CERN REPORTS 

CERN 76-01 
W. Heller 
Copper-beryllium alloys for technical applications. 
CERN 76-02 
E.W.D. Steel 
List of publications covering bubble chamber experiments 
carried out at CERN during the period 1960-1974. 
CERN 76-02 (add 1) 
E.W.D. Steel 
List of publications covering bubble chamber experiments 
carried out at CERN during the year 197S, addendum to the 
"List of publications CERN 76-02". 
CERN 76-03 
J. Gervaise, M. Mayoud, E. Menant 
Système tridimensionnel de coordonnées utilisé au CERN. 
CERN 76-04 
G.R. Stevenson 
The radiation environment of proton accelerators and storage 
rings. 
CERN 76-05 
J. Antille, L. Dick, A. Gonidec, K. Kuroda, 1_. Madansky 
New methods of measuring spin rotation parameters in hadron-
hadron elastic scattering. 
CERN 76-06 
G. Guignard 
The general theory of all sum and difference resonances in a 
three-dimensional magnetic field in a synchrotron. 
CERN 76-07 
A. Lefrançois 
Application de l'analyse dimensionnelle à l'étude des enve
loppes soumises à une pression extérieure et à l'utilisation de 
modèles. 
CERN 76-08 
H. Von Eicken, J.G. Lee, C. Piney, A. Van Praag 
A System for communication between a CDC 6000 and a 
PDP-11 computer. 
CERN 76-09 
J.D. Lawson 
Particle beams and plasmas. 
Lectures given in the Academic Training Programme of CERN 
1973-1974. 
CERN 76-10 
J. Mehra 
The birth of quantum mechanics. 
Werner Heisenberg memorial lecture delivered at the CERN 
colloquium on 30 March 1976. 
CERN 76-11 
J. Iliopoulos 
An introduction to gauge theories. 
Lectures given in the Academic Training Programme of CERN 
1975-1976. 
CERN 76-12 
L. Camilleri 
The physics interests of a 10 TeV proton synchrotron, 400 x 
400 GeV proton storage rings, and electron-proton storage 
rings. 

CERN Publications 

CERN 76-13 
Third international conference on nuclei far from stability, 
Cargèse, 19-26 May 1976. Proceedings. 

CERN 76-14 
M. Le Bellac 
Short-range order and local conservation of quantum numbers 
in multiparticle production. 

CERN 76-15 
N. Rasmussen 
Electronic equipment for wire-stretching machines. 

CERN 76-16 
J. Billan, R. Perin, L. Resegotli, T. Tortschanoff, R. Wolf 
Construction of a prototype superconducting quadrupole 
magnet for a high-luminosity insertion at the COIN Inter
secting Storage Rings. 

CERN 76-17 
I. Pizer, L. Van Koningsveld, H. Verweij 
The Digitron system — a fast multi-channel time recorder. 
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Probable example of the decay of a charmed particle produced 
in a high-energy neutrino interaction. 
J. Rössel (University of Neuchâtel) (2.12) 
Open problems in nuclear energy. 
O. Fischer (University of Geneva) (3.12) 
New high-field superconductors: Ternary molybdenum sulfides 
with 600 kGauss critical fields. 
S.P. Kapitza (Institute for Physical Problems, Moscow) (7.12) 
Synchrotron radiation and its uses for research. 
A.A. Lebedev (IHEP, Serpukhov) (9.12) 
Study of muon-pair production at IHEP (Serpukhov). 
J.S. Bell (CERN) (16.12) 
Quantum mechanical correlation experiments. 

NUCLEAR PHYSICS SEMINARS 

C. Ekström (Chalmers University of Technology, Gothenburg) 
(12.1) 
Atomic-beam measurements of nuclear spins at ISOLDE. 
M. Cresti (CERN/Padua) (19.1 ) 
A search for narrow resonances in the pp system at low energy. 
M. Furie (CERN/Institute R. Boskovic, Zagreb) (26.1) 
A study of the three-body breakup mechanisms in the reaction 
2H(P, 2P) N at 600 and 800 MeV. 
R. Frosch (SIN) (2.2) 
New determination of the upper limit for the muon neutrino 
mass. 
P. Y. Benin (Laboratoire de Physique Corpusculaire, Clermont) 
(9.2) 
Low-energy pion experiments at the Saclay LINAC. 
W. Weise (University of Erlangen) (16.2) 
A3 3 — Isobar dynamics in very light nuclei: Pion scattering 
and pion absorption. 
J. Hüfner (University of Heidelberg) (23.2) 
Fragmentation reactions with relativistic heavy ions. 
B. Ziegler (Otto-Hahn-Institut, Mainz) (1.3) 
Total photonuclear cross-sections and sum rules. 
H.J. Leisi (ETH Zurich and SIN) (8.3) 
Strong interaction shifts and quadrupole splitting in pionic 
atoms of 1 , sLu and i e 5Ho. 
T. Krogulski (JINR, Dubna and Institute for Nuclear Research, 
Swierk) (15.3) 
Interactions of \L~ with heavy elements. 
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H. Pilkuhn (Karlsruhe University) (22.3) 
Low-energy pion-nucleus scattering in optical potential and 
dispersion relation treatments. 

V.B. Mandelzweig (Hebrew University of Jerusalem) (29.3) 
A relativistic 3-body theory. 

F. Lenz (SIN) (26.4) 
Excitation of A-nuclear states in i>4He scattering. 
1. Sick (University of Basle) (3.5) 
Quasi-free electron scattering. 

E.W. Otten (Joh. Gutenberg University, Mainz) (10.5) 
Proposed search for parity violating neutral weak currents in 
quasi-elastic ed scattering. 

W. Sapp (SIN) (17.5) 
QED, vacuum polarization and recent results from the SIN 
crystal spectrometer. 

L. Schroeder (LBL, Berkeley) (19.5) 
Review of relativistic heavy-ion programme at Berkeley. 
A. Faessler (IKP, Jülich) (24.5) 
a-particles as a probe of nuclear structure. 

H. Schröder (MPI für Kernphysik, Heidelberg) (31.5) 
The A-particle as a probe of the nucleus. 

K. Gottfried (Cornell University) (11.6) 
A resume of charmonium spectroscopy. 

B. Jonson (CERN and University of Gothenburg) (21.6) 
Beta-delayed particle emission. 

E. Fiorini (University of Milano) (28.6) 
Experimental aspects in muon capture and weak interaction 
effects in muonic atoms. 

J. Hadermann (EIR Wiirenlingen) (5.7) 
Muon-induced fission. 

R.E. Mischke (Argonne National Laboratory and Los Alamos 
Scientific Laboratory) (6.7) 
Parity violation in pp scattering. 
D. Koltun (University of Rochester) (9.8) 
Pion absorption in nuclei. 
E. Lomon (MIT) (27.8) 
The deuteron as seen by ird -» pp and elastic ed scattering. 
D.G. Fleming (University of British Columbia, Vancouver) 
(20.9) 
!i* SR spectroscopy at TRIUMF. 
R.K. Sheline (Florida State University, Tallahassee and IKP, 
Jülich) (27.9) 
Shell effects in nuclei — especially element 126. 
J.I. Fujila (Tokyo University) (4.10) 
Exchange currents and sum rules. 
S.T. Belyaev (Institute of Nuclear Physics, Novosibirsk and 
Novosibirsk University) (6.10) 
Collective motion in nuclei : interaction and symmetries. 
E. Zavattini (CERN) (18.10) 
Precise measurement of the 2S -̂2P>/, splitting in the((i _ <He)+ 

muonic ion.-* 
L. Bertocchi (CERN/Trieste) (25.10) 
Multiple production in high-energy hadron-nucleus collisions. 
P.G. Rancoita (CERN/Milan) (8.11) 
Coherent and incoherent interactions on nuclei induced by 
hadrons and photons. 

C. Conta (CERN/Pavia) (15.11) 
Study of exclusive neutron reactions and coherent proton-
deuteron processes at the ISR. 
S. Bunyatov (Dubna) (18.11) 
irN -» mrN reaction at threshold and chiral dynamic. 

J. Marterell (SIN) (22.11) 
Giant isoscalar resonances in nuclei: a sum rule approach. 
F. Roig (Valencia University) (29.11 ) 
The absorption of pions in 3He. 
T. Mizutani (SIN) (6.12) 
--nucleus scattering through absorption (-d case at threshold). 
L. Hambro (CERN) (13.12) 
The absorptive line shape of hadronic atoms. 

SYNCHRO-CYCLOTRON SEMINAR 

Ph. Catillon (CEN, Saclay) (9.3) 
News from Saclay: experiments at intermediate energy with 
the electron linac and the proton synchrotron. 

DISCUSSION MEETINGS 

M. Albrow, P.V. Landshoff, G. Preparata (13.2) 
Large PT hadrons: what do they mean, and where do we go? 
L. Di Leila, J.-M. Gaillard, D. Schildknecht (CERN) (19.3) 
Prompt leptons from hadron collisions. 
G. Schrempp, E. Gabathuler, L. Montanet (30.4) 
Strong interactions at the SPS: Will the European hybrid spec
trometer be a good thing ? 
G. Salvini, B. Montague, £. Keil, G. Von Dardel, M. Jacob, 
C. Llewellyn Smith, M. Veltman (1.11) 
What should a new big European accelerator be ? 

COMPUTER SEMINARS 

M.J.B. Duff (University College, London) (5.3) 
New methods for image processing using LSI arrays. 
P.F. Kunz(SLAC)(21.4) 
A fast programmable processor for on-line analysis based on 
the IBM 370 instruction set. 
A. Borodin (University of Toronto) (3.6) 
Computer modelling and social system — a social issue in 
computing. 
G. Bate (IBM Research Laboratory, Boulder, Colorado) (16.7) 
The future of magnetic recording for information storage. 
R. Churchhouse (University College, Cardiff) (2.9) 
Some discoveries in number theory made by computers. 
Hsu Chang (IBM Thomas J. Watson Center, New York) (17.9) 
Magnetic bubble technology. 
G.V. Amdahl (Amdahl Corporation, California) (27.9) 
The Amdahl 470V/6. 
O.C. Zienkiewicz (University College of Swansea) (1.10) 
Recent developments in finite-element methods. 
A. Van Dam (Brown University, Providence) (26.11) 
High-performance graphics using distributed processing. 
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Appendix C 
* Training Programmes 

ACADEMIC TRAINING 

Survey of the CERN Research Programme (8 talks) 

Introductory remarks 
W. Jentschke 
Electronic experiments 
A. Astbury 

Bubble chamber experiments 
L. Montanet 

SC and ISOLDE programme 
P.G. Hansen and V. Soergel 
Theory 
S. Fubini 

The SPS 
R. Billinge 

SPS experimental programme 
J.V. Allaby 

TSR experiments 
U. Amaldi 

Lecture Series (18 series: 61 lectures) 

The new particles (for non-physicists) 
P. Sonderegger (3 lectures) 
Electroproduction 
P. Söding (DESY, Hamburg) (3 lectures) 
Corrosion and protection of metals 
M. Brabers (Louvain University) (3 lectures) 
Multiparticle production 
M. Le Bellac (3 lectures) 

Accelerators 
E.J.N. Wilson (5 lectures) 
Direct production of leptons in nucleon-nucleon collisions 
L. Di Leila (2 lectures) 

Longitudinal stability of particle beams in synchrotrons and 
storage rings 
A. Hofmann (3 lectures) 

Quark hadrodynamics 
G. Preparata (4 lectures) 
Final stages of stellar evolution 
F. Pacini (ESO) (3 lectures) 

Introduction to quantum electrodynamics 
E. de Rafael (CNRS-Marseille) (3 lectures) 

The g—2 of the maon 
E. Picasso (2 lectures) 
The mc interaction 
J.L. Petersen (Niels Bohr Institute, Copenhagen) (5 lectures) 
Plasma physics 
H. Wilhelmsson (Chalmers University of Technology, Göte
borg) (5 lectures) 

* The titles of the courses and lectures are given in the language used. 

Gauge theories 
J. Iliopoulos (3 lectures) 
Some aspects of X-ray astronomy 
B. Rossi (MIT and University of Palermo) (3 lectures) 
Principles of operation of multiwire proportional and drift 
chambers 
F. Sauli (3 lectures) 
Mathematical filtering methods 
H. Noureldin (ETH, Zurich) (3 lectures) 
Introduction to cluster analysis 
B. Schorr (5 lectures) 
(Audience at each lecture: maximum 155 - minimum 13). 

TECHNICAL TRAINING 

Courses 

Mathématiques générales 

Mathématiques appliquées IA 
C. Gaille (Cycle d'Orientation de l'enseignement secondaire, 
Genève) (21 lectures — 84 hours) 

Informatique 

Practical computing 
H. SIetterhaar (DD) and G. Ferran (DD) (11 lectures — 
44 hours) 
Informatique de gestion 
L. Grosset (Fl) (16 lectures — 64 hours) 
Fortran IV 
F. Louis (EP) (40 lectures — 80 hours) 
Systèmes d'exploitation de mini-ordinateurs 
H. Davies (DD) and S. Lauper (DD) (23 lectures — 92 hours) 

Electronique 

Initiation à l'électronique (1st year) 
Ph. Rochat (1SR) (23 lectures — 92 hours) 
Circuits et systèmes analogiques 
Ch. Bertuzzi (EF) (22 lectures — 88 hours) 
Circuits et systèmes logiques 
B. Frammery (PS) (24 lectures — 96 hours) 
Fonctions logiques complexes 
J.P. Riunaud (PS) (22 lectures — 88 hours) 

Mécanique 

Initiation aux techniques d'atelier (second year) 
A. Menétrey (PE) (20 lectures — 80 hours) 

Techniques des liaisons mécaniques 
G. Richardet (Ecole Technique Supérieure, Genève); MM. 
Rudaz et Liebisch (Sécheron, Gland); Ravussin (Alcyon, 
Renens); Simm (Castolin, St Sulpice) (9 lectures — 36 hours) 



Connaissance et emploi des matériaux métalliques 
G. Richardet (Ecole Technique Supérieure, Genève); 
J. Huguenin (PE); E. Fischer (ISR), C. Hauviller (ISR); 
J.C. Brunet (ISR) (23 lectures — 92 hours) 

Physique 

Eléments de cryogénie 
P. Laeng (Institut de Physique expérimentale, Lausanne) (22 
lectures — 88 hours) 
Initiation à la physique des particules et détecteurs (first year) 
J.P. Lagnaux (EP) (22 lectures — 88 hours) 
Optique générale 
F. Pilloud (Observatoire de Genève, Sauverny) (21 lectures — 
84 hours) 
(226 students were admitted to the above courses.) 

Seminar 

Seminar on Microprocessors, on 17, 18, 19 and 26 May 1976, 
with Texas Instruments, Intel and Motorola taking part. 
(About 150 people attended this seminar.) 

CERN SUMMER STUDENT LECTURE 
PROGRAMME 

Particles and symmetries 
V.F. Weisskopf (9 lectures and 1 tutorial), S. Fubini (4 lectures 
and 1 tutorial) and V.L. Telegdi (6 lectures and 4 tutorials) 
FORTRAN programming 
D. Burkhardt (7 television lectures) C. Curran (1 lecture) 
High-energy physics for non-scientists 
R. Carreras (1 lecture) 
High-energy physics for the non-physicists 
P. Sonderegger (5 lectures) 
The CERN accelerators 
E.G. Michaelis (3 lectures) 
Pions and antiprotons as probe particles in nuclear physics 
H. Koch(l lecture) 
Electronic detectors and nuclear insti '..-.•>• station 
R.W. Dobinson (3 lectures), C. Fabjan (2 lectures), I. Pizer 
(2 lectures) and M. Sendall (2 lectures) 
The architecture of large computers 
T. Bloch (3 lectures) 
Radiobiology of high-energy particles 
J. Baarli (1 lecture) 
Radiation protection 
G. Stevenson (1 lecture) 
Ultrahigh vacuum for the ISR 
E. Fischer (2 lectures) 
Experiments on fundamental particles 
U. Amaldi (4 lectures) and L. Montanet (1 lecture) 
Speculation and insight 
C.N. Yang (1 lecture) 
Computing techniques : the Monte Carlo method 
F. James (2 lectures) 
What is a random number? 
F. James (1 lecture) 
Introduction to computer graphics 
J. Friedman (2 lectures) 
The wonderful world of tt new particles 
H. Harari (3 lectures) 

Some highlights of the CERN research programme 
L. Van Hove (1 lecture) 
A human computer at work 
W. Klein (1 lecture) 
(Average attendance: 80 summer students (plus 27 others); 
maximum: 500 — minimum: 46). 

LANGUAGE COURSES 

Semi-intensive Courses 

Organized at the request of the Division Leaders for personnel 
whose work requires knowledge of a foreign language. 
Enrolment fees — paid by the Divisions concerned. 
Number of classes — a minimum of 8 hours per week, 

— a maximum of 12 hours per week. 

Special Courses 

Organized on request and comprising either conversation 
classes between semi-intensive courses or courses of limited 
scope. 
Enrolment fees — paid by individual students, or by the 

Divisions concerned. 
Number of classes— 1-2 hours per week on average, over 

periods of varying length depending on 
the courses. 

Evening Classes 

Individual enrolment. 
Enrolment fees — paid by individual students. 

Number of classes — 2,3 or 4 hours per week according to 
standard, over a period of 33 weeks. 

Number 
of 

classes 

Number 
of hours 
per year 

Number 
of 

students 

Evening classes 
English 
French 
Special courses 
English 
French 
Semi-intensive courses 
English 
French 

11 
12 

8 
3 

13 
6 

1155 
1297 

130 
82 

779 
330 

126 
137 

70* 
17 

112** 
74 

Total 53 3773 536 

** This figure includes the 70 students marked (*) 

GENERAL EDUCATION 

Under the title "Science pour tous", 27 talks and 10 semi
nars were organized for non-scientific members of the personnel. 
Each talk was prefaced by a review of new developments in 
science. 
(About 200 people attended each talk.) 
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Talks by R. Carreras APPRENTICESHIPS 

1. Radio-galaxies géantes. 
2. Les manipulations génétiques. 
3. L'annihilation des anti-électrons. 
4. Les champs magnétiques du corps humain. 
5. Plutonium 239 et prolifération nucléaire. 
6. Oiseaux migrateurs et navigation astronomique. 
7. Astronomie aux rayons gamma. 
8. Parapsychologie: deux recherches à suivre. 
9. Le procès des fluorocarbones. 

10. La subduction de la lithosphère. 
11. Les pléiades. 
12. Neutrinos solaires et psychologie de l'intelligence. 
13. Séparateurs magnétiques à gradient élevé. 
14. Jonction neuro-musculaire et auto-immunité. 
15. Rayons X et restes de supernovae. 
16. Présence et détection de substances cancérigènes dans 

l'environnement. 
17. Les "breeders" européens. 
18. Premier avril toute l'année? 
19. L'Univers, c'est fini ! 
20. Un traceur prometteur: le méth' lourd 1 3CD 4 . 
21. Sciences et techniques d'il y a 50 ans. 
22. La force de gravité change-t-elle avec le temps ? 
23. Le comportement des bactéries. 
24. L'équation de Drake. 
25. Contours subjectifs. 
26. Transferts de chaleur et champs électriques. 
27. Trois siècles et demi d'études martiennes. 

Number of apprentices from September 1975 
to August 1976 

Category 1st 
year 

2nd 
year 

3rd 
year 

4th 
year 

Total 

Laboratory workers 
(physics) 

3 3 3 — 9 

Mechanics/electronic 
equipment assemblers 

2 2 1 3 8 

Total 17 

The six apprentices (three laboratory workers (physics) 
and three mechanics/electronic equipment assemblers) who 
completed their apprenticeship in 1976 obtained the "Certificat 
fédéral de Capacité". 
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Appendix D 
Scientific Conferences 
and Schools 

During I976 the Scientific Conference Secretariat organized 
two CERN Schools: the 1976 CERN School of Physics and 
the 1976 CERN School of Computing. 

The 1976 CERN School of Physics took place at Wépion, 
near Namur, Belgium, from 6 to 19 June and was attended 
by 55 students from 37 institutes in 11 CERN Member States 
and by five students from four institutes in four non-Member 
States. The lecture programme was as follows: 

— Quarks and partons, by F.E. Close (Rutherford Labora
tory). 

— New particles in hadronic collisions, by J. Ellis (CERN). 

— JINR research programme, by D. Kiss (JINR, Dubna). 

— An elementary introduction to Yang-Mills theories and to 
their applications to the weak and electromagnetic inter
actions, by L. Maiani (Istituto Superiore di Sanità and 
INFN, Rome). 

— Physics with PETRA, by H. Schopper (DESY). 

— Neutrino interactions, by J. Steinberger (CtRN). 
— The experimental research programme at the Serpukhov 

accelerator, by N. Tyurin (1HEP, Serpukhov and CERN). 

— Survey and outlook of the SPS physics programme, by 
L. Van Hove (CERN). 

— The new particles, by B.H. Wiik (DESY). 
— The SPS accelerator, by E.J.N. Wilson (CERN). 

The 1976 CERN School of Computing was held at la 
Grande Motte, France, from 12 to 25 September 1976 and 
was attended by 55 students from 35 institutes in ten Member 
States and by five students from five institutes in two non-
Member States. The lecture programme was as follows: 
— Command languages as user/system interface, by F. Hert-

weck (Institut für Plasmaphysik, Garching). 

— Distributed computing in high-energy physics, by B. Zacha-
rov (Daresbury Laboratory). 

— Multidimensional associative searching, by J.H. Friedman 
(SLAC and CERN). 

— Operating systems for experimental physics, by H. Davies 
(CERN). 

— The history of the computer, by G.A. Erskine (CERN). 
— The micro-processor as a component, by D. Aspinall 

(University College, Swansea). 
— Distributed computer systems — concepts, techniques, 

present developments, by L. Pouzin (IRIA, Rocquencouri). 
— Computer arithmetic, by G.A. Erskine (CERN). 

— Parallel computers, by F.H. Sumner (University of Man
chester). 

— The status of high-energy physics and the research pro
gramme of CERN, by L. Van Hove (CERN). 

— Modular operating systems, by G. Frank (University of 
Manchester). 

— A users' view of parallel processors, by F. Walkden 
(University of Salford). 

— Symbolic computation, by A.C. Hearn (University of Utah). 

The Scientific Conference Secretariat also assisted in the 
organization of the following events: 
— Topical Meeting on Multidimensional Data Analysis, 

CERN, 19-23 January 1976 (56 participants from outside 
CERN). 

— Third International Conference on Nuclei farfrom Stability, 
Cargèse, Corsica, 19-26 May 1976 (156 participants). 

— Topical Meeting on Non-Perturbative Phenomena in Field 
Theory, CERN, 26-30 July 1976 (64 participants from 
outside CERN). 
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THE PRINTING OF THE TWENTY-SECOND 

ANNUAL REPORT OF THE EUROPEAN 
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