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Foreword 

The year 1975 has been an exciting and encouraging year for high-energy physics. 
Evidence is growing that the dream "charm" is not an empty one, and it is with im
patience that we are waiting now for the experiments with the SPS to begin. Therefore, 
we are particularly glad that 1975, despite some temporary set-backs, has been another 
year of great progress for the 300 GeV Programme, and the new machine is nearing 
completion. 

But 1975 has been also a difficult year which, in a certain sense, marked a turning-point 
for CERN. Up to now our Member States have been able to acknowledge the successful 
work of CERN by approving rapidly growing budgets. 1975 put an end to this 
development Our Member States were, for the first time, forced to cut budgets and to ask 
the Directors-General to prepare long-term programmes consistent with budget reduc
tions. The change from a positive to a negative'growth, to use the jargon of present day 
economists, raises many problems in a laboratory such as CERN. The spectrum of 
experimental possibilities and personnel expenditure will have to be reduced and this will 
unavoidably affect the chances of new discoveries. These reductions can only be 
accomplished without damaging CERN if the staff is willing to collaborate. I am confident 
that this will be the case and the responsible way in which the Staff Association reacted 
when faced with the budgetary problems this year seems to prove that I am right. 

This year was further marked by the end of Professor W. Jentschke's term as Director-
General of CERN Laboratory I. Willibald Jentschke has been a Director-General full of 
enthusiasm for physics: during his term of office and with his active participation, CERN 
has experienced a particularly fruitful and fascinating time with the discovery of the 
neutral current interactions in the Gargamelle heavy liquid bubble chamber. . 

In deciding to appoint Dr J.B. Adams Executive Director-General and Professor 
1_ Van Hove Research Director-General of a unified Laboratory, the Council entrusted 
the future of CERN to two personalities who are well known to all of us. I am convinced 
that they will steer CERN safely through the difficult times which lie ahead of us and 
that, during their joint directorship, CERN will be able to confirm its position as one of 
the leading high-energy physics laboratories. 

P. LEVAUX 
President of the Council 
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History 

... The Organization shall provide for collaboration among European 
States in nuclear research of a pure scientific and fundamental 
character, anil in research essentially related thereto. The Organiza
tion shall have no concern with work for military requirements und 
the results of its experimental ami theoretical work shall be pub
lished... 

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

Article II — Purposes. 

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 he 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 organization was worked out, and 
between July and December 1953, the. Convention was signed by twelve States which 
established the European Organization for Nuclear Research. The founding States were 
Belgium, Denmark, France, the Federal Republic of Germany, Greece, Italy, the Nether
lands, Nonvay. 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 withdraw 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 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. 

<•) a proton synchrotronfor energies abovetengigaelectronvolts (I0'°eV); 
(ii) a synchro-cyclotron capable of accelerating protons up to, approximately, 600 

million elearonrolts (6* 10seV). 
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 
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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 programme of Europe. 

The decision by the Council to build intersecting storage rings associated with the 
Proton Synchrotron for 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 and St. Genis-Pouilly adjoining the existing site. On 27 January 1971 the 
first proton-proton collisions in the Intersecting Storage Rings were observed. A lively 
physics programme was immediately mounted at this machine which is unique in the 
world. _". ,' : 

Collaboration with non-member States'has been actively 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 arid technical programme at the 76 GeV proton 
synchrotron at the Serpukhov 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, recommended to Member States the 
acceptance of the necessary amendments and on 17 January 1971 the amended Conven
tion 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 experimental 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 Franee and 68 hectares in Switzerland is being 
leased to the Organization and building restrictions have been imposed on a further 
509 hectares in France and 63 hectares in Switzerland. 

The very large area involved and the open nature of the site—the accelerator is being 
built deep underground and only the few surface buildings will be 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 immediately after
wards 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 
Switzerland was signed oh 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 ofthat same year in the West Area. 
Since then the 300 GeV Programme has progressed according to schedule. All the under
ground work has been finished and at the end of 1975 the main magnet system was 
completed. 

In March 1975 the Council derided to reunite the two CERN Laboratories as from 
I January 1976. 
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Introduction 

by "W. Jentschke 

As 1 take my leave as Director-General after five years, I should like to review.some 
of the outstanding discoveries from these eventful years for high-energy physics, in which 
European physicists using this great Laboratory have played a leading role. CERN came 
of age this year, A novel form of international collaboration, it was created about 
21 years ago to investigate one of the oldest mysteries uf the physical world — the nature 
ofmatter. 

Having solved the secret of the atom, the basic component of the chemical elements 
which combine to give the physical world its essential character, we have turned in the 
second half of this century to probe the structure of thé particles, from which the atoms 
themselves are constructed. These'are the electron, the proton and the neutron. 

Along the path of discovery other particles have been found which do not themselves 
have a place in atoms. Three types of force determine the modes of interaction of the 
particles. The strong force is responsible for binding nucléons together to form nuclei. It 
is about 100 times stronger than the electromagnetic, force which is responsible for the 
behaviour of electric charges and thus ensures the existence of atoms and molecules. This 
force, in turn, is many orders of magnitude (101 1) more powerful than the weak force 
which is responsible for the emission of electrons from certain radioactive nuclei and for 
many other particle decay processes. The force of gravity plays an insignificant role in 
this world of sub-atomic particles. 

The representation of the characteristics of the three forces in mathematical form has 
been achieved with complete success for the electromagnetic force, with only partial 
success for the weak force and with no success in the case of the strong force. Tests of 
quantum electrodynamics (the quantized form of Maxwell's electromagnetic equations) 
have so far always confirmed the validity of this theory over a range from about a 
million kilometres down to IO"13 cm (i.e. a range of 26 powers often!). 

Experiments on the electromagnetic properties of leptons such as electrons and 
mnons indicate no effects due to finite size, or structure. They behave as "points". In this 
connection the experiment performed at CERN measuring the magnetic moment of the 
muon has reached a remarkable level of precision. The electron and muon do not "feel" 
the strong interaction; the neutrino, which also behaves like a point particle, feels only 
the weak interaction. 

The situation is quite different for the hadrons, those particles (baryons like the 
proton and mesons like the pion) which can interact through the strong force. They have 
a finite size and probably a complex internal structure. Whereas, so far, only four lepton 
states are known (plus their antiparticles) the number of hadron states certainly exceeds 
the 200 or more which we have so far identified. As Professor Weisskopf remarked in 
1965: "'There is no question that the existence of these states indicates an internal 
structure within the particles. A thorough study of these states is bound to lead towards 
a deeper understanding of this structure." CERN has played, and continues to play, a 
leading role in the important task of establishing the underlying pattern to this multitude 
of particle slates. Direct indications of size and structure have been obtained in a number 
of experiments, especially those in which the .'.'point-like" electron and neutrino have 
been used as tools to probe the inner constitution of the proton. 
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Experiments at CERN have, in these past five years, made fundamentally important 
contributions both to our present picture of the nucleon's composition and to our 
knowledge of the weak interaction (including the first experimental support for theories 
which might provide a unified theoretical framework for the weak and electromagnetic 
interaction). These results have been obtained at the Proton Synchrotron (PS) and at the 
Intersecting Storage Rings (1SR), amply justifying the wisdom and generosity of the 
Member States in providing these facilities at CERN for the use of their research 
physicis-

Proton size Two experiments at the ISR gave new information on the overall size of the proton as 
revealed in high-energy collisions of a type in which the protons interact "as a whole", or 
coherently, rather than in ways reflecting an internal structure. L 

One of the early discoveries at the ISR was that the total cross-section (measuring the 
probability that the two protons will interact), which had seemed to become constant at 
the highest energies previously accessible at the Serpukhov Laboratory, began to rise at 
still higher energies. This demonstrated that the overall effects of the strong interaction 

Figure I — The total cross-section, ii'ftirfi determines the probability 
that panicles «ill interact, os measured for a variety of Imuran inter
actions. It was fount! at the Serpukhor Laboratory that at hUjh energies 
the positive kaon-prolon. K 'p. cross-section began to rise with increasing 
eiwrijy q.'icr seeming constant. TIlis u-os dramatically demonstrated for 
the protan-prvlon. pp. interaction tit die eery high collision energies (up 
10 2600 CeVstationary target équivalent) arailable at the CERN ISR 
and then seen for several other hadron interactions to several hundred GeV 
at the Fermilah. 
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are still changing, albeit slowly, at energies up to 60 times greater than that associated 
with the proton mass. This rise of cross-sections at high energy was already observed for 
the positive kaon interaction with protons at Serpukhov, and has since been shown, at 
Fermilab, to be a feature common to other high-energy hadron collisions with the 
nucléon. 

Another characteristic of the proton-proton interaction which has been measured at 
the ISR is the probability ~f deflection at a given angle when two protons collide without 
producing new particle states (called elastic scattering). In this case, we observe a 
dependence of the probability on angle which is typical of the process of optical 
diffraction, with a sharp fall to, a low dip followed by a second maximum as the 
scattering angle increases. The position of the dip moves to smaller angles as the energy 
is increased. 

From these results, we can deduce that the proton is "seen" through the strong 
interaction as similar to a disc with a radius less than about ICH3 cm, which increases 
slowly with rising energy. Moreover it does not behave as a "black" disc;;two protons 
may sometimes pass through each other (like ghosts) without interacting. The overall size 
is similar to that inferred for the average: charge distribution from electron scattering 
experiments at the Stanford Linear Accelerator Center (SLAC). 

The finite size of the nucléon implies some form of internal structure and important 
clues as to the nature of this structure have been obtained from studies of the rich variety 
of hadron states (much as an inspection of a particular set of geometrical patterns might 
reveal the fact that they had been made up from a basic sub-set of Jhree-sided shapes 
rather than ones of four sides or more). I will discuss this approach and later describe the 
use of electrons and neutrinos as probes, before returning to the more complex phenome
na of high-energy proton-proton collisions. 

The search for order within the apparent chaos represented by the multitude of Hadron 
hadronic states was crowned with success by the work of Gell-Mann and Ne'eman in spectroscopy 
1961. They found that the observed hadron states can be grouped into sets, or families, and quarks 
each containing states with the same spin and parity (parity being a quantum mechanical 
concept related to the properties of a particle under a transformation equivalent to 
reflection in a mirror). The mesons form families containing one state (a singlet) or eight 
states (octet); the baryons occur in singlets, octets and decuplets (ten states). Within each 
family there is a precise relationship between the values for each state of electric charge 
and strangeness (an attribute which is conserved in strong interactions but not in weak 
decay processes) and well satisfied relationships also between the masses of the states in 
each family. A large programme of systematic studies has established that the observed 
states all belong to such families; although not all members of the known families have 
yet been recognized, it is significant that no states have been found which do not find a 
place in this restricted collection of singlets, octets or decuplets. 

We can cite a few recent examples of this research. At CERN and through the work 
of a European collaboration at Serpukhov, a new meson state of spin 4 has been found, 
tiaJiighest meson spin yet established. An excellent-example of the bubble chamber 
technique is provided by results from the CERN 2 m bubble chamber on the existence of 
a meson named 8~, a state which had been tentatively seen in several earlier experiments 
but can now be considered firmly established. It is possibly the first member of a long-
sought octet of zero spin and positive parity. The same 2 m bubble chamber experiment 
on the interactions of 4.2 GeV negative kaons in hydrogen in which about 3 million 
pictures have been taken, has also yielded new information on baryon states of strange
ness equal to -2. 



> > ' • u • f 

t i l l I 

? p. -Q 

h°c}-

? V - d 

p.—.q * \ » \ / \ 
Bi970J Â •§ * W 
a to*?) 

F igiirei — r/if fcnoirn inisoii! fa J ara/ fcurvom (hi fitting into the families predicted by 
the SU3 theory of Cell-Mann and Ne'eman. All the hadrons so far discovered fit into 
Mich families, those particles which were discovered or whose properties were established 
in experiments at CERN arc picked ont in colour. 

3/2" 1/2 Ö 7/2" 

1/21" leeeöööee 
3/2" 5/2" 1/2" 5/21" 1/2* 9 /2 + 1/2" 7/2" 

sra* 7/2* 11/21- 1/2" 

Tlie singlet, octet and dccuplet families can be readily understood by a very simple 
picture in which all hadrons are built up from just three types of "brick"; these have 
been given the name quarks. The three types are often labelled u for "up", d for "down" 
and s for "sideways" or strange. The quarks have a spin value of 'Ah (like the leptons) 
but their most unusual property is the possession of electric charge less_ than the 
electronic charge (hitherto believed to be the smallest unit of charge). In the quark model 
each meson contains a quark and an antiquark (for example the positive pion contains ud) 
while each baryon contains ihree quarks (for example, the proton contains uud). 

The elegant success of the quark model in accounting for the observed hadron states 
only needs the detection of free quarks to become one of the great breakthroughs in the 
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quest for ultimate components of matter. This last step Nature has stubbornly refused to 
yield, even at the highest energies so far available in the laboratory, in proton-proton 
collisions at the ISR. The reason may be that the mass of free quarks is too great. 
Alternatively, theories of "quark confinement" have been developed which deny the 
possibility of ever releasing individual quarks from their very strong bondage within the 
hadrons. 

I want to describe next some results obtained in tvT> quite different types of ex
periment which have proved to be very powerful methods of examining the internal 
structure of the nucléon. Both use beams of high-energy leptons whose point-like nature 
makes them very suitable probes. High energy is also required to overcome the limits set 
by Heisenberg^ uncertainty principle and so resolve fine details of the internal structure. 

In the first experiments the nucléon was bombarded with electrons accelerated to high 
energy in the two-mile-long linear accelerator at SLAC. These experiments, which began 
in 19' S, probe the small-scale features of the electric charge distribution within the 
nucléon through the electromagnetic interaction. In the other experiments the nucléon 
was bombarded with intense beams of neutrinos to explore the spatial characteristics of 
the nucleonic matter responding to the weak interaction. These experiments were per
formed first at CERN using the Gargamelle heavy liquid bubble chamber which came 

Leptons 
as probes 
of the 
nucléon 

Figure 4a — The linear increase of neutrino-nueleon tilul anwteutrino-
nuclenn interaction cross-sections with energy as seen at CERN in the 
Gargumelle bubble chamber and til Fcnnihib. These linear relationships 
support the concept of the nucléon containing point-like constituents. The 
ratio of the rm> cross-sections suggests that the constituents have a spin 
value of '.'z. 

Figure •ib — Estimates of the mean square charge of these point-like 
constituents can be made using data from elcctran-nmieon I SLAC) and 
netitrino-micleon (Gargumelle ami Fermilab) deep inelastic scattering 
experiments. These estimates are in Una with the quark model in which 
the quarks rarrv fractional electron charges ('A. '/i «»J -/ ij . 
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into operation in 1971. Some of the results have recently been confirmed at higher 
energies by electronic experiments at the Fermilab. 

The observations made in these two totally different approaches, taken together, 
provide an astonishingly detailed picture of the constitution of the nucléon. They can be 
interpreted in terms of a model in which the nucleon's response to both the weak and 
the electromagnetic interaction is located on point-like grains within the nucléon, of size 
less than 3/100 of the nucléon diameter. Moreover, the grains have the properties 
expected of quarks — spin Vx and fractional charges(%, 'A and 'A). Although subject to 
larger uncertainty, the neutrino results also indicate the presence of just three quarks in 
the nucléon, with small probability of there being any additional quark-antiquark pairs. 

One unexpected result, however, is the observation that only about half of the 
nucléon energy is carriedby the quark constituents. This has led to the speculation that 
the other half is carried by other components which participate in neither the weak nor 
the electromagnetic interactions. They have been termed "gluons"' and it is supposed that 
they are "carriers" of the very strong force which binds the quarks.so tightly within the 
nucléon that they cannot be freed. 

Structure We have seen a remarkable consistency between the picture of nucléon structure 
revealed by obtained, on the one hand, from the systematics of hadron states, indicating'three quarks 
high-energy as basic "building blocks", and, on the other hand, from the high-energy scattering-of 

pp collisions electrons and neutrinos which seems to occur on point-like constituents whose charac
teristics agree very well with those expected for quarks. 

If the picture is correct, we expect that high-energy collisions between protons will 
also reveal some aspects of this granular structure. However the extreme complexity of 
the strong interaction, which dominates the behaviour of two nucléon systems, and the 
finite range over which it extends (comparable with the nucléon size) do not allow 

p+p-*n^+ anything 

• \T=23.5 GeV 
30.6 
44.8 
52.7 
62.4 

Figure S — The émission of naîtrai pions m a large 
angle to the line. of flight of the colliding protons in 
the 1SR {high transverse momentum particle). This 
[iltmanteiiim has been measured at various collision 
energies and has been found to occur 10000 times more 
frequently than was anticipated. 
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interpretations of these processes of a quality and detail anything like that which is 
possible for lepton scattering. We must be content, so far, with a much more crude and 
limited view. 

The violent encounters in which high-momentum transfers occur may reveal the 
secrets of internal structure. ISR experiments rewarded physicists with the surprise 
discovery that collisions leading to the emission of particles of high transverse momen
tum, although very rare, occur nevertheless about 10000 times more frequently than „was 
expected. In these events particles are emitted sideways with high momentum, that is at a 
large angle to the line of flight of the colliding protons, in a manner reminiscent of the 
large-angle scattering observed by Rutherford early this century when he bombarded 
atoms with alpha particles. Just as Rutherford's observations led him to discover that the 
mass of the atom was concentrated in a very small nucleus about 10000 times smaller 
than the whole atom; so the presently favoured interpretation of the ISR results is that 
we are again seeing evidence for the existence of small-scale structure within the proton, 
this time via the strong interaction. In this picture the high transverse momentum 
particles are emitted on the rare occasions when a point-like constituent (called a parton) 
of one proton encounters one in the other proton. 

Figure 6 — Dilta Irani an r.xperiincnl usiiuf the Split-Field Magnet dclcaiim system at 
the ISR indicate "jet structure" ill collisions where a high transverse momentum neutral 
pinn emeracs. The parameter Y. called "rapiiH'y". « a measure of correlations in anale and 
momentum. 
mi Juras a elmterint) in rapidity (u.-riimJ the J"=0 ralite) Jar panicles emitted on the 
^ime vde a>> the IT": an ITCTI distribution is indicated by the dashed line: 
h ) show, a simitar clustering arauml the highest momentum particle for particles emitted 

mi the apposite side to the n°. 
In addition particles are found to be emitted close to the plane containiinj the incident 
priitons and the n°. All three of these features are expected if jets are formed. 
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Since these first observations, the study of such processes has been vigorously 
pursued at the ISR and at Fermilab. Although much remains to be learned, a lot of 
evidence supporting this explanation has been obtained. The parton-parton collision 
process is expected to give rise to two rather well defined clusters of particles, or jets, and 
an experiment yielding results which appear to confirm these expectations has recently 
been performed using the Split-Field Magnet at the ISR. 

The studies so far made of the jet structure are unable to convey much information 
on the actual nature of the partons. Future experiments will surely give some clues, 
especially those which study correlations betweei. the identity of the emitted particles. 
However, it seems reasonable to identify them with the quark-like constituents revealed 
by the high momentum transfer lepton scattering experiments. A comparison of the 
characteristics of hadron emission (at high transverse momentum) in the three different 
processes: p + p (ISR), e+p (SLAC) and e+e~ annihilation (SPEAR) supports this 
conjecture. Jet structure has been established at SPEAR in the annihilation of electron 
and positron to hadrons when the total hadron momentum has values comparable to 
those for the particles observed in high transverse momentum processes at the ISR.-

To summarize, experiments at the ISR have discovered strong interaction processes 
which could be caused by the collision of point-like constituents within the proton. It is 
tempting to speculate that these could be the quarks which were invoked as the "building 
bricks" of hadron spectroscopy and which also present the simplest explanation to date 
of many details of lepton-nucleon scattering. 

riaarc 7 — Schematic representation ot the jels arising in three types of particle inter
action. Similar features are found in cvperimeiits studying jet formation in all three 
processes, leading 10 the suggestion, ihul llu* comjîinn n]t?c/iiinisi» is an tiltL'rui'nuu with the 
portons or quarks. 
uii Electron-positron collisions in the SPEAR storage ring tit SLAC with the possible 
intermediate formation of a guark-antiquark pair. 
i h ' Electron-proton •icancrimj at SLAC where the electron may scaner from un iiii/iritfiKif 
gitark. 
' c, Proton-proton collisions in the CERX f5R where the scattering ntay centre on a 
auark in each panicle. 
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Figure iS — Prolan-prolan scattering invoicing the émission oj' 
particles from two processes — fragmentallait and emission from the 
central region. 
I a ) The eulliding protons seen as each containing three quarks. 
I It I Two excited nucléons emerge from the collision region leaving 
an excited 'glue scraped off behind them. 
(c) The nucléons dc-excite giving off mesons (fragmentation) and 
the glue disperses again gieing mesons (central region emission). 
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Before leaving the realm of high-energy proton-proton collisions at the ISR, I should 
like to show how some of these ideas could provide an explanation of the more typical 
events. In a typical collision, two sources seem to contribute to the creation of an average 
of about eighteen particles (mainly pions). These processes are fragmentation of the 
protons, resulting in the emission of a cluster of pions accompanying one or both of the 
emerging nucléons, and the emission of other clusters of pions in more or less random 

• directions from the central region of the collision. 
In a very simplified fashion, we might assume that the quarks of each incident proton 

fly through ihe interaction volume, carrying (as indicated by the lepton scattering 
experiments) about half the initial nucléon energy, and then "hear to form the outgoing 
nucléons, usually in an excited state, which then fragment, boiling oflf one or more pion 
clusters. Left behind, in the central region of the collision is a cloud of gluons which has 
been scraped ofTthe passing nucléons; the cloud breaks up into clusters decaying into the 
pions which are detected as emerging from the central region. This picture also carries 
the possible explanations of two characteristic features of such collisions — the outgoing 
nucléons have typically about half the initial proton energy and the total charge of the 
pion clusters centrally emitted is usually zero (as one would expect if their source was the 
gluon cloud since gluons have no electromagnetic interaction and hence no electric 
charge). 

Multiple 
production 
of particles 
in high-energy 
collisions 

I will now turn to another major discovery made at CERN which has profound 
significance for our understanding of the basic forces in Nature, giving hope for a 
unification of the weak and electromagnetic interactions. At first sight this discovery does 
not seem to be related to hadron structure but, in fact, its ramifications may link with the 
observation of new particle states with surprising properties. In their turn, the new states 
give experimental support to theoretical ideas which seek to establish a relationship 
between the quarks and the leptons. 

The weak interaction was believed to have only the "charged current" form: a 
neutrino of the muon type (which carries no electric charge) would always change into a 
charged muon when interacting with matter. An experiment in Gargamelle has found 
neutrino interactions where no muon is created and the neutrino is presumed to leave the 
interaction unchanged. This form of interaction is called the "neutral current" weak 
interaction and its existence has been confirmed by experiments at Fermilab, Brookhaven 
and Araonne. 

The neutral 
current form 
of the weak 
interaction 
and charm 

Figure 9 — The scattering of im anti-
neutrino an an electron in the Gargamelle~ 
bubble cluimber. The anlincvlrino enleritu] 
from the right interacts with the electron and 
knacks it out of its atom to aire the typical 
electron track which seeins to start by itself. 
This is one of three such erems recorded in -
the chamber iv/iir/i are eridence for the 
neutral current type of weak interaction. 



Two diffèrent processes due to neutral currents have been observed in Gargamelle. In 
the first, a neutrino is scattered by an electron. Three examples of this process have so far 
been round and the probability that these three events are due to a different mechanism 
is less than 1%. In the second process, the neutrino creates hadrons in its interaction 
with a nucléon, again without the production of a muon. 

The discovery is of profound significance. It immediately opened the door for 
theories which offer the prospect of a unification of the weak and the electromagnetic 
interactions but which awaited evidence for such a form of the weak interaction. 
However, with the discovery another puzzle arose. Why are neutral kaons not observed 
to decay into two leptons via the neutral current form of weak interactions? -' ", _ 

A' possible explanation was found by reviving an earlier version of the quark model in 
which it had been argued on symmetry grounds that there could exist a fourth "flavour" 
of quark, distinguished from the other three by the label "charm" (c). Until the discovery 
of neutral currents there was no obvious need for charmed quarks but now it could play 
a role, in partnership with the s-quark, in "cancelling-out" neutral kaqn decays to two 
leptons. 

The introduction of a fourth quark, an additional building block for hadrons, should 
lead to new families of hadrons and it was formerly the main objection to the idea of 
charm that such particles had not been observed. The situation now seems to have 
changed radically. 

Recent High-mass stable particles 
discoveries 

At the beginning of November 1974, news came from Bropkhaven and SLAC of the 
discovery of a new particle. At Brookhaven the new particle was produced by 28 GeV 
protons hitting a beryllium target and was seen by its decay into an electron and a 
positron. Its mass was determined to be 3.1 GeV. At SLAC the same particle was found 
by the inverse process on the SPEAR storage ring — electron and positron annihilation at 
a total energy of 3.1 GeV to form hadrons. Within a short time, the particle was also 
observed at the Adone storage ring at Frascati and at the DORIS storage ring at DESY. 
A second similar particle with a mass of 3.7 GeV was found soon after at SPEAR and then 
at DORIS. 

One of the outstanding properties of these new particles is their lifetime which, at 
about 10- 2 0 s, is about 1000 times longer than would be typical for hadronic states of 
3 GeV mass. Several explanations were proposed and one of them connected the new 
particles with the existence of a charmed quark, c, such as was introduced to cancel 
strangeness-changing neutral currents. It is thought that the new particles are bound 
states of a charmed quark and a charmed antiquark (mesons with hidden charm). If we 
assume that the charmed quark is relatively heavy, then the long particle lifetimes find a 
possible explanation. 

The quark-antiquark state of a meson is a system similar to the electron-proton 
system in the hydrogen atom. In this analogy, a large number of possible energy levels is 
expected for charmonium, as cc states are called in general. Between these various levels 
transitions are possible (again in complete analogy with the hydrogen atom), when the 
proper quantum mechanical selection rules are observed. At the Conference on Lepton 
and Photon Interactions, held at SLAC in August 1975, the list of observed charmonium 
states had grown to seven, all fitting well into the predicted charmonium level scheme. 

It seems that the predictions of the charm model are verified one after the other with 
the exception so far of its most direct proof, namely the identification of particles 
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Figure 11 — The direct production of single leptons as seen 
emerging with transverse momentum between 1.5 GeV to 4 GcV 
from proton-proton collisions at the ISR. Tile ratio of electron 
ta pion production seems to be constant at about W~4 over a 
w'ult' ratine of energies. The origin of the phenomenon is- not 
known. 

carrying charm (that is, composed of normal quarks plus a single charmed quark). The 
search is intensive and many other quite new and unexpected effects have been observed 
but it is not yet certain that they are related to charm. Some of these new processes 
concern diiect production of leptons. 

New lepton production processes 

Four discoveries concerning the production of leptons have recently been made. 
Explanations of these new processes are not yet established but they are surely of great 
importance. They may be related to chann or to the existence of a new form of lepton 
heavier than the muon or to some other as yet unpredicted phenomenon. 

The first concerns the direct production of electrons and muons in proton-proton 
collisions. At the ISR, the direct production of single electrons in proton collisions has 
been seen. A remarkable feature is that over most of the range of transverse momentum 
and up to quite high values, the ratio of electron to pion production appears to be 
constant at about 10-1. Experiments at the Fermilab have also observed the direct 
production of electrons and muons with the same yield relative to hadrons. As yet little is 
known about other characteristics of these interactions. 

The second concerns di-muon events. A neutrino experiment at Fermilab has detect
ed the existence of neutrino-induced events in which two muons emerge rather than one. 
It is believed that one of the muons may be a decay product of a new and short-lived 
particle stale — perhaps a charmed hadron or heavy lepton. Again, little is known 
beyond the fact of the existence of such events. 
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Figure i2 — An event seen in the Garaamelle bubble chamber 
which is a slrmuj candidate for the production of it charmed 
particle. The existence i.fti iniion (\i~) a positron (e*) anil a 
strange panicle (producing the characteristic V tracks ) is an 
expected signature for e charmed nariicle. 

The third concerns di-lepton events seen in bubble chambers. A very interesting event 
was found in a neutrino experiment in the Gargamelle bubble chamber. It has since been 
confirmed by two further events in Gargamelle and by events in a Fermilab neutrino 
experiment in the 15 foot bubble chamber. In all these events a positron is emitted 
accompanied by a particle (lambda hyperon or neutral kaon) carrying one unit of 
strangeness. The particular interest of these events lies both in the emission of two 
leptons and the presence of a particle carrying strangeness. They have thus the charac
teristics expected of charmed hadron production by neutrinos through the process: 

v„ + N-+u,~ + C + + hadrons; 

followed by a fast decay of the charmed hadron, C: 

C + - e + + V ° + vc 

where V° is a strange particle (lambda or neutral kaon, depending on whether C is a 
baryon or a meson). In this sequence both the presence of a positron (rather than an 
electron) and of a strange particle are the expected "signature" for a charmed particle 
semileptonic decay. 

The fourth concerns di-lepton events seen at SPEAR. The direct production of 
electron-muon pairs has also been observed in electron-positron annihilations on the 
SPEAR storage ring at SLAC. This process seems to have a threshold just below 4 GeV 
and is consistent with production of charmed-anticharmed particle pairs of mass about 
2 GeV. It may also be indicative of the existence of new heavy leptons. 

Great strides have been made in recent years in the study of the nature of matter 
and CERN has led the way with several essential discoveries. Perhaps the ultimate 
"elementary particles" of Nature are now coming into view — four leptons and four 
quarks. 

Shall we find more such states? After all, only two pairs (e. v,. and u, d) are needed to 
account for the physical world. We may have to assign a further attribute (given the 
name "colour") to the quarks in order to explain all aspects of their behaviour. Perhaps 
we shall eventually find an even deeper layer of structure, within the leptons and quarks. 
Great excitement exists in particle physics tod.-.y and I assure you that great discoveries, 
and surprises, are in store for those who pursue further this quest for knowledge. 



Figure IS — An experiment, originally 
designed for a precision measurement of 
charge-purity violating effects in neutral kaon 
decays, has been taking data for three and a 
half years on many ilifllieiH interactions. 
Usina the powerful technique of large multi-
wire proportionul chambers in a matptetic 
spectrometer, around 5 x Wv events have been 
recorded and analysed giving a substantial im
provement in the precision of our knowledge of 
I'II" puzzlimj pfii'iionn'itii of ÇP violation. The 
figure shows the charge asymmetry of decays 
as a function of the decay time. At short times 
the interference effects between the Ks und 
Kî. components of the beam are prominent, at 
later times the charge asymmetry of the Kt 
decay is observed. Other important results 
from this experiment were a precise determina
tion of the decay width of the shart-lircd kaon 
and the lambda, the first measurement of the 
mean stpiare radius of the neutral liions, ifci' 
lifetime of the neutral sigma and the first 
obserrations of its rtulhitivc decays. 
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Many other important experiments have been performed during .'ie past five years at 
CERN and I now review some fields of physics where physicists using the CERN 
facilities have made leading contributions. 

In the field of weak interactions there has been some very precise work on the decays 
of the neutral kaon which has established the best values to date of the charge-parity 
violation parameters. The violation of time symmetry was established. The puzzle of the 
origin of these symmetry violations remains and the data are in agreement with the 
concept of the super-weak force. 

Another refined experiment on kaon decay concerned measurements on the decay of 
the positive kaon into a positron and a neutrino. The branching ratio compared to the 
decay into a positive muon and a neutrino is in agreement with the prediction of theory. 

In the field of electromagnetic interactions, the determination of the anomalous 
magnetic moment of the muon has long been a "forte" at CERN. It is one of the most 
refined tests of the theory of quantum electrodynamics (QED) and the most recent 

CERN 
contributions 
to other fields 
of physics 

Figure M — The g — 2 experiment is designed 
to measure the anomalous g-factor of the nmon 
to a precision of the order of 10 ppm {parts 
per million ) by watching the decay of polarized 
nntons in a 14 m diameter storage ring. The 
rotating muan spin modulates the counting rate 
of the electrons which emerge. The dato shown 
giro a precision of 23 ppm and during 1975. 
this has been improved to 15 ppm which is in 
agreement with i/iialirum electrodynamics up to 
the sixth order in the electric charge and with 
the hadron racuum polarization contribution 
predicted to he at the level of 7 3 + 1 0 ppm. 
This is the first time that the hadronic vacuum 
polarization has been measured. 
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experiment at CERN has carried the measurement of "g-2" to the point where it has 
been shown to be in agreement with QED to the sixth order in e. At this level the strong 
interaction (the hadronic vacuum polarization) begins to affect the measurement to the 
extent of 73 ± 10 parts per million. This is the first time the hadronic vacuum polarization 
has ever been measured. 

Another measurement in the field of QED is that of the energy difference between the 
2P 3/i and the 2S % levels in helium ions where a nmon is in orbit around the nucleus. 
Assuming QED to be valid, this experiment has provided the best measurement of the 
charge radius of the helium nucleus. 

Twenty-five events of proton-antiptoton annihilation into electron and positron have 
been observed. They indicate that the branching ratio of this interaction compared to all 
proton-antiproton interactions is 5 * 10~7. This gives a value for the proton form factor in 
the timclike region. 

The field of nuclear physics .is investigated predominantly at the 600 MeV Synchro
cyclotron. Here the ISOLDE on-line,isotope separator has been contributing new infor
mation on nuclei far from the region of stability. A sudden decrease in radius in neutron-
deficient mercury isotopes has been seen to occur at the atomic number (A) of 186. It 
looks as if there is a new region of deformed nuclei for A less than 186.-

Delayed particle emission from unstable nuclei has also been seen at ISOLDE for the 
first time. All five of the known examples of beta-delayed alpha emission were found at 
CERN and ten bcta-dclaycd proton emitters have also been found. 

Experiments with muonic atoms were mentioned above. Other studies of "exotic" 
atoms have involved pionic, kaonic, antiprotonic and sigmic atoms. A wealth of infor
mation has been drawn from the results, including precision measurements of the mass 
of the antiproton and the negative kaon and values for the magnetic moment of the 
antiproton and the sigma minus. 

Another variety of nuclear spectroscopy has been the study of nuclei where a lambda 
particle has replaced a neutron in the nucleus, creating a hypcrnucleus. This has revealed 
for the first time "strangeness analog states" when looking at the interaction between the 
negative kaon and such a hypernucleus. 

Preparations Soon after the approval of the 300 GeV Programme by Council in 1971, an intense 
(or SPS activity was .started by physicists at CERN and in all the Member States to prepare for 

experiments exploitation of the machine. In 1972-1973 the SPS Committee started its work to prepare 
the physics programme and by the end of 1975, 15 counter experiments have been 
approved — 10 For the West Experimental Area and 5 for the North Experimental Area. 
Other proposals are being discussed. 

In the West Area there will be separated and unsepafated hadron beams from three 
extei nal targets which will be bombarded by 200 GeV protons. Special facilities will be : a 
tagged photon beam, a charged hyperon beam and a high-quality, widc-band/narrow-
band neutrino beam (produced by 400 GeV protons). The neutrino beam can be used by 
the two bubble chambers, BEBC and Gargamellc, and by counter neutrino experiments 
mounted in a building behind BEBC. Great care, has been taken in the design of the 
neutrino beam to guarantee high intensity and a low background from decay muons. As 
a result, it should be possible to accumulate neutrino events about ten times faster in 
BEBC than at present in the 15 foot bubble chamber at Fermilab. The construction, of 
equipment for these experiments is well advanced and most of them will be able to start 
taking data when the first particles enter the West Area at the end of 1976. 



future /:> - fc.xpcrinictirs planned for the West Area of the SPS: 

W'AI llitih-cncray ncutrinit interactions 
II'.-]- Leptonie decoys ofliypemir* 
IV\ (.•> Quasi l\vo-bndv hadron reacliinn 
WA4 Photonroduction ofhatlrons 
ÏV.-15 liacktvard Hvo-hody and tjliasi two-body reactions 

I1V16 Polari-ttlion in np and pp elastic scattering ut large pT 

WA7 Exclusive luulronic processes at lurac pr 

1V.4W Rare mesons produced in Kp interactions 
II'.'19 High precision study of Ref/imfin pp clastic mitterinu 
WAIÖ Quasi two-body reactions in Kp interactions 

Experimentation in the North Area will start about 12 to 18 months after the West 
Area comes into operation. The experimental halls EHN1 and EHN2 arc under construc
tion. In EHN2, two experiments will be set .up to investigate interactions of muons with 
hadrons up to the highest attainable energies. A very high quality muon beam with a 
design intensity some orders of magnitude higher than the intensity of the existing muon 
beam at Fcrmilab is being built for this purpose. The experimental hall EHN1 will 
initially have four hadron beams (one of them can be converted into an electron beam). 
The thr:e experiments already approved for this hall aim to investigate strong interaction 
phenomena. Equipment construction for these experiments also has begun. 

As well as providing the supporting facilities, including particle beams, CERN is 
providing a considerable part of the equipment, special magnets and detectors, needed 
for thei.'. experiments. Up to now about 90 million Swiss francs from the CERN budget 
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have been spent on the 15 approved experiments. A big effort is also being made to 
provide the computer support which is essential to meet the needs of these big ex
periments. I am sure that all these investments will return a wealth of new results in one 
or two years. We seem to be at a threshold of a better understanding of our physical 
world and physics at the SPS will begin at an exciting moment when many discoveries 
seem to be at hand. 

Theoretical In parallel'with the experimental physics, the work done in the Theoretical Studies 
physics Division at CERN is of world standing. Important contributions have been made to our 

understanding of the phenomena observed in the experiments and to the broad concepts 
of how Nature behaves. 

Among the original ideas, one of the most outstanding is the dual theory which has 
been developed with great success to explain the hadron interactions andThas recently 
been extended to explain quark characteristics in terms of relativistic strings. Another 
highlight is the introduction of supersymmetric field theories which hint at new unexpect
ed connections between bosons and fermions. The possibility of the existence of a 
monopole in the framework of non-Abelian gauge field theories has created great interest 
eve; ywhere. 

^n example of theoretical success is the completion of the sixth-order evaluation of 
radiative corrections, which is in perfect agreement with the latest very precise measure
ment of the anomalous magnetic moment of the muon. Other important work directly 
connected with experimental findings concerns the interpretation of power levels in large 
p events in terms of elementary hadron constituents. 

The idea of an additional particle property and an additional type of quark (such as 
that now associated with the name "charm') was introduced originally at CERN in 1964 
(as weh as by Glashow and Bjorken). It has since become very topical with the discovery 
of a new family of particles. The Theoretical Studies Division is enthusiastically partici
pating in the genera! excitement following these recent developments. 

Technical A large number of great successes in the field of technology have been achieved here 
developments at CERN over the past five years. The most outstanding was the extremely successful 

start up of the ISR at the beginning of the year 1971, four months ahead of schedule. 
The improvement programme at the PS (including a new RF system and a new type of 
injector, the Booster! and the reconstruction of the 600 MeV Synchro-cyclotron were 
completed with outstanding success. Two huge bubble chambers (Gargamelle and 
BEBC) came into operation, with Gargainelle rewarding us very quickly with the 
sensational discovery of neutral currents. Two oiher big facilities (the Split-Field Magnet 
at the ISR and the Omega spectrometer at the PS) were completed and used very 
efficiently in physics experiments. The 2 m hydrogen bubble chamber celebrated its tenth 
anniversary in 1974, taking more pictures per year than ever before. 

A number of interesting new detectors have been developed, such as drift chambers 
(which have become very important because of their high precision and relatively high 
data-taking rates) and a new type of Cerenkov counter (which will be necessary to 



identify efficiently particles in the high-energy beam lines at the SPS). CERN has 
maintained its leading position in building polarized targets — new developments were 
the frozen spin polarized target and a polarized neutron target. A meeting on "Technol
og}- Arising from High-Energy Physics" held at CERN in April 1974 brought all this 
vork into the limelight and met a very positive response from European industry. 

1 can briefly list some of the more important technical achievements of recent years in 
the domains of accelerators, main detectors and special instrumentation: 

The ISR have achieved luminosities of 2.1 * 10" per cm2 per s which is five times the 
design luminosity. Up to 4x I0 3 ' per cm2 per s has been reached in a low-beta insertion. 
Currents in the rings have reached 34.5 A. The average vacuum is 7 xlO-'2 torr, with the 
best value at one point of 4 * 10"13 torr. Beam lifetimes of about 40 hours are quite 
regular and beam decay is mainly due to the desired beam-beam interactions. Accelera
tion to 31.5 GeV is possible while still retaining adequate luminosity. 

The improved PS had yielded up to 8 * 1012 protons per pulse for neutrino ex
periments and 10" protons per pulse has been exceeded Tor some periods. The time that 
the machine is out of action owing to faults is only 5%. In readiness for the role of the 
PS as injector for the SPS, ihe continuous transfer system has been tested and has yielded 
7 x 1012 ppp at 10 GeV operating with an efficiency of 90%. 

The improved Synchro-cyclotron has accelerated internal beam currents of over 4 uA 
and achieved extraction efficiencies of about 75% which has never been reached at other 
similar machines. The time available for physics is increasing rapidly — 488 hours in the 
first half of 1975 increased to 1402 hours in the second half. 

Fit/lire 17 The imreüse in the reaml lumimniiy in the ISR from I'I7I In /'J75 «•• 
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The 3.7 m European bubble chamber, BEBÇ, has given a field of 36 tesla with its 
superconducting magnet. Nearly a million pictures have been taken and an accuracy of 
200 to 300 urn for a point measurement is achieved, resulting in the most accurate 
momentum measurements so far reached in a bubble chamber. Almost 4 million pictures 
have been taken in the Gargamelle heavy liquid bubble chamber. Most of them have 
been taken with neutrino or antineutrino beams and propane or freon fillings. They have 
yielded the discovery öf neutral currents and the charm particle candidates. : 

The Omega spectrometer also has a superconducting magnet which is operating well. 
Ten experiments have been completed and the spectrometer is now being converted for 
use with beams from the SPS. The Split-Field Magnet at the LSR. has been used for 
twelve experiments. It has a detection system of multiwire proportional chambers involv
ing 75 000 wires. 

Multiwire proportional chambers are one of the most important developments in 
detection techniques at CERN. Their use has now spread throughout the world and the 
first large-scale application was in the CERN experiment on charge-parity violation 
mentioned above. Even better spatial resolution (about 100 urn) is achieved: from a 
further product of the CERN work known as the drift chamber, which also has the 
advantage of lower cost for the associated electronics. Very high counting rates with 
good resolution (about 300 urn) are being pursued with detectors known as scintillating 
driA chambers. 

Transition radiation detectors have been shown to distinguish efficiently between 
electrons and pions at very high energies. They are in use at the-ISR, as are liquid 
argon/steel plate calo ïmeters which give good energy resolution with the possibility of 
reasonable spatial résolution and they have simple calibration. Other particle identifica
tion instruments are DISC Cerenkov counters which have been developed to operate on 
beams at SPS energies. 
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Figure 18 — An example of the application of 
drift dmmbers outside high-energy physics is 
in nuclear scattering radioscopy. Protons with 
energies in the 500 to 1000 Me V range can be 
used to obtain directly, wish only one exposure, 
a t hree-dimensiana} reconstruction of un 
object. The nuclear scattering of the protons 
'mside the object is measured by the drift 
chambers with a passible resolution of about 
J mnr — a mucli higher sensitivity than 
X-radhijraphy. Additional information on 
relative chemical concentrations inside the 
object can be obtained and the radiation doses 
invoked are compatible with human tolerances. 
The figure shows a 2 mm thick cross-section of 
an incubated egg set perpendicular to the 
prolan beam. 
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Polarized targets are another CERN speciality and further advances have been made 
in collaboration with the University of Helsinki. Very low temperatures (50 millidegrces) 
have been achieved. Proton targets usable in large-aperture magnets have been built 
which give about 90% polarization with a decay of polarization less than 1% after 
30 hours of operation. Polarized neutron targets have also been developed. 

Instruments for measuring bubble chamber film include the spiral reader which has 
recently been retired from service, after having measured more than 1 million pictures. A 
new high-speed, semi-automatic scanning and measuring device, ERASME, will handle 
pictures from the BEBÇ bubble chamber. 1 

The large volume of data emerging from the experiments requires correspondingly 
large computing facilities. The CERN computing-centre is operating a CDC 7600 
computer, and over two hundred other computers arc in use on the site, including a 
powerful system linked to the Omega and Split-Field Magnet detection systems. Links 
between computers and experiments are working in' the FOCUS system and there is also 
an external data link operating to the Rutherford Laboratory. 

Relationships with non-Member States have continued to develop. Many scientists 
from the USA participate in the CERN research programme, particularly in experiments 
at the ISR, and European scientists participate in experiments at American laboratories. 
Close contacts with the Dubna Joint Institute for Nuclear Research and'with Soviet 
laboratories are maintained, in particular with the Institute for High-Energy Physics at 
Serpukhov. 

The collaboration with Serpukhov has involved the construction by CERN of a fast 
ejection system and a particle separator for use with the S'.rpukhov 76 GeV proton 
synchrotron. Five experiments by groups from the Soviet Union, the CERN Member 
States and CERN itself have been carried out at Serpukhov with great success. In July 
1975, the Agreement "with Serpukhov was extended to accommodate further collabora
tion between CERN and institutes of the USSR State Committee for.the Utilization of 
Atomic Energy and of the USSR Academy of Sciences, formalizing the participation of 
groups from the Soviet Union in SPS experiments. 

In 1973, a delegation of physicists from the People's Republic of China visited CERN 
and in September 1974 a CERN delegation paid a return visit to China. The CERN 
delegation was deeply impressed by the well informed discussions on recent experimental 
results and current theories in elementary particle physics and by the high standards 
reached in instrumentation. A number of discussions on the development of scientific 
contacts were held which may result in an extension of exchanges of information and 
physicists between China and CERN. 

Collaboration 
with other 
countries 

One way of showing the development of CERN during recent years is to study the Demographic 
statistics on the number of experiments in preparation or on the floor, the number of development 
CERN staiîin post, the number of visiting scientists (which represent by far the majority of CERN 
of experimental physicists) and the budget figures. 

The number of experiments increased when the ISR started operating and then stayed 
constant for a while. In 1975 the number of ISR and PS experiments began to decrease 
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Ficure 19 — The number of experiments on the flout ami in prepara
tion during the years 1970 to 1975. In 1975 the numbers on the floor 
tor tlw CERX machines were — Synci'ra-cyclotrmi 7. Proton 
Synchrotron 1" t hiali-encray physics 14. nuclear structure 31. Inler-
seeling Storage Kinas 12. 

FELLOWS AND 
ASSOCIATES 

1971 ESTIMATE PAID BY CERN 

CERN STAFF 
(EXPERIMENTAL 
PHYSICISTS! 

1970 1972 

Fiaure 20 — The number of scientists, reckoned in "man-years" 
drawing their research material from CERN during the years 1966-
1975. The number on the permanent CERN staff has remained 
constant imd small while the total has risen by almost a factor of three. 

as effort turned to the preparation of SPS experiments. Although the number of ex
periments seems to stay roughly constant, the effort increases because of the much bigger 
scale of the SPS experiments. The number of people on the CERN payroll has increased 
very little from 1970 onwards and is now decreasing but the number of visiting scientists 
has grown by a factor of two. Of the experimental research staff on the CERN payroll 
(which has averaged between 75 and 90 physicists) about half are permanent staff and 
the other half slay at CERN for periods of between three and six years. This latter 
category plays a particularly important role in.the European physics community since 
most of them come from and return to institutes in the Member States and thus help to 
ensure a close collaboration between CERN and its Member States. -

After a period of rising budgets needed for (i) ISR construction, CD the improvement 
programme and (iii) construction of big detectors, we are now entering a period of 
decreasing budgets where only the preparation of SPS experiments shows some expan
sion. 

I began with a review or recent progress in this fundamental field of research. 
Discoveries have followed one other with great rapidity and I expect this to continue. As 
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Figure 21 — The inulgels for the Basic and ISR 
Programmes tit CERN during the years 1966 to 1915. 
Only the proportion allocated to preparing for experi
ments at the SPS fiiis grown in recent years. 

BASIC AND ISR 
PROGRAMMES 

always there will be a mixture of systematic gathering of data, leading to a gradual 
sharpening of our picture of Nature, and occasional single observations revealing unex
pected new landscapes of knowledge. In any event, I am sure the physicists of Europe 
will continue to play a leading role because in Europe we are well placed — the ISR 
remains a unique instrument, the SPS will operate in a year's time ard the high-energy 
electron-positron storage ring, PETRA, at the DESY Laboratory will be in operation 
before the end of the decade. 

CERN was founded in order that European States could share the expense of 
providing the major tools required for this field of research and so that the physicists 
from their universities could collaborate in the search for new knowledge of the physical 
world. It has been a great source of satisfaction for me to see how very successful this 
enterprise has been. The scientific achievements reflect the excellent work of the staff of 
many nationalities at CERN and the cooperation between the groups from the Member 
States.-The spirit of the-Laboratory and among its users is excellent and is a great 
testimony to the wisdom of our founders. 

We must do more than congratulate ourselves on trie past; we must consider the 
future. Whether Europe is to continue to participate m the culture of this century — 
the advance of scientific knowledge —will depend upon plans laid in the next few years. It 
is here that I feel some concern for the future. I am deeply convinced, especially as we pass 
through times of economic difficulty, that we must not loose sight of long-term objectives 
and of the need to maintain a lively activity in the basic sciences. I also believe that we 
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must follow the lesson of CERN's successes and base our future plans on international 
collaboration, certainly within Europe or, perhaps, if conditions eventually permit, 
within a wider framework. 

It has been a great honour for me to be Director-General of this Laboratory for the 
past five years. 1 wish to thank all those whose efforts ensured that the research could be 
done and thus sustained the renown of CERN. They fully share all credit for the 
achievements. I should also like to express my regard for the Staff Association and its 
responsible and wise leadership. - . . ' . . . • • '" 

~ And, finally, I shouiù like to thank" the representatives of our Member States who 
have participated in the work of the CERN Council and its Committees. Their under
standing of our problems, their encouragement and their basic faith in the worth of this 
great European Organization has been of invaluable support during my years as 
Director-General. ' ' ' 

Director-General 
CERN Laboratory I 





Physics I Department 

Nuclear Physics Division (NP) 
Synchro-cyclotron Machine Division (MSC) 

During 1975 the activities of the Physics I Department were concentrated mainly in 
the following three fields: 

the setting-up of the experimental programme at the improved Synchro-cyclotron 
(SC2); 
full exploitation of the Intersecting Storage Rings and Proton Synchrotron accelerators; 
preparation of the first experiments at the Super Proton Synchrotron. 
The first two subjects are dealt with in full in the following pages and the third 

subject, the experimental programme using electronic techniques at the SPS, as accepted 
by the Nuclear Physics Research Committee, is summed up in the list of approved 
experiments at the SPS to be found at the end of the Nuclear Physics Division report 

The first ten experiments, which will be set up in the West Area, are planned to start 
in the autumn of 1976. In the majority of cases preparation is well advanced. Physicists 
from the Nuclear Physics Division are taking part in five of the experiments. 

After the exciting discoveries of 1974 and 1975, several groups are revising their 
proposals, especially with regard to the use of the Omega spectrometer and also for 
several experiments planned for the North Area. 

The technical services of the Department provided important support in the design 
and construction of the experimental material for this new scientific programme: for 
instance, assistance was given in the construction of hyperon and neutrino beams, the 
construction of large magnets for spectrometers and also the development of wire 
chambers and electronic apparatus. 
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Nuclear Physics Division 

More ilian two years have elapsed since the first observations, at the CERN Inter
secting Storage Rings of large transverse momentum production al a level much higher 
than was commonly expected from naive extrapolation of low momentum spectra. This 
discovery triggered an intense activity around the 1SR because of the possibility of probing 
smaller distances than originally hoped for, and because of the interpretations of deep 
inelastic lepton scattering experiments in terms of parton models. It was hoped that large 
transverse momentum production could further the understanding of elementary inter
actions between partons without suffering too much from the usual hadronic complica
tions. Since then, knowledge of large transverse momentum production has made rapid 
progress, but no definitive picture has yet emerged, and a clear understanding of the 
dynamics of the process is lacking. 

Experiments have been performed in the past years using single-arm spectrometers, 
double-arm spectrometers, and large solid-angle detectors. The groups involved in this 
research were the Saclay-Strasbourg and the British-Scandinavian Collaborations using 
the single-arm spectrometer technique: the CERN-Columbia-Rockefeller, the CERN-
Columbia-Rockefeller-Saclay. and the CERN-Saclay Collaborations using the double-arm 

1SR programme 
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spectrometer technique; the Pisa-Stony Brook, the Aachen-CERN-Heidelberg-Munich, 
the CERN-CoIIège de France-Heidelberg-Karlsruhe, the Daresbury-Liverpool-Ruthecford 
Collaborations, and a CERN group using large solid-angle detectors and the Split-Field 
Magnet. 

The main results have been (i) single-particle inclusive production, where invariant 
cross-sections were observed to decrease very steeply with transverse momentum pT, 
like pfm, with a power law of m ranging between 8 and 12; and (ii) final states with a 
large transverse momentum product. 

Many experimental results are now available in the field of large transverse momentum 
hadronic production. Theoretical models to explain the phenomenon have evolved from 
what were rather naive ideas to much more elaborate concepts. Several of them are 
consistent with the experimental results. The favoured models are still the quark-parton 
models, because they have the merit of being the most suitable for the experimentalists 
to understand their difficult measurements. 

The single-particle inclusive cross-sections have been available for some time, and it 
seems they do not allow discrimination between the different models. 

Correlation studies and a detailed study of the structure of final states seem much 
better suited for understanding high transverse momentum phenomena. In spite of the 
fact that the structure of the final states appears to be complex, several of its properties 
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have become clearer. An intelligible and clear presentation of hadronic collisions with a 
large transverse momentum product was given at the International Conference on High-
Energy Physics, held in Palermo. 

Experiments have been performed on the two reactions p + p -+ lepton(s) + anything 
and p + p->e + + e~, the first at the Intersecting Storage Rings and the second at the 
Proton Synchrotron. At the London Conference on High-Energy Physics (July 1974), three 
experimental groups reported the observation of direct leptons at higher s / s values; one 
of these experiments was performed at the ISR. The CERN-Columbia-Rockefellcr-Saclay 
experiment observed electrons produced in proton-proton collisions at five different 
ccntre-of-mass energies ( N /s = 23.5,30.6,44.8,52.7, and 62.4 GeV). Electrons were detected 
with 8^90° and transverse momenta p T greater than 1.0 GeV/c. The invariant cross-
section for single-electron production at each , / s is a steeply falling function of p T , while 
the yields at différent centre-of-mass energies are seen to increase with\Js. Comparison 
with the behaviour of the charge-averaged pion cross-sections in the same px and ^/s 
ranges is made using the data of the British-Scandinavian Collaboration. Correlations 
between particles produced at 180° in <P to the electron were studied, and the correlated 
particles were identified for momenta less than 1 GeV/c using the time-of-night technique. 
For all the data, summed over s / s , the ratios of pions to kaons to protons was 67:4:3 for 
tracks associated with electrons, and 720:50:53 Tor tracks associated with pions. A special 
case of correlation is the study of electrons produced in opposite detectors. A total of 
eleven such events were observed for an integrated luminosity of 1.79 x 10 3 6 cm " 2 , nine of 
which were attributed to the leptonic decay of the J/ty(3.1 GeV). 

Efforts will continue at the ISR to study the single electron and the electron-positron 
pairs produced in the proton-proton interaction. In particular, a superconducting solenoid 
with drift chambers and a lead-glass counter array is being built to explore high px 
electrons. 

Recently the CERN-Cclumbia-Rockcfeller-Saclay Collaboration has studied trans
verse momentum distributions of A0 and K° in pp collisions at x=0. The K° yield is in 
agreement with published K + , K" results. The cross-section (da/dy)pp-,A is (0.43+0.05) mb 
for A0 and (0.97+0.04) mb for A0. The A°j:ross-section varies very little from PS energies 
up to ISR energies. On the contrary, the A0 grows rapidly with s / s . It seems there is a 
striking similarity between the behaviour of the p and p cross-sections and the A0, 
A0 cross-sections. 

The reaction pp -» J/i|<(3.1) + X has been observed in the fragmentation 
region by the CERN-Hamburg-Orsay-Vienna Collaboration using the Split-Field 
Magnet (SFM) spectrometer. Sixteen ]i+]i~ pairs of invariant mass greater than 



2.7 GeV/c- at N /s = 52 GeV have been observed. These events can be interpreted as 
originating from J/v|i(3.l) decay into u+u~- The mean transverse momentum of these 
events is < p T > =(1.0 + 0.2) GeV/c and the mean transverse kinetic energy 
< T > = < v /p^+n i j> -mj = (0.18+ 0.05) GeV. This shows that the J/v|z particle is 
produced with the same mean transverse kinetic energy as that or pions, kaons, and 
protons, suggesting that it is produced like a hudron. A comparison or the invariant cross-
section, at a mean rapidity of y = 1.6 and p T = 0.5 GeV/c, with that of pions, kaons, and 
protons at the same value of the transverse energy E T = ^/pf + m 2 shows close agreement, 
again supporting the conclusion that the J/\|i(3.1) particle is produced hadronically! A 
comparison with the cross-section for single-electron production suggests that the J/\|i 
production cannot fully account for single-lepton production. 

The search for charmed particles at the ISR is being pursued .with- high priority. As is 
well known, if the quark model is used as a guide, SU(4) symmetry implies a further kind 
of quark in addition to u, d, and s quarks. The new kind of quark, the c quark, would 
have the same charge and the same (zero) strangeness as the u quark, but with one unit 
of charm, whereas the u, d, and s have none. In the same way as the strange particles of 
lowest mass decay only weakly into other hadrons or hadron and lepton pairs, the lowest 
charm particles should decay only weakly. A new class of higher-mass particles should be 
Tound. Only the experimenters can establish ir such an attractive hypothesis is followed 
in Nature or not. 

The search for quarks is also being pursued at the ISR. As is well known, quarks have 
been introduced to explain the hadronic multitude produced in high-energy collisions. 
Combining the three quarks u, d, and s and making various selections among them, it is 
possible to reproduce the similarities and differences within a whole octet or decuplet of 
particles. In other words, a simple quark structure, with three different kinds of quarks 
with identical interaction; implies the observed SU(3) symmetry among particle states. 
At present, in high-energy physics, there is evidence to support a point-like (quarks) 
structure of the proton; in fact, in a very different kind of experiment, the proton behaves 
as an assembly of quarks acting independently of one another. But any effort to break the 
proton into its quark constituents has so far failed. A CERN-Bologna Collaboration 
took data in the Split-Field Magnet in the first half of the year to search for quarks and 
new particles. 

Figure 4 — Special preaiuliom. such as an 
environment mill less than 2% humidity, an 
required in the construction of transition 
radiation detectors made from 0.05 film thick 
lithium foils. Assembled detectors, such as 
those used at an ISR intersection region to 
indicate the passage of ultrurelaticislie 
particles, consist of 500 layers of these Joih 

- spaced 0.3 mm apart and reach a sensitice 
cmss-sectiun areaofl in*. fCERN-Mli.2.751 



Sonic other experiments ;it the Intersecting Storage Rings should be mentioned. A 
CERN-Rome Collaboration lias completed the analysis of the data on proton-proton 
total cross-sections measured at energies between 23 and 63 GeV in the centre-of-mass 
system. This experiment was performed in collaboration with Pisa and Stony Brook, and 
involved the measurement of the forward elastic scattering simultaneously with the total 
interaction rale. Total cross-sections have thus been obtained independently of luminosity 
measurements. The rise of the proton-proton total cross-section previously found has been 
confirmed by this experiment, the cross-section being determined with better precision 
(±0.8%).- " - "-;-.--- :-:'--.-: ; ._ - . " ' "" " 

Measurements of proton-proton elastic scattering in the Coulomb region at 63 GeV 
c.m.s. energy have been made. An angular distribution extending over the range 
10~ 3S|t|S4x 10"- GeV- has been obtained. 

A Brookhaven-Rome-Adelphi Collaboration is searching for particles decaying into 
photons. In view of the great interest generated by the discovery of the heavy-mass states 
decaying into lepton pairs, a measurement or the mass or heavy particles decaying into two 
photons will be carried out. Particular emphasis will be laid on a search for heavy 
particles decaying into photons emitted in tlie opposite direction around 90° with respect 
to the ISR beams, where the background of the low-enérgy photons is small, and where 
the energy of photons can be measured. 
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ti t harmed panicle lui'- ht'i'n produced 
Tht- luiriztmtcil a.\e\ in the th/ttres pint the enejy.r ofill? particle /m measured in a leotl-ffhlii counter system) 
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momentum are not proportional and they cluster olontj a particular, tptile low em-tyy value 01 the letlil-tllass 
counters while their moincnia are picket! up by the spectrometer. 
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A Brookhaven-CERN-Syracuse-Yale University Collaboration, using novel techniques 
(see Annual Report 1974, page 40), is searching for single and double electrons by asking 
for a charged particle producing an electromagnetic shower. The experiment is designed 
to use a large variety of triggers which make it possible to study, for example, electron 
pairs with particular interest in the small mass region and in large mass states decaying 
into two or more photons. 

Finaliy.aCERN-Collège de France-Heidelberg-Karlsiuhe Collaboration has analysed 
data taken in the Split-Field Magnet spectrometer looking for particle production with 
high transverse momenta oft the 90° region at 0.15 < x <0.5 (y = 2) and in the 90D region 
at pr>25GeV/c. Extensive study on two-particle correlations shows a strong corrélation 
between a high p T particle of positive charge and a negative additional particle' at the 
same rapidity and azimuthal angle. This correlation is due to the decay of A particles at 
high p T. Though the triggering high py particle has a rapidity of y = 2, the compensating 
particles at opposite azimuthal angle are distributed symmetrically around y=0. New 
high p T data with a trigger at y = l (9=45°) show that there exist strong correlations 
between the triggering high pr particles and additional particles at the same rapidity and 
azimuthal angle of the same and opposite charges. This result demonstrates that this cor
relation is presumably not due to resonance decay. 

During 1975 the CERN-Harvard-Munich-Riverside-Northwestern Collaboration 
searched for "direct" electron emission at 30° in proton-proton collisions at the ISR. 
Measurements were extended to very low transverse momenta (0.3<pT<1.5 GeV/c) 
where eventual contributions from leptonic decays of new particles with new quantum 
numbers (e.g. charmed particles) are most likely to occur. The results extend the explora
tions of the CERN-Columbia-Rockefeller-Saclay Collaboration, which studied direct 
electron emission at larger values of pT. The results show the surprising behaviour of a 
rising e±/K± ratio, which is in contrast with the results at the ISR and Fermi National 
Accelerator Laboratory at larger p T which, on the contrary, have shown a constant 
e±/n± ratio. 

The exploration at small p T is of great interest, since a common feature of all models 
which seek to explain the single electrons as a decay product of a yet undiscovered 
family of particles is that the single-electron spectrum must fall off sharply for transverse 
momenta below the maximum momentum obtained by the electron in the rest frame of 
the decaying particle. For instance, the explanation of the effect in terms of decays of 
known vector mesons (p. to. d>. J) cannot reproduce the fast rise at small p T . On the 
contrary, the decay of charmed objects could well reproduce the observations. 

The effect is being actively investigated. In particular a search is being made for 
""bumps" in invariant mass and for muons in association with the anomalous electrons. 

PS programme Only a few of the experiments being carried out at the Proton Synchrotron will be 
mentioned here but a complete list can be found at the end of this section and a brief 
description of both the aims of the experiments and the apparatus can be found in the 
book on "Experiments at CERN in 1975". 

Firstly, there is the experiment of the Basle-Karlsruhe-Stockholm Collaboration on 
(K, p) mesic atoms.-A powerful detection system for low-energy X-rays has been installed 
which consists of five Si detectors of extremely high-energy resolution, 200 eV at 6 keV. 
The aim of this experiment is to study the X-ray transitions in the K _ p, pp system. 
The interest of this study cannot be easily summarized in a few words but a few 
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Collaboration in the fourth CERX-SerpliUun experiment. 

arguments of general interest can be pointed out The first point is concerned with the 
variety of phenomena which are observable in spectra of hadronic X-rays in the mesic-
nuclei systems. They range from observations of chemical and solid-state effects over clear, 
very detailed, nuclear physics information, to the accurate determination of properties of 
elementary particles and to the investigation of strong interactions between the captured 
hadrons and the nuclei. The second point of interest is the accuracy with which all this 
information can be gathered. The masses of the particles can be determined with a relative 
error approaching 10"', and the accuracy in the determination of strong interaction 
effects is sometimes as good as a few per cent The third point of interest is the 
simplicity of the system in that one is always dealing with a hydrogen-like system; this 
gives the hope that even in the field of chemistry and solid-state physics, valuable 
contributions can arise from the study or mesic X-ray data. A very clear and complete 
review of the physics of the muonic and hadronic atoms was given at the 1975 Summer 
School on Nuclear and Particle Physics at Intermediate Energies, in Victoria, Canada. 

A systematic study of electron pair and gamma-ray production in pp annihilation at 
rest is being done at the PS by a Mulhouse-Strasbourg-Turin Collaboration. This experi
ment studies the reactions pp -> e +e~, pp -» JTV, where e'-» e + e", and pp -» Jt°jt°. The 
antiproton is slowed down at rest in a liquid hydrogen target. The first of these processes 
allows the investigation of the proton form factors at the threshold of the q 2 time-like 
region. The second process will test the existence of the suggested resonance e' and its 
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decay into e + e" pairs; the third process would establish the presence of waves other than 
s-waves in pp annihilation at rest. 

Twenty-five collinear electron pairs have so far been observed. Since the background 
was proved to be very low {< 1%), these twenty-five events can be attributed to the first 
process. A branching ratio based on twelve Ce~ pairs was derived: 

npp-e+e-) -
i-(?f") xlO" 

T(pp -* anything) 
The normalization is done relative to hadronic two-body processes it +it" and K + K". 
To complete the effort at the PS on the study of the pp system, an experiment will 

start soon to look for X-ray cascades of the final states of the pp atom (protonium). The 
cross-sections and energies of the transitions to the s- and p-states of the pp molecule will 
be measured. 

With regard to the effort to understand lepton production in proton-proton collisions, 
there has been a recent paper in which data on dilepton spectra in a forward cone have 
been used to predict the p°, w°, and \(» production at 9 c m = 90° and their contributions 
to the single-lepton spectra. The rc, (p 0+w 0), and inclusive cross-sections are well fitted 
over the entire pr range by a simple expression. Combined contributions from p°, a>°, 

^P production on 
Uranium and Nickel 

13« 
a 2 « "«.r 19 GeV/c 

dbl (GeV/c)2 

MjO = 1.192 GeV/c? 

1 ° Monte Ca'lo events 
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1.30 

(GeV/cZ) 

Figura S — The Primakoff production of J." hyperons 
is lisible us a peak in the differential cross-section 
at eery /oir q2 for data in the mass bin 
1.192 ± 0.015 GcV/c-, and in the mass distribution of 
A + 7 events for q* <0.001 (GeV/c)2. The back-
around is due to the decay of z? particles. The 
experiment was performed at the PS by a CERN-
Heidelberg Collaboration. 



and \)f are found to account for about 30% of the observed lepton spectra. The simple 
model which describes the production of it, \|i, and vector mesons is given by 

where f(y) is a single function of the centre-of-mass rapidity. 
A Heidelberg group is using a high-resolution magnetic spectrometer to investigate 

hypernuclear levels via the strangeness exchange reaction K~ + A -* A A * + ÎT. Some, 
results on 'Be, '^C, and ^O have been obtained. In a preliminary test it was found that 
the spectrometer is an effective instrument for investigating the possible formation of 
narrow resonances in the p> system below 1 GeV/c p momentum. Very preliminary 
results seem to support the existence of a narrow resonance around 475 MeV/c, but more 
data are needed to confirm or disprove it. 

The strangeness exchange reaction (K ", jt") on nuclear targets has become an excellent 
tool for studying hypernuclei. Advantage has been taken of the fact that in this reaction 
the A particle can be produced without recoil. This favours the formation of hypernuclear 
states which are closely related to the target nucleus ground state. ; 

The (K~, T~) reactions have been studied in 'Be and '^C, where the states observed 
in these systems can be assigned to independent particle configurations where a neutron 
has been replaced by the A particle in either the Is or lp shell. 

In the 'jfO system the observed states cannot be described as unperturbed configura
tions and some mixing has to be taken into account. It is in fact possible that in heavier 
nuclei the mixing configuration would be stronger and collective phenomena become 
dominant. Recently an experiment on 4 0Ga was performed at the PS. The number of 
configurations (Is, lp, 2s, Id) excited in the reaction should be big enough to give 
collective effects. The 4 0 Ca spectrum is dominated by a single broad peak centred at a A 
bending energy of about—15 MeV. 

The qualitative features of this resonance are similar to those discussed by Lipkin. 
An IPN-IISN Collaboration has built a symmetric bispectrometer for a systematic 

search for heavy particles. The spectrometer offers a method for a high-sensitivity search 

Figure y — One arm oftlie bispectromeler used in experiment SIS2. From left to right 
can be *een: 
four hodoseopes. two rertical and two horizontal: 
lour planes ofmjdtiwire proportional chambers for particle localization: 
two threshold Cerenkoc counters for e and p identification: 
two DISC counters mill liquid radiator for 1; and p identification: 
one more threshold Cerenkov counter for JC identification: 
limc-of-flight counter and the first office lead-glass . '--• vr c H iters 

CER.V-I_5.75 ) 
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for charged two-body decays of heavy particles produced in a proton-nucleus interaction. 
The beam line and the two arms of the bispectrometer were installed during the long 
shutdown of the PS at the beginning of 1975. Evidence of the 3.1 GeV/c2 resonance has 
been found by analysing the e+e~ pairs produced in the collision between a 24 GeV/c 
proton on to a C target. The spectrometer is now ready to be used to search for new 
phenomena. , -

The CERN-Max-Planck Institute, Munich Collaboration, whose activity at the PS has 
been so successful over the last few years, has taken data with a target containing 
polarized protons in order to study the reactions 

n~p-*nn+7i~,nK+K~.npp,pA3"",pnrat. _ . 
The first reaction allows an almost complete determination of the quantum mechanical 

amplitudes describing the reaction. These are important because up till now this reaction 
has been the major source of information about the itTt interaction. Unfortunately its 
interpretation has been model-dependent, lacking a complete set of measurements. The 
combination of the polarization-dependent moments from this experiment with.the 
polarization-independent moments of previous experiments will allow a complete 
determination or the production amplitudes of this reaction, with the exception of one 
relative phase between two sets of amplitudes. 

The same group will measure the reaction K "p -> A (forward) + neutral meson. This 
reaction will permit the study of the production mechanisms of baryon-exchange processes 
and the value of the coupling constants to the nucléon of the t\, co, and t\' mesons. 

A CERN-ETH-Imperial College-Saclay experiment is designed to measure the P, A, 
and R parameters at 5 GeV/c in the reaction 7t~pî -> K°A. The group has found a rapid 
variation of the scattering amplitudes as a function of the momentum transfer for a value 
greater than 0.5 (GeV/c)2, which is not explained by Regge pole models and which may 
be connected with observations made in up backward elastic scattering. 

A Collège de France-Padua Collaboration is studying the reaction K°p -• KSJp(;t+7t~). 
This experiment measures do/dt in the incident momentum range 4-14 GeV/c and 
|t| range 0.1-2 (GeV/c)2. Data-taking is still in progress. 

A Geneva group is measuring strange boson production in the reactions K "p -• K°7i~p 
and K'p -> K°7t+p. The purpose of the experiment is to clarify the situation of the 
K*(1760), the expected strange member of the 3" triplet. Other reactions can also be 
recorded, as for example: 

K + p -• App, p + anything; pp -> K + p, prot, pKK, p + anything, etc. 

Figure 10 — Liquid hydrogen tarnet (inside 
the horizontal black tube) withdrawn from 
the surrounding cylindrical y-ray-measuring 
scintillation counter Iwdoscope used in 
experiment SMO. (CERN-176.9.75) 
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The Omega spectrometer stopped operating in the middle of 1975 in order to be 
converted for SPS physics. Data have been taken and analysis.is in progress. A search for 
charm has been made in Omega. The beam transport was modified to increase the beam 
momentum to 19 GeV/c, and to obtain a centre-of-mass energy of 6.0 GeV for ir~p inter
actions. Three million triggers, which required a forward K - or p with transverse 
momentum greater than 0.5 GeV/c, were recorded; 300000 four-prong events and 
100000 six-prong events were found. Subsequent kinematical analysis yielded 4500 events 
fitting the four-constraint four-prong reaction ir~p -+ K+K"ir~p, and 3000 events fitting 
the six-prong reaction n~p -* K.+K -ir+ir"ir~p. The aim or this study was to look Tor 
production or either charmed meson pairs (ir"p -* D~D°p, D°D°ir~p) or associated 
production of charmed mesons and baryons in the reaction jc"p -+ D~C+, D"C°. D masses 
i j GeV/c2 and C masses >2.0 GeV/c2 were searched for. No convincing accumulation 
of events was seen. 

Recently a group from the University of Aarhus, CERN and Strasbourg, using 
secondary beams ofp, jr+, i t - of 1.35 GeV/c at the PS, established the channelling and 
blocking effects; the ionization loss spectra of several charged particles under channelling 
conditions were measured. When fast charged particles peneirate through a crystal lattice, 
their behaviour may depend strongly on the direction or motion because or correlation 
between deflections in successive collisions. Channelling means that a particle path near 
the centre of channels along a major axis in a crystal may have a certain stability. 
Particles moving along channels are subject to periodic forces, mainly focusing and, 
occasionally, defocusing. Blocking and channelling phenomena have been used in nuclear 
physics; in particular, blocking dips have been used to study nuclear lifetimes. 

A strong reduction in ionization loss of about a factor of three for p and ir+ has been 
observed. For jc~ no such clear-cut effect occurs. The results for positive charged particles 
are in agreement with qualitative arguments that attribute roughly one half of the stopping 
power of fast particles to close collision with large momentum transfers, and half to 
distant collision. For well channelled positive particles, the close collisions are suppressed 
owing to the low electron density along the particle trajectory. 

Finally, mention should be made of the recent muon (g—2) experiment done in the 
South-East Hall at the PS. This experiment is designed to measure the anomalous g-factor 
of the muon a = (g—2)/2 to a precision of the order of 10 ppm. Polarized muons from 
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pion decay are injected into a 14 m diameter weak-focusing storage ring. The magnetic 
field in the ring is uniform, and vertical, focusing is obtained by using a pulsed electro
static quadrupole field. The momentum of stored muons is chosen to be at the so-called 
"magic" value where y 2ß 2a= 1, and the helicity precession of the muons depends only on 
the magnetic field. Decay electrons from stored muons are detected in twenty shower 
counters placed inside the ring. The asymmetrical decay distribution of-the electron 
relative to the rotating muon spin gives a modulation in the counting rate of energetic 
electrons at the (g-^2) frequency: io„=a x (e/m0c) x B. A precise knowledge of the field B 
then enables a to be found. A first result of this experiment, with a precision of 23 ppm,: 

has already been published. Evidence was seen of the effects of hadron vacuum polariza
tion in the space-like region. Data have been accumulated in 1975, and the precision 
now reached is at a level of about 15 ppra. The analysis of the data is still in progress. 
There have been runs with u + and u~. The first published number is in agreement with 
quantum electrodynamics up to the sixth order in the electric charge, and with the hadron 
vacuum polarization contribution predicted to be at the level of 73 ppra. 

It is perhaps useful to summarize the results obtained recently in the analysis of an 
experiment which ended last year, carried out by a CERN-Heidelberg Collaboration in a 
K-neutral beam.in order to study the K°-Z° interactions: 

the analysis of the K c 3 form factor has been completed; 
the mean square charge radius of the neutral kaons has been determined, 
< R2 > = (0.08+0.05) fin2; 
the analysis of the Äp total cross-section in the momentum range 4-14 GeV/c has been 
completed, CT= (49.3 ± 3.8) mb; 
the lifetime of the 2° hyperon has been determined via the. Primakoff cross-section, 
TÏ° = ( 0 . 7 ± 0 . 2 ) X 1 0 - I 9 S ; 

the rare decays H° -» Ay and E -* £°y have been observed for the first time; 
the analysis of the respective branching ratios BR(E° -» Ay) = (1.4+0.4) x 10~3, 
BR(H° -• £°Y) = (2.2 + 1.2) x 10~3 have been completed, as well as the analysis of the 
decay asymmetry, a[E" -» Ay) = 0.22 ± 0.34; 
the analysis of the lifetime of the A and E° hyperons, xA = (2.68 ±0.03) x 10~1 0 s, is 
nearly completed; 
the analysis of the radiative decay K" -» Jiny has nearly been completed, 
BR(Kg - rory) = (2.59 + 0.02) x 10"3. 

Finally, a Heidelberg team has evaluated the branching ratio 
BR = T(K+ —e+v)/T(K+ —u+v). From 404±4 observed K e 2 decays a value of 
BR = (231 ±0.15) x 10~5 has been obtained. This result, combined with an earlier result 
of BR=(2.37±0.17) x HT5, yields the final number BR=(2.45±0.11) x HT 5. The value 
expected from u-e universality and pure axial coupling is BR = 2.57 x 10"5. 

A new result on the rate of the structure-dependent radiative K e 2 decay will also be 
obtained. 

The analysis of the K_& data is in the final stage. Results on the branching ratio in the 
lepton momentum region between 130 and 180 MeV/c are expected. 

SC programme A CERN-Pisa-Saclay Collaboration has performed a very elegant experiment, 
measuring the energy of the 2p3/2-2s1/2 transition in the (u*He)+ ion. Negative muons 
from the Synchro-cyclotron u-channel are stopped in a gaseous helium target at 
40 aim and 293°K, and about 5% of them form excited muonic helium atoms in the 
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Figure 12 Mass spectrum of radioactive caesium isotopes produced by bombarding 
lanthanum with 600 McV protons in the IS0LDE-2 on-line hotopc separator. The 
proton beiun of up to / J o.Afram the reconstructed SC in conjunction with the improved 
target and ion-source technique Iwve increased the production capacity of the facility. 
The resulting separated radioactive ion beams are now. in the most favourable cases, 
exceeding 6 nA or 10'° atoms per secoad. 
In the figure these beams are risualteed by means of the conventional charge-scanning 
technique, usually only applicable to the stable '**Cs. introduced for mass calibration 
purposes. The yield of the short-lived 124Cs (T», = 21 s) Jails below the general trend 
because of lasses by the radiative decay due to the delay between formation in the 
target and detection. 

2s state. The lifetime of this metastable state is about 1.6 us. A pulsed electromagnetic 
radiation, produced by an infrared dye-laser excited by a Q-switched ruby laser, 
is applied to the (n4He)^s ion system. By varying the radiation wavelength, a search 
for the resonance with the 2s1/2-2p3/2 transition is possible. The presence of the 2p3/2 state 
is identified by the detection of the 8.2 keV X-ray emitted promptly (x2p = 5 x 10~ 1 3 s) 
in the 2p-ls 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 measured value is 
Sf"I'=(2s72-2p3/,)=(1527.4±8.7)x HT 3 eV, to be compared with the theoretical value 
SÏ1 = (1525.1 +8.7) x 10 ~ 3 eV. The comparison with the theory is restricted by the 
uncertainty in the r.m.s. charge radius of 4He. The above theoretical value is obtained 
using a value < r 2 > k = (1.650 ±25) fm. In spite of such an uncertainty, this measure
ment is an extremely good test of vacuum polarization effects in quantum electrodynamics. 

A Karlsruhe-Trieste Collaboration is studying pion absorption in complex nuclei, via 
the observation of the emitted reaction products. Information about pion-nucleus inter
action, as well as about nuclear structure, is expected. Previously, nuclear de-excitation 
y-rays, emitted after the absorption of stopped pions,.were investigated in a series of 
nuclei between 9Be and 9 3 Nb. The results showed the presence of a large variety of 
reaction channels which were, however, mostly of sequential character. The predominance 
of the initial pion interaction with two nucléons has been confirmed. 

The ISOLDE-2 facility, an electromagnetic isotope separator on-line at the Synchro
cyclotron, has, during 1975, been operated with four different target-ion-source systems 



and has delivered beams of radioactive isotopes of the elements caesium (Z=55), 
mercury (Z=80), ytterbium (Z=70), and rubidium (Z=37). These products were chosen 
with a double purpose; they served to test the new installation, and at the same time 
they allowed a maximum number, of physics groups from the 15 laboratories in the 
collaboration to. begin testing ör data-taking. As the technology developed before the 
ISOLDE reconstruction is based on a total of 15 different target-ion-source systems, it is 
clear that many experiments cannot expect to get on the floor for quite some time to come. 

The tests of the installation have been satisfactory; in particular, the new beam-
handling system (for the radioactive ions), which allows parallel operation of four 
experiments working on different separated masses, has greatly increased the utilization 
of the facility. Yet the basic difficulty still remains—to operate the different targets 
often enough to satisfy the needs of the physics programme. The intensities of the 
secondary beams are already very high; when the design current of 5 uA for the extracted 
proton beam is reached, the production yields at 1SOLDE-2 will be of the order of 
300 times higher than with the old installation, or of the order of 5 x 1010atoms/s x mass 
number for the most favourable cases. Nowhere else in the world are such beams available. 

Most of the ISOLDE-2 physics experiments are still in an early stage of testing or 
data-taking, and a detailed discussion is hardly warranted. The main lines of research are 
as follows: 

MAIN LINES OF RESEARCH AT ISOLDE-2 

Beta-gamma spectroscopic studies of excited nuclear levels, associated 
problems in nuclear structure. 
Development of new experimental techniques, in particular 
target-ion-source systems. 
Atomic spectroscopy by optical pumping of radioactive atoms. 
Hyperfine spectroscopy by atomic-beam magnetic resonance techniques. 
Nuclear masses by high-resolution mass spectroscopy. 
Nuclear masses through the determination of Q-values in beta decay. 
Alpha decay of extremely neutron-deficient light nuclei. 
Electronic isotope shifts from crystal diffraction spectrometry. 
High-energy beta decay and delayed particle emission. Fine structure 
and fluctuations. 
Targets of radioactive nuclei for low-energy nuclear physics experiments. 
Ranges of ions in gases. 
Hyperfine interactions of radioactive atoms implanted in solids. 

It should be pointed out that each of these usually comprises a considerable number of 
different experiments. A few of the early physics results are given below. 

In 1974, the first and only barely observable case of beta-delayed alpha emission from 
a highly neutron-deficient nucleus ( 1 8 1Hg) was reported. During 1975, two much more 
favourable cases were found, 1 1 8 , 1 2 0 Cs y which represent only a few hours of counting, 
with the proton beam still much below the SC2 design value: It is interesting to note 
that the high intensity in the U 8 C s case probably arises to a large extent from quantum 
mechanical fluctuation phenomena of a type not previously observed in statistical physics. 
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The atomic-beam magnetic resonance technique has been used to measure a sequence 
of spins in isotopes of gold (obtained as a daughter product from mercury) and from 
rubidium. The experiment permits the selection of nuclei according to their angular 
momentum; consequently, the joint set-up (spectrometer plus ISOLDE) acts as an 
instrument selecting one given set of values Z, A, and I. 

Two new alpha-emitting isotopes, l i 3 Yb arid 1 7 7 Hg, have been detected. The.latter, 
which has a half-life of 0.17 s, is approximately 23 neutrons removed(from beta-stable 
mercury and represents one of the most neutron-deficient nuclei ever observed. 

An experiment in cooperation with the Institut Laue-Larigevin in Grenoble is studying 
nuclear reactions induced by a thermal neutron beam in radioactive samples produced at 
ISOLDE. A first result has been the observation of protons arising from, the (n,p) reaction 
on a 0.01 microgram target of radioactive 8 4Rb with a half-life of 32 days. It is easy to 
see why it is the first time that such a reaction has been observed in heaviernüclei: only 
with a radioactive target does one obtain a sufficiently positive Q-value for the (n,p) 
reaction. 

The testing and development of new experimental techniques for the ISOLDE target 
and ion source are continuing. A new concept, a solid high-temperature (2200° C) powder 
target of tantalum, has been shown to give abundant and very clean beams of the rare-
earth element ytterbium. An interesting feature in this type of target is the presence of a 
fast diffusion component, which enhances the yield of very short-lived products. This 
technique shows great promise for the future. 

The programme carried out at the PS by the Basel-Karlsruhe-Stocfcholm Collabora
tion is complemented by the same group's activity at the Synchro-cyclotron. A careful 
evaluation of a high-precision measurement on muonic Ba and Pb X-ray lines has been 
done recently. The accuracy for the energies of these lines is ~2 x 10~5. The transition 
lines studied in the muonic Ba and muonic Pb atoms are very sensitive to QED effects 
(prevalently vacuum polarization) in large electric fields. These measurements provide a 
good test of the QED predictions. 

The muonic 3d-ls (3p-ls) Zn line, which should show an asymmetry of about 10 ~5, 
has been clearly seen in the X-ray spectra with a reasonable yield. This preliminary 
result is concerned with the problem of whether neutral currents (recently discovered in 
Gargamelle) are parity-violating or not The question may be solved by looking at the 
asymmetries of muonic X-rays relative to the muon spin, in particular in the 2s-ls Ml X-ray 
transition in fight elements. 



ISR EXPERIMENTS ON THE FLOOR IN 1975 

Experiment 
Number 

Experiment Collaboration 

ii § ii m
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Multiple gamma-ray production in pp collisions 
Study of high transverse momentum phenomena 

Smalt- angle diffraction dissociation at ISR energies 

Search for magnetic monopoles at the ISR 
Isobar production at ISR energies 

Search for new particles at the ISR 
Study of general events and of events including a fast forward 
particle using the Split-Field Magnet facility at the ISR 
High transverse momentum events and central correlations at the 
Split-Field Magnet 
Double diffraction dissociation at the ISR 
A hunt for charmed particles at the CERN ISR 

Search for charmed particles and electron pairs at the ISR 
High-mass muon pairs and associated hadrons 

Measurement of the ratio of the real to the imaginary part of the 
proton-proton strong interaction forward scattering amplitude 
Study of large transverse momentum phenomena 

Brookhaven-Rome 
CERN-Columbia-
Oxlbrd-Rockeleller 
:CERN-Holland- , 

Manchester • 
Bologna-Fermilab 
CERN-Hamburg-

Orsay-Vienna 
Bologna-CERN 

CERN-Collège de Franc'c-
Heidelbcrg-Karlsruhe 

Liverpool-MIT-Orsay-
Rutherford-Scandinavia 

Pavia-Princeton 
CERN-Harvard-Muiiich-
Rivcrside-North western 

CERN-Suclay 
Frascati-Genoa-Harvard-

MIT-Naples-Pisa 
CERN-Rome 

BNL-CERN-
Syracuse-Yale 

PS EXPERIMENTS ON THE FLOOR IN 1975 

Experiment 
Kurnber Experiment Collaboration 

S97 g - J CERN-Daresbury-Mainz 
SI 30 K°p - . K?p College de France-Padua 
S131 K^p - . K V p Geneva University 
S132 Bispectromcter IISN, Brussels-IPN, 

Orsay 
S134 n -p î - . K°A° CERN-ETH Zürich-

Technical University, 
Helsinki-Imperial College, 

London-Southampton 
S135 pp -* c^c" Mulhouse-Strasbourg-

Turin 
S136 n~pî -* n'n"n CERN-MPI, Munich 
S137 K*nî - . K°p (Testing) College de France-

Padua-Freiburg 
SI 40 K p - A , X ° CERN-MPI, Munich 
S141 ppt (clastic) CERN-Orsay-Oxfbrd 
S144 K ± p forward CERN 
S145 Exotic mesons. Omega n"d -* p,{ppn"iu~) CERN-Collège de Fruncc-

Ecole Polytechnique-Orsay 
S146 Charm search at Omega at 19 GeV/c CERN-Orsay-Liverpool-

Saclay-Ecole Polytechnique-
Birmingham 

S147 K L p -» Alt* Collège de France-
Padua-Freiburg 

S148 ir"p -* K ± K ° n ± n . Omega Aachen-CERN-
ETH-Ziirich-Haifa 

T230 vMe -* v^e neutral currents Aachen-Padua 
P7 K ~ p £ " atoms CE RN-Basel-Karlsruhe-

Stockholm 
P l l Hypemuclear spectroscopy K"A -> A An* Nucleus Heidelberg Group 



SC EXPERIMENTS ON THE FLOOR IN 1975 

Ex/vririk'M 
Number 

Experiment Collaboration 

ISOLDE ISOLDE programme ISOLDE Collaboration 

SC21 Measurement of the 2Sy,-2P^ energy difference in the (u 4Hc)* 
muonic ton hy means ofa tunable dye laser 

CERN-Pisa Measurement of the 2Sy,-2P^ energy difference in the (u 4Hc)* 
muonic ton hy means ofa tunable dye laser 

SC50 Nuclear cross-sections of cosmic-ray interest Laboratoire Rene Bernas 
du CSNSM. Orsay 

SCSI Study of neutron-deficient nuclei between U(Z = 92) and 
Ph(Z=82) using a helium jet transport technique 

Marburg-Gicsscn 

SC52 Measurements of average energies, funvard momenta and aniso Chemistry Department, 
tropics of specific fission products from fission oHcad induced bv 
600 McV protons 

Oslo University 

SC53 Study of products or binary fission in disintegrations of U, Pb, 
Pr, Ag, Sr and Cu by 600 McV protons 

Lund-Oslo 

SC54 Calibration of a neutron counter at the CERN Synchro-cyclotron Birmingham-
Rutherford Laboratory-

Tel Aviy-Wcstficld 
SC55 A study of particle emission induced in the absorption of 

stopped it" in 1 6 0 
Karlsruhe-Trieste 

SC56 Test Tor experiment at SIN University of Geneva 
SC57-1 Hadron radiobiology: investigation of the survival of spermato

gonia type B in mice after exposure to the SC2 595 MeV neutron 
CERN 

SCS7-2 Hadron radiobiology: investigation of the inhibitation often days' 
growth of Vicia Faba roots after exposure in the 595 McV neutron 
beam from SC2 

CERN 

SC5S Production of 2 4 N a from U at intermediate and low proton Chemistry Department, 
energies Oslo University 

SC59 Precision measurement of the partial muon capture rate 6 Li- 6 Hc Louvain 
SC60 Search for a new mode of capture in nuclei: ÏT~ + A -* B + 2y Lou vain 
SC6I Tests for experiment on weak neutral currents in u atoms CERN-Karlsruhe-Bascl 
SC63 Elastic scattering of up and ud muonic atoms against protons and 

dcuterons 
1NFN, Bologna 

SC64 Tests for fast separations of nuclear reaction products Technische Hochschule, 
Darmstadt 

SC65 Local magnetic fields in ferromagnetics studied by positive muon 
precession 

Uppsala-CERN 

SC66 Various experiments with the Omicron spectrometer Turin-Oxford-Amstcrdam-
Birmingham-Llubljana-

CERN 



APPROVED SPS EXPERIMENTS 

E.\pcrmwn{ 
S umher Ev/ii'riiik-M Cnlliibimilitm 

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

WA2 Lcptonic decays of hypcrons Bristol:Heidelberg-
Geneva-Orsay-

Ruthcrford-SLrasbourg 
WA3 Exclusive np aud Kp interactions Amslcrdam-CERN-Cracow-

Munich-Oxford-Ruthcrford 
WA4 rhotoproduction of hadrons Bonn-CERN-Daresbury-

DESY-Ecole Polytechniquc-
Glnsgow-Lancastcr-

Manchcstcr-Orsay-Sherficld 
WAS Backward two-body reactions Indittna-Saclay 
WA6 Polarization in pp and np clastic scattering CERN-Triestc-Vicnnn 
WA7 Two-body reactions at large DT CERN-Gcnoa-Orsay-

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 inter Clermont-Fcrrand-

ference region Leningrad-Lyon-Uppsala 
WA 10 Study of K*p -> K§rtäp and reactions of similar topology with 

high statistics 
Geneva-Lausanne 

NAl Comparative study of hadron fragmentation Frascati-Milan-
Pisa-Romc (FRAMM) 

NA2 Electromagnetic interactions of muons The European Muon 
Collaboration 

NA3 High p T leptons and hadrons CERN-Collcge de France-
Ecole Polytcchnique-

Orsay-Saclay 
NA4 Inclusive deep inelastic muon scattering CERN-Dubna-Munich-

Romc-Saclay 
NA5 Inelastic hadron reactious using a streamer chamber triggered by Max-Planck Institute, 

a single-arm spectrometer Munich 
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Synchro-cyclotron Machine Division 

The successful completion of the reconstruction of the Synchro-cyclotron in 1974 Introduction 
enabled the MSC Division in 1975 to tackle the task of rendering SC2 operational for 
physics research. This work had to be done under conditions of staffing and financial 
restrictions and of increasing radioactivity of the machine, and progress in 1975 was not 
uniformly smooth. However, all the facilities of the rebuilt accelerator have now been put 
into service and nineteen physics groups are performing research or tests at SC2. During 
the year the pulse repetition rale was increased by a factor five and the beam current by 
an order of magnitude, reaching a maximum of 4.! uA. 

In 1975 machine time was distributed as follows: SC2 operation 
Hours 

Nuclear physics 2757 
Prime users' time, single and sharing 3609 
Parasitic users* lime 2187 

Technical development 1402 
Breakdowns 1545 
Maintenance, cooling and beam changes 634 
Shutdowns 1952 
Official holidays 470 

Total 8760 



Figure 2 — The Isolde Experimental Area 
after its reconstruction during the shutdown 
for the SC improvement. The four hewn lines 
pmrided simultaneous beams of different 
isotopes to ten expérimental groups in 2975. 

- (CERN-149AJ5) 

Operation for physics increased from 726 hours in the first half-year to 2030 hours in 
the second and the ratio of physics to unscheduled down-time was doubled. In addition, 
the completion of the Dee repanelling during the spring shutdown made it possible to 
raise the internal beam currant from about 0.4 uA to an average of 2 uA and to put the 
internal pipn production targets into service. These factors have permitted a great 
intensification of physics research with several groups sharing beams or targets for most 
of the available machine time. The commissioning of the long-burst devices further 
increased the effectiveness of operation for physics. 

In addition to the normal internal targets a fast-moving ("jumping") target and an 
external liquid deuterium target were put into operation. 

Losses of machine time were principally due to vacuum problems or component failure 
caused by increasing radio-frequency power dissipated in the rotary condenser and to 
difficulties experienced with internal targets. The latter gave rise to appreciable radiation 
doses to personnel in spite of the precautions taken in the design and handling of the 
targets. A simpler and more robust version has therefore been prepared for use with 
intense beams. 

During the year all experimental areas were put into service and five reconstructed 
secondary beam lines were commissioned for use by the physics research teams. These 
included not only fourteen groups engaged on SC experiments but also five who are 
preparing and testing equipment for research at the ISR and SPS. 

Studies of the characteristics of the rebuilt accelerator and of its accessory elements 
were carried out throughout the year and led to a progressive improvement in their per
formance. In addition, much effort was devoted to the task of increasing the reliability of 
operation. 

The intensity and the betatron amplitudes of the internal beam were measured under 
various conditions. Both radial and axial amplitudes were found to agree closely with the 



design values. The transfer and extraction efficiency between 40 cm orbit radius and the 
extracted proton beam was raised from 50% to more than 70% by the elimination of a 
beam-loss during acceleration. The designers of the extraction system thus had the double 
satisfaction of verifying their theoretical prediction of a 73% extraction efficiency and of 
establishing a world record for beam extraction from a synchro-cyclotron. 

The extracted proton beam was focused to a spot of less than 3x6 mm2 at the 
position of the pion production target ; 88% of the beam was transported over a distance 
of 60 m to a beam spot of 1.2 citf at the ISOLDE target. 

Optimized operation of the pulsed field coil yielded a distribution of extracted protons 
of uniform intensity and 2 ms duration per cycle. This distribution is free from radio-
frequency structure. The secondary accelerating system using the peripheral Cee electrode 
was brought into service and produced beams of 15-20% duty cycle. 

By eliminating leaks in the ion-source housing, by modifications of the filament and by 
careful control of the operating parameters, filament lifetimes were increased from 25 to 
more than 100 hours and a multifilament unit, permitting four Clament changes by remote 
control, has operated during tests in the SC. 

The performance of the main radio-frequency (RF) system was constantly improved. 
The Dee voltage was raised from 20 kV to a maximum of 24 kV and the RF pulse repeti
tion rate from 25 to 120 Hz, thereby increasing the internal beam current from 
0.6 to 4,1 uA. At Dee voltages below 20 kY repetition rates of 180 Hz have been used. 

While improvements of the vacuum • of the rotary condenser were principally 
responsible for this result, many other elements in the condenser, the generator and the 
electronic control system had to be redesigned to achieve it. However, much remains to 
be done in the discovery and elimination of weak points in the system before operation 
at the full repetition rate of 450 Hz and with 30 kV on the Dee can be attempted. The 
present performance is limited by the power rating of certain components and by defects 
in the mechanical construction which can be eliminated only gradually. 
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The repanelling of the Dee may be cited as an example: even prior to installation in 
the SC, some cooling circuits in the roll-bond panels covering the Dee and Dee liner had 
developed leaks owing to bad brazing. All panels were therefore replaced by welded 
elements during a two-month shutdown in the spring of 1975, but ten months of prepara
tion were needed to effect this change. 

In order to gain a better knowledge of.the characteristics of the accelerator, the 
computer-based data acquisition system, which at present furnishes an alarm protocol, is 
being extended to enable it to accept, store and analyse selected analog signals indicative 
of the state and performance of the SC. 

The planned modification of the SC for the acceleration of 3 He + + and, possibly, 
deuterons and alpha-particles had to be treated as a matter of lower priority but important 
progress was made by the demonstration that a large turbo-molecular pump providing 
the vacuum for the rotary condenser could be replaced by a cryopump of modest dimen
sions. This not only simplifies the constructional problems posed by the extension of the 
resonator required for 3 H e + + but may ultimately provide a convenient pumping system 
for the condenser during proton acceleration. 

Other 
activities 

The French "Groupe pour l'Accélérateur national à Ions lourds" (GANTL) obtained 
authority to test the design of the injector stage of a cascade accelerator system at the 
CERN micro-SC. The MSC Division provided some assistance in the modification of 
the micro-SC required for this purpose. - ' - - - . ' = 

The Division also participated in the preparation of the Omicron project. This 
involves the construction, for use at the SC, of a spectrometer consisting of a large-
gap, 180 ton magnet lent by the Rutherford Laboratory, and "a wirerchamber detection 
system. 

A drilling rig, built for drilling a 22 cm diameter axial hole in the poles and yoke of 
the SC, was lent to the Synchro-cyclotron Group of the Institut de Physique nucléaire de 
l'Université de Paris-Sud and MSC Division personnel took part in the drilling operations 
at Orsay. 



Members of the Division collaborated in the development of a new type of Hall-plate 
which has a surface area of 0.2x0.2 mm 2 and a temperature coefficient of 5 x 10 ~ 5 

per°C. 
The Engineering Group undertook a large share of the design, construction and 

mechanical installation work required for the SC. In addition it designed and constructed 
equipment for the SC, ISR and SPS physics programmes. Items: of particular interest 
were the design of target installations for ISOLDE and of the deuterium cryotarget for 
the SCj the modification of the Omicron magnet, the design of beams-ahd'sévefaï large 
detectors for.the SPS programme and the manufacture of a superconducting solenoid 
magnet for use at the ISR. Nineteen iron-core magnets and three iron-septum magnets 
were constructed for SPS experiments. --'•:•---___""._-. 

The Division took Tin active part in rthe : preparation'of the Seventh-International 
Cyclotron Conference, held at Zurich from 19 tO;22 August 1975 and presented eight 
communications describing various aspects of the SC Improvement Project. 
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INCOMING NEUTRINO I 

rThird charmed neutrino reaction observed ~m^M 
"Gargantclle: the event shows the'expected r-

characteristics of the decay_ of a charmedjjM 
particle, a positron (e^j plus u strange par~]^ 

, tïcle (W'.K produced in the vM interaction in -
\ ': ; addition to the usual negative muon. 



Physics II Department 

Track Chambers Division (TC) 

As in previous years this report is divided into two main sections: physics results and 
technical activities. 

The physics results are overshadowed by the observation in Gargamelle of neutrino 
events with a positron and a V° in the final state. This unexpected result could be a 
manifestation of a much sought new quantum number — charm. 

Amongst the technical activities the first substantial experiment performed with BEBC 
has to be underlined. 
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Figure I — The construction of the ERASME .scanning and measuring units was 
completed in 1975. The photograph .shows one of the operator tables with the projection 
of a BEBC picture, and, on the left-hand side, the newlv ilecclopetl TV displav svstein 
which is to he installed on all ERASME units. (CERN-l'79.1.76) 

Track Chambers Division 

PHYSICS 

Observation of a new type of reaction in the search for charmed particles 

Charmed particles. C*, have been looked for in the production modes 

vM + N->u~ + C + + hadrons 

v„ + N - * u + + C~ + hadrons 

with the charmed particle decaying into strange particles via either semileptonic or 
hadronic modes. 

An event which could be evidence for charm was observed in the first run with the 
heavy liquid bubble chamber Gaigamelle, filled with heavy freon and exposed to a wide
band neutrino beam at the Proton Synchrotron. The observed event corresponded to the 
reaction 

v„ + N->n~ + e + +V° + 7t" +evaporation protons. 

The negative muon was clearly identified because it decayed at rest and the positron 
signed itself through its characteristic radiation loss. The V°, although clearly associated 

Neutrino 
experiments 
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with the interaction, had an ambiguous interpretation and could have been à K% or a A. 
The total visible energy was 3.1 GeV. 

A special neutrino run was done this year with an increased PS intensity obtained by 
operation of the Booster. The aim was to pursue the search for charm in the semileptonic 
mode, i.e. with the simultaneous observation of a positron and a V°. A part of this run 
performed in August provided a second event in the form 

v„ + N-*u~ +e + ,+ V° + 7t+/P + evaporation protons. 
The probability that these two events are due to asymmetric Oalitz pairs or Y-rays or 

due to a vc contamination in the beam — these are the main sources of back
ground — has been determined very carefully and found to be 6 x 10 ~*. Furthermore a 
very strong correlation is observed between e + and V° production, since only four events 
have been observed with a u" and a positron and no visible V° decay in the final state; 
without correlation, 107 events were expected. 

The last part of the special run took place in December and in the scanning of the 
first photographs a third event was found: 

v,, + N -+ u~ + e + + V° + 7t+ /p + evaporation protons. 

These observations, which have been confirmed by an experiment carried out at the 
Fermi Laboratory in the 1. foot bubble chamber, filled with, a light neon-hydrogen 
mixture exposed to a much higher energy neutrino beam than Gargamelle, indicate the 
existence of a new type of interaction which, according to current theoretical ideas, could 
be a manifestation of a new quantum number — charm (Aachen-Brussels-CERN-Ecole 
Polytechnique, Paris-Milan-Orsay-University College, London Collaboration). 

Strange particle production 

Strange particle production has been measured in neutral current as well as in charged 
current events. Assuming associated production, AS = 0, this ratio is: 

S NC +0.17 
=0.34 SCC -0.09 

which may be compared with the ratio for events with no strange particle production: 
NC 
—=0.22 ±0.03 ce 

(Aachen-Brussels-CERN-Ecole Polytechnique, Paris-Milan-Orsay-University College, 
London Collaboration). 

Scmileptonic neutral current interactions 

Single pion production has been studied in freon with neutrino and antineutrino 
beams in Gargamelle. For each beam two limits have been obtained for the ratio R: 

R = CT(V+N->V+N' + H 0 ) /CT(V+N->U-+N' + 7C°) 

R = CT(V+N-> v+N'+ 7t 0)/a(v+N->u ++ N'+ 7t°). 

The limits come from two different ways of estimating the background produced by 
neutrons. An upper value of the ratio, RmM, is obtained from an estimate of the background 



in equilibrium with the events produced by neutrons. The lower limit, Rmi„, comes from 
a background estimate derived from events in which a it" is produced, such events being 
produced almost entirely by neutrons. The two limits are, respectively: 

(Aachen-Brussels-CERN-Ecole Polytechnique, Paris-Milan-Örsay-University College, 
London Collaboration). 

Lcptonic interactions 
Recently a third event has been found which could correspond to the reaction 

Vj. + e-tVj. + e. 

The background has been re-evaluated. It comes from the reaction v+n-»e~ + p 
(0.22 ±0.14 events) and from very asymmetric decays of isolated gammas 
(0.24+0.15 events), giving a total of 0.46±0.20 events. The probability that the three 
observed events come from statistical fluctuation of the background is < 1% (Àactien-
Brussels-CERN-Ecole Polytechnique, Paris-Milan-Orsay-University College, London 
Collaboration). 

Stopping antiproton experiment Resonances 

With the discovery of the J/i|/ particles, several suggestions were made that related 
narrow resonances should be observable in pp reactions, and from a total cross-section 
measurement in Brookhaven the existence of one such resonance was reported. To search 
for such new particles and study them, an experiment was performed in which an anti-
proton beam of 570 MeV/c and of low dispersion was passed into the 2 m chamber using 
a superconductor to screen the return field of the magnet. As all the antiprotons either 
stopped or interacted, the cross-section as ä function of pp mass could be accurately 
measured. No narrow resonance with a width T equal or smaller than the experimental 
mass resolution of 3 MeV was observed with a limit of Ter < 12 MeV/mb (90% confidence) 
in the mass range 1898-1946 MeV (the published result gave Tq= 160 MeV/mb).' However, 
structures are observed in the total and elastic pp cross-sections but their interpretation 
in terms of a simple resonance is difficult The structure observed in the pp total cross-
section can be fitted with a Breit-Wigner„(M = 1936+1 MeV,T = 11.8±2.2 MeV) and 
corresponds to a cross-section over a smooth background of (10.8 ± 1.5) mb. The elasticity, 
defined as x=r f i , / r i D U d , is found to be x=0.44-o;?|. In the hypothesis of a single 
resonance, it leads to a spin value i = (0.07 ± 0.025). This hypothesis however meets Iwith. . • 
the difficulty that one does not observe the expected signal in the charge exchange reac
tion pp-»nh. Several interpretations can be proposed to explain these observations (two 
resonances of different-isospin, interference effects with the background or even more 
complex situations). In these conditions, the mass, width, elasticity and spiii given above,, 
assuming a single resonance, do not apply (CERN-Democritus-Liverpool-Paduà-Rome-
Saclay-Trieste Collaboration). -
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Figure 2 — The mass-squared distribution of the (MC~ I 
system in the reaction K~p -* AK*K~ at 42 GeVjc 
incident momentum. The distribution shows two statistic
ally significant enhancements corresponding toS* produc
tion; their masses and widths Have been tletermined to 
be: M=(]S25±2.5) MeV. T~(2]±4) MeV and 
M = (2]29±5) McV. r=(2]±S) MeV (Amsterdam-
CERN-Nijmegen-Oxford Collaboration). 

4.2GeV/cK"p 
In the reaction K"p-»AKK7t at 42 GeV/c, two structures in the (KKTI) system 

decaying mainly into K*K have been observed. Although the mass of the first, 
1429±4 MeV, is close to that of the E meson, its width, 21 + 11 MeV, and decay 
characteristics are significantly different The second structure, peaking near 1520 MeV, 
may help to clarify the confused f, Fx region. 

In the study of E* resonances in K~p reactions at 4.2 GeV/c, the parameters of 
the H*(1820) have been determined. Indications of the E*(203O) have been found and a 
new narrow E* at (2129± 5) MeV has been observed; its width is T = 21 ± 8 MeV. In the 
same experiment it has been confirmed that in production experiments there exist 
two £(1660) states, whereas evidence for only one is seen in formation experiments 
(Amsterdam-CERN-Nijmegen-Oxford Collaboration). 

Search for charm particles using the Omega spectrometer 

Using a beam of 19 GeV/c JI~ mesons on a hydrogen target, two experiments, each 
with —2000 events/ub, were performed to search for charm particles: (a) with a trigger 
on K~ mesons produced with a transverse momentum >0.5 GeV/c, (b) with a K + trigger. 
No charm particles have been found indicating a production cross-section of < 50 nb 
(performed by all groups using the Omega spectrometer). 



Comparison of reactions: meson + p-> 3 mesons +p 

The technique of partial wave analysis (PWA) or mesonic systems produced in four-
body final states has given a number or important results on diffraction dissociation. This 
work hasbeen extended into a general study or the reactions 

Diffraction 
dissociation 

meson+p-^3 mesons+p 
where the dissociations studied were ji-ntnrc, Jt-»JtKK,: K-*Kmc and K.->KKK at 
energies between 8 and 23 GeV. 

Several striking similarities and a few important differences are observed: 
(a) The reactions are consistent with the assumption that the three mesons decay entirely 

into a 0* meson and a 0 + , I" or 2 + resonance, e.g. nf, JtK*. 
(b) The three-meson mass spectra peak -250 MeV above the effective threshold Qerr of 

the dominant decay mode and then fall off approximately as (mass)"3. 
(c) The average spin < J > rises with mass according to < J > =0.55+ I.I Q e f r . 
(d) The average orbital angular momentum <•€> increases according to 

<-e>=0.75Q c f f. 
(e) The three-meson states are produced dominantly in unnatural spin-parity states in 

agreement with P i n i l = P n i l l l I ( - 1)M. 
(f) The only natural spin-parity states found are the well established 2 + resonances A2 

and K*(1420). They have similar properties to the non-resonant unnatural parity states 
except Tor a dip at t = 0 in the do/dt distributions (Aachen-Berlin-Bonn-CERN-
Heidelberg-London-Vienna Collaboration). 

Figure 3 — // is found that the average spin of the 
stales produced diffraclivety increases approxi
mately linearly with the mass of the system pro
duced. This is slwwn here for tlic 3n system formed 
in die reaction x*p -- (n^n+xr )p~at !6 GeVjc. . 
Tile spin and parity of the various (3nJ stales were 
determined from a partial-wave analysis (Aaehen-
Berlin-Bonn-CERN-Hcidclberg Collaboration). 
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Studies of the J p = 1 + states of K*n, Kp and Kco 

Partial wave analysis of the (Kmt) state produced in K"p-»(K~it +it")p and 
K~p -> (K07i~ir°)p at 10 and 16 GeV/c has shown that there are two types of production 
mechanism with different polarization properties. The l+(K*7t) state approximately 
conserves helicity in the t-channel while the l +(Kp) state conserves it in the s-channel. 
The statistics of this.channel were doubled by combining the 10 and 16 GeV/c data with 
those of the 14.3 GeV/c K~p Collaboration. The previous results were confirmed and 
some important new results were obtained. In the (KIEJI) mass distributions the (K~ 7t+n") 
channel gives a flat-topped enhancement while in the (K°n _!t u) channel two peaks are 
observed near 12] and 1.37 GeV. From the partial wave analysis, it was found that 
the 1 + S state decaying into K*jt has two peaks at these masses and, in addition, the 
1 + S (Kp) state has a peak near 1.3 GeV. The phase of the l + (Kp) state relative to 
the 1 + (K*IE) state rises to a maximum near 1.3 GeV and then falls. As both the Kp 
and Ka> states are 1 + and are produced in an s-channel helicity conservation mode, it is 
suggested that both the Kp and Kco peaks observed near threshold are decays of a 
1 + resonance. The da/dt distributions for 0" states were found to be-steeper than 
for 1 + states (Aachen-Berlin-CERN-London-Vierina and Ecole Polytèchnique-Ruther-
ford-Saclay Collaborations). 

Study of crass-over in it ±p -> it±(7i A + + ) at 16 GcV/c as a test of Deck model predictions 

To check predictions of the Deck model, da/dt' distributions are compared for the 
reactions iE+p-HE+(7t~A+ +) and Jt"p - H E ~ ( I E ~ A + + ) . at 16 GeV/c, for mass 
(it~A++)^ 1.9 GeV. No cross-over in do/dt' is observed for the total sample of events. 
When the data are divided into two subsets, according to whether the value of the 
azimuthal angle 0 5 of the A + + in the s-channel helicity system is greater than or less 
than ir/2, then cross-over effects are observed for each subset. For |O s| > f the "normal" 
result is obtained that the slope b_ of the da/dt' distribution for negative beam particles 
is greater than that b+ for positive beam particles, i.e. b_ > b+. For [<J>t\ < f the opposite 
b+ > b_ is obtained, a situation observed here for the first time in high-energy reactions. 
These results are consistent with predictions by E.L. Berger based on a generalized Deck 
model (Aachen-Berlin-Bonn-CERN-Heidelberg Collaboration). 

Churacierisiics The Split-Field Magnet (SFM) has been used to study the properties of pp collisions at 
oj large pL centre-of-mass energy of 52.5 GeV when one of the charged tracks has large transverse 

crews momentum. The triggering large p x track was emitted around 20° in the centre of mass 
at the ISR and Cerenkov counters provided a separation of pions from heavier particles. The most 

important results were: 

(a) Leading particles (defined as having |X| >0.5) are still present in large p± events, but 
they do not give a diffractive peak near |X| ~ 1. 

(b) When triggering on a large p x track, a broad enhancement is observed in the 
opposite <I> (i.e. azimuthal) hemisphere. When this triggering track is at non-zero 
values of the rapidity, y (actually it is y ~ 2), the broad enhancement remains centred 
aty = 0. 

(c) For triggering tracks with pj. ~2.5 GeV/c, the ratio of jt + to (K + and proton) tracks 
emitted is constant over the X range 0 < [ X | < 0 . 4 (CERN-Collège de France-
Heidelberg-Karlsriihe.Collaboration)^ 
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Positive correlations are observed for pion pairs of equal charge and similar Determination 
momentum vectors, produced in the reactions jcp-+p + 5ît and up-+p + 7JI at 4 to of fire-ball 
25GeV/candK+p-»K+p2it+2Jt-at8.2GeV/c. . \ dimensions 

The results are consistent with being due to second-order interference effects expected 
for pairs of identical bosons andean be used to determine the average dimension < R > . . ' - - -_ . 
of the "fire-ball" from which the pions are emitted. . _.' 

It is found for np reactions that the value of < R > does not vary, within errors, in .._._ 
the energy range from 4 to 25 GeV/c and.the value averaged over this energy range is 
< R > = 1.6 + 0.2 fin. For the K + p reaction < R > ~ 0.8 fm.. 

Attempts are made to study the fire-ball shape by selecting pion pairs emitted in 
various polar and azimuthal directions. Indications are found that the fire-ball may. be 
contracted, rather than elongated, in the direction of the collision axis, i.e. 
< R , , x < Rj. > (Aachen-Berlin-Bonn-CERN-Cracow-Heidelberg-Warsaw and Mons-
Brussels-CERN Collaborations). . . 

Real part of the forward scattering amplitude 

Using multiwire proportional chambers and hydrogen and deuterium targets, the 
ratios of the real to imaginary parts of the forward nuclear scattering amplitude have 
been measured in 7t±p, K*p, pp and K~d reactions at a variety of momenta between 
0.6 and 2.6 GeV/c. In general the results are in good agreement with dispersion relation 
calculations, though the data for K ± p reactions require the value of the KNA coupling 

Figure 4 —: DJj/LTiHMiu/ cross-section for K^p elastic scattering til 10 CeV/c in the 
cer\> forward direction of the scattered A"\ The plot on the left shows on an eiihirtjeil 
scale the region where Ijie Couionil) ami nuclear forces interfere constructively. From 
tins interference the t aim of the forward nuclear amplitude is déterminai These and 
similar measurements at 4 and 7 Gel'/c for bath K*|i and K'p elastic scattering 
hare heal made at the PS ftv the CERN-Cuen Collaboration. 
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constant to be larger than those previously suggested. The new value, in agreement 
with SU(3) and SU(5), is 21 ±2. This work has now been extended to cover the 4 to 
10 GeV/c range where 2 x 10* triggers were accumulated (CERN-Caen Collaboration). 

K~ p elastic and charge exchange scattering at 4.2 GeV/c 

Elastic scattering K~p -> K~p and charge exchange K~p -• K°n at 4.2 GeV/c are found 
to have differential cross-sections da/dt with some striking differences and some 
similarities. In the charge exchange reaction there is a dip near t = 0 and the slope is much 
lower than that of elastic scattering. Near |t| of 0.6 to 0.8 GeV2 both da/dt distributions 
showstructure (dip, change of shaped Over the |t| range of IS to 5 GeV2, both distribu
tions have the same slope and the elastic cross-section is; higher by only a factor of less 
than two (Amsterdam-CERN-Nijmegen-Oxford Collaboration). 

The reactions K p-+hjpcron + meson at 4.2 GeV/c 

Studies of the reaction K~ p -• meson + hyperon have given a number of important 
results. Studies of the missing mass squared distribution for the mesonic states produced 
with backward and forward emitted lambdas show that different sets of mesonic 
resonances are produced in the two cases. 

Detailed investigations have been performed for three sets of final states: (1) 7t°A, T]A, 
TI'A; (2)<aA,pA,«I>A,<ra;; (3) Tc£(1385),p-5:(1385),<K:(1.385),ioA(1520).Final states (1) were 
found *o have differential cross-sections showing prominent structure, among which 
a dip at u ~ — 0.2 GeV2 for JI°A was interpreted as being due to the exchange of the Not 
Regge trajectory. Polarizations were found to be large, especially for nPA/in disagreement 
with strong exchange degeneracy which predicts zero polarization. Final states (2) and (3) 
have allowed a determination of the complete spin density matrices of the resonances 
involved, in addition lb the differential cross-section-and polarization. The weak hyperon. 
decay has, furthermore, permitted the measurement of the moduli and most of the relative 
phases of the production amplitudes in the transversity frame. An extension of the 
formalism has enabled such measurement even in the cases of coherent superposition of 
different spin states. The results of these analyses have provided the beginning of a wealth 
of information describing the underlying mechanisms of, and relations between, these 
reactions. . 

SU(3) symmetry plus factorization predicts equality of production amplitudes for the 
reaction pairs K~p -• «PA, Jt~p -• K*A and K~"p -> loA, K~p -> pATDetailed tests of this 
prediction have been remarkably successfulTor both pairs and, in the latter case, a study 
of p—io interference has enabled the prediction of zero relative phase to be verified. '.''--_ 

Strong exchange degeneracy predicts zero polarization in pA and toA. The data liave 
been found in strong violation with this prediction, the dominating natural parity exchange 
contribution to the reactions exhibiting a polarization close to unity. The amplitude 
analysis has isolated this breaking to that pair of amplitudes with meson helicity Ï. 

The quark model provides strong predictions for the structure of the production 
amplitudes leading to final states (3). Generally the data were found to be compatible with 
these predictions, although in the case of ir~£+(Ï385) a significant violation was observed 
for t'<0.25 GeV2. The final state ir+£-(1385) was also observed for t'<0.25 GeV1, a 
process corresponding to exotic meson exchange, and an interesting possibility exists that 
the two observations are somehow related (Amsterdam-CERN-Nijmegen-Oxford 
Collaboration). 



Study or the reaction it* p -» p«A + + (1236) at 16 GeV/c 

The reaction it +p-»p°A + +(1236) at 16 GeV/c has been studied and cross-section, 
differential cross-section do/dt', single and joint spin-density matrix elements are 
determined. For small t'-value, unnatural spin-parity (pion) exchange dominates, the 
natural spin-parity contribution being only a few per cent of the total. However, above 
t' = 0.2 GeVVthis latter contribution becomes approximately as important Its the un
natural exchange. Strong correlations between the p° and the A + + decay distributions are 
observed (Aachen-Berlin-Bonn-CERN-Cracow-Heidelberg Collaboration). 

Inclusive production or resonances Reaction 

Recently, there has been considerable interest in the inclusive production of resonances, 
for two reasons: (a) the evidence for cluster formation and short-range correlation effects 
may be wholly or p—tly accounted for by resonance formation; (b) the decay of vector 
mesons into leptons observed in hadronic interactions. In 7t+p collisions at 8. 16 and 
23 GeV/c, p° and f production has been studied. The p° cross-section is found to increase 
with energy so that the p°/it~ production ratio remains constant at a value of about 20%. 
This large value of 20% indicates that when one takes into consideration other resonances, 
p~, p + , in, etc., a large fraction of pions comes from the decay of resonances. Studies of p° 
production as a function of the Feynman x-variable and of transverse momentum indicates 
that some p° are centrally produced, but there is also a pronounced forward peak. The 
cross-section for the production of p° mesons is too low to account for the relatively 
large lepton flux observed (Aachen-Berlin-Bonn-CERN-Cracow-Heidelberg-Warsaw 
Collaboration). 

Triple Reggc analysis 

A triple Regge analysis has been made of the reaction K~ + p -» A + anything at 
4.2 GeV/c in the target fragmentation and in the beam fragmentation regions. In the 
former case the effective trajectory derived lies between the K and K*(890) trajectories 
and in the beam fragmentation case it is consistent with the nucléon trajectory. Many 
features of the beam fragmentation show striking similarities with on-shell pp 
annihilations (Amsterdam-CERN-Nijmegen-Oxford Collaboration). The reaction 
K + + p - ! - A + + + anything, studied at 8.2 and 16 GeV/c, has given an effective trajectory 
consistent with that of the p. except at small values of the four-momentum transfer 
where a contribution of jt-exchange is detected. Comparisons with previous results on the 
similar reaction with incident K~ show strong similarities, and give an interesting test of 
the dual properties of the Regge-Mueller formula (Birmingham-CERN-Mons-Serpukhov 
Collaboration). 

Impact parameter analysis of multiparticle production in meson-proton interactions 

Lower bounds can be calculated for the root-mean-square impact parameter b, in any 
exclusive reaction. These lower bounds, b L , have been calculated Tor nine exclusive 7t~p 
reactions at 16 GeV/c and for 24 exclusive K~p reactions at 10 and 16 GeV/c. It is 
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found that b L decreases with increasing multiplicity, but is larger at higherenergy. The-
values of b u are larger for diflractive than for non-diffractive channels of the same 
multiplicity (Aachen-Berlin-Bonn-CERN-Cracow-Heidelberg-London-Vienna-Warsaw 
Collaboration). 

Comparison of K° production with inelastic electron-proton scattering 

The inclusive reaction K + p-» K°X. at 5, 8.2 and 16 GeV/c was compared to the 
reaction e~p -» e"X. Assuming p dominance and the validity of the Callan-Gross relation, 
the structure function for K° production is obtained and compared to the similar function 
for electron inelastic scattering. The two structure functions show a remarkably similar 
behaviour, particularly in the region of small values of "the Bjorken variable oi 
(Birmingham-Brussels-CERN-Mons-Serpukhov Collaboration). 

Correlations in rapidity space and resonance production 

Correlations in rapidity space have beênusedlo investigate-the,prpduction of clusters 
in high-energy collisions. At 16 GeV/c, the reaction K + p -> K°JC+X produces abundantly 
the K*(890) resonance. Is it possible to detect this resonance, considered a cluster, by an 
analysis of the rapidity correlations?The results, after several checks, are negative, thus 
opening to criticism the usual method of analysis, at : least in this energy region 
(Birmingham-Brussels-CERN-Mons-Serpukhov Collaboration). 

Inclusive reactions in 32 GeV/c K p collisions 

Interactions of 32 GeV/c K~ mesons have been studied in the 4.6 m Mirabelle bubble 
chamber at Serpukhov. Single-particle inclusive distributions have been obtained for 
several types of particles, K°, A, A, y, JC+, Jt~, u°, and slow protons. Also, they have been 
derived for resonance production £(1385), A + + , and A0. Correlations between two-
particle inclusive reactions have been studied. The data were compared with those 
obtained at lower energies (France-Soviet Union and CERN-Soviet Union Collabora
tions). 
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BUBBLE CHAMBER RUNS 1975 

Beam 
Experi
ment 
No. 

Chamber 

No. of 
photos 
[units 

of 
1000) 

Laboratories -~ - ' _ Daies_ 

U s „ - 4 GeV/C 227 HBC200 402 Bergen, College de France, 
Ecole Polytechnique, "" ~ _.v 

Madrid, Stockholm 

__ August 

u s K ~ 8 J 3 GeV/c 209 HBC200 °2S Birmingham, CERN, 
Glasgow, LPNHE (Paris) 

, August + -
- November-

December 

U B P 7 J GeV/c 237 HBC200 395 Amsterdam, Athens 
(University and Nuclear 
Research Centre Dcmocritos) 
Liverpool, Vienna 

October 

Stétata HBC200 1717 

Bonn, Hamburg, Munich, 
Oxford. Pisa, 
Rutherford Laboratory 

March U 7 It" 22 GcV/c 225 BEBC so Bonn, Hamburg, Munich, 
Oxford. Pisa, 
Rutherford Laboratory 

March 

U- IE~ 22 GeV/c 
wire chambers 

241 BEBC 5 CERN, Saclay March + May 

u , p 12 GcV/c 243 BEBC 320 Brussels, CERN, 
Imperial Collets (London). 
Mons, Orsay 

Aachen, Bari, Bergen. 
Brussels. CERN. 
Ecole Polytechnique, Milan. 
Orsay. Oxford. Padua, 
Strasbourg, Turin, 
University College(London) 

April-June 

February +• 
June-July 

.Vnfadf« / BEBC 405 

Brussels, CERN, 
Imperial Collets (London). 
Mons, Orsay 

Aachen, Bari, Bergen. 
Brussels. CERN. 
Ecole Polytechnique, Milan. 
Orsay. Oxford. Padua, 
Strasbourg, Turin, 
University College(London) 

April-June 

February +• 
June-July 

1 Civ. 
1 
j 

\*1 propane 
1 

214 Garçamelle 
+ 

PS Booslcr 

570 

Brussels, CERN, 
Imperial Collets (London). 
Mons, Orsay 

Aachen, Bari, Bergen. 
Brussels. CERN. 
Ecole Polytechnique, Milan. 
Orsay. Oxford. Padua, 
Strasbourg, Turin, 
University College(London) 

April-June 

February +• 
June-July 

<-'- M freon 245 Gargamelle 

+ 
1 PS Booster 
! 
i 

250 Aachen, Brussels. CERN. 
Ecole Polytechnique, Milan. 
Orsay, University College 
(London) 

August + 
December 

' Suhwn 1 Guryumi'Ilc S2tt 

Aachen, Brussels. CERN. 
Ecole Polytechnique, Milan. 
Orsay, University College 
(London) 

c H (v. v) Spark 
chambers 

behind 
Ga ream elle 

SubunjI 

Aachen. Padua February + 
June + 
August 

Distribution: 1 S37000 pictures Tor laboratories outside CERN. 
2065000 pictures for laboratories outside CERN and CERN. 

HBC=l i>dro"cn bubble chamber BEBC =BJ£ European huhblc chamber. 



TECHNICAL ACTIVITIES 

Software Work has started on software to organize and process data from hybrid bubble 
development chamber systems (external muon identifiers with BEBC and Gargamelle, and the proposed 

European hybrid system). Considerable attention has been paid to the layout of data 
structures and it is expected that the one proposed is a valid starting point for all the: 
hybrid systems under consideration. A fruitful collaboration with the users of the 
NAL 30" hybrid bubble chamber enabled many ideas to be tested with real events. 

A rejuvenated version of the standard TC Division maintenance program PATCHY 
has been released. In addition to a number of new interesting facilities, "the "efficiency of 
the program has been improved considerably, and the new version is machine independent. 

Development started one "year ago on an interactive program for multidimensional 
data analysis and has brought into existence a satisfactory operational version. Examples 
of application to particular physical problems are the analysis of multibody pp reactions 
by a Paris group and of multibody K + D reactions by a Mons-Paris group. 

Spiral During 1975 the two spiral readers (LSDs) measured 305000 events (580000 vertices) 
readers of an experiment in the 2 m bubble chamber (K~p at 4.2 GeV/c), for, which the record 

number of 1000000 measurements has already been reached. The production was about 
10% higher than last year. This gain was due to a simplification of the measurement 
criteria made possible by improvements introduced in 1974, mainly on-line pre-filtering 
of information. The low percentage loss of running time (due to breakdowns, tests or other 
causes) is another reason for regarding the spiral readers as reliable and relatively 
economical instruments. 

Thus the mark of 1 million events and 2 million vertices has been passed this year, 
as forecast. For this performance, which makes the LSDs the principal producers of 
measurements of bubble chamber film, credit is due mainly to the team-work and 
competence of operators, technicians and programmers. 

Figure 5 — When the parameters of a test are changed 
continuously, the contents of a histogram vary as shown 
by this still picture. It is a simple example of applica
tions of the interactive multidimensional data analysis 
program. 

72 



The construction of the ERASME units was finished this year. About 140000 events 
of an experiment with, stopping antiprotons in .the 1 m. chamber, at incident momentum 
600 MeV/c, were completely scanned and measured with ERASME, The measurements 
were started in January and terminated in August. 

Another experiment — Jt+p in the 2 m chamber at 16 GeV/c — was taken over from 
the HPD which has been closed down. 40000 events were scanned and measured within 
the first ten months of the year. Since a geometrical reconstruction program was used to 
control the measurement quality on-line, none of these events needed subsequent 
rerheasurement . . •-. --.--t ._--•• ;_.--,._;•'----.•-.'-'.:. 

Three other experiments have been prepared and started on ERASME: 

(a) pp in BEBC at 12 GeV/c 
(b) K - p in Mirabelie at 32 GeV/c 
(c) KTp in the 2 m chamber at 8.25 GeV/c. 

ERASME 

The Split-Field Magnet proportional chamber detector operated successfully during 
the whole running time of the ISR. Four groups took data, either as single users or in 
multi-user parallel operation, when the equipment and the triggering system permitted. 

Significant improvements were made to the detector, particularly in the refinement 
of trigger schemes and in on-line and off-line filtering programs, aiming at the selection 
of rare events. 

The physics results are reported under the ISR research programme of the NP 
Division. 

Split-Field 
Magnet (SFM) 

pp -> A+ K° -*- 8 charged tracks 

Figure 6 — Event observed in the Split-Field Magnet. One A -*• n~p, 
one Kti -*• TCTC and 8 charged particles have been reconstructed front 
a pp collision at v " s = 52ô GeV. The hits m the inultiwire proportional 
counters are indicated by circle*. The tracks given by the reconstruction 
program are shown as continuous lines. The dashed lint's indicate the 
path of the A and K° before decay ICERN-Collège de France-
Heidelberg-Karlsruhe Collaboration ) . 

at Y s ~ 52.5 GeV 

o hit in MWPC 
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figiin- 7 - Figure a) iftoiri the scattering of measured points alang 3.7 m long '•earn 
tracks (22Gel~!cn j trmvrsinj; BEBC. Tlie measurements plotted in the film plane of 
BEBC camera?, were dune uir/r ERASME and the rtns-scattcrs ohtaineil correspond to 
a setting ernir on points of 250 urn in chamber space. 

Figure b) slums a histogram aj residuals on tracks \rith momenta above 1 CeV/c 
in BEBC as obtained from ERASM E measurements and aeonietrical event reconstruction 
m the 12 Cel'.'c pp experiment T243. The peak value of the distribution at 5 um 
corresponds to < 3(11) um selling error on points in BEBC space. The sample comuins 
all tracks nu/i track leniilh rarylnu from a few cm up to3 in. 

BEBC The end of 1974 was marked by the restart of the BEBC magnet, which could be run 
at its nominal field of 3.5 T without any difficulty. AH efforts then concentrated on the 
chamber in order to prepare a long physics run. 

The magnet was cooled down at the end of February. After a short technical run, 
425000 photographs were taken: 100000 pictures with ir" at 22 GeV/c, 300000 with 
antiprotons at 12 GeV/c (search for charmed particles) and 25000 for technical trials, with 
wire chambers in front of and behind the chamber. These trials were undertaken to gain 
some experience for the future external muon identifier where the measurements made in 
the chamber must be linked with those of the wire chambers. 

The quality of the photographs was, in general, good. Only rarely could distortions be 
seen with the naked eye. The standard deviation of the points measured around a well 
fitted trajectory is 250-300 um. This should make it possible to measure the momenta of 
particles to ah even higher degree of precision than that obtained in the 2 m chamber. 

The magnet was operated at its maximum field of 3.5 tesla throughout the run. The 
operation of a metallic piston caused no difficulties due to eddy currents in spite of the 
high magnetic field. In view of this satisfactory result, a final version of the piston, made 
either of stainless steel or titanium, can now be designed. 
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Figure S — Hydraulic expansion system: hl_' 
the ventre can he seen the tower end of the ? 
hydraulic jack to which the cold piston is 
coupled 'not risible). The big rectangular^ 
blocks arc very powerful servoralres (capacity"-
500 -£,>;, which are controlled hv smaller^ 
.wrrijid/to. risible in their magnetic shielding. ~ 
Each servorahe has two accumulators, aperat-;, 
inn »it n niiixmiuiii pre.siiire of 210 bar. The • 
piston performs the full cycle of expansion and *~: 

recompres\ion of the chamber in SO ms with a 
stroke of 120 mm. (CERN-S6SJ.75) 

As a result of some modifications to the piston joint, there was very little wear, and 
very little dust was seen in the chamber after 800000 expansions. 

Two minor breakdowns occurred during the run, each one stopping the operation 
for two weeks. One breakdown was caused by a leak in the water coolers, the other one 
by a crack of a welding seam on the piston. Apart from these incidents, the reliability of 
the whole rather complex set-up (chamber, magnet, refrigerator, hydraulic system, 
cameras, etc.) was good throughout the four months of continuous running. 

Future M-iif Overall new of the BEBC storage area. Three horizontal tUnvars of 
50000 tttrvh each store the fitfiiiik (neon, hydrogen and deuterium) to be used for SPS 
e\ périment s. A \ounh dewar to which the chamber is connected is to be found further to 
the left, but h not rhible in the photograph. The vertical cylinders take the various 
t/ti.M'% '.Vf. II2. D: K waiting for relique/action. To the right, in the background, a trailer 
with high-pressure aas bottles filled with neon can be seen. CERN takes delivery of 
1.2 um* »»/ neon every three weeks. {CER.\-232J.?6 ) 

Figure 9(b) — Dermis of the front view of lite neon dewar with 
its controls. The transfer liivs, visible to the right, are Inter
changeable and allow unv dewar required-to be connected to the 
chember dewar. (CERN-2303.76) -.-.--.-
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From 2 July, it was not possible to continue the 25 GeV physics in the West Area, 
which is being prepared for SPS physics. For BEBC this involves preparations to 
use H2/Ne mixtures and a track-sensitive target. A first technical run is scheduled for early 
in 1976. 

The installations required for the use of neon are nearly finished. Eleven tons of 
liquid neon are already in stock, enough to fill BEBC with a H2/Ne mixture of medium 
density. The neon stock is increasing regularly at the rate of 1.5 tons per month. 

The preparations for future use of deuterium continue also. The electrolyser for heavy 
water has been delivered and commissioned. It is now being run with ordinary water in 
order to gain experience with long-term operation of the plant before switching to heavy 
water. 

Gargattwiie The runs during this year showed that some components of the chamber were 
deteriorating, jnainly due to aging. This concerns mainly the optics and the coating on 
the inside of the chamber body. Solutions to improve these parts of the chamber have 
been found and the necessary changes will be made during the time available for the 
reinstallation of Gargamellc in the West Area, where it will operate with beams from 
the SPS. The planning for this move and for the reinstallation has started. 

The chamber ran for 1120 hours and produced 920000 photographs. 

i 

2 m chamber The chamber was moved 13 m towards the North to permit a more efficient use of 
the East Hall for counter experiments. 

On this occasion a big overhaul of the expansion system, cameras, refrigerator and 
compressors of the chamber was undertaken. The refrigeration system was modified; 
the safety sphere, 520 m3 in volume, is now incorporated as buffer volume into the 
refrigeration circuit at the inlet of the compressor. Therefore only metallic surfaces are in 
contact with the hydrogen while the gasholder with its non-metallic membrane is only 
used for gas recuperation. A major modification of the data box was prepared. It allows 
a shorter exposure time, 40 to 60 ms, to mark the data on film. During" the dismantling 
operations the chamber window on the camera side was slightly damaged; it was replaced 
by a spare window. The optical quality of the pictures taken with this new window is 
good, although its fiducial marks are not seen by all cameras. The precision of the 
measurements made since then on the spiral reader and ERASME does not seem to 
suffer from this shortcoming. 

The chamber started to operate on 27 June with JU" af 4 GeV/c. The run was 
interrupted for three weeks when a hydrogen leak had to be repaired. Afterwards the run 
continued and another experiment, K~ at 8.25 GeV/c, was started. Operation had to 
cease on 29 August, because of the fire which broke out at the PS, and could not start 
again before the end of October. 

This interruption was used for technical runs to check the feasibility of multiple 
expansions. These trials showed that the chamber can be made sensitive for each of 
5-6 expansions separated from each other by 150 ms with a repetition rate of this 
multi-expansion cycle of 2.5 s. Parasitic bubbles, created at the inflatable gaskets, appeared 
in the visible region after the fourth expansion. Track distortions could not be checked 
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since this required ;i particle beam. The refrigeration capacity can cope with this cycle but 
the design of the inflatable gaskets would have to be changed if the chamber were to 
operate in such a mode. Furthermore, some changes to the flash system, cameras and data 
box would also be necessary. 

The 2 m chamber was stopped for the annual shutdown on 18 December having 
produced 1718000 pictures in three months of operation. 

The breakdown of pictures taken is as follows: 

experiment T227 it" 
experiment T237 p 
experiment T209 K 

4 GeV/c 402312 pictures 
7.3 GeV/c 395 338 pictures 

' 8.25 GeV/c 921 157 pictures. 

This service has three development machines of large capacity at its disposal which 
can work with all the various types of emulsion. A fourth machine has been installed 
which has a smaller capacity but more flexibility for various purposes and can also do 
reversal development. 

A small computer to control this installation has been put into service. It is used to 
control the development operation and to check its quality. 

Some 2800 km of film have been developed in 1975 using 165000 litres of developer 
and fixer. The most important "customers" were: 

2 m H B C 1200 km 
Gargamelle 800 km 
BEBC 200 km 
Spark chamber (Aachen-Padua) 180 km 
EMI 50 km 
PS M14 20 km. 

Film 
development 
installation 

After the last year's results in obtaining high-quality tracks in a small hydrogen 
streamer test chamber, the construction and testing of a large chamber with a sensitive 
volume of 55 x 35 x 20 cm3 was completed this year. This chamber consists of two cells, 
separated by a central "high-voltage plane" made of a fine mesh with 50 um stainless 
steel wires coated with urethane painting. A new conical oil-insulated Blumlein line of 
25 £1 feeds into the chamber high-voltage pulses of a duration of 3 ns at half width with 
a rise-time of 1.3 ns and an amplitude up to 700 kV. Trials of the chamber showed good 
quality tracks of cosmic rays in hydrogen and deuterium gas up to atmospheric pressure, 
with an additive of ~ 0.5% CH 4; the quality of the pictures obtained using an image 
intensifier is similar to He-Ne streamer chamber pictures but with 2 to 2.5 streamers/cm. 
The development work on the H 2 streamer chamber is now completed. 

A projection chamber, of 0.2 m 3 useful volume, consisting of thick wires (the total mass 
of these thick wires is 200 kg) and its photographic readout, has been designed, built and 
tested. It is composed of a set of electrically independent modules that are arranged in 
such a way that the whole chamber is transparent along the "crystal planes". The double 
role of the thick wires as spark electrodes and conversion matter yields good spatial 
resolution. The high efficiency for many particles traversing the chamber at the same time, 
and its mass, make it well suited to be a detector for neutral particles and y-rays. This 

Gas discharge 
and multiwire 
chambers 
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Figure 10 — A xhonvr of mmiv hatirom 
front an inchkiu fast neutron in a vus 
tîiscîntrgi' chumher. 

has been shown by a test run on the attenuation and shape of the hadronic cascade in 
iron from incident protons at 25 GeV/c. 

A project proposed for a system of multiwire proportional chambers has been studied 
and prepared. It is a system of multiwire proportional chambers intended as the central 
detecting apparatus, vertex detector, in a spectrometer for the study, for example, of 
high p T interactions at the SPS. All construction details have been worked out after an 
exhaustive study of the geometrical and experimental conditions. An important aspect of 
the design is its optimization for track identification and reconstruction, particularly for 
large multiplicity events. There will be a total of 35000 wires. The design of this vertex 
detector has been finalized, the construction of one module as a prototype has been 
completed and tests have been carried out. 

Beams 1 m chamber 

During the PS shutdown a new RF beam was constructed. The RF separator is 
composed of the elements of the dismantled separator that was used in 1974 for a 2 m 
chamber beam and in the first half of this year for the BEBC beam. This new beam has 
been operational since June. It separates K* up to 15 GeV/c and antiprotons up to 
12 GeV/c. 

SPS 

Neutrino beams 

Construction of the various components continues. The first quadrupole magnets of 
the narrow-band beam have been delivered. The equipment to measure the magnetic 
field has been assembled and tested, and it works as expected. The first power supply 
has been tested in connection with a capacitor bank of 100 kj and a discharge unit. 
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Future 11 — Construction of tin RF separ
ator in the TC hull. ICERN-SUUO.75) 

External muon identifier 
The manufacturing method for the chambers has been defined and production has 

started. The first chamber has been tested and found to work satisfactorily. The electronic 
circuits have also been completely defined and the corresponding purchasing orders are 
being placed. 

S3 beam 
Two deflectors, which are 6 m long, have been constructed. They passed the high-

power tests satisfactorily and the third one is now being assembled. 
The year has mainly been used to construct and assemble the various components of 

the separator. One of the three stations is completely assembled and undergoing long-
duration tests in the laboratory. 

A temperature-stabilized RF line between the two RF "bulges" in tunnel TT60 has 
been installed as planned. 

A superconducting magnet combination is planned for the last horizontal deflection of 
this beam. The progress of the work on these magnets is described in the following section. 

Two superconducting bending magnets are planned for the projected s 3 beam from Low-temperature 
the SPS to BEBC These magnets are now being constructed. Designed for particle beams laboratory 
of up to 120 GeV/c the required deflecting power is 10.5 tesla metres per unit, to be 
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Figure t2 — One of the siipcmmductlmj 
bendimi tmifinctsfor the BEBC beam, reodv 
to he »mimed into /f.i helium cryotfut. Euch 
mannet will provide u heiulinii power of 
10.5 teshi mart' ot a central field of 4.6 leda. 
ICERN-I5H.I.76) 

obtained at a central inductance of 4.6 T in a "cold" bore of 74 mm diameter. In October 
the first unit was tested successfully in a vertical cryostat. 

Liquéfier Addition of an expansion engine to replace the Joule-Thomson throttling valve of the 
central helium liquéfier increased the elTective output by about 25%. Liquefaction rates 
in excess of 80 -£/h arc now possible. 

During the year 1975 the following quantities of cryogenic liquids were distributed: 

3570000 litres of liquid nitrogen 
20 800 litres of liquid hydrogen 

133000 litres of liquid helium. 
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Theoretical Physics Department 

Theoretical Studies Division (TH) 

The scientific activity of the Theoretical Studies Division covers a very wide spectrum 
of topics which range from the investigation of the first principles of quantum field 
theories 10 the phenomenological study of the most recent experimental findings. 

In the field of research of a more fundamental nature, the study of scattering by 
massless particles and some important investigations in constructive quantum field theory 
should be mentioned. At the same time very interesting activity has been dedicated to 
general properties of scattering in non-reiativistic Schroedinger theory. Research in 
quantum electrodynamics has been very lively and has led to the study of eighth-order 
radiative correction of the renormalization group and of mesic atoms. The dual theories 
have found a renewed interest through the introduction of supersymmetric fields. A 
completely new family of models has recently been proposed. 



flic iivrcluriai of the Theoretical Sttaiies Division (CEIt^-313.3.76} ' 

Theoretical Studies Division 

Tne experimental discovery of the narrow resonances (j — i(i) has strongly influenced 
the Division during the period in question. Theoreticians have tried to understand the 
unexpected phenomenon in terms of present theoretical ideas and to get from them 
inspiration towards future developments. These new phenomena still escape a simple 
interpretation; however, here at CERN — as in several other places — several schemes 
have been propose»! and a lot of interesting study has been dedicated to the consequences 
of charm, colour, intermediate boson, etc. The activity in this field has evolved into a 
collective enterprise (CERN Theory Boson Workshop) which has been an »citing 
experience in itself. The output of these discussions was a common report which was 
considered a valuable summary of the exciting situation. 

In addition to this, specific models to classify and ui.Jemand these new phenomena 
have been proposed. In particular, the charm and colour interpretations have been at the 
root of very interesting phenomenology. 

The quark-antiquark models have been investigated for all bosons on the basis of a 
specific interaction potential. The spectrum obtained in this way is satisfactory. The quark 
picture of elementary particles has been further applied to scattering piocesses and 
current-induced reactions. Quark confinement has been the object or much attention. In 
particular, the bag mechanism, and more recently the extended non-perturbative solutions 
(solitons. monopoles) of non-linear Lagrangians. have been studied. 

83 



An interesting approach to high-energy production processes which follows a topo
logical expansion has been proposed. This leads, in particular, to the well known cutting 
rules in the Gribov calculus. This last approach has been consistently explored in the 
critical situation of the unity Rcggc intercept. Critical parameters have been calculated 
using techniques of statistical mechanics. 

A Pomeron with intercept larger than one was also explored and showed typical non-
perturbativc effects such as spontaneously broken symmetry. 

A lan»e effort was dedicated to various aspects of hadron phenomenology, in two-
body and quasi-two-body exclusive processes as well as in properties of multiparticle 
distributions. Special attention has been devoted to hard collisions. . 

The activities of the nuclear physics group have also been rewarding, especially in 
problems of hadron nucleus interaction. Also very interesting are the investigations on 
electromagnetic properties of particles and nuclei. 
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Proton Synchrotron Department 

Proton Synchrotron Machine Division (MPS) 

Although I975 had more than its share of the unexpected, it was also a year in which 
considerable progress was made towards the goals set by the research programme and 
the approaching completion of the SPS. For the first time, accelerated beam intensity 
appeared on the schedule as a programmed variable. The flexibility conferred by Booster 
injection has made this possible, opening the way to a significantly more efficient use 
of PS protons. Since the East Hall ejected beams have now been adapted for "inter
mediate-intensity" operation, the Booster operated for more than three times the number 
of hours worked in 1974. During runs for the neutrino experiments, maximum intensity 
was sought, and generally 8 x 10 ' : protons per pulse were successfully accelerated — with 
an appreciable amount of running time over the "magic" figure of 10 1 3 . 

Considerable effort has been devoted to providing the right kind of beam for injection 
to the SPS early in 1976, and this has so fai been accomplished without loss to the 
"25 GeV" research programme. Towards the end of the year, a beam of 7 x 1 0 1 2 protons 
was iransporied as far as SPS territory. A careful examination of the limitations on future 
PS performance is being made, with due regard Tor the present economic climate. 

The fire which occurred in the cable tunnels in August completely stopped PS opera
tion for four weeks, and seriously restricted it for many more. Apart from the direct 
damage it caused, a large quantity of electrical and electronic equipment was severely 
contaminated by smoke and fumes, and this presented a formidable cleaning problem. 
Staff of every description cooperated in the common task, and help came readily from 
other Divisions. Without all these willing hands speeding up the work, further deteriora
tion would have been inevitable and more equipment would have been lost. The 
insurance companies* representatives were somewhat surprised to find salvage taking 
precedence over cash claims, and the sight of so much industrious alchemy temporarily 
supplanting physics was a memorable one to see. 

West Hall experimental physics with BEBC, the big European hydrogen bubble 
chamber, qnd the Omega magnetic spectrometer ended in July, so that preparations for 
experiments with beams from the SPS could begin. The work of the Experimental Areas 
Group towards SPS physics is dealt with in the part of this report devoted to 
Laboratorv II. 
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Proton Synchrotron Machine Division 

THE PHYSICS PROGRAMME 

After ihc long annual shutdown (Christmas to 19 February), the Linac, Booster PS operation 
and PS ail came back into action on schedule, and an ejected beam was ready for the for pliysics 
neutrino experiment fourteen hours in advance of the promised programme. The Booster 
has been used as injector to the PS for most of the year, and in consequence it has been 
possible for the first time to operate al a predetermined intensity in accordance with the 
vary ing experimental requirements. The additional decree of flexibility is doubly welcome, 
since an important part of operational policy is keeping down proton wastage, which, 
through radiation damage and induced radioactivity, can be costly in both money and 
manpower. 

The basic operational pattern for most of this year was simultaneous sharing between 
one of the two South Hall targets and slow extraction to either East or West Halls, with 
a few bunches used 10 supply the 2 m hydrogen bubble chamber and the g— 2 experiment. 
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A scheduled intensity of between 3 and 4 Tp per pulse (Tp=10 1 2 protons) was 
accelerated, depending upon particular requirements of the run, and when supplying the 
1SR the intensity of their alternate pulse was appropriately adjusted. Some periods used 
direct injection at 50 MeV partially or wholly, giving about 2 Tp, and Booster machine 
studies using the interleaved Linac pulse went on concurrently. During runs for the 
neutrino experiments the highest attainable intensity was sought; generally, this was. in. 
the region of 8 Tp, but it could be pushed up to 10 Tp under good conditions..Eighteen 
of the twenty bunches went to the neutrino ejected beam line, and the other two were 
used for the hydrogen bubble chamber and Tor slow extraction to cither East or West. 
Statistics or the year's performance are shown in Figure 2. 

Time lost owing to faults was slightly better than average, except for two major 
breakdowns. In May, forty-five hours of running time were lost owing to trouble with the 
power supplies of the focusing quadrupoles in the Linac, and in August, a fire in the 
South Hall Extension caused the loss of some five hundred hours. Besides the direct 
effects of the fire itself, widespread damage was caused by the fumes of hydrochloric acid 
arising from burning PVC insulation. Power supplies for the auxiliary magnet system. 

Fitli"v _ Fmk-n'iuiii/ i/iriwoii of iht: PS \sar i24 himrs ;»'r (/crj iiml u Miinimirv of 
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poleface windings and injection corrections, the hydraulics of the plunging fast kicker 
magnet, an electricity substation, timing circuits, numerous smaller items of equipment 
and even the fabric of the building itself were all affected to a greater or smaller extent 
depending upon their distance from the seat of the fire. Thanks to great efforts and a 
good deal of willing assistance from elsewhere (especially the SB and ISR Divisions) it 
was possible to restart within a month, at first with a drastically simplified programme. 
By December, operation was virtually normal, but everything will not be put back into 
order before the early part of 1976. 

The slow-ejected beam complex in the East Hall was completely rebuilt between Experimental 
October 1974 and April 1975. The three primary beam branches are now housed in areas 
shielding tunnels adequate for "intermediate-intensity" operation, and six secondary 
beams are derived from the four targets employed. Intensities in the primary branches 
may differ by a factor of ten or more; the total is between 2 and 3 x 10 1 2 protons per 
pulse depending upon experimental requirements. In the course of reconstruction, major 
improvements were made to the facilities available. A new building houses twenty-one 
rectifiers for beam transport equipment, transferred from other areas, and cables have 
been laid from two large generators housed in the South Area. The cooling water system 
was extended and its capacity increased from 360 to 510 m 3 /h. The construction of the 
beam lines themselves was also improved. More refined beam optics reduced losses at the 
splitting magnets, and provided an additional degree of flexibility in meeting experimental 
requirements for beam size and intensity at target position;. The vacuum equipment of 
all primary branches has been adapted for the use of metallic joints throughout. 
Prototypes of two kinds of quick-alignment support, for beam transport elements and 
instrumentation, were built and tested; they have now been installed in the vicinity of 
targets. For the whole reconstruction project, six target stations and eighteen exchangers 
for TV screens were installed, exhausting the stock in reserve. The tungsten targets used 
are protected from oxidation by a quartz coating, this being the best method found up 
to the present. 

Two experiments have already been completed, and in November beams p I 4 and p J 6 

were modified for the installation of two new experiments, (K." p -» A°X) and (K + n -» K.°p). 
The 2 m hydrogen bubble chamber started work in its new position in June, using an RF-
separaled beam derived from a target employing fast extraction from straight-section 58. 

The West Hall beams ceased operation in July (after a short extension for "charm" 
searches with the Omega magnetic spectrometer) so that preparations for SPS experiments 
could begin. In the Soulh-East Area, the g - 2 experiment alternated with Gargamelle 
neutrino physics, and, by transferring power supplies from the South Area, it was possible 
to run g - 2 at the same lime as the East Hall beams. In the South Hall, three beams 
were in use for experiments and six zones for apparatus tests. In spite of fast turnover 
the test zones were crowded, and additional facilities arc planned for 1976. 

Of the nine electronics experiment beams available in the South and. East Halls, three 
are low-energy p or K using electrostatic separators. Separator equipment and beam 
transport elements have been prepared to furnish a low-energy K beam at ITEP 
(Moscow) for an experiment in the Xenon chamber (ITEP-Padua Collaboration). 

Six hydrogen targets and two polarized targets are in use in current experimental 
layouts. Special hydrogen targets are being constructed for SPS experiments. 

The well-known "CPS User's Handbook" has been replaced by a new and up-to-date 
version in a handier formal, entitled — to avoid confusion — the "CERN PS Experi
menters' Handbook". 
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SCHEMATIC DIAGRAM OF PS EXTERNAL BEAMS 
AND EXPERIMENTAL COMPLEXES IN 1975 
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CIRRE.NT TECHNICAL DEVELOPMENT 

Linac Since the performance of the Linac in 1974 was satisfactory, the available effort in 1975 
was largely concentrated on careful maintenance, completing the planned improvements 
to the RF system, and making a few modifications, mostly concerning observation and 
diagnosis of beam behaviour. After a successful test with a borrowed turbomolecular 
pump, a set was ordered to replace the present trichlorethylene-cooled mercury diffusion 
pump system. 

Beam at 50 MeV has been satisfactory at the 50 mA level which was hitherto the 
norm. This year, using the buncher, 80 to 90 mA has usually been available, generally of 
similar quality. Operation was reliable, with the exception of a two-day breakdown of the 
quadrupole focusing system in the first tank. 
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To meet the demands of the experimental programme, the Booster operated for most Booster 
of the physics running time in 1975. After a first run with record reliability (836 hours synchrotron 
with only about 2% down time) the accelerator continued to perform very steadily 
(average fault rate 3.6%), successfully meeting the varying requirements of the programme. 
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Figure é — Q-diagram "f ''"' Booster, 
.showing the mast important slap-hands 
{nan-linear betatron resonances) causing 
cmiiumce blow-up. ami the programmed 
mtmmenl of the working paint durum 
acceleration. The large space-clmrge-
imlttced incoherent Q-shift at injection was 
formerly accommodated by adjusting the 
lune to point A. just below the .systematic 
resonance JQi- = 16. IKift decreasing space-
charge effects, the Q-ealues can he mured 
nmiy flam this resonance (A m Cj. The 
new extra windings »n the quadrtipnles now 
cnabie the starting paint to be placed al posi
tion It — within the .shaded area which was 
previously mialtninalile heatuse of the thre
shold currents of the main Q-tuniini supplies. 
This has a beneficial effect on horizontal 
emitlance blow-up at the highest intensities. 

During "intermediate-intensity" operation, pulse-to-pulse intensity modulation was 
provided whenever the ISR needed lower beam levels, and Tor the "neutrino" runs a 
steady 1.2 x 10 1 3 protons per pulse were delivered to the PS. The responsibility for 
operation was transferred from the Booster Ring Group to the Operations Group in April, 
although Booster Ring machine specialists continued to act as Booster supervisors. 

This performance reflects the progress made in machine studies and improvements. 
The major problems have been omittance biow-up and longitudinal instabilities. The first 
is due to stop-bands combined with strong space-charge forces, and is avoided by a 
proper choice of Q-values. The range of possible Q-values has been extended since the 
beginning of the year by energizing extra windings in the main quadrupoles, which also 
allows the eight betatron frequencies to be individually tuned as functions of time. Whilst 
it somewhat complicates operation, this facility makes injection possible near to the 
difference line Q v ~ Q i i = 1, a form of "skew" (or coupled) injection which can give some 
15% improvement at high intensities. Better means of displaying the eight Q values and 
measuring beam omittance arc under development. 

The technique of "shaking" the bunches, to render them more stable longitudinally, 
continued to be used successfully in operation. However, at the highest intensities it is not 
sufficiently effective and leads to losses. After many theoretical and experimental studies, 
an active feedback method has been developed which damps the troublesome coupled 
dipole, quadrupole and sextupole modes. It does this by operating through the RF system 
on appropriate sidebands of the sixth and seventh harmonics of the revolution frequency. 
At the same time the search continues for the parasitic coupling impedances causing this 
instability. Another phenomenon which sometimes also occurs at the highest intensities is 
transverse instability; experiments are being made with an active damping system. 

The faster 50 MeV beam distributor was installed, together with its high-performance 
power supply, and successfully tested with beam. The last of the ninety-six additional 
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multipolc lenses, was delivered in October, and most or the installation work was 
completed by the end of the year; first tests with beam in November gave encouraging 
results. 

The vacuum system behaved exceptionally well, with an average pressure of 
2 x 10 " s torr. Some improvements were made in the interests of higher reliability and 
quicker pump-down lime; for example, increased radiation resistance lor the turbo-
molecular pumps, more precision in pressure measurements, and the installation of 
titanium sublimation pumps at critical points, such as tanks containing ferrite. 

When the SPS comes into operation, it will be the Booster's task to modulate, by 
substantial factors and in a closely-controlled way, the beam intensity and, possibly, the 
beam emitlance. The method favoured at present is to change the number of turns over 
which Linac beam is injected, and the necessary modifications and additions to the timing 
and programming systems are ncaring completion. The electronics for extending the 
dynamic range or the radial loop or the beam control system by an order of magnitude 
is being made and corresponding circuits for the phase loop arc under development. 

In order to be able to check the quality of the recombined Booster beam during 
operation, and to allow use of intermediate pulses for machine studies and performance 
development, the magnet deflecting the beam to the 800 MeV measurement line will be 
replaced by a unit that can be switched between pulses. The magnet design is finished, 
and the power supply is being ordered. 

Throughout the year steady improvement continued on the beam observation equip
ment, the 800 McV transpDrt and measurement lines, and the Booster control equipment 
in the Main Control Room. 
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Main Prtntm Studies of 800 MeV injection and matching continued. Thanks to a reduction in 
Synchrotron Booster transverse omittance, progress was made in improving the injection efficiency. 

More refined methods of analysis of measurement results, and more elaborate computer 
programs for quadrupole tuning in the transfer line, are being developed in order to 
increase reproducibility and improve matching. Modifications to the 800 MeV injection 
kicker substantially reduced beam losses, and work is in progress to widen its operational 
m a r g i n s . ~ : ~. -.•-'•' 

Careful control of the configuration of the PS magnetic field is an essential pre-" 
requisite to obtaining accelerated beams of the quality required by the ISR and the SPS. 
Time-dependent compensation of second- and third-order stop-bands before transition 
has been progressively introduced; the working point is programmed at low energy so 
that it remains in a favourable location of the tune diagram during the space-charge-
dominated period and is also suitably placed for transition. This resulted in suppression 
of the emitUince blow-up occurring before transition. In order to be able to control both 
the working point and the chromaticity after transition, new bipolar power supplies are 
being provided for the machine quadrupoles, and, of rather more importance, (he decision 
was made to adopt a new scheme for powering the polefacc windings. • 

The introduction of the new poleface winding (PFW) circuits will take place in two 
stages. In the first stage (1976), separate programmable power supplies will feed the PFW 
in the focusing ("F') and defocusing ("D") halves of the magnet units, and an.additional 
winding, using a third supply, will be installed in figure-of-eight form-around the two 
halves of each unit. The final configuration will only be achieved after replacement of all 
the present poleface windings by new ones, in which provision is made for splitting each 
of the "F" and "D" circuits into two. This will provide a total of five independent para
meters, in addition to the main power supply, for control of the magnetic field. 

Work is in hand at present on all aspects of the first stage. As for the second stage, 
an order has been placed for the PFW sheets themselves, and the final configuration of 
the power supply and control systems is being studied. The new PFW sheets are 
compatible with the old ones, so that installation can take place in stages (scheduled for 
1978 and 1979). 

A contract has been negotiated for the supply of ten spare excitation coils for the PS 
magnet Two spare bus-bar connections have been made at CERN, so that replacements 
are now available for all except four locations (where flexible cables would be used in case 
of failure). 

Power supplies have been ordered for the various elements being added to the auxiliary 
magnet system, and a building to house them, adjacent to the PS ring on the north side, 
has been completed. The electronics for the "supercycle" programmer of the main magnet 
power supply have been installed, and have passed initial tests (see "Further development 
and future plans"). 

Improvements to the RF system in the interests of.operational efficiency include 
installation of an additional accelerating cavity, better fault indication in the Control 
Room, and, nearing completion, a beam control system with a wide dynamic range. 

During the annual long shutdown, a major task was the installation of enlarged 
vacuum chambers in eight magnet units to accommodate the particle orbit deformations 
required for the "continuous transfer" ejection system. In the adjoining straight-sections, 
modified or specially built components, such as lenses, pick-up electrodes, etc., with 
suitably enlarged apertures, were installed. Most of the old sextupoles were removed,, in 
preparation for the installation of new compact units in the course of the year. 

Since the performance of the vacuum system has been satisfactory, with an average 
working pressure lower than 2 x 10~7 torr and an almost negligible failure rate, improve
ments are only made when the opportunity oecurs in connection with new installations, 
and are generally directed towards facilitating maintenance in order to economize on both 
the time spent and the radiation dose received by the staff responsible. Whenever a 
magnet vacuum chamber is dismounted, a new one-piece pump manifold is fitted, and 

l>4 



the whole assembly is rigidly fixed to the magnet unit. Alignment of straight-section 
equipment is thus simplified, and single-bolt quick-connect vacuum couplings can be 
employed. The number of vacuum seals is reduced, the delicate and poorly accessible 
C-rings eliminated and more space is made available Tor the modified poleface winding 
installations. The new internal high-intensity dump target (see below) has all these features, 
and. in addition, the vacuum couplings can be remotely manipulated in order to keep 
radiation exposure as low as possible. 

Above a certain interacting beam intensity, internal targets overheat, and this limit Targets 
could easily be reached unintentionally, when, for instance, another beam-consuming and ejection 
operation suddenly stops. An overload protection system has therefore been built which 
measures the energy received and withdraws the target when a pre-set limit is reached. 

For rapid beam dumping, a fast-operating target using a mechanical resonance system 
has been built and installed. It is mounted on a trolley and provided with its own 
shielding, in order to simplify maintenance and reduce ambient radioactivity levels. The 
first operational tests were successful. 

Two projects in the field of ejection are nearing completion; the extension of the 
full-aperture kicker, to provide an adequate margin of power, and the computer-
controlled fast-ejection timing. The major components for the new slow-ejection septum 
extraction magnet for the East Hall beams have been ordered. 

Figure A The m*n- turret unit far me n/u'/l if i:* m.'ti'SMirj- to tlmnp PS burnt insUle 
the iieeelerutur. Quiek-ionneei nitiunii fltmifes anil the miter eatilititf /u/v.s can he seen: 
the ntpiti-.icltmi résiliant tlrite tn.Tlumism is enclosed tit the rear. When installed, it is 
shrouded in marble shielding tu ralucv jnJiwni radioactivity levels during PS 
maaihiuaut-piTimh '..we Figure J). (CEHX-275.10.75} 
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The IBM 1800 computer and its satellites have continued their limited but reliable 
services in control or the whole or the Booster and parts or the PS and Linac. Although 
the IBM is now more than fall and reacts sluggishly, a Tew small but urgent tasks must 
still be given to it; the core memory has therefore been increased by a block or 16K 
(obtained within CERN at no cost). One of these new tasks is pulse-to-pulse beam 
modulation; the setting of parameters before each Booster cycle strongly emphasizes the 
on-line aspect of the IBM 1800, and, consequently, access to the computer will have to 
be restricted. : - .- - . i.., 

The computer-controlled low-energy magnetic correction system is being adapted to 
cope with pulse-to-pulse intensity modulation; hardware based on the use of autonomous 
function generators has been installed for this purpose. Equipment for controlling auxiliary 
magnet power supplies is being built, and requirements for the first stage of the poleface-
winding project are being examined. The digital data acquisition system constructed for 
the beam position monitors in the Booster-PS transfer line has worked successfully. 

The new beam-loss monitors in the accelerator ring, using the aluminium cathode 
electron multiplier developed in collaboration with industry, have been successfully 
brought into operation with the analogue acquisition system, giving a pictorial display of 
beam losses. The digital part of the acquisition system has been developed and built, but 
its eventual operation will have to wait until the future framework for the control system 
has been decided. 

A monitor for use in slow-ejected proton beams of 107 to 109 particles per second is 
now functioning satisfactorily, and the digital data acquisition for it is being constructed. 
Two ionization beam scanners, built here for the Brookhaven National Laboratory, are 
now operating in the Alternating Gradient Synchrotron. Studies on vacuum-compatible 
radiation-resistant fluorescent screens have continued and the most successful (alumina 
activated with chromium or cobalt) are being used in a number of applications at CERN 
and other laboratories. 

FURTHER DEVELOPMENT AND FUTURE PLANS 

New Linac The project has made good progress during this year, although a shortage of staff in 
certain areas and deliveries which were either late or failed to meet specifications prevented 
it from reaching all the anticipated milestones. The contractors have handed ovsr the 
building, and installation of supplies and services is well ahead. 

All components or the 750 keV pre-acce!erator have been assembled, and commission
ing is in progress. The design of the beam transport and matching system leading to the 
first Linac tank has been optimized, and prototypes of some components have been tested. 
A study programme using the experimental 500 keV beam installation has now been 
completed; besides providing valuable experience with measuring equipment, electronics 
and computer software, it yielded interesting information on the properties of the beam 
from the ion source. 

Specifications for the Linac accelerating structure were finalized after checking against 
farther beam dynamics computations and model measurements, and alignment procedures 
have been defined. The tanks, and also a pilot batch of drift-tubes to test manufacturing 
techniques, have been ordered. Nearly half of the order for quadrupole lenses has been 
delivered, as well as a first consignment of their power supplies. 

Development and construction of the RF system is well advanced and a prototype 
of the power output stage is under test Tendering for the production of the drive 
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Figur? ~ - The 750 Acl7 prc-aceelerator 
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ground contain!* electronics for the ion 
M'lirce. which is iusi out ttj nViv on the right. 
>CERX-l23.4-75) 

amplifier is in progress, and all the other component parts are either at the final prototype 
stage or already in production. 

The vacuum system specification is complete. AH pumps have been ordered and a 
substantial proportion already delivered. The vacuum control and interlock system is 
being manufactured. 

There has also been good progress in the development of the control system. 
Production orders for more than half the required electronic modules have been placed 
and the two control computers have been installed in their final position. The first section 
of the control console and the central part of the CAMAC-based data transfer system 
have been commissioned. Development of systems software is well advanced, and 
applications programming is beginning. 

Preparations for ejecting a beam to supply the SPS — the "continuous transfer" 
scheme — are reaching their final stages. After passing satisfactorily the programme of 
measurements and life tests, the magnets of the "fast bumper" system have been placed in 
their working position. With the installation of a 2 m electrostatic septum, and a pair of 



large-aperture dipöles for the requisite orbit deformation, the equipment in the.PS ring 
is virtually complete. 

The fast bumper "staircase" wave-form generator built for the first trials of the system 
lias been renovated, and is being used for the current development programme. Installation 
of the final "staircase" and "pedestal" generators is well advanced; and first tests of the 
latter have already been made. Some concern had been felt for the durability of the 
thyratron switches, since similar models used for SPS equipment had suffered early failure; 
however, the generator successfully passed its life tests. 

The prototype of the large-aperture extraction (septum) magnet also came successfully 
through life-testing. Unfortunately, there is some delay in the delivery of laminations for 
the final model, which may therefore not be ready in time for installation during the long 
shutdown of early 1976. However, the unit at present-installed is satisfactory up to 
"intermediate" intensities, and its modified power supply has been tried out at various 
energies in a multipulsing mode. The final version of the power.supply is undergoing 
laboratory tests. 

Hardware and software problems in the control computer have caused some delay. 
Pirns have therefore been simplified, and features which can be classed only as "desirable" 
havj been given low priority. 

The whole ejection system has been tried out at low intensities with the equipment in its 
final positions, and no major problems have been found. Combined operation of the ISR 
and the SPS will require ejection at different energies in alternate cycles; this mode has 
also been successfully tested, including use of the beam transfer line, in collaboration with 
the ISR Division. 

The instrumentation for beam observation in the transfer tunnel has been installed 
and partially tested; equipment and interconnections for radiation safety, inter
communications, program control, etc., which will be required for beam transfer, have 
been fully specified, and their construction is proceeding according to schedule. 

Extensive studies have also been carried out to determine the best method of changing 
the longitudinal structure of the beam, which is bunched in the PS at 9.5 MHz, whereas 
the SPS accelerating frequency is 200 MHz. Attempts to debunch in the PS at the 
transfer momentum of 10 GeV/c produce strong instabilities at.gigahertz frequencies, 
probably due to interaction between the beam and vacuum chamber discontinuities, 
resulting in a large increase in emittance. Effort was therefore directed towards trying to 
combine controlled blow-up of the bunches with increase of the r\ factor, using quadru-
poles already employed when crossing transition (q = 1/Y,2, — 1/y2; 7 = E/E„). 

In the meantime, simulation studies on the PS before transition, and at the FNAL 
accelerator (Batavia), showed that debunching may well be easier to do in the SPS itself 
than in the PS before transfer; this will be tried out when SPS operation begins. 

The necessary modifications to the PS radio-frequency accelerating system have been 
made; beam control has been adapted to allow the voltage reduction and phase-shift 
required for debunching. A 200 MHz cavity has been installed to modulate the PS beam 
prior to transfer, and the behaviour of the pin-diodes (used to short-circuit this cavity 
during acceleration) in a radiation environment has been investigated. 

Operation When the SPS starts operating, the PS will function in a repetitive sequence of 
different cycles, each cycle producing accelerated beam with characteristics suited to the 
particular user. This sequence is called a "supercycle", and was illustrated in last year's 
Annual Report Its development is closely linked to the work on pulse-to-pulse intensity 
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modulation, which is already partially operational. The next stage will require, besides a 
new timing system and sequence programmer, automatic switching of parameters for 
various elements, for example, the sensitivity of pick-up electrodes. The actual change of 
intensity can largely be obtained by altering the number of turns injected into the Booster, 
which is currently the means used to reduce intensity for the ISR; other methods, such 
as the use of a "sieve", are being developed as a second priority. ; _, 

Tests of "supercycle" operation as it is planned for 1976 were carried out towards the 
end of the year. Positive results were obtained, but it was evident that a considerable 
amount of further work on the operational aspects would be required. 

The static absorber, which forms part of the reliable high-intensity dumping scheme 
for the ISR/SPS beam line, has been installed, and design of the remaining components 
is proceeding. 

The various plans to ensure that the PS will perform efficiently its threefold future Development 
function have resulted in a sudden increase in the demand for controls, besides implicitly of the control 
including the use of several control computers. A number of isolated computer systems system 
exist at present, and the approaching use of the PS as injector to the SPS urgently 
demands the development of further applications, such as the control of complex 
programme sequences {as described in the preceding section) and the continuous transfer 
system, to which must be added the new linear accelerator. 

Conversion to complete and integrated computer control of the accelerator complex, 
comprising Linac, Booster and the PS itself, therefore raises a number of problems. Apart 
from the differing ages of various components, ranging up to nearly twenty years, and the 
need to keep the machines in almost constant operation, an integrated system must be 
capable of coping with some of the variants of historical origin without being unduly 
constrained by them, and must be able to accept step-by-step integration of the various 
subsystems. 

The year has been spent on an analysis of present and future needs; in a joint effort 
with all the groups concerned a catalogue of control functions has been produced, as well 
as a study of operational aspects, and a design philosophy is being worked out. Further 
studies concerned interfacing, communication between computers, modalities of transition 
between old and new system." and relative merits of different layouts. Since these studies 
are essentially iterative processes, they have proceeded at a somewhat slower pace than 
originally hoped. Renewed collaboration with the DD Division has brought two scientific 
programmers to join the PS effort, and a project proposal for an integrated control system 
is expected in 1976. 

The efficiency of the whole accelerating process through the Linac, the Booster and Limitations 
the PS has been the subject of a study analysing physical limitations on an increase of on beam 
beam intensity. It turns out that the various systems and components are quite well intensity 
matched, and there is no single major bottleneck, but a number of different effects 
converge to about the same limiting value. The study showed what would be necessary 
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to enable the accelerator complex to realise its present full potential, which proves to 
be relatively inexpensive and may well result in an increase or intensity by a Factor of 
between 1.5 and 2 over the present maximum. 

Acceleration With the availability of the present Linac for experimental use when the new one 
of other comes into service, and the planned future mode of operation in which interleaved PS 

particles cycles serve different users, it becomes feasible to consider the acceleration of other kinds 
of particles. A preliminary study, embracing polarized protons and light ions, has been 
undertaken. 

As far as polarized protons were concerned, the study comprised collaboration with 
the Argonne National Laboratory on polarimetry and depolarization phenomena in 
synchrotrons, and the development of a higher-intensity source. The study is being wound 
up, owing to the redefinition of priorities consequent upon the present economic situation. 

Deuterons were first accelerated in the Linac in 1964. New tests this year yielded an 
output current of 8 mA, and in a further trial with fully stripped helium nuclei 0.5 mA 
was obtained. Extension to the PS (and, in the event, to the ISR and SPS) is largely 
a radio-frequency problem; it requires acceleration in two steps with a change of harmonic 
number in between. The technique has been tried out on protons with success. For other 
ions lighter than neon, information is being sought from laboratories with experience of 
suitable ion sources, and a prototype electron beam source, capable of producing fully 
stripped light ions which could be directly accelerated by the present Linac, is being 
studied. 
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Applied Physics Department 

Data Handling Division (DD) 

Introduction Considerable effort this year has been put into planning the development programme 
of the Laboratory's computing facilities for the next four years. The development pro
gramme, approved by the Scientific Policy Committee in May, calls for: 
(a) a doubling of" installed processing capacity to meet the needs of the start-up of the SPS 

physics programme in 1977/1978; 
(b) construction of a data communications network on the CERN site with high-speed 

links to the central computers for data sampling from experiments and with medium-
speed links for file transfers between computers on site and also to laboratories in 
Member States through normal post office lines; 

(c) installation of a new computing facility, from a manufacturer other than Control 
Data, with a mass storage system and high-density magnetic tape units and capable 
of providing data sampling facilities via the network to selected experiments from 1978 
onwards. 

In June, the Finance Committee approved the purchase of a second CDC 7600 
computer for (a) above, and the purchase of Modular Computer Systems and Norsk Data 
small computers for (b). At the same time, a request for information concerning (c) was 
sent to manufacturers. 

Following the June Council session, when the Directors-General were requested to 
propose a long-term programme for 1976-1979 consistent with an overall budget reduction 
of 3% per year, the computer development programme was re-examined as part of the 
general review of the scientific programme. It was proposed to retain the three elements 
of the development programme, but to implement each part with a reduced configuration 
and with a slower and more selective build-up of services than previously foreseen. The 
Scientific Policy Committee at its November meeting approved this revised programme. 

However, at the end of the year no contracts for the supply of computers for any part 
of the development programme for improvements to the Laboratory's computing facilities 
had been signed, in view of the decisions made at the December Council session 
concerning the Laboratory's budgets for the years 1976-1979. 

During 1975, the central computer service on the CDC 7600 unproved over the 
acceptable level achieved last year, both in the amount of central processor time available 
and stability. Two major software introductions were successfully completed, one on 
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Data Handling Division 

the CDC 7600, the other on the CDC 6500. The most important improvement in the 
services has been the successful build-up of the INTERCOM terminal service which is 
now being extensively used in the Laboratory. 

The Data Handling Division has continued to give support to the experimental physics 
Divisions with the ERASME, Omega and Split-Field Magnet (SFM) data handling 
facilities, with support for specific experiments, and by the development of new data 
handling methods. 

The Scientific Information Service continues to provide the central and branch library 
services and the document reproduction services for the Laboratory. 

The computer centre 

The computing service provided by the interlinked CDC 7600, 6500 and 6400 com
puters has continued at an acceptable and improved level under an increased workload. 
The mean time between deadstarts in the combined CDC 7600/6500 system averages nine 
hours compared with seven hours in 1974 and the workload averages about 15000 jobs 
per week compared with 13000 in 1974. New record weekly levels have been achieved for 
the mean time between deadstarts (25 hours), achieved production (151 hours), 7600 central 
processor time used (118 hours), and the number of tapes processed on the 7600 (3230). 

Central 
computing 
facilities 
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Tape processing with the new CDC 669 and 667 tape units has continued with a 
fourfold reduction in the incidence of parity errors, compared to last year when the 659 
and 607 units were in service. A special "closed shop" service for tapes only used internally 
m the computer centre has been established and is providing a further fourfold reduction 
in parity errors. 

The on-line, computing service provided by FOCUS on the CDC 6600/3200 has 
achieved an availability of 98.5% during PS/ISB runs to date. As the CERNSCOPE 
service was terminated at the end of this year, FOCUS access to the CDC 6400 
and 6500. and hence the 7600, had already been implemented, in order to provide a 
smooth transition for the on-line users. 

The CDC 6600 was withdrawn from service at the end of the year as part of a 
programme of rationalization of the services offered by the computer centre, and to effect 
a reduction in current operating expenditure. The machine had been in operation for 
eleven years, for most of which it carried the major part of CERN's computing load, 
and, apart from the difficult first two years, had provided good service. 

The CERN-developed SUPERMUX concentrator, introduced last year to provide 
high-speed terminal access to the file editing, job-submittal and interactive computing 
facilities of INTERCOM, has been expanded to some 35 fully backed-up terminals. In the 
course of the year, INTERCOM has been consolidated into a major service of the 
computer centre. The number of users has grown linearly to one third of the total number 
of users of the 7600/6000 computers, the number of logged-in sessions has doubled in 
six months and use of the central processor has trebled in the same period. The spectrum 
of applications which regularly use the service is very broad. As a result of the high 
demand for resources the service was switched from the 6400 to the 6500 computer. 

The development of the SIGMA interactive graphic system for applied mathematics 
is now completed. SIGMA, running under INTERCOM, is used extensively within 
CERN and has also now been installed on ten other sites on computers from several 
different manufacturers. 

Figure 2 — Suinc of the high-spcetl terminals connected to the SUPERMUX 
amienlratur. ICERS-2S2A.1J6I 
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New versions or the CDC standard software for both the 7600 (SCOPE 2.1.2) and 
the 6500 (SCOPE 3.4.3), together with all associated CERN modifications, have been 
prepared, tested, and successfully introduced. These systems allow for the interconnection 
of up to four CDC computers and provide support for new CDC peripheral equipment. 

Collaboration-with other_CnC_users, in Europe in particular, has proved mutually 
adv;intageous.:The CERN modifications to CDC SCOPE to provide 7600 job-scheduling 
are in' use at other 7U)0 European installations, including the University of Bologna, the 
UriiVersityVof London; and-Saclay. A CERN utility for file copying on theGDC 6000 -
machines has been sent to users in Holland, Spain, and the USA. In addition, a,very 
useful facility for debugging FORTRAN programs has been obtained from the University 
of Manchester and installed at CERN. 

A system of user registration and control has been successfully introduced; and a 
scheme for budgetary control of the computer usage is being introduced. Performance 
analysis of the CDC 7600 system has continued, and.a cross-compiler for the BCPL high-
level language between the CDC 7600 and Norsk Data series mini-computers has been 
completed. 

Applied mathematics 

The development of user programs for the CERN program library has continued. 
Machine-code inner product routines, optimized for the CDC 7600, have been written. 
The function approximation routines have been revised and several programs for 
approximation over discrete sets of data points have been added to the library. Several of 
the Harwell routines for function minimization have been adapted for the CERN library. 
Statistical routines for the standard test procedures, for regression analysis, and for the 
generation of random numbers from the most commonly used distributions have been 
written. 

Consultancy work has included collaboration with the NP Division on the problem of 
detector acceptance corrections, with the TC Division on pressure calculations for BEBC, 
using the full Navier-Stokes equations, and with the MPS Division on the determination 
of measurement precision for current distribution in the Proton Synchrotron beam. 

Other activities have included studies in the fields of multidimensional integration 
and multidimensional data analysis. 

Data processing for bubble chamber film 

The joint DD Division/TC Division project ERASME is reported on by the TC 
Division. Collaboration with the TC Division is continuing on the proposal for a rapid 
cycling bubble chamber for SPS experiments. 

Data processing Tor electronics experiments 

Omega and Split-Field Magnet data handling system 

The data-link software on the CII 10070 has been improved to support more data 
links and remote compilers. The Omega analysis programs have been modified to 
recognize 6-prong events from the charm search experiment The on-line system continued 
to support Omega until the West Hall was shut down in July. Further improvements to 



the system hardware and software, to handle the new detectors and the higher data rate 
requirements or Omega at the SPS, are under way. 

A detailed study of the data handling requirements of the European Muon Collabora
tion SPS experiment in the North Area has been made with the experimental groups 
concerned, and the design of the on-line computer system required has been completed. 

For the Split-Field Magnet (SFM) facility, the on-line data handling system now 
allows simultaneous operation of several experiments. After the shutdown of the West ; 

Area, the EMR 6130-used-for~Omega was moved to the SFM, which now has, two 
EMR 6130s and two HP 2100 computers being used by experimental groups. During 1975, 
a RDP-11/20 was added to the system as u central control and data distribution facility 
and this is connected to each or the experimental computers via a CAMAC-CAMAC 
data link. There are now two methods of on-line support used by the SFM groups, the 
Hewlett Packard computers being linked to FOCUS on the central CDC 6600, and 
the PDP-11 and the EMR computers to the CII 10070, shared with Omega. 

In the course or the year, large-scale data analysis continued and the computing for 
the Split-Field Magnet used 25% of the total CDC 7600 central processor time. 
Consequently a major effort has been made not only in the development of new methods 
but in the establishment of a fast, and operationally convenient, program chain for the 
data analysis. An automatic production scheme, of generalise, which keeps.track of a 
large number of jobs and tapes, and which automatically re-runs jobs which fail because 
of a system error, has been developed. 

In addition to several improvements in the overall track finding, a new facility has 
been introduced for the detection of neutral decays. The SFM programs have also been 
modified to allow a search for secondary vertices, and to handle muons traversing lead 
absorbers. 

General 

A comprehensive histogramming and plotting package HBOOK lias been completed 
and added to the CERN program library; it has also been distributed to many laboratories 
and institutes throughout the world and is being used on a variety of computers. The 
development of analysis programs for several SPS experiments is under way. 

The development of special hardware processors for a variety of applications is 
continuing. Processors for track finding and coplanarity checking (to improve trigger 
efficiency) are being built, and the processor for the 1SR spectrometer has been brought 
into use after it had been verified by its output being compared with results obtained 
by processing the same data using a conventional computer program. 

The TABLOID data base management system has reached a most satisfactory level 
of reliability. Effort has been directed towards consolidation and extension of the wide 
variety of applications which now regularly use TABLOID in production. 

New and improved versions of the GD3 graphics package and of the PERT network 
analysis program have been added to the CERN program library. 

In collaboration with the MPS Division, programming assistance has been given to 
the PS pole-face windings project and to the revised PS computer control system. 

Work continued this year on the general problem of gamma-ray imaging. Fast, two-
dimensional proportional chamber readout was successfully demonstrated, and, in 
collaboration with the University of Geneva, two 10 x 10 cm 2 chambers for the positron 
annihilation project were constructed and are now in operation. Extensive studies have 
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been made to analyse the feasibility of constructing detectors for low-energy gamma-rays 
and for neutrons. The chamber and readout experience gained to date is now being 
applied to the problem of detection of very high energy photons (GeV) for the European 
Muon Collaboration. 

A precision refractometer to be used in connection with Cerenkov counters at the SPS 
has been completed. Studie* of the optics and data handling requirements of the Cerenkov 
effect spot focusing counter have also been made for the NP Division. 

In the field of computer-aided design and manufacture of printed circuit boards, a 
CERN working group has made recommendations and. after an analysis of tenders from 
industry, selected equipment. A semi-automatic wire-wrap machine has been installed and 
the programs necessary for the production or standardized cards and crates have been 
written. 

Library 

The programs needed for the library mechanization project have now been completed 
and are being used for some specific applications, such as various lists of periodicals and 
lists of institutions and address's. The integration of these programs to form a system 
Tor interactive cataloguing is in process. The organizational details of computerization of 
the book order and acquisition procedures are also being worked out. 

The system is being used to provide paper tape of bibliographic records and abstracts 
of CERN reports for input to the International Nuclear Information System (INIS). 

Scientific 
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Figure 5 — Part of the rim printing production Une in Building SKI. ( CERi\-X?.l.7(i i 

Independently, the existing data base of bibliographie descriptions of preprints and 
reports together with the DESY High-Energy Physics Index lias been made available on 
the central computer system for information retrieval using the ÏNFOL 1 language. 

Exchange or publications 

Twenty CERN reports were issued, and reprints of 312 publications by CERN authors 
in scientific periodicals were distributed. Publications are now being exchanged with 
734 institutions and libraries in 60 countries. 

Document reproduction 

Approximately 54000 pages of typescript were reproduced in offset, making a total 
of about 32 million printed pages, and 17000 slides were provided. 

The functional regrouping of the production line of the printing services, made 
possible by the move to Building 510. has resulted in greater efficiency in the operations 
of the section. 
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ISR Department 

Intersecting Storage Rings Division (ISR) 

Introduction Because of the great interest in searches for new particles and studies of lepton produc
tif«/ summitry tion at the Intersecting Storage Rings, high luminosities at high energies have been 

demanded for most of the physics programme this year. About 70% of the physics time 
has been at 26 GeV, with luminosities up to 2.1 x 103' cm"- s~'. The total integrated 
luminosity for all physics runs during the year was 5.3 x 10 3 7 c m - 2 compared with 
1.9 x 103 7 cm" 2 for 1974. Operation at these high intensities, with low backgrounds, has 
been achieved by the development of a series of complex techniques that are described 
later. Of the total operating time for the year of 3175 hours, somewhat more than 
three quarters was spent on filling and colliding-beam physics and less than one quarter 
for setting up the machine and studies on its performance and behaviour. 

Fourteen colliding-beam physics experiments have been taking data during the year 
at six intersections; five of these experiments have been completed. At intersection 1-7, a 
newly installed experiment has benefitted from the operation ' there of the low-beta 
insertion (described in the 1974 Annual Report) which has provided luminosities up to 
about 4 x 10 3 1 c m - 2 s _ 1 . Extensive preparations are in progress for the installation next 
year of two new large-scale ISR experiments. 

Studies on the design and performance of large storage rings have continued by a few 
of the stalf and by some limited part-time effort in the Department, elsewhere at CERN, 
and at other laboratories. Both proton-proton and electron-proton collisions are being 
explored and some attention has been given to proton-antiproton collisions. Several 
members of the Department have participated during the year in study groups that have 
been evaluating projects for storage rings at other laboratories. 
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Intersecting Storage Rings Division 

Observations on beam behaviour 

The methods that were introduced towards the end of last year for increasing the 
luminosity of the ISR and reducing background radiation have been consolidated for alJ 
general operating conditions and, although there have been no spectacular gains, there 
has been steady improvement in performance during the year. At 26 GeV, luminosity for 
physics runs has increased to 2.1 x 10 3 1 cm'1 s _ 1 and maximum stored currents have 
reached 36.7 A. Improvements at other energies have also been made; with the beams 
accelerated to 31 GeV, luminosities of 3.4 x 10 3 0 c m - 2 s - 1 have been attained. Under
standing of the behaviour of ISR beams has progressed and three effects, described below, 
have received particular attention. 

Observations of the top parr of a stack, which is close to an integral resonance, have 
shown a transverse blow-up while beam is being injected into the other or into the same 
ring. This has been found to be due to an overlap of the frequency spectrum of the 
bunches on the injection orbit with the betatron frequencies in the stack. The fields created 
by the bunches interact through some coupling impedances with the stack in the same 
ring; they also interact in the intersection regions with the stack in the other ring. In the 
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ISR, the spectrum of these fields overlaps with the betatron frequencies present in the top 
part of the stack, RF knock-out occurs and blows up the stack. This effect can be 
reduced considerably by increasing the bunch length and, thereby, reducing the high-
frequency content of the bunch spectrum. 

A reduction of longitudinal phase-space density is observed during the stacking of 
beams. Extensive measurements ,of:this;eJTect and observation^ high-frequency signals 
indicate the presence of an internal high-frequency instability in the ISR similar" to the one 
observedjn.the_PS.jThe stability criterioji normally applied tojunbunched beams can also 
be relevant for bunched'beams if the instabilityoccurs atyery.high frequencies-ana if its 
growth is fast compared with a phase-oscillation period. The'local values ofbeam current 
and energy spread then determine the threshold of the instability. The presence of a stack 
of particles surrounding the bunches increases the stability and this effect, together with 
an optimum choice of RF parameters, can be helpful in obtaining high densities in a 
stack. From observations of this instability, the longitudinal wall impedance at high 
frequencies was estimated to be |Z/n| ss 20 ohms. This number is not inconsistent with the 
measured inductive impedance at lower frequencies and with the transverse impedance 
obtained from observations of the "head-tail" instability. 

With the improved vacuum system and the resultant low average pressure, the produc
tion of electrons by ionization is so low that the loss of these electrons by collisions with 
protons contributes substantially to clearing and electron-proton instabilities are rarely 
observed. The electrons trapped in the beam produce observable noise on the pick-up 
monitors that can give information about the rate of this clearing. However, the electrons 
sometimes produce local spots of neutralization of the beam and, thus, a local change 
in the space-charge Q-shift. This change in focusing has a low superperiodicity and can 
widen stop-bands. When this effect occurs, high-order resonances can be observed on the 
Schottky-scan monitors. 

Limitations to performance, remedies and anticipated improvements 

The performance of the ISR is still subject to three basic types of limitation that have 
been known for several years. The first one is the beam-induced pressure rise in the 
vacuum system. Indicative of recent progress is the present stability of beams of over 
30 A. achieved by increasing the pumping speed and by glow-discharge cleaning of a 
greater number of sections of vacuum chamber. 

The second problem concerns transverse coherent instability and the fact that the 
stabilizing tune-spread is limited by low-order non-linear resonances. A working line 
close to the integral resonances, known as ELSA and introduced towards the end of last 
year, has been used successfully throughout this year. Based on theoretical relationships 
between the required correction and beam parameters, the continual compensation of the 
space-charge tune shift during stacking is now made by the computer, on-line, using the 
beams' actual density distribution as obtained by the computer from the Schottky-scan 
monitors. However, use of this working Une has brought a new problem called overlap 
knock-out that has been described in the previous section. As a remedy, certain correction 
procedures, mentioned in the previous and the next sections, are being tried and a special 
high-frequency feedback system is under consideration. For general transverse stabiliza
tion, the feedback system of 50 MHz bandwidth (mentioned in the 1974 Annual Report) 
has been tried successfully but it is not yet in general operation. It could permit the use 
of another working line where the overlap knock-out is negligible or, if the overlap 
problem can be overcome, could result in higher stacked currents with the ELSA line. 

A third limitation is due to the finite particle density in the longitudinal phase-plane. 
Dilution of this density occurs immediately after injection of beam into the ISR and is 
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almost certainly due to the longitudinal instability at very high frequencies mentioned 
above. Because contributions to this instability arise from the electromagnetic properties 
of every variation in cross-section of the vacuum chamber around the ring, a radical cure 
is not possible short of a complete rebuilding of the vacuum envelope. However, 
considerable progress has been made by optimizing the RF programme during the 
stacking cycle and local densities compatible „with beam currents well above 40 A have 
been obtained. The actual maximum current reached so far is 36.7 A. 

To make use of the full increase in density of beams from the PS when it is operated 
with its Booster, compensation is needed for the additional beam loading on the RF system 
of the ISR. A system for providing this compensation was described in the 1974 report. 
Good progress has been made this year: modified upper halves for all RF cavities have 
been installed in Ring 1 and other components are being delivered and assembled on 
schedule. 

The low-beta insertion, consisting of a system of steel-copper quadrupoles installed in 
intersection 1-7 last year, produces a local decrease in the effective beam height and, 
hence, an increase in the luminosity at this one intersection by a factor of 2.3. The system 
works well and is currently in use for a physics experiment at that location. However, this 
increase represents the limit obtainable with conventional quadrupoles. A similar local 
improvement in luminosity by a further factor of about three is possible with super
conducting quadrupoles. Plans for such a project have been drafted but the implementa
tion has not yet been decided. 

Working lues, resonances and coupling effects 

The working line ELSA, which gave improved luminosity and reduced backgrounds at 
26 GeV at the end of last year, has been developed for other standard ISR energies, both 
with and without the operation of the low-beta insertion. The problems related to the 
proximity of the integral resonances QH,Qv = 9 have been studied and special procedures 
have been developed to correct orbit distortions which are amplified at the top of the 
stack. The beam blow-up, due to the overlap knock-out previously mentioned, is 
considerably reduced by the use of special RF parameters and by a shift of the working 
line of AQH = AQv= —0.015 during stacking. These effects are particularly important 
when the low-beta insertion, which breaks the symmetry of the machine, is in operation. 

A similar but longer working line ELVA, with the stacking region extended across 
seventh-order resonances, has been used for reaching maximum currents during machine 
studies. The working line that is used for acceleration to 31 GeV has been modified to 
incorporate the technique of dynamic compensation of space-charge detuning. Further 
investigations of special working lines and adjustments to working lines are continuing. 

The general technique for compensating space-charge detuning during the stacking 
process has been improved. In the past, it was based on pre-calculated corrections applied 
at successive intensity levels. Now, the rune corrections are calculated on-line and applied 
by the computer; they are based on data, also obtained by the computer, from the 
longitudinal Schottky scans. The current density is determined for each 5 mm bin across 
the aperture and all structure in the stack, such as holes and tails, is taken into account. 
This approach provides the flexibility needed for the very wide range of ISR operating 
conditions and is more accurate than attempts to match a pre-calculated theoretical 
modeL 

The main magnet's poleface winding system provides the means for adjustments in 
the tune of the machine and it is now being used to its maximum capacity. In order to 
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increase both the capability and flexibility for tuning procedures, a project to provide 
additional quadrupoles has been approved; the required quadrupoles and their power 
supplies have been ordered. 

For a physics experiment to be installed next year, a solenoidal magnet will surround 
intersection 1-1 and its axial field {the first in the ISR) may introduce serious coupling 
effects. Theoretical studies on linear coupling have shown that skew quadrupoles can 
compensate effects of axial fields; the theory was extended to cover all resonances excited 
by three-dimensional fields. The influence on luminosity and machine performance has 
been examined, and schemes for measuring and compensating linear coupling have been 
developed. Some measurements of the coupling now present in the ISR have been 
performed for certain critical resonances. For these measurements, a kick is given to the 
beam and the modulus of the linear coupling coefficient is obtained from a simple 
relationship between the period and magnitude of the resultant modulation of the 
coherent oscillations in the plane parallel to the kick. 

Developments in the vacuum and electron-clearing systems 

Efforts to raise the vacuum stability limits in the ISR have continued, chiefly by 
methods used in the past. Still more sublimation pumps have been installed and critical 
regions in the vacuum chamber have been treated by 350°C bake-outs and by cleaning 
chamber surfaces by argon glow-discharge. The result has been an increase this year in 
maximum currents with stable vacuum to about 30 A in Ring 1 and 32 A in Ring 2. 

The average pressure in both rings is about 7 x 10" 1 2 torr (nitrogen equivalent) and 
no individual gauge, of the 250 in operation, indicates a pressure higher than 
3 x 10" l I torr. The lowest pressure in the whole machine is 4 x 10~ 1 3 torr in the upstream 
arms of intersection 1-8 where four liquid helium cryopumps have been in operation since 
April. 

Experiments have also continued for increasing the understanding of the basic 
phenomena involved in vacuum instabilities. Surfaces of materials for vacuum chambers, 
which have been given various preparatory treatments, have been subject to extensive 
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analysis both in the laboratory and in test sections installed in the ISR. Analyses, more 
sophisticated then hitherto, have been made of the residual gas in the chambers in the 
presence of high-intensity beams. The large amount of information that has been collected 
is still under study. 

The clearing-electrode system has, as its primary purpose, the removal of electrons 
produced by the proton beam's ionization of the residual gas but the system's usefulness 
has been extended to the measurement of very low pressures during the operation of 
the ISR. The clearing current is proportional to the ionization rate and, even though this 
is now very low, a measurement of the sum of these currents in a sector of the vacuum 
chamber can give a good value for the pressure in the 10~ 1 2 torr range where most 
gauges are unreliable. A system for refining these measurements by monitoring the 
electron current from individual clearing electrodes is under study. 

Statistics of operation 

After the usual long shutdown at the beginning of the vear, th"? ISR started operation 
smoothly on 4 March. The operating schedule this yeir lias been characterized by very 
intensive running periods alternating with shutdown ,̂ about four weeks long, in April, 
June and August, that were required for installations of new physics experiments. The 
shutdown in August had to be extended by about four weeks because of two consecutive 
accidents. The first was the collapse of a new titanium vacuum chamber at inter
section 1-7 and somewhat more than a week was needed to replace it by a stainless steel 
chamber (already made as an alternate) and to replace, clean and repair adjacent damaged 
components. The second was the fiie at the PS. Part of the lost time for physics was 
recovered by the end of the year. 

Total operating time for the ISR this year has been 3175 hours, of which 2425 hours 
were for filling and physics runs, and 750 hours for setting up the machine and for studies 
of its performance and of beam behaviour. About 10% additional time was scheduled but 
was lost because of equipment failures, lack of beam from the PS, or external causes such 
as perturbations in the 18 kV power line. 

The distribution of time for colliding-beam physics at the various beam momenta, 
and the values for beam currents and luminosities, are shown in the following table. 

Mtimt-nlunj Kumtini; Beam current himmosiiy 
timû ruruje 

maxima average'! 

r,-r.- per ct'iu amperes t l l l ' V n i ! i ' 

11.8 0.8 4- 5 0.4 0.35 

15.4 13 8-15 3 2.2 

22_S 3.4 22-25 13.2 10 

26.5 69.S 13-31 21 10 

3Î.4 9.8 8-14 3.4 2 

Different 
in each ring 3-2 special runs at low luminosity 

ISR staff also operated the beam line from the PS to the West Hall for 2056 hours 
until this line was disconnected on 2 July. 



Figure J — Logarithmic display in the ISR control room of hack-ground 
measurements taken downstream of each of the eight ISR intersection 
points. 

Running conditions for physics 

This year the ISR physics programme has been strongly influenced by the recent 
discoveries of new particles. The ISR experiments concerned with searches for new 
particles and with the investigation of lepton production have required the maximum 
luminosities compatible with acceptable backgrounds, which may differ from one 
experiment to another. The relatively numerous long shutdowns scheduled this year for 
new installations have not been conducive to good performance since the complexities of 
operation now required need very careful and lengthy procedures. In spite of this, many 
good physics runs have taken place. 

As a result of the developments in working lines described in other sections of this 
report, and of now standard procedures for centring the beams within the vacuum 
chamber, typical currents for physics runs have been around 25 A with luminosities up 
to 2x 10" c m - 2 s " 1 and beam-decay rates of a few parts per million per minute. 
Occasional cleaning of the beams with scrapers has maintained good conditions in all 
intersections for 48 hours or more. With such long runs, some problems were experienced 
in the middle of the year with accidental beam losses due to power fluctuations and 
occasional equipment failures. 

The monitoring of interaction rates and background by scintillation counters that 
have been installed at each intersection has allowed rapid optimization of conditions at 
the start of a physics run. Some control of the distribution of particle loss has become 
possible with the installation of vertical collimators. By the help of such techniques, 
experiments at the Split-Field Magnet facility have been able to use luminosities some
what above 10" c m - 2 s " 1 but at these intensities the appreciable percentage of double 
events starts to become a problem. Towards the end of the year, vertical separation of 
the beams was used successfully to limit the luminosity in the Split-Field Magnet while 
keeping it high elsewhere. Increased luminosities at 31.4 GeV/c have been of advantage 
to many experiments. 

The low-beta insertion at intersection 1-7 has been made operational during the year 
and the new experiment installed there (R 702) has been able to benefit from luminosities 
up to about 4 x 10 3 1 c m - 2 s _ 1 , the effect at the other intersections being small. 

For an experiment measuring elastic scattering at very small angles (R 805), special 
beam conditions have been set up. An interaction diamond only 25 mm long was provided 
by the combined use of radial shaving at injection and the operation of the Terwilliger 



focusing scheme. Information on the interaction diamond, obtained with proportional 
chambers of the experiment, was transmitted to the ISR's control computer via the Data 
Link. The use of dump blocks and collimators to absorb the beam halo has allowed this 
experiment to bring its scintillator-counter hodoscopes to distances as small as 7 mm 
from the centre of the circulating beam. During the special runs for this experiment, 
scraping procedures were repeated at about ten-minute intervals to maintain the required 
beam quality with little disturbance to other experiments taking data. 

Operational improvements and equipment behaviour 

Methods of controlling and monitoring ISR components and special observational 
equipment by the Argus computer have been greatly extended to the point of overloading 
its capacity for access and storage of information. The performance of the computer has 
been impaired by this overloading, sometimes to the extent of impeding operation of the 
ISR. To alleviate this situation, a project has been defined and approved for adding iome 
computers to perform certain specific large-scale functions now handled by the Argus, 
such as the handling of the data library and the monitoring and control of the vacuum 
system and the numerous magnet power supplies. 

The system for damping vertical errors at injection has been modified to increase 
reliability and ease of operation. To overcome the disadvantages of the moving aluminium 
screens that protect stacked beams from the pulsed stray field of the injection magnet, a 
static screen is being developed and one of the inflector tanks will be equipped with these 
new screens for assessment under operating conditions. For orbit measurements inside 
stacked beams, the system for monitoring beam position has been modified and its 
electronics are being improved. 

Several improvements and modifications have been introduced in the RF system which 
have increased reliability. These include a new program generator, and modifications to 
the amplitude control and closed-loop matching systems. Minicomputers are now used 
on-line with the RF system for performing calibrations and tests. The bunch-to-bunch 
feedback system is operational in both rings. 

The reliability of the very-high-stability magnet power supplies and their remote 
controls has been fairly satisfactory but systematic effort continues in order to eliminate 
weak spots. During the year, improvements were made on tile medium-power rectifiers 
and a similar programme for the low-power rectifiers for the main ring is in preparation. 
Following the fire at the PS. a spare pulsed power supply (of the TT2 line) was modified 
to feed the PS poleface windings. Without this supply, it would probably not have been 
possible for the ISR to be fed with 26 GeV beams before the end of the year. 

During the June shutdown, the 0.5 Q. 60 kA beam-dumping system was installed in 
Ring 2 and has operated reliably from the start. The system for Ring 1 has been assembled 
in the laboratory and is being tested. 

Remeasurement of the survey-pillar system was completed so that the evolution of the 
pillars' position over the years can be followed. The necessary measurements and realign
ments of the ISR magnet system were completed. 

Experimental areas in 1975 Experimental 

Fourteen physics experiments have been taking data during the year at six inter- „ t tha IS 
sections of the ISR and five of them have been completed. As a result of the loss of 
scheduled running lime for ISR physics, owing to the PS fire, several experiments that 
were expected to be finished this year must continue into next year. 

at the ISR 
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At intersection 1-1, experiment R107 (search for multigamma events) with a large 
array of lead-glass counters, multiwire proportional chambers and hodoscopes, was fully 
installed at the beginning of the year and has been taking data with various geometrical 
configurations of its detectors. These detectors are retractable, by remote control, to 
reduce damage from radiation during periods of beam stacking or machine studies. 
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At intersection 1-2, experiments R205 (wide-angle spectrometer) and R206 (small-angle 
spectrometer) continued their joint correlation studies until the middle of the year. Then, 
the equipment of R205 was removed and that of R206 was modified and rearranged to 
create two small-angle spectrometers, one on each side of the intersection, for experiment 
R207 (diffraction dissociation at small momentum transfer). A new thin-walled vacuum 
chamber was installed at the centre of the intersection to fit inside the barrel-shaped 
hodoscope. 

At intersection 1-3, a ferromagnetic, passive detector has been fitted around the inter
section's vacuum chamber for experiment R301 (search for magnetic monopoles). 

At intersection 1-4, experiment R406 (search for new particles) was fully installed at 
the beginning of the year with a massive array of some 300 large counters around the 
Split-Field Magnet facility and this experiment took data at high luminosity until the 
end of July. In the spring, the last of the central, close-packed, detector chambers were 
installed inside the Split-Field Magnet, thus completing the facility's full multiwire pro
portional chamber detector system and it has been in operation for the rest of the year. 
In June, the wide-angle spectrometer, which had been used for experiment R205, was 
moved to 1-4 for experiment R413 (selective large pj trigger for the Split-Field Magnet). 
For experiment R410 (study of particle correlations at large angles), large-angle movable 
hodoscopes and proportional chambers were also set up in midsummer and this experi
ment has been taking data in conjunction with R413. New improved versions of the 
atmospheric-pressure Cerenkov counters for experiment R 407/408 (two-particle correla
tions in the fragmentation region) were installed at the Split-Field Magnet for use in the 
second half of the year. Experiment R401 (isobar production) has also taken further data 
at the Split-Field Magnet. 

At intersection 1-6. experiment R605 (search for charmed particles) continued from 
1974 with an improved configuration of its electron arm at 30° that consists of a magnetic 
spectrometer, drift chambers, lead-glass and threshold Cerenkov counters. The main 
magnetic spectrometer, equipped with muon filters, is in the forward region of the inter
section and there is another muon-detector arm at 55 e on the side opposite the electron 
arm. 

At intersection 1-7, where the low-beta insertion is located, experiment R702 (search for 
charmed particles and electron pairs), with twin magnetic spectrometers at 90°, threshold 
Cerenkov counters, drift and proportional chambers, hodoscopes and lead-glass counters, 
has been set up in steps and data have been obtained with partial installation of the 
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equipment. Special magnetic shielding has been added at the intersection to prevent 
disturbance to the circulating beams. 

At intersection 1-8, there arc two experiments: experiment R805 (ratio of real to 
imaginary part of forward scattering amplitude) and R806T (large transverse momentum 
phenomena with transition radiation detectors and calorimeters). For R805. the new 
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special re-entrant vacuum pots (described in the 1974 report) were installed to allow 
detectors to be brought very close to 1SR beams, cryopumps have been placed at the 
intersection to provide very low pressures, and collimators were inserted into the 1SR to 
reduce background coming from the beam-dump area. For R806T, a large system for 
feeding liquid nitrogen and circulating liquid argon was designed and installed. Much 
mechanical design and construction work was carried out for the calorimeters and 
supporting structures. Two complete modules, installed opposite each other, are now in 
place and are operating successfully and reliably. 

The heavy load of installation work for experiments this year has received considerable 
technical help from the laboratories of the experimental teams, in particular from the 
Orsay and Rutherford Laboratories and the Universities of Liverpool, Manchester, 
Munich and Rome, in addition to the usual helpful collaboration from, other Divisions at 
CERN. 

Preparations for future experiments 

Preparations began last year and have intensified this year for two large-scale experi
ments that will be installed next year: experiment R108 (search for e*, e + e~ , multipion 
correlations) and experiment R804 (search for neutral boson, muon pair production and 
associated hadron correlations). 

For experiment R108, a large superconducting solenoid magnet (being built elsewhere 
at CERN) will surround the intersection and, to correct the effects of its field on the 
circulating beams, compensating magnets have been designed and ordered along with 
their power supplies. A building for the helium compressor has been designed and its 
construction completed. Designs and construction are well under way for a new special 
thin-walled vacuum chamber, for the transport and alignment of the solenoid magnet, for 
supporting structures, a new counting room, signal cabling, etc. It is planned to move the 
low-beta insertion, now at 1-7, to intersection 1-1 and the necessary preparations are in 
progress. The experiment will be installed in two stages: the detectors in the spring 
of 1976 and the solenoid in the middle of the year. 

For experiment R804, considerable mechanical design has been carried out for the 
magnetized iron sections that will be fitted around one side of the intersection and for 
all the supporting structures. The coils and power supplies for the magnet are being 
provided by the Department; half of the steel yokes have arrived from the United States. 
The pre-assembly and testing of the magnet will start in the spring of 1976. Tests of the 
large drift chambers and of the central detector will also start next year and will continue 
until the full installation of the experiment At that lime, the new, shallow, thin-walled 
vacuum chamber will also be installed. 

Other preparations have included the design of a set of copper coils for generating a 
toroidal field in the electron-spectrometer arm of experiment R606 (search for muon-
electron coincidences and hadronic states) that will also be installed next year. In addition 
considerable design and analytical work has been done to evaluate and study the feasibility 
of proposed experiments prior to discussions on their approval. 

Intersection vacuum chambers 

Each new experiment at the ISR usually requires a newly designed vacuum chamber 
or extensive modifications to designs previously used. 

For experiment R207, the chamber is of an entirely new type that may also be useful 
for other experiments. It is a stainless steel cylinder, of 375 mm diameter, with undulating 
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walls only 0.3 mm thick. It is equipped with a new design of large clearing electrodes 
made from very thin titanium foil. 

For experiment R702, because of the urgency of its installation at the beginning of 
the year, an improvised chamber of stainless steel, with walls 1 mm thick, was designed 
and speedily constructed. During the year, a titanium chamber, with walls 0.3 mm thick, 
was designed and prepared. It would have been the most "transparent" chamber yet 
installed at the ISR but, unfortunately, it collapsed after its installation when baked at 

Figure 10 - An undulating vacuum chamber for downstream arms of ISR intersections 
is shown undergoing mechanical tests. Made of Jnco'ief, it lias inner dimensions of 
150 mm hy 50 mm and a wall thickness of 0.3 mm. The deflection under vacuum is-
measured hy mechanical dial gauges- and the strain hy electrical strain causes. 
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300 °C. As a result, nearby regions were heavily contaminated with dust and debris, 
especially from the mineral wool that had been used for thermal insulation. Analysis of 
the failure showed that the fault was most probably in the welds. To minimize the loss 
of operating time for the ISR. an extensive work programme was carried out for cleaning 
and repairing the section, installing spare chambers, pumps, valves, etc., and an alternate 
stainless steel intersection chamber, also with walls 0 3 mm thick, was put in place. 

In spite or this accident, it is still believed that titanium chambers Tor intersection 
regions can be made successfully and preparations are under way for manufacturing two 
new chambers of titanium for use at intersections 1-4 (with the Split-Field Magnet 
facility) and 1-7. 

Preliminary studies, begun last year, on possible designs for 400 GeV proton-proton Long-term 
storage rings have shown that such large storage rings with normal, copper-steel magnets development 
could actually be built to achieve good performance with a luminosity of 10 3 3 c m - 2 s _ I . 
Drawback-*, to such a project would be the uncomfortably large circumference and the 
very high power consumption. Storage rings with superconducting magnets could over
come these drawbacks, might have potentialities for somewhat higher performance, and 
might perhaps be lower in cost although little is known as yet about costs. Therefore, the 
studies are now concentrating entirely on designs with superconducting magnets and a 
tentative list of parameters has been drawn up. 

The machine's circumference is made up of the normal lattice and insertions for 
colliding-beam physics and for such other functions as injection and beam dumping. 
Studies of these individual parts are in progress and of the problems of matching them 
together, a condition which must be achieved for all particle momenta in the stacked 
beam and for all required operating conditions. 
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For a given energy and stacked current, the maximum design luminosity in an 
interaction region is governed by several, sometimes conflicting, factors, such as the non
linear electromagnetic beam-beam interaction, the maximum acceptable values of betatron 
function in the neighbouring quadrupoles, acceptable source length, etc., and compromises 
must be made. For proton-proton physics, three types of interaction region have been 
considered so far, each for a particular class of physics experiments: a high-luminosity, 
low-beta region; a general-purpose region with plenty of unencumbered space; and a high-
beta region with special optics for measurements at very small scattering angles. For 
400 GeV proton-proton collisions, with circulating beams of 7 A in each ring, the 
respective luminosities in these regions would be 1 x 10 3 3,2 x 1031, and 5 x 10 3 0 cm" 2 s" 1. 

Because or its economic consequences, the size of the aperture and its influence on the 
machine's performance is being carefully studied. From an extrapolation to higher 
energies of the observed behaviour of beams in the ISR, and estimates of achievable 
tolerances, it may be possible to keep the radius of the vacuum chamber as small as 
25 mm. 

Closely linked to these studies on 400 GeV proton-proton storage rings, the 
possibilities for electron-proton collisions have been examined. Preliminary evaluations 
indicate that it should be feasible to incorporate an electron ring in the facility to obtain 
a luminosity for electron-proton interactions of 10 3 2 c m - 2 s" 1 with electron energies up 
to about 20 GeV, and about one third of this luminosity at 25 GeV. With the assumption 
of an unbunched proton beam, and with physics experiments on inelastic electron 
scattering and weak interaction events particularly in mind, values for ring parameters 
and requirements for interaction regions have been outlined. 

In order to reach the quoted luminosity with a 400 GeV proton beam of 7 A and an 
RF-power limited electron beam of 250 mA at 20 GeV, very small crossing angles (of the 
order of 1 mr) are necessary. A configuration is being studied in which the magnetic 
fields close to the interaction region are used to bring the beams into coincidence at this 
small angle. To cover adequately the solid angle around the interaction volume, the 
detector arrangement is closely integrated into the beam-optical layout Although the 
synchrotron radiation produced in the magnetic fields of this configi ration gives rise to 
some serious problems of machine design and background, the studies indicate that these 
difficulties can probably be overcome. This electron-proton interaction region's layout is 
also quite well adapted to the use of longitudinally polarized electrons, of interest for the 
study of parity-violating effects. 

Recently, some very preliminary evaluations have started of possible electron-positron 
facilities for centre-of-mass energy ranges considerably above any of the projects now 
being planned elsewhere. 

Other areas in the design and performance or large storage rings that are being given 
some attention include the injection systems, dumping systems, minimization of beam 
losses (particularly important with superconducting magnets), RF problems, and possible 
layout geometries. The crucial role of the vacuum system has been emphasized by 
experience with the ISR, and gas-desorption effects continue to be studied for both proton 
and electron rings. The relative merits of various materials for vacuum chambers (stainless 
steel titanium, aluminium) and of methods of pumping, such as cryopumping or 
distributed pumping through titanium sputtering, are being explored. Possibilities for in 
situ cleaning of vacuum chambers by glow-discharge are being investigated. 

The studies of superconducting magnets for beam handling in storage rings have 
continued. Although design criteria for a possible dipole for large storage rings have been 
examined and a preliminary set of dimensions has resulted, the major emphasis has been 
on the design of a full-scale model superconducting quadrupole that would meet the 
requirements of a high-luminosity insertion for the ISR. 

The design has been completed for such a model quadrupole that would provide a 
gradient of 40 T/m, 1.25 m in length, in a horizontal cryostat with a warm bore of 
i70 mm. Particular effort has been put into the definition of the superconductor and of 



its insulation, into the structural design or a coil-core system having high stability at the 
operating temperature, and into the establishment of a streamlined and reproducible coil 
making process. 

All necessary materials and components for the quadrupole have been ordered from 
industry. Part or the superconducting wire lias been received and insulated. The vertical 
test cryostat, the helium recovery system, the current leads and the power supply have 
been delivered and installed. Manufacture of all other components is in progress. 

After successful tests of a prototype coil, two of the final coils for the model 
quadrupole were wound and one or them was tested in December inside a special 
magnetic mirror. It reached the design field of 5.1 T at the second quench and then 
trained up to 6 T in 20 quenches. Special electronic instrumentation was set up to 
monitor, control and protect the magnet and the cryogenic system during the tests, with 
the result that instructive analysis and reconstruction of the quench phenomena could be 
made. 

Another area or study has been an exploration of the possibilities for proton-anti-
proton collisions. For collisions at 400 GeV, it may be possible to reach proton-antiproton 
luminosities of I0 ' 8 to 102 9 cm~2 s" 1 after a rilling time of about two days, but opera
tional considerations might lower these values by an order of magnitude. An up-dated 
review of possibilities for proton-antiproton collisions in the ISR resulted in a 
discouraging value for the luminosity of only 5 x 10" c m - 2 s~'. This luminosity could 
be increased at one intersection by the addition or a high-luminosity insertion. The 
possibility of increasing the overall luminosity through stochastic cooling is being 
examined. 

Modification of beam-transfer line TT2 
The project for modifying the beam-transfer line TT2, in order to alternate the injec

tion of beams from the PS into the ISR and the SPS, has been described in previous 
Reports. This project was completed by the end of the year. 

Other 
activities 

Figure 12 -- Sume ni ihr um pim'er supplies 
Uir rhc ntuditiej bfam-lrun^cr line TT2. 
•CERX-II.1.76, 



Figure 13 - One ni the induct ive-hnp 
betmt-pmititm tmmitor\ for the tnatltfteil 
heum-lmnsfer line TT2. {CERN-63M75I 

At the beginning of the year, the previously used d.c. power supplies for this transfei 
line were removed from the Y Building and replaced by the 19 new pulsed power supplies 
which were installed, connected to their loads and to the mains, and through CAMAC to 
the satellite computer that controls operation of this modified transfer line. After thorough 
testing, the complete system was smoothly put into operation in the d.c. mode at the end 
of February and has operated well since that time. Meanwhile, considerable effort has 
gone into the beam-observation systems and into the completion of the software for the 
control programs. 

As soon as the PS could eject protons al different energies on alternate machine 
cycles, the TT2 line was tested with beam in the pulsed mode. These tests were carried 
out for the first time in mid October and were immediately successful. 



Administration 

Hie signature, an 10 July, of the Protocol » Inch extends the collaboration between CERN and high-ejicrgy physics 
untres in the Soviet Union. Deputy chairman I.G. Marozar (left) signed far the USSR Stute Committee for 
the Utilization of Atomic Energy and the Director-General of CERN Laboratory I, IV.K. Jentschke, signed for 
CERX. (CERN-116.7.75/ 



Administration Department 

Finance Division (FI) 
Personnel Division (PE) 
Technical Services and Buildings Division (SB) 
Health and Safety Division (HS) 

Central Services (CS) 

A new interpretation of the Organization's financial, personnel and other rules and 
regulations was adopted by Council following their earlier decisions concerning the 
management structure which will become effective on 1 January 1976. 

The health and safety services, brought together as a unit in 1974, were given the 
status of a Division by decision of Council in June, thus completing the organizational 
steps necessary for the full coordination of these services. 

1975 marked another step in the development of scientific collaboration between 
CERN and the Soviet Union when, in July, a new protocol was signed which extended 
this collaboration to include experiments at the CERN accelerators and, in the Soviet 
Union, collaboration with all the institutes of the State Committee for the Utilization of 
Atomic Energy and of the Soviet Academy of Sciences. This enlarged cooperation will be 
channelled through a joint scientific committee. 
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Figure I — Approximately 70000 inrimes are cheeked eaeh year. ICF.RN-3I6^J(>) 

Finance Division 

Exchange rates were once again quite unstable in 1975. The exchange equalization 
account showed a debit balance of some 1.7 million Swiss francs at the end of 1974. This 
was quickly made good during the first six months of 1975 and subsequent transactions 
led to a credit balance of 0.37 million Swiss francs at the end of the financial year. 

The average interest rate for short-term investments (one to three months) in Swiss 
francs and various other currencies was approximately 4.5% in 1975, compared with 
10% in 1974. 

In addition to this drop in interest rates, the Member States paid their contributions 
more siowiy, and accordingly much less interest was earned in 1975 than in 1974. 

Income from bank interest for the two Laboratories was estimated at 6.05 million 
Swiss francs in the 1975 budget. The amount actually earned was 5.56 million Swiss 
francs, nearly half a million Swiss francs less than expected. 

Financial 
situation 

In December 1974. the Council decided to block 25 posts and three million Swiss Accounts for 
francs of the 1975 budget for the Basic and ISR Programmes, and it confirmed this the financial 
decision in June 1975. A sum of three million Swiss francs was therefore transferred to the year 
Special Reserve in order to reduce the Member States' contributions in 1976. 
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The decisions taken by the Finance Committee in November 1975 concerning the 1976 
budget had repercussions on expenditure in 1975. Owing to the reductions in the budgets 
Tor 1976-1978. the Management had to begin revising the programmes at the end or 1975. 
Accordingly, expenditure amounting to some ten million Swiss francs, relating mainly to 
the purchase of a new computer, had to be postponed. 

The accounts of the Organization may be summarized as follows: 

Expenditure 
Budgets Accounts 

millions of Swiss francs 

Basic and !SR Programmes 429.40 \ 
Savings imposed by the Council - 3.00* I 
300 GeV Programme 237.90 237.97 

664.30 668.73 

The overspending of 4.43 million Swiss francs concerns expenditure for which no 
provision could be made in the budgets (taxes, services rendered to third parties, etc.). 
and is covered by compensatory income. 

Fwure 2 - Dcu'lvpinciu ut the expenditure til the Orsumzuuim. 

"- 450- Expendiîure at curent prices 

• Expenditure at 1970 prices 

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 

' (Budget) 

• including 1.77 million Swiss francs under the "Personnel" heading and 1.23 million Swiss francs under the 
"Materials" headmes. 
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Income 
Budgets Accounts 

millions of Swiss francs 

Contributions from Member States 626.85 626.85* 
Bank interest 6.02 5.56 
Brought forward from previous financial year 15.03 15.03 
Contribution from the 3G0 GeV Programme to the Basic 

and ISR Programmer 16.30 16.30 
Contribution from ESO 0.60 0.76 
Miscellaneous income 2.50 8.27 
Savings imposed —3.00 

664.30 672.77 

The excess of income amounts to 8.47 million Swiss francs. A total of 4.04 million 
Swiss francs will be reimbursed to the Member States (bank interest —0.461 million, 
unused reserves 1.47 million, miscellaneous 0.03 million, sav.ngs 3.00 million); the balance 
of 4.43 million Swiss francs is compensator}' income. 

Budget for the Basic and ISR Programmes 

In June 1975 the Council invited the Directors-General, in consultation with the 
Scientific Policy Committee, to prepare a programme which would ensure a reduction 
of 3% per annum in the total CERN budget This programme was described in document 
CERN/CC/1198/Rev. (CERN/SPC/380/Rev., CERN/FC/1879/Rev.). 

The 1976 budget for the Basic and ISR Programmes amounted to 407 million Swiss 
francs. It was presented in 1975 prices because no decision had been taken on the cost 
variation index for 1976. 

It was, therefore, not possible to submit a final budget document to the Council at its 
session in December 1975. Nevertheless, the Council did at that time approve a total 
budget of 407 million Swiss francs at 1975 prices, a cost variation index of 5.96%. and 
a reduced salary index of 2%. The net budget thus amounted to 431.24 million Swiss 
francs to which should be added the 34.19 million Swiss francs detailed below. 

millions of Swiss francs 
(a) 1976 prices) 

The gross budget amounts to 465.43 
from which must be deducted: 

— the cost of services paid for by Laboratory II . . . 17.40 
— the overheads covered by ESO 0.52 
— the income from work carried out and charged for by 

the workshops 2.57 
— a transfer from the Special Fund 13.70 34.19 

giving a net budget of 431.24 

from wLich must be deducted: 
— the savings imposed in 1975 3.00 
— a transfer from the Special Fund 13.00 
— miscellaneous income 1.90 17.90 

Contributions payable by the Member States 413.34 

* including 567-52 million Swiss francs paid by 31 December 1975 and 59.33 million Swiss francs lo be paid at 
the beginning of 1976. 
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Budget for the 300 GeV Programme 

The total budget for the 300 GeV Programme, approved by the Council at its Forty-
fifth Session (CERN/958/Rev.), is 1150 million Swiss francs, at 1970 costs and fixed prices. 
The ani;uul budgetary profile was adopted by the Finance Committee at its Hundred-
and-sixteenth Meeting (CERN/FC/1408) and was approved by the Council(CERN/1050). 

At its June 1975 session, the Council asked the Directors-General to prepare a long-
term programme auù budgets for the years 1976-1979 inclusive for the unified CERN 
Laboratory. 

The revised proposal presented by the Directors-General in document 
CERN/CC/119S/Rev. (CERN/SPC/380/Rev., CERN/FC/1879/Rev.) includes a modified 
budgetary profile for the 300 GeV Programme. This profile, with no change in the total 
cost of the programme, is based on a shift of 40.7 million Swiss francs from the years 
1976-1978 into the year 1979, to meet payments expected to be made in that year. The 
following table shows the two budgetary profiles (at 1975 prices): 

1976 '.977 1978 1979 Total 

(millions of Swiss francs) 

Previously agreed profile (CERN/1050) . . 223.9 223.9 223.9 36.5 708.2 
Revised proposal (CERN/CC/1198/Rev.) . . 218.6 213.1 199.3 77.2 708.2 

The budget for 1976 is based on the new profile, and is (at 1975 costs) 218.6 million 
Swiss francs. At its Fifty-sixth Session, in December 1975, the Council approved a cost 
variation index of 5.96% including a 2% salary index. Consequently, the 1976 budget 
for the 300 GeV Programme amounts to 231.62 million Swiss francs, including a 
contribution of 17.40 million Swiss francs to the Basic Programme. 

millions of Swiss francs 
(al 1976 prices) 

The budget for 1976 amounts to 231.62 
from which should be deducted: 

— Probable bank interest 2.60 * 
— Other income 0.15 2.75 

Contributions payable by the Member States 228.87 

The total budget for the three programmes thus amounts to: 

millions of Swiss francs 

Basic and ISR Programmes 
300 GeV Programme 

Total 

From »vhich must be deducted: 

— the true income (including the transfer of 13 million 
Swiss francs from the Special Fund) 20.65 

Net contributions payable by the Member States 642.21 

' IncludingÜJ9 million Swiss franc:, urncd forward from 197?. 



The monetary situation was again a source of concern throughout the year, with Financial 
regard to both short-term investments and the purchase of currencies to provide partial and Accounting 
cover for our commitments in 1975. Services 

Another cause for concern was the growing number of firms going bankrupt or into 
liquidation. These cases lead to very awkward and often very protracted negotiations. 

The number of visiting teams increased again, this time by 20%, giving rise to a 
considerable increase in the workload. 

Despite this extra work, the Financial and Accounting Services had to do without the 
services of nine persons (temporary labour). Some activities have had to be discontinued, 
and there may be some delay in balancing the books at the end of the financial year. 

Modifications are continually being made to existing upplications in order to keep up Administrative 
with the changing needs and procedures of the service Divisions. The stock system is at Data Processing 
present undergoing major development. Service 

In order to deal with the constant increase in demand, performance was (' "hir 
improved by extending the central memory and by adding more peripherals (fa« 
units and printer); this means that the present IBM 360/30 computer is being ed 
almost to its technological limits. 

The decisions concerning the future structure of the Organization will have a great 
impact on the present administrative data processing system. Preliminary work is under 
way with a view to making the necessary changes to the applications, basic software and 
equipment. The concept of a data base has been introduced and is already being used to 
develop the present applications. 

Purchasing Supply 

For the Supply Services 1975 was another year dominated by the economic crisis and 
its repercussions. 

The price of standardized equipment continued to rise by between 5% and 15% 
approximately, depending on the items concerned. Very great care had to be exercised in 
dealing with all problems relating to supply. However, CERN was able to make some 
savings owing to the fall in the price of some electronic components and equipment. In 
view of the uncertain economic situation, the Supply Services intensified their market 
surveys by carefully studying the information published in the technical press and by 
issuing a large number of price enquiries for major contracts over as wide an area as 
possible. In 1975,1963 price enquiries were made compared with 1785 in 1974. 

With regard to major contracts, business eased somewhat owing to the budget restric
tions and the completion of the SPS accelerator. Only 112 calls for tenders were sent 
out in 1975, compared with 132 in 1974. 

Although fewer large contracts were awarded, the Supply Services were kept just as 
busy because the economic situation led suppliers, together with their professional 
bodies, associations and agents, to intensify their sales campaigns in an attempt to secure 
contracts with the Organization. 

In view of the budget cuts, temporary labour cannot be called in to ease the workload 
in the Purchasing Service, where the stafT are overworked. Although the hourly rate for 
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temporary labour increased in 1975, the total expenditure under this heading dropped 
from 180049.95 Swiss francs in 1974 to 122427.50 Swiss francs in 1975. The Service was 
able to carry on as a result of the cooperation of the staff but the problem is still a 
pressing one. Whereas it seemed likely at the beginning of 1975 that the number of orders 
would decline, by 31 December 1975 the number had risen to 39884, compared with 
38996 in 1974. On the other hand, in the Invoice Office there was no change and the 
number of invoices handled remained the same (70000). This figure does not reflect the 
very heavy workload of the staff in this office. Suppliers are anxious to be paid more 
and more promptly in order to be able to settle their own bills on time. Furthermore, 
since prices are so unstable, most contractors now stipulate price revision clauses, which 
was not the case a few years ago. 

With regard to purchasing, an important event took place which will increase the 
efficiency of the Service without pushing the workload beyond the present limits. The 
Finance Committee approved the new General Conditions of CERN Contracts. Not only 
will this document provide the Organization with an up-to-date legal instrument well 
suited to its needs, but it will also relieve the staff of administrative tasks which they 
were obliged to carry out in the past because the previous texts were becoming 
obsolete. A major contribution has thus been made to the efficient running of the 
Organization, especially since the texts approved by the Finance Committee have formed 
the basis for the drafting and publication of instructions in which methods, procedures, 
documents etc.. are standardized to a very high degree. Having been freed from these 
thankless tasks, the staff are now in a position to devote more of their time to market 
surveys and to the protection of the Organization's interests. 

Stores 

In 1975. as in 1974. activity in all sections of the Service increased considerably. 
In some areas the rate of increase was even greater. The following trends were observed 
(compared with the same period in 1974): 

the total value of standardized items drawn from stores rose by 3%; 
deliveries of equipment for the Organization as a whole increased by 2%; 
despatches of equipment outside increased by 24%. 

The number of standardized items out of stock dropped by 28% (on average) compared 
with 1974. On the other hand, since it was difficult to predict the general trend of 
demand, stock levels remained fairly high during the year. Effective action (a reduction of 
reserve stocks, an overall adjustment of lead times, the elimination of obsolete items etc.) 
was taken to bring the stock level nearer to the authorized limit. 

In order to deal with the large volume of in/out traffic, the despatch office was moved 
from Goods Reception to a temporary hut. 

Building 133 was reassembled in the new storage area for equipment belonging to the 
Divisions, and power racks were installed to double the storage capacity. A new 
computer-controlled system for managing stores of this type was also introduced. 

The storage of chemical products was studied with a view to concentrating the bulk of 
these items in one place properly designed to meet the safety requirements. 

Instructions to suppliers concerning the routing of goods and proposals aimed at 
clarifying the commercial terms used in orders were drafted in conjunction with the 
Purchasing Service. 

More than 200 specifications written by the Technical Section and covering 
5000 standardized items are now at the disposal of the Purchasing Service. Contracts 
concerning the various types of stainless steel which meet the Organization's special 
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Personnel 

1970 1971 1972 1973 1974 1975 

fiçtin 3 Diwlopiiwu! ut sunk mou'mviUs .sma' 19/(1. 

requirements have been awarded on the basis of specifications written in close 
collaboration with the users. 

During 1975: 
the total value of issues of standardized items was 35.3 million Swiss francs, 
represeniing an increase of 3% in relation to 1974; the value of items issued in 
Laboratory II amounted to 8.9 million Swiss francs (25% of the total value of items 
issued); 
the self-service system accounted for 4.7% of total issues; 
the annual rate of stock turnover was 2.3; 
the average stock level was found to be 13%-24% higher than the authorized stock 
limit of 12.7 million Swiss francs; 
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53162 deliveries and 12995 despatches were recorded for the Organization as a whole; 
12031 delivery requests and orders for standardized material were drawn up; 
the Standardization Groups (130 members) took 2864 decisions (to introduce or 
eliminate items in stock). As a result of these decisions, 992 new items were introduced 
into the stores and 1142 items, worth 204600 Swiss francs, were removed and handed 
over to the Salvage Service. The latter sold items outside the Organization worth about 
667000 Swiss francs (including 265 tons of paper and 700 tons of metal waste). 

Insurance The Service was still concerned in late 1975 with the settlement or the claims concern-
Service ing flood damage in 1973 and a number of other claims which are long drawn-out affairs, 

the most important being that of BEBC (February 1974). 
In 1975, the fire in the PS area caused a great deal of extra work, as the nature or the 

damage was such that liaison between the Divisions and the insurers was necessary at 
every stage of repair and replacement. 

The Organization's third-party insurance has been brought up to date, and a new 
accident insurance contract was negotiated covering summer students. 

The Service collaborated in particular with the Legal Service and with the Social 
Affairs Service in 1975 on questions of reintegration into national insurance schemes and 
insurance for family members. 

The administration of the Staff Insurance Scheme has been heavily committed during 
1975 with investment portfolio mana2~ment, the running of the Staff Insurance Scheme 
and, with new Rules apparently imminent, an increasing number of enquiries from staff. 
The Service has provided the secretariat and administration for the Finance Committee 
Working Group on CERN's Pension Policy during the last three years. 

Auditors The financial year 1974 was the second for which the audit was carried out by the 
report Bundesrechnungshof (Federal Court of Audit) of the Federal Republic of Germany. At its 

Fifty-fifth Session, in June 1975, the Council approved the Accounts for the financial year 
1974. 
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Ilrciikdowil 1975 
Budget 

GUAM) TOTAL 429,400.0 

Workshop jobs (o be charged -7.HU0.0 

Sub-lcilal 437,2011.» 

1. Personnel 227,20(1.» 

10) Stuff members 204.565.0 
12 Laboratory flliiiï 5,975.0 
14 Fellows 6.700.0 
15) Consultants and associates 9.960.0 

2. Operation 86,210,0 
201 Site and buildings 15.240.0 
21) Service equipment 11,185.0 
22) Accelerators 5.525.0 
231 Equipment for experiments 8,9)5.0 
24) Beams 3.045.0 
25 Dntlt handling 11,870.0 
27 Power, water 18,200.0 
28) Administration 12.230.0 

3. Capital outlays 123,790.0 

30) Site und buildings 14,805.0 
31 Service equipment 10,920.0 
32) Accelerators . 30,885.0 
33) Equipment for experiments 28,585.0 
341 Beams 23,425.0 
35) Dutu hnndling 15,170.0 

~J 

1975 EXPENDITURE 

LABORATORY I 

(liasic and ISH Programmes) 
(in lliousiiiuls of Swiss fruiics) 

Differences 

+ 1,356.(1 

+ 371.5 

+ 984.5 

-2,341.7 
-2.592.8 
+ 21.8 
+ 709.8 
- 480.5 

-3,346.6 
-1,111.9 
+ 944,6 
-1,718.2 
+ 231.5 
-1.400.5 
-1,036.3 
- 689.5 
+1.433.7 

+ 6,672.8 

+ 6,432.2 
-2,189.7 
+ 1,735.4 
- 218.0 
+4,343.7 
-3,430.8 

Dircclonilc-
Gencrnl 

18,293.9 

18,293.9 

17,012.5 
4.927.4 

6,629.3 
5.455 8 

1,265.8 
3.1 

214.4 

106.1 

942.2 

15.6 

9.4 

6.2 

Departments 

Physics I Physics II 

67,885.1 

67,885,1 

32,457.4 

30.200.2 
1.064.3 

145.9 
1.047.0 

10,076.2 
723.6 
820.1 
688.3 

4,918.4 
406.3 
874.8 

1,644.7 

25,351.5 
1991 

I.128.J 
233.3 

15,961.2 
4.167.9 
1,691.8 

f.3,194.4 

63,194.4 

35,903.7 

30.788.H 
4,085.7 

235,3 
793.9 

8,477.7 
279.5 

1.938.6 

3.802.4 
552.1 
863.9 

1,041.2 

18,813.0 
151.9 
983.6 

9,370.4 
6,809.2 
1,497.9 

Theoretical 
Physics 

3.196.0 

3,196.0 

2,885.8 

2.657.0 

228.8 

307.8 

1.2 
3.8 

302.8 

2.4 

2.4 

Proton 
Synchrotron 

74.214.1 

74,214.1 

34,6114.5 

33.921.7 
6.1 

287.3 
389.4 

4,956.9 
134.7 
384.1 

2.709.2 
61.7 

671.7 
23,2 

972.3 

34,652.7 
468,3 
646.4 

16,623.5 

16.791.6 
122.9 

Applied 
Physics ISH 

36,450.8 

36.450,8 

18,685.« 

17.443.1 
588.1 
72.5 

581.3 

10,043.4 

218.4 
894.2 

5.1 

8,414.6 

511,1 

7,722,4 

873.2 

6,849.2 

44,568.4 

44,568.4 

22,277.4 

22,146.4 

12.7 
118.3 

2,241.9 
239.4 
804.5 
409.3 
103.0 

160.2 

525.5 

20,049.1 

155.7 
1.706.4 

13.733.4 
3.029.2 

1.424.4 



Breakdown 

GUAM) TOTAL 
Workshop jobs to be charged to Divisions. 
Sub-totnl 

1. J'LTMMmcl 

101 Slnff members . , 
12) Laboratory stair . 
14)Fellows. . . . 
15) Associates . . 

2. Operation 
201 Site and buildings . 
21) Service equipment . 
22) Accelerators . . . . 
231 Eqtlipmrni for experimen 
241 Beams 
25 Data handling . . . 
27) Power, wilier . . . 
28) Administration . . 

3, Capital Outlays 
30) Site and buildings . . . . 
31) Service equipment . . . . 
32) Accelerators 
331 Equipment for experiments 
34) Beams 
35) Data bundling 

TOTAL 

465.430 

- 7.520 

472,950 

229,140 
206,730 

6.080 
6,670 
9,660 

98,700 
17,140 
11,610 
6,675 
9,600 
1,855 

12,830 
25,590 
13,400 

145,110 
14,425 
10,580 
32,060 
30,675 
32,630 
24,740 

BUDGET 1976 

BASIC AND ISK PROGRAMMES 
(in thousands of Swiss francs) 

Dirce-
lorute-

Gcnenil 

18,485 

18,485 

17,110 
4,900 

6,670 
5,540 
1,270 

85 
160 

55 

970 

105 
75 
30 

Til 

.3,260 

3,260 

2,941) 
2.680 

260 

310 
20 

290 

10 

Divisions 

UP 

72,780 

72,780 

35,980 
29,230 

5,220 

1,530 
9,270 

785 
1.060 

4.725 

1.165 

1,535 

27,530 
750 

1,455 

16,070 
8,280 

975 

54,840 

54,840 

27,760 
27.500 

260 
9,610 

860 
1,700 

4,525 
785 
880 

860 

17,470 

1,400 

11,120 
3,445 
1,505 

DD 

53,255 

53,255 

19,590 
18,500 

610 

480 

12,555 
1,155 

615 

10.140 

645 

21,110 

645 

20,465 

PS 

67,770 

67,770 

311,840 
38.200 

640 

8,325 
330 
555 

5.935 
25 

835 
1(1 

635 

20,605 
535 
850 

17.655 

1,565 

l.,R 

47,545 

47,545 
22,700 
22,600 

100 

2,685 
360 
745 
740 
165 

195 

480 

22,160 
590 

2,175 
14,405 
3,440 

1.550 

SPS 

22.160 

22,160 

2,160 
2,160 

410 
40 
20 

10 
235 

105 

19,590 
55 

195 

19,340 

SB 

86,005 
-7,520 
93,515 

33,980 
33.760 

220 

45,160 
13.325 
5,330 

25,590 
915 

14,385 
12,275 
2,110 

Fl 

16,300 

16,300 

11,200 
11,200 

4,330 
95 

535 

430 

3,270 

770 
115 
440 

215 

11.160 

11,260 

7,580 
7,100 

480 

3,520 
30 
30 

3,460 

160 

160 

HS 

11,770 

11,770 

9 3 0 
8,900 

250 

150 

1,255 
55 

860 

95 

10 

235 

1,215 
30 

1.110 

45 

30 

TH = Theoretical Physics 
EP = Experimental Physics 
EF = Experimental Physics Facilities 

DD = Data Handling 

PS = Proton Synchrotron 
ISR = Intersecting Storage Rings 
SPS = Super Proton Synchrotron 

SD = Technical Services and Buildings 

FI = Finance 
PE = Personnel 
HS = Health and Safety 



1975 EXPENDITURE AND 1976 BUDGET 

300 GeV PROGRAMME 
tin thousands of Swiss francs) 

Breakdown 
Financial year 1975 

Budget Expenditure 

TOTAL 

1. Personnel 
III) Staff members 
15) Fellows 

2, Operation 

20) Site and buildings 
2!) Service equipment 
22) Accelerators 
25) Equipment for experiments 
24) Beams 
25) Data handling 
27) Power, water 
28) Administration 
— Contribution to general overheads of Laboratory 1 

X Capital outlays 
511) S:te and building 
31) Service equipment 
32) Accelerators 
33) Equipment for experiments 
34) Beams 
35) Data handling 
— Stock in stores 

237,900.0 

29,770.0 

28.770.0 
1.0C0.0 

35,300.0 
4.200.0 
3.800.0 
2.000.0 

1.000.0 
5.70O.0 
2J00.0 

16.300.0 

172,830.0 
78.600.0 
12.930.0 
65.300.0 

16.000.0 

237,968.9 

28,054.1 
26.964.9 

1.0S9.2 

30,276.5 

ZS50.I 
3.551.4 
1.922.7 

ISS.7 
189.5 
491.2 

Z947.4 
1.835.5 

16.300.0 

179,638.3 
91,946.9 

7.241.7 
57.985.1 

16S.7 
21.286J 

9.6 
1.000.0 

I.W 



Figure 1 — Sortine in the mail office, for lite four tlnilr dciivcrv and collection services. 
(CERN-32U.76) 

Personnel Division 

The main functions of the Division were described in a document submitted to the 
new Directors-General. To meet the foreseeable consequences for the personnel of the 
budgetary restrictions imposed, the work of the Personnel Division is now being directed 
towards action within the Organization, such as increased mobility of staff, investigation 
of possible savings to avoid the need for dismissals, and additional rationalization 
measures. 

As soon as the first budgetary restrictions for the coming years were known, external 
recruitment was stopped, and efforts were increased to fill the essential vacancies by 
internal transfers. 

The use of personnel provided by firms supplying temporary labour was examined 
during the first half of the year. The effect of the proposals put forward, which were 
approved by the Directors-General and the Finance Committee, was to redefine policy 
and procedures in this field, and their immediate implementation led to a substantial 
reduction in numbers. Steps are being taken, in cooperation with the French authorities, 
to minimize the human and social consequences of these decisions. 

The negotiations for the reintegration of Swiss members of the personnel into the 
"Assurance Vieillesse et Survivants" (AVS) resulted in an agreement allowing optional 
and partially retroactive reintegration. Renegotiation of the Agreement on Social Security 



TOTAL NUMBER OF PERSONS AT CERN ON 31.12.1975 

LABORATORY 1 
sii i ir Lnhnnitory CERN Ashociules 

Department» Divisions 
Members Stuff FelloWH Member 

States 
Non-Member 

States 

Dlrectorulc-Clcniirul Total 2ft 2 28 

Physics 1 l'öllll 436 

3IH 

117 

35 32 8.12 121 1456 Physics 1 

NP 

436 

3IH 

117 

35 31 H2I 120 1325 

Physics 1 

MSC 

3IH 

117 1 I I 1 130 

Physics Jl Total 428 

426 

12') 20 69 23 669 Physics Jl 

TC 426 129 20 69 23 667 

Thcurelicul Physics Total 25 26 19 15 85 Thcurelicul Physics 

Ti l 24 26 19 15 84 

Proton Synchrotron Tolul 497 15 8 2 522 Proton Synchrotron 

EA 28 28 

Proton Synchrotron 

MI'S 466 15 8 2 491 

Applied Physics Tolul 268 22 9 10 6 315 Applied Physics 

DD 268 22 9 10 6 315 

ISR TuUil 356 4 1 1 362 ISR 

ISR 355 4 1 1 361 

Administration Tolul 1127 6 3 16 9 1161 Administration 

D l + PJO + TM 42 J 43 

Administration 

IIS 13» 6 2 2 2 151 

Administration 

F l 209 209 

Administration 

PE 129 11 4 144 

| SB 608 1 | 2 3 614 

TOTAL LABORATORY 1 3163 192 109 957 | 177 4598 

TOTAL LABORATORY II 433 — 4 7 1 445 

TOTAL CERN 359<i 192 11.1 9Ö4 178 J043 

NP = Nuclear Physics EA = Experimental Areas Croup Dl = Directorate FI = Finance 
MSC = Synchro-cyclotron Muchine MPS = Proton Synchrotron Machine PIO = Public Information Oflice PE = Personnel 

TC = Track Chambers DD = Data Handling TM = Translation and Minutes Service SB = Technical Services and Buildings 
TH = Theoretical Studies ISR = Intersecting Storage Rings US = Health and Safety 
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concluded with France in 1970 is proceeding with a view to securing improvements, 
in particular on unemployment insurance. Discussions on reintegration are also 
continuing with Germany and Belgium. 

The enquiry into salaries carried out in 1974 as part of the five-yearly review of 
CERN salaries was to some extent updated during 1975 by visits to certain European 

Fienre J Turnover nf \lnll member* 
dilti uintliune* between il /JV/V7-/ und 
JI.IJ.IV75. 
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Some personnel statistics at 31-12-75 
staff members * auxiliaries LBboratorv 1 laboratory II CERN 

Sex Men 88% 92% 89% 

Women 12% 8% 11% 

Family Persons receiving the family allowance 85% 85% 85% 

Average number of children 1.5 1.6 1.5 

Average age of children 9.9 years 

Breakdown according to occupational category and average age 

Physicists and scientific programmers 

% 

12% 

age 

39.3 

% 

10% 

age 

38.2 

% 

12% 

age 

392 

Engineers 9% 41.1 16% 39.3 10% 40.7 

Technicians 24% 39.8 36% 35.4 26% 39.0 

Draughtsmen 6% 36.9 10% 36.0 6% 36.6 

Manual workers 19% 41.5 18% 34.0 19% 40.6 

Operators 6% 37.8 1% 31.6 5% 37.6 

Administrative staff 7% 41.3 2% 39.9 6% 41.3 

Office staff 9% 36.3 6% 35.5 9% 38.3 

Auxiliary service staff 8% 41 £ 1% 43.3 7% 41.8 

TOTAL 
100% 

39.9 
100% 

36.3 
100% 

39.4 

h'i«mc4 HrciiAi/iHinn/ CKR\ \ialtiminhrr\aii3i.l? / u o . 

firms. The information obtained showed a slackening in the rate of increase of salaries, 
although there was an average increase, in real terms, of about 5% in the salaries for 
140 jobs in 30 of the firms which participated in the 1974 survey. 

In the course of the annual job evaluation survey, certain professional groups were 
the subject of particular study: Laboratory II technicians, secretaries, quantity surveyors. 

Figure ~ Mi'HInll IiilaU ill U'llim \ tL*»it-nin'\ illltl 
*m</i n/v /i/vw ni til Cf.RS in IV~? uiij 7fJ~5 
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photo-cngrnvers, firemen, construction inspectors and computer operators. A new job 
catalogue, comprising about 200 standard descriptions, is being prepared and will be 
gradually brought into use. The object is to reduce the number or individual descriptions. 

The CERN fellows and associates programme was the subject of a report to the 
Council, describing the development or the_ programme in the period 1971-1975 and 
proposing that it should continue at its 1975 level for the period 1976-1980. This was 
accepted by the Council. 

The academic training, general education, technical training and language courses are 
listed in Appendix C, together with the courses organized Tor the summer students. 
In addition, the firemen and certain operator groups were given intensive language 
courses designed to meet their professional needs. The School of Physics and other events 
organized by the Scientific Conference Secretariat are listed in Appendix D. 

The Division assisted in the work of the Rehabilitation Board for handicapped 
persons, which has been able to find or confirm satisfactory solutions for all the cases so 
far referred to iL 

With the aid of the Restaurant Supervisory Committee, new conditions of contract 
were worked out for the CERN restaurants, with a view to facilitating closer control over 
prices and price changes. 
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Technical Services and Buildings Division 

In spite of the increased workload of the Division, especially with respect to 
maintenance and the 300 GeV Programme, the number of staff members was substantially 
reduced. There were 602 at the end of 1975, with four posts blocked for personnel attached 
to ESO as part of the collaboration between that organization and CERN, while one 
person left the Division to join ESO. 

The Division consists of a central management and six groups, whose activities are 
described below. They are: new works (Laboratories I and 11), alteration and structural 
maintenance of buildings, maintenance and operation of technical installations, 
mechanical engineering and specialized workshops, transport, equipment handling and 
cleaning. 

The budget for the Division amounted to 92.4 million Swiss francs in 1975, including 
33.4 million for personnel. The budget may be broken down as follows: 

Millions »/ 
Swiss francs 

Construction 24.4 
Power, water 17.5 
Maintenance, operation, alterations 25.3 
Workshops 15.4 
Transport 7.0 
Management ^2.8 

92.4 

Iniroiluciiim 
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This amount included neither the cost of altérations to installations and workshop 
jobs put out to contract, which is charged to the budgets of other Divisions, nor the cost 
of the work for Laboratory II in which personnel from the SB Division took part. The 
estimated number of staff from the Division working for the 300 GeV Programme was 
112 in 1975,40 of whom were engaged in construction work. 

The policy change with respect to temporary (contract) labour, decided on during the 
first half of the year, resulted in a reduction of this class of personnel from 140 to only 
ten, while most of the work previously done by them was covered by service or 
maintenance contracts. 

Vi'i\' wi)rl<s No major building work was started on the Laboratory I site during 1975, except for 
the complex in the West Area to house the neutrino experiments and the Gargamelle 
bubble chamber. This work, which was started in February 1975, is progressing normally 
and within the approved budget, in spite of the very short time allowed. The neutrino 
building should be ready for use at the beginning of 1976, and the Gargamelle hall during 
the summer of 1976. 

The other large buildings being erected included hall 186 and laboratory 28 for the 
physicists encaged in preparations for 300 GeV experiments. The hall became available 
in 1975. and the offices will be ready for use at the beginning of 1976, once again within 
the scheduled time limits and the approved budget. 

Finally, it was decided in June to build a large conference chamber on the roof of 
the Administration building and to fit the upper floors out for the use of the new 
Directorate-General. In spite of the very brief time available, this project was completed 

Fieun- J1 Sriihiither IV! • insiiillnlum 
til llh- 7! tun invrlti'utl /imW/j/iy twin' 
lor tin1 m-ulriiit' hall in tin- II r \ ; AITII. 
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during the second half of the year, with the minimum disturbance to the rest of the 
building. 

The Division is carrying out design studies on behalf of the Site Installation Group 
or Laboratory 11, for civil engineering work and general technical installations. The very 
large construction programme in the North Experimental Area continues to make heavy 
calls on the Division's design resources, particularly in the civil engineering field. 

As part of the collaboration between CERN and ESO, the Division's engineers and 
designers continued to help in the work on the essential services for the Observatory at 
La Silla in Chile. 

The Maintenance and Operation Group was reorganized so as to rationalize the 
distribution of maintenance work carried out by contractors and that done by the 
Group's own personnel for reasons of safety and quality of workmanship. 

At the same time, the measures aimed at reducing certain maintenance costs are 
beginning to take effect especially the reduction in the frequency of the work, which has 
meant accepting the concomitant reliability and safety risks. Although the staff and 
financial resources or the Group remained virtually constant, it assumed responsibility 
for a large number of new installations and buildings, including the new Linac and the 
new printing shop, and, Tor the SPS, six auxiliary buildings, the fire detection system and 
the discharge station, and also many different technical installations on both sites. 

The quality or the water supply to Laboratory 1 continued to raise considerable 
problems throughout 1975. A pilot filler station was installed and monitored, and the 
good results obtained show that a solution is likely to be found. As a result of cases of 
pollution or local rivers, a close watch was kept on the waste water, and a design study 
for the installation of monitoring stations is in hand. 

A large number of improvements aimed at achieving greater savings continued to be 
made, including supplying the fire-fighting system with recirculated water. Studies are 
going ahead on the selectivity of the stand-by electric powei network and the emergency 
electricity supply using flywheel generator sets, and also design studies relating to the 
modernization or the central heating plant. 

A great deal of work was put into repairing the PS installations after the fire which 
broke out on 29 August. On that occasion, the Maintenance Group set up an emergency 
IS kV power supply for the affected area and brought up and installed the mobile 1 MVA 
motor-generator set to power the air-conditioning plant and the essential installations in 
the ring. This helped to minimize the effects of the accident on the physics programme. 

The annual variation in the consumption of power, water, fuel oil and gas from 1970 
to 1975 is aiven in the followina table. 

Maintenance 
and opération 

Active power consumption 
(units ofone thousand KWh) 

grid supph 
- sland-bv generators . . . 

Total 

Maximum instantaneous pouer(kW) . 
Cooling water! lUUUm3) 

Drinking water (m J ) . . . . 
Heav\ fuel oil (tons) 

Gd<(m 3 | 

| loom 
! 8481 
\ 174 592 
| 36 SOU 
j 6712 
| 472036 
| 10181 
, 120256 

-L i 

1V71 

192 184 
174.14 

209 61« 
47 200 
8(163 

545 197 
12 989 
113 118 

203242 
21 665 
224 907 
530U() 
8665 

482443 
14076 
100 588 

222 719 
20 751 
243 470 
55 000 
8 364 

319417 
15818 
115 328 

1<)74 

242660 
18063 

260 723 
58 500 
7493 

464040 
11 902 
112618 

230 CSD 
J 8711 
248 791 
57KOO 
6 877 

484074 
11951 
47767 
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Alterations The number of requests for re-fitling and making alterations to buildings amounted 
to building.': to 1838 for the year, 30% fewer than in 1974, involving a total amount of some 7.5 mil-

aiid instil/lotions lion Swiss francs, which is also considerably lower than the figure for 1974 (12.5 million 
Swiss francs). 

Nevertheless, the Group handled :i number of major jobs, including the rc-inslallalion 
of the large storage shed (building 133), the extension of the PS control room, and the 
installation of the ISR chemical cleaning shop. 

The maintenance of roads and buildings, which is essential to keep the CERN site in 
good order, cost about 1.5 million Swiss francs, which is still very low considering the 
amount of the investments concerned. 

Central The Central Workshops Group was reorganized, and some activities were regrouped 
Workshops (sheet metalwork. welding, hjat treatment and special processes). The amount of work 

done for the Divisions remained substantially the same (9.45 million Swiss francs), but in 
fact fewer hours were worked because of the reduction in the number of temporary staff. 
Work put out to contract, on the other hand, increased considerably (4 million Swiss 
francs as against 2.5 million in 1974). 

The equipment available was supplemented in 1975 by a large numerically controlled 
boring and milling machine for milling complex shapes, a gas-chromatography analyser 
and a large vacuum tank for electron beam weldine. 

i //t'»rc t rillmz llw »i'n vaanim r,wk lur ihr iii'ilrun beam 
Kctilnin miuluiK. iCERN-V4.HJi) 
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Figun' 5 — Muchining a trapezohhl cross-section vacuum 
uink on the large. mtmericalk-conlwllvil Hulling machine. _ 
ICERX-5.I1.7S) 

Figure ft Tlw h\ itrofonueil "Flat Fi.\h" intersection chamber. X> 
made ol tl.J nmi gauge \ltimlcv> \lccl sheet, \eith itx susncn\ian 
system. • CKR\:?2.I0 75 , 

Quality Control Section 

There was a general increase in the workload with 600 work orders. This was 
particularly the case in the Metrology Section, mainly owing to work for Laboratory II, 
which accounted for about 9000 out of the total of 23 000 hours, and in the Metallurgy 
Section for the inspection of materials bought by the Stores. 

Main Workshop and Sheet Metaluork Section 

The workload remained heavy. A great deal of interesting work was done, including 
in particular two aluminium alloy, trapezoidal-section vacuum tanks for the R 806 T-Q 
calorimeter experiment, eight diamond-machined aluminium alloy cathodes, 3.2 metres 
long, a liquid metal target for an isotope separator with a tantalum tank, a hydroformed 
"Flat Fish" intersection chamber made of 0.4 mm stainless steel sheet, and a 1.6 metre 
long intersection chamber made of 0.7 mm titanium alloy sheet 

West Workshop and Special Techniques 

The ""Plexiglas" and "Araldite" sections had a great deal of work. A new installation 
for casting scintillators had to be built, and new Araldite mixes for the manufacture of 
parabolic mirrors by centrifuging were developed, as were new materials for radiation-
resistant "encoders". The new high-precision centrifuge for parabolic mirrors was 
commissioned, with highly satisfactory results. The processes and equipment needed for 
vacuum-coating are being studied. 

file:///lccl
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Wirb Chamber Manufacture Workshop 

The extension of this workshop has made an area of 170 m 2 available to physics 
groups for chamber assembly. Eight "driff-type wire chambers were completed, with the 
wires aligned and parallel to within +5 u., while a major effort was put into the 
manufacture of detectors for 300 GeV physics experiments. 

Surface Treatment Workshop 

This shop had a great deal or work, especially of the routine type. There were also 
some very difficult tasks, such as the oxidation or aluminium-alloy separator cathodes, 
the silvering of cryogenic pumps and RF cavities and high-grade polishing of titanium 
components for the new linear accelerator. The new chemical cleaning shop for ultrahigh 
vacuum components was commissioned in collaboration with the ISR Division. 

Printed Circuit Section 

The demand Tor very large printed circuits with very close tolerances increased 
considerably, making it necessary to install a new production line. A coordinatograph Tor 
tracing drawings very accurately was commissioned in order to reach the required degree 
of precision. 

Thermal Treatment Section 

The essential work or this Section related to the outgassing of ultrahigh vacuum 
components and the vacuum brazing of RF structures, drift tubes and hollow conductors. 
There is an increasing demand Tor the heat treatment or alloys with special magnetic 
properties and light alloys. 

figure T Clicckmx the nri«iiutl ilrimmç 
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i»oriitmiliiitnipli. t CKR.\-~.2.~6 • 

150 



/ • . " , 

U'ltl 
L ^ t.i[inpiHi in Ihinjlmc u7 lin hur-

CERN possesses a fleet of 393 vehicles, including passenger cars, utility vehicles, 
lorries, tractors, trailers, cranes, e t c 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 whole of the removals for the 
large West Hall and the re-installation of the 300 GeV shielding and beams (about 
50000 tons had to be moved), the installation of the 422 fifteen-ton discs in the neutrino 
tunnel and that of the SPS machine components in the tunnel. 

The policy of transferring as much of the cleaning as possible to outside contractors 
«as continued. Four contracts for cleaning the buildings were awarded, and the 
responsibilitv for the upkeep of working clothes was handed over to an outside firm. 

Transport, 
equipment 
handling 
and cleaning 
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Figure I—The Health PhymsCraiip instrument ailihratioii litharatory. (CERN-24,1.76 ) 

Health and Safety Division 

At ils Fifty-fifth Session ihe Council approved the establishment of the Health and 
Safety Division (HS) as from I July 1975. The new Division consists of the following 
Groups: 

Health Physics Group 
General Safety Group 
Medical Service 
General Services. 

It thus contains all the services which areconcerned v.ïth the maintenance, protection and 
promotion of health and with the safety of people and equipment. In particular, its 
activities comprise radiation protection (including research in radiation dosimetry and 
radiobiology). control of radioactive materials and disposal of radioactive waste, 
industrial safety, control of hazardous chemicals, occupational medicine (including 
routine medical supervision of workers exposed to radiations and hazardous substances), 
emergency medical assistance, the fire brigade and general emergency, rescue and 
ambulance services, and training and information in the field of safety and health at 
work. As CERN is an international organization, its activities and facilities are not 
subject to supervision and inspection by the Swiss and French authorities; equivalent 
surveillance is therefore provided by the HS Division. 

Radiation survey and control Health Physics 
Group 

Two problems were studied in detail at the Proton Synchrotron, namely the measure
ment of stray radiation and the control of induced radioactivity. A comparison between 



various instruments for measuring dose equivalents showed a very good agreement of the 
results in different radiation fields, and it can be concluded that stray-radiation measure
ments with our measurement technique and the understanding of the results have reached 
a very high level, and further improvement in the framework of the present recommenda
tions of the International Commission on Radiological Units (ICRÜ) and the Inter
national Commission on Radiological Protection (ICRP) could only be on the technical 
side. 

Major problems in radiation protection around the PS arise from the increasing levels 
of induced radioactivity. The control of this hazard was improved with the installation of 
a monitoring system for measuring the dose rate from induced radioactivity during the 
transformation of the East Hall into a multiple-target region. Furthermore, monitors were 
installed for the control of radioactive material at the sntrances to the machine and the 
target regions. 

Experiments were carried out to understand better the relation between beam losses 
and induced radioactivity (reports DI/HP/185 and HP-75-148). The secondary-particle 
distributions around various target materials at 50 MeV were studied to help in predicting 
radiation problems in the future Linac. 

The level of long-lived induced radioactivity kept the dose rates within the ISR tunnel 
below 2.5 mrem/h except for the beam dumps, where permanent access barriers had to 
be installed. 

Unusually large beam losses were observed during the last period of West Hall opera
tion by the installed tissue-equivalent monitoring system. The unpredictable character of 
these losses required the classification of the whole E3 Hall as a restricted radiation area. 

From the beginning of July, all beam lines in the West Hall and of the transfer tunnels 
TT2a, TT4. and TT5 were dismantled, which required control and checking for induced 
radioactivity of all the equipment, such as magnets, vacuum chambers, shielding blocks, 
etc. 

In Septemher, an IS MeV betatron was installed and put into operation in the West 
HalL The evaluation of the associated radiation hazard was made and the necessary 
protective measures taken. 

The start-up of the Synchro-cyclotron following the completion of its improvement 
programme required frequent interventions. Careful planning of this work helped to 
keep the exposure of the personnel low. Only 37 man-rem were registered during 1975, 
which is low compared to doses received during the reconstruction period. 

Fifty-three containers of low-level radioactive waste were prepared and dispatched to 
the Swiss authorities; 173 new radioactive sources were introduced in the radioactive 
source inventory register, which now totals 896 sources with 75% out on loan. 

Dose rates to areas outside radiation areas on the CERN site and to regions outside 
the CERN boundaries, as well as released radioactivity in the air and effluent water, were 
found to be within the permissible limits. 

Personnel monitoring 

The number of film badges distributed every month stayed constant despite an 
increased turnover in personnel- A new filing system for personnel exposures (microfiche) 
is being developed in order to reduce filing space. Research into personnel monitors based 
on the observation of tracks in plastic continued. 

Instrument calibration and maintenance 

The calibration and maintenance services have been integrated and over 300 health 
physics instruments were maintained and calibrated or repaired during the year. A special 



effort was devoted to establishing routine servicing procedures. The calibration procedures 
were considerably improved with the installation of a specially designed facility in the 
new calibration hall. 

Development and instrumentation 

A forty-channel data logger for the site monitoring system was constructed and put 
into operation, and 20 rem counters were rebuilt for low-level counting of the stray 
neutron radiation on the site. Identity-card holders, to be attached to the film-badge 
holder, were manufactured. Studies were carried out in order to evaluate new possibilities 
for measurements. 

Research 

Dosimetry and radiobiology experiments with hadrons continued, using 600 MeV 
neutrons at the SC2 and pions at SIN (Swiss Institute for Nuclear Research). 

The principal activity continued to be the systematic inspection of installations and 
equipment to identify potential hazards, and prescribe precautionary measures, improved 
methods of work and the use of safety equipment. A number of meetings were held with 
Divisional Safety Officers and Monitors with whom close liaison was maintained. Talks 
on safety were given to workshop personnel and six Safety Bulletins were issued. 

Two serious electrical accidents occurred durinp the year, in one of which a 
contractor's employee was killed. Improved procedures and means to avoid such accidents 
are being introduced. 

The Safely Code for Experimental Pressure Vessels was published during the year. It 
was prepared in collaboration with the Nuclear Physics Division and contains rules on 
the construction and operation of all kinds of experimental apparatus operated under 
pressure. Included, in particular, are wire chambers, proportional and Cerenkov counters, 
and particular attention is being paid ta the use of inflammable gases and vapours. 

Members of the Group have participated in investigations of potential sources of 
environmental pollution and are taking part in a CERN-wide effort to improve the 
handling or liquid waste. 

Among the major projects in which the Croup was involved was the evaluation of 
safety problems associated with the experimental installations being set up for SPS 
physics. In particular, detailed studies and analyses were made of the proposals for the 
West Experimental Area and for the very large set of liquid-hydrogen targets to be placed 
in the North Experimental Hall No. 2 (EHN2). Other tasks were concerned with details 
of the developments involving Gargamelle, the "neutrino ramp", the 35 mi liquid-
hydrogen counter and BEBC. In addition, a special study was made of the safety of 
barracks used as control rooms for experiments, and a set of safety specifications was 
drawn up which barracks will have to satisfy. 

A start was made on drawing up emergency plans in collaboration with the Fire 
Brigade and the Divisions involved, and evacuation exercises were held in the Central 
Computer Building (513) and Laboratory 5. 

The inventory of mechanical items requiring periodic inspections increased again. In 
addition, a wide variety of components for the SPS and other installations were inspected 
by radiography. 
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ACCIDENT STATISTICS 

Period covered: I November 1974 to 31 October 1975 (accidents lo contractors' 
personnel not included) 

' Lahuratarx • Laboratory 11 Toial 

236 20 256 

Number of disabling accidents* 5a 2 60 

Number of losl norkinc davs 1005 22 1027 

Disabling accidents* per lO* man-hours** 0.56 ±0.07 0.10 ±0.14 0.53 ±0.07 

9.7 22 9.0 9.7 22 9.0 

' A disabling accident is an accident causing an absence from work of muic than one day. 
' This quantity is known also as the "frequency rate"; in many publications the unit used is "per 10h man-

hours". 10s man-hours corresponds approximately to a working life of 50 years. 
* This quantity is also knouii as the "severity rate". 

In addition to ilie routine medical examinations (pre-employment or in cases of Medical 
resignation or awards of indefinite contracts, or following requests by the patient or the Service 
Staff Insurance Scheme), particular attention was given to selected groups which have a 
special need for medical surveillance. These were: 

(i) Personnel in occupations in which failing health can endanger not only themselves 
but also others — firemen, drivers, crane drivers and electricians. One hundred and 
eighty-nine members of these groups were examined in 1975, and appropriate 
complementary tests were carried out. Suitable action, hi particular referral to a 
medical practitioner, was taken if required. 

(ii) Apprentices: these were supervised medically in conformity with the regulations of 
the Canton of Geneva. 
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(iii) Personnel exposed to special occupational health hazards (workers in the surface-
treatment shops, workers engaged in soldering electronic circuits). An enquiry was 
carried out. in collaboration with the Safety Group, into the risk of lead poisoning 
associated with soldering; special ventilation was recommended and installed in 
some shops, and u significant decrease in urinary lead content was found. 

(iv) Personnel or the NP Division. This group was examined in its entirety, many or 
them being radiation workers or exposed to other, less evident, occupational hazards. 

(v) Personnel more than 50 years or age. These examinations were carried out in order 
to obtain better information about the problems of this group, in particular with 
regard to their adjustment to their work and. Tor the oldest, preparation Tor retirement. 

Close collaboration with the radiation-protection services was maintained, and a 
combined filing system was set up containing data on contractors' personnel. It is intended 
to extend this joint record keeping to cover all personnel working at CERN. 

The Medical Service continued to provide first aid and emergency medical advice 
during working hours. Its doctors also acted as consultants on medico-social afTairs to 
the CERN social services (Personnel Division) and to the CERN Pension Fund. 

As in the past, first-aid courses for volunteers were organized and given jointly with 
the Fire Brigade. In addition, specialized brief courses were given, also in collaboration 
with the Fire Brigade, at the request of the Divisions. 

General The General Services include the Site Security Service (which acts as the fire brigade, 
Serrhes provides first aid outside working hours and carries out guard duties), the conference 

room technicians and the gardening staff. 
The workload of these three sections, which is closely bound up with the general level 

0Î activity at CERN, increased considerably as compared to previous years. 
For the Site Security Service, the progress made with the construction of Labor

atory I! resulted in more guard and patrol duties, and more calls for action of all kinds. 
This made it necessary to continue to employ contract labour. 

Special mention should be made of the activities of the Site Security Service in the 
field of personnel training. The Head of the Service and his deputy have periodically 
given the following courses in collaboration with firemen holding the Brevet National 
Francais de Secourisme: 

a first-aid course for volunteer members of the personnel who are being trained as 
first-aid assistants: 
an advanced course for first-aid assistants; 
a special course on treatment of electric shock; 
a course on lire extinguishers and how to use them; 
a course dealing with the evacuation of buildings in the event of an emergency. 

By being aware of possible hazards and knowing how to deal with them and prevent 
them. CERN personnel can make a positive contribution to their own safety. 

The conference room technicians, as usual, gave their services at various conferences, 
seminars, courses and colloquia. of which there were twice as many as in 1974. In addition 
to carrying out improvements to the existing installations, they assisted in fitting up a 
new conference room at the top of the Administration Building. 

The gardening staff, apart from their routine work, improved the floral decorations 
around the Laboratory I buildings and continued their task or landscaping the large 
green expanses of the Laboratory 11 site. 
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Central Services 

Plans tor the development of the CERN COURIER, aimed at identifying more 
closely the activities of the laboratories in the Membet States with the diffusion of 
information on high-energy physics, have gone ahead smoothly and the new system of 
information collection and copy distribution is to be put into effect from the beginning 
of 1976. Local editors have been appointed in eighteen laboratories around the world, 
who will collect material for transmission to the central editorial office at CERN where, 
as in the past, the issues will be prepared. In Europe, distribution will be made in bulk 
to a number of national centres which will then organize the circulation in their own 
countries whilst other countries will continue to receive copies directly from CERN. 
In the United States, the journal will be reprinted from proofs supplied by CERN and 
distribution will be organized there from the Fermi Laboratory. 

In addition to the regular contacts maintained with the press and television, a special 
visit to CERN of the Italian press was organized in October. Altogether some twenty-one 
scientific journalists were received and heard talks from senior members of the staff as 
well as seeing the installations of the Organization. The experiment was made of taking a 
member of a national delegation (Sweden) into the PIO as an associate for one month, 
during which time he participated in the work of the office and brought up to date 
documentation destined for his own country. The success of this initiative was later evident 
from the renewal of press interest in Sweden in the activities of CERN.-

The number of visitors to CERN again exceeded 10000 in 1975 with a high proportion 
of educational groups. A prototype slide/commentary unit has been designed which will 
provide the necessary experience for equipping the site with informational units placed at 
strategic points. A new model of the CERN high-energy machines has been designed by 
one of the regular CERN guides, largely on a voluntary basis. The first section is 
being built to check out the presentation. A series of talks to the guides by senior staff has 
been instituted to explain new equipment on the site and to provide a forum for the 
discussion of CERN's information policy. 
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The demand for visual information in the form of Alms, slides and photographs 
continues and better facilities are now needed for storage and viewing. Copies of the film 
on BEBC are now available in English and German as well as French and the revised 
version of "Inside CERN" including the latest views of the SPS will be available in English, 
French, German and Italian early in 1976. The technical series on the SPS now comprises 
"Travaux souterrains" and. "Géodésie et Métrologie" (both in French only) and "The 
SPS Magnet System" (in English and in French). The film on the beam transfer system 
will be available shortly in English. 

The standard documentation has been kept up to date but the technical series has 
suffered from the lack of effort available in both the PIO and the relevant technical 
Divisions. It is hoped that studies now in hand will show how this situation can be 
rectified. 

For the past eighteen months one member of the PIO has been detached to prepare 
data on the history of CERN. A number of discussions have been held with senior people 
concerned with the creation of CERN and with early experimenters. Information is being 
collected on the construction of the PS ready for the historian to begin work. 

Translation During 1975 the volume of work increased by about 10%. As in 1974. the Service 
and Minutes provided minute-writers for the Working Group on Pension Policy. 



The Council gave its approval to the Programme for the Construction and Bringing 
into Operation of the CERN 300 GeV Laboratory at its Forty-fifth Session held on 
19 February. 1971. 

Eleven of the twelve Member States of CERN participate in the Programme viz. 
Austria. Belgium, Denmark. France. Federal Republic of Germany. Italy. Netherlands, 
Norway. Sweden. Switzerland. United Kingdom. 

It has been agreed that the cost of the Programme should not exceed 1150 million 
Swiss francs at 1970 costs and constant prices and the duration of the Programme should 
not exceed eight years. 

The Council appointed Dr J.B. Adams Director-General of CERN Laboratory II. 
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Introduction 

The year 1975 was a very eventful year for the 300 GeV Programme. In January, the 
depressing discovery was made that a cleaning fluid, used in the manufacture of the coils 
of one type of the irain bending magnets of the Super Proton Synchrotron, had destroyed 
the ground insulation of about 30 coils and probably would ultimately ruin the remain
ing 250. In the autumn came the news of budget cuts and staff reductions, and in 
November, there was a strike of the workforce of the main contractor, which brought 
all the work on the North Experimental Area to a standstill. During the whole year 
the economic difficulties in Europe affected the firms supplying equipment for the SPS, 
causing in some cases delays in deliveries,- and in a few instances no deliveries at all 
owing to the firm going bankrupt. 

Managing the 300 GeV Programme during the course of the year therefore required 
considerable flexibility in planning and called for much improvisation and ingenuity. It 
was with a certain feeling of relief that we reached the end of the year with the 
Programme schedule intact. 

Indeed, looking back at the year's work, it is remarkable how well we have done in 
the circumstances. In particular, it is worth noting the splendid efforts made by the 
members of Magnet Group, who had to take apart and rebuild 280 magnets to restore 
their insulation, and who nevertheless managed to install the last magnet in the tunnel 
exactly on schedule. 

Concerning the progress made during the year with the other parts of the SPS 
machine, reference is best made to the individual chapters of this report. Very briefly, the 
civil engineering for the accelerator and its beam lines to the West Experimental Area is 
now finished, the main electricity and water distribution system for the machine is 
complete, the magnet system is in place and partially tested and its power supplies 
installed. The high-power RF system for accelerating the protons is installed in the 
machine and tested, the beam extraction elements for the North Area beams are installed 
and those for the West Area are being put into place. The injection system from the PS 
to the SPS is mostly installed, the vacuum system for the machine is nearly complete and 
seems to work very well. All the control computers are installed and most are in use. The 
radiation monitors are being installed, and, finally, a recent survey shows that the 
elements of the accelerator are reasonably well positioned so that a final survey and 
alignment in 1976 should put them into their final position with the required precision. 
Indeed, the main threat now to getting proton beams to the West Area at the end of 1976 
seems to be the very late delivery of the quadrupole magnets for the beam transfer lines, 
and we can do very little to improve this situation apart from encouraging the firm to do 
better. However, on a big project such as this, one is always conscious that next week or 
next month something could turn up which could easily upset today's confidence. 
Therefore we hope for the best and try to anticipate the worst. 
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Since this turns out to be the last year of Laboratory II, although not, of course, the 
last year or the 300 GeV Programme, it is perhaps the appropriate occasion to say 
something about the staff of the Laboratory. I suppose it is obvious to everyone that the 
quality of the SPS machine depends on the quality of the project staff and its construc
tion schedule reflects their enthusiasm. It is one of the attractions of a big project that it 
briugs together all kinds of people and gives them, for the duration of the construction, a 
common purpose and a single goal. The disadvantage is that the project comes to an end 
one day when the purpose is achieved and the goal is reached, and what has held the 
project team together during all the years of construction melts away. We have now 
reached the time in the 300 GeV Programme when our first goal is in sight and the staff 
are wondering and worrying about the future. 

Of course, all projects reach this stage at some time, and the change-over from 
construction to operation is never easy. It is more than usually difficult in this case owing 
to the quite fortuitous coincidence of the economic recession in Europe and the need to 
reduce budgets and staff at CERN, and the reorganization going on at CERN associated 
with uniting the two Laboratories under a new management. All this adds to the worries 
of the staff and their uncertainties about the future, and one of the big problems in 1976 
will be to carry out the transition from the construction phase to the operating phase of 
the SPS in such a way as to maintain the enthusiasm and spirit of the staff who are now 
working so hard to finish the machine. 

«Jdw/v\ CLVHQ 

JOHN B. ADAMS 
Director-General 

CERN Laboratory II 
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The 300 GeV Accelerator 
Programme 

Underground work 

During the course of the year all the underground work, including the SPS tunnel, 
the transfer and the neutrino tunnels, was completed. 

The delays m the work which occurred in 1974 were partially absorbed by the firm 
this year and the work programme in the main tunnel was two months in advance of the 
schedule established in 1973. This made it possible to speed up the installation of 
machine components in the tunnel. 

During the year, the following underground works were completed and made avail
able for installation work. 

The superstructure of access shaft PP1 was finished in March and the lift was put into 
service in August. The superstructure of shaft PP4 was completed in June and the lift was 
put into service in October. In access shaft PA6, the superstructure was finished in 
March and the lifts were in operation by July. The top of shaft PGC was sealed in 
October. 

The long straight-section LSS4 and the half-sextant of tunnel TS4 + were completed 
in February, TS5 — in March, and tunnels LSS5, TS5 + and TS6 — were ready in April. 
In May, tunnel TS6 + was completed, and LSS6 and TS1 — were finished in June. 
Tunnel LSS1 was ready in July. 

In the transfer tunnel TT10, the junction with TT2 was completed in February and 
the junction between tunnels PGC and LSS1 was finished in July. In June, the transfer 
tunnel TT60 was completed and the junction with TT4 was finished at the end of the 
year. 

The shaft superstructure of the neutrino tunnel PA7 was finished in October and the 
lift was in operation at the end of the year. The decay tunnel and the neutrino cave 
were completed in June and July respectively. At the end of the year, the measurement 
shafts were finished to ground level. The 425 iron blocks, each weighing ten tons, for the 
muon shield were installed bv the end of November. 
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A contract was placed in March for a new access tunnel to TT4 and the work was 
finished by the end of the year. 

At the end of the year, the only parts remaining to be completed of all the under
ground work which was started in 1972 were the goods lift for PA7 and the work of 
cleaning up the site. 

Auxiliary buildings 

Building BA7 was the last of the auxiliary buildings to be finished. Construction 
started in March and was completed at the end of the year. 

Electrical power installations 

The contract for the supply of electrical power to the Laboratory II site was con
cluded with Electricité de France in September, after long and detailed negotiations. 

The 380 kV grid line to the site, which was put into service in November 1974, 
suffered considerable voltage interruptions during the summer owing to storms. These 
interruptions were of short duration — 20% voltage reduction for 20 to 150 ms — but 
long enough to disturb the control computer system of the SPS. Consequently, an order 
will be placed early in 1976 for no-break power supplies for the computers which will 
make them independent of the voltage drops on the 380 kV line. 

The system for measuring the pulsed and mean power levels on site and the power 
consumption was put into service in February. Since October there has been com
puterized surveillance of the power consumption during peak periods and certain equip
ment is disconnected if the prescribed maxima are exceeded. 

During the year, the remaining auxiliary buildings, BA4, BA5, BA6 and BA7, were 
successively connected to the 18 kV distribution system. 

At the end of the year, the 14 groups of IS kV cells, together with the 19 trans
formers (18 kV/380 V), were installed and put into service. 

Cooling water installations 

The general lines of a contract for the supply of cooling water to the site were 
presented to and accepted by the Finance Committee in October. 

The pumping and water treatment station at Le Vengeron, financed by FIPOI, was 
first tested in July, as a result of which some modifications had to be made. These were 
carried out in September and October during which time CERN Laboratory II was 
supplied with water from La Planta. 

In July the same tests were carried out at the pumping station at CERN and at the 
cooling towers through which the water passes before being discharged into.the Nant 
d'Avril. The tests showed that the system was generally satisfactory but that some 
elements, such as the regulation of the main discharge valves, needed modification. These 
modifications will be completed by February 1976, but in the meantime, the system can 
be used. 
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Infrastructure equipment for the SPS 

The ventilation and air conditioning equipment for the tunnels was installed and put 
into service in PA6 in July, and in PA1 and PA5 in August. During the last two months 
or the year the equipment temporarily installed in PA3 was moved to PA4, and PA3 was 
equipped with its final plant. At the end or the year all conditioning equipment was in 
service, except for the local heat exchangers needed in the long straight-sections and the 
transfer tunnels. 

Progress with the water cooling equipment in the auxiliary buildings was as follows: 
auxiliary building BA1 was finished in November 1974 and building BA3 was in service 
in the same month. In February 1975 building BA5 was completed, BA2 was in service 
by August and BA6 was completed in September. Auxiliary building BA4 was completed 
in December. 

The water treatment plant to supply the whole SPS with demincralized water was put 
into service in BA4 in October. Work on this contract was practically finished by the end 
or the year — only the plant in BA7 is yet to be installed. The piping work for deminera-
lized water, compressed air and raw water distribution progressed satisfactorily, and the 
work in the tunnels and auxiliary buildings was completed and tested by the end or 
the year, with the exception of some final testing. 

Of the 17 groups of low-tension electric cubicles, 15 are now installed and in service. 
The remaining two for BA7 will be installed at the beginning of next year. The electrical 
distribution system in the tunnels and auxiliary buildings was completed except for 
installations in the neutrino area and the TT60/TT4 junction. 

An enormous effort was made this year to follow closely the completion of civil 
engineering work with the installation of the service equipment and this helped consid
erably to advance the SPS Programme. About 70 km or piping were installed and about 
250 km or electrical power cabling were laid in a period or about 18 months. 

Finally, a contract was placed for a special crane, which is entirely automatic and 
programmable, for the highly radioactive areas or the neutrino cave and target halls. 

North Experimental Area 

Infrastructure 

The infrastructure work for the North Area, including the road system, technical 
galleries, and raw water distribution, which was started in July 1974, was finished in July 
1975 in spite or delays caused by heavy rain. 

Civil engineering work 

The civil engineering work started in March with the extensive excavations required 
in the North Area and the schedule was respected despite very bad weather. By the end 
of the year the slate of the work was as follows: 

tunnel TDC2 concreted to 75% 
Hall TCC2 concreted to 40% 
HallEHNl concreted to 75% 

steel work to 50% 
tunnel TT83 concreted to 45% 
tunnel TDC8 concreted to 80% 
tunnel TT85 concreted.to 90% 
Hall EHN2 concreted to 20%. 

A strike or the workforce delayed this work by several weeks. 
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Some problems arose with the short underground galleries from BASO to TCC2 
owing to the problems caused by the moraine in this region. Modifications were made to 
the programme to avoid delays since this work is on the critical path. 

The execution plans for the civil engineering work of the North Area, made by an 
external office, are complete. A contract was placed for all the painting work in this 
Area. 

Service equipment 

A contract was placed in July for the electrical power equipment in the surface 
buildings of the North Area and a contract for the IS kV distribution cables was placed 
in June. 
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A request for tenders was sent out in October for the electrical power equipment for 
the underground tunnels and. at the same time, another was sent out for the 18 kV 
equipment. 

A contract was placed in September for the water piping system in the technical 
galleries and another was placed in October for the piping in the tunnels. A request for 
tenders was sent out in December for the piping and drains in the surface buildings. 

A request for tenders for the air conditioning systems for the tunnels was sent out in 
September and for the air conduits in November. 

A contract was placed in December for the five travelling cranes required for the 
auxiliary buildings of the North Area. 

Finally, studies were made for a central cryogenic plant for the North Area, consist
ing of a local liquéfier, compressors and purification plant for liquid helium, gas and 
liquid storage tanks, a building for all this plant and a distribution system for liquid 
helium and the recovery of gaseous helium. This central plant is intended for all users in 
the North Area and will be ordered according to the future development of this Area. 

The year 1975 saw the completion of deliveries of the components of the SPS magnet Magnet Croup 
system and their assembly, testing and installation in the ring tunnel. The last ring 
magnets were installed in December, thus meeting the original schedule in spite of the 
problems caused by the acid-contaminated coils. 

During the first half of 1975. full-power tests began on installed sextants of the 
magnet system. These continued in parallel with the missive re-building programme 
which comprised the disassembly, re-insulation of the coils and re-assembly of 280 MBA 
type dipoies. 

As completion of the main magnet system approached, it was possible to reduce 
progressively both the space occupied in the Assembly Hall and the workforce. The 
temporary labour force was reduced from 29 during the period of peak activity to 11 at 
the end of the year. In addition, ten members of the staff were assigned or transferred 
to assist in the work of other SPS groups and it is expected that only a small nucleus 
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of staff will be needed as a magnet team to complete the assembly and testing of MBB 
type dipoles required for the extracted proton beam lines. 

The main activity of the Group is now directed towards completing the documenta
tion of the whole magnet system, and several staff are taking an active part in the 
préparations for the running-in of the SPS during 1976. 

In conclusion, it is worth noting that during the four years since the first few staff 
arrived, the main magnet system has been designed, manufactured, precisely measured 
and installed in the tunnel. It has been possible to improve on the specified field 
tolerances in all respects. Also, the considerable effort expended on optimal economic 
design of the components has allowed the machine to be equipped for a peak energy of 
400 GeV within the original cost estimate for a 300 GeV magnet system. 

Powt'r The assembly of the main power supplies for the dipoles and quadrupoles is finished 
Supply Group and power tests have been performed on about one half of the rectifier stations. 

First tests were made with one of the stations in conjunction with the power supply 
computer. The latter evaluates the results of field measurements during each pulse and 
applies corrections to the excitation profile for the subsequent pulse. Preliminary results 
showed that the required precision will be obtained by this method. 

The control software for the definition and adjustment of magnet cycle parameters 
has been written and tested. 
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The reactive power compensator has been installed and tested. Although application 
of the full pulsed power is not yet possible, tests at constant power indicate that both the 
stabilizer and the harmonics filter will perform as expected. 

About two thirds of the more than 200 auxiliary rectifiers have now been delivered 
and installed. The associated low-level electronics modules have been ordered and their 
delivery is progressing in step with the testing of the rectifiers. 

The two large RF cavities, which will be used to accelerate protons in the SPS 
machine, were completed this year and installed in the tunnel. The tuning of each cavity 
section was carried out by first measuring the resonant frequency of the section with a set 
of drift tubes used especially for this purpose, and then adjusting the distance between 
the supports of the final drill tube assemblies before brazing at CERN. 

In March the first two sections were assembled together and equipped with input and 
output couplers, in order to adjust the matching of the latter. These two sections of the 
first cavity were installed in the tunnel in April, thus enabling high-power tests to be 
performed for the first time. The first cavity, comprising five sections, was completed and 
installed in the tunnel in July. By August all components for the second accelerating 
cavity had been delivered to CERN. The first section of this cavity was installed in the 
tunnel in October, and the complete cavity installed in December. 

The commissioning and the acceptance of the power amplifier plant was also finished 
this year, including all auxiliary equipment such as high-power feeder lines, loads, etc. 
All three power amplifier chains work satisfactorily, in pari-cular with regard to parasitic 
modes which were completely suppressed. The first batch of power tubes showed a rather 
high failure rate but after some modification of the tube design the failure rales are now 
normal. 

Radio-Frequency 
Group 
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In the autumn, continuous operation of one complete power chain, i.e. amplifier and 
cavity, was started under practically the final working conditions except for a slightly 
reduced accelerating voltage. By the end of the year, both power chains were ready and 
test operation under full power had begun. 

Most of the units of the beam control system are now installed in the Faraday cage 
(i.e. RF control room) and have been used in the above-mentioned tests on the cavities 
and power amplifiers. All the important components of the low-level system were 
successfully tested in the PS machine under real operating conditions with a proton 
beam, in particular the frequency program, which is derived from the magnetic field of 
the machine. 

All the modules for the radial and the phase loops are completed and the system for 
controlling the equivalent RF voltage, which is more complicated than with conventional 
standing wave cavities, is approaching completion. 

As far as instrumentation is concerned, the various wide-band pick-up stations built 
by the RF Group are either installed in the tunnel or are under construction. The very 
fast electronic circuitry which is used in conjunction with these stations has been built 
and tested. Complex measuring devices for the RF equivalent voltage and the instan
taneous frequency have been constructed. 

Practically ail of the installed equipment can now be controlled by the computer 
system, though many of the application programs remain to be expanded and refined. 

The first prcbunching cavity for the PS machine was tested under RF power in 
March. This cavity, complete with damping lines, was installed in the PS ring early in 
May. The power amplifiers for this cavity (25 kW, 200 MHz) were also built by the SPS 
RF Group. 

This first cavity is now operational and has proved to be very efficient in providing a 
modulation on the PS beam before it is injected into the SPS machine. It will, in 
addition, permit longitudinal instability studies at high intensity. The low-level circuitry 
for this cavity was also tested with the proton beam in the PS. 

Further studies on beam dynamics were carried out in the PS, to study the longitudinal 
transfer scheme, and a simulation experiment performed at the NAL machine brought 
confirmation of the existing theory. 
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Concerning the interaction between the SPS equipment and the circulating proton 
beam, all the large tanks used in the SPS ring for beam dumping, injection, extraction 
and beam monitoring were measured this year, in urder to determine their longitudinal 
coupling impedance, and, where necessary, they were fitted with damping resistors. 

Injection transfer line 

The installation of the TT10 transfer line which brings the PS beam to the SPS has 
been completed and system tests are beginning. 

Beam Transfer 
Group 

Fast kicker magnets for injection, extraction and beam dumping 

The assembly and laboratory tests of all fast kicker magnets have been completed. 
The injection kicker magnets, the kickers for Q-mcasurcments and the vertically deflecting 
kickers and the horizontal sweeping magnets for beam dumping have been installed. The 
kickers for extraction will be installed early in 1976. 

In order to obtain the desired pulse shape, each kicker magnet is connected to a 
number of matching boxes which contain capacitors or resistors. Some of these required 
extensive development work and life tests, such as, for instance, the terminating resistors 
for the beam dumping kickers, each of which has to withstand a peak power of 300 MW. 
Nevertheless, all 120 matching boxes have now been completed and their installation has 
started. 

The high-voltage cables which connect each magnet in the SPS tunnel to its pulse 
generator in the auxiliary buildings have been delivered and installed. The manufacture 
and assembly of the 400 connectors for these cables is progressing according to 
schedule. 

The HV pulse generator of each kicker magnet consists of a pulse-forming network 
(PFN) and a set of HV switches. The components have been standardized for all systems 
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and two production lines have been set up. one for assembling and adjusting the 
14 PFNs. the other for the production of the 26 HV switch assemblies of the "thyragni-
tron" type in their coaxial housings. Each PFN and the corresponding switches are then 
tested together at the nominal working voltage of 60 kV, before being installed in the 
auxiliary building. Only the pulse generators for the fast extraction system remain to be 
assembled and tested. 

The 70 kV d.c. power supplies for recharging the PFNs of the injection and beam 
dumping kickers have been delivered. The assembly of the resonant charging power 
supplies for the fast extraction kickers and Q-measuring system is progressing according 
to schedule. 

In parallel with the construction and installation of the final equipment, much effort 
has been devoted to the computer control of the kicker systems. The software related to 
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the interface between computers and hardware is now complete and application pro
grams are being written and tested on the prototype kicker system, which is kept 
operating for this purpose. 

Extraction system 

The extraction system in LSS2 for the North Area has been completely installed and 
has been tested with its power supplies, using the satellite computer for extraction. The 
components of the extraction system in LSS6 for the West Area are now being assembled. 
Although the West Area will come into operation first, this order of installation was 
dictated by the order in which the different parts of the SPS tunnel were completed. 
The first tests of the installed extraction system in LSS2 gave satisfactory results. 

The electrostatic septum is made up of four separate wire septa with a combined total 
length of 4 x 3 = 1 2 m and has a design electric field of 100 kV/cm. In the tests it was 
possible to maintain a voltage of 200 kV across a 17.5 mm gap (corresponding to an 
electric field of 115 kV/cm) with a sparking rate of less than two sparks per hour. The 
pressure in the four electrostatic septum tanks in LSS2 is now 10" 8 torr. It is hoped that 
the combined effects of the low pressure and of the ion collection electrode:), which have 
been installed to remove the ions created by the circulating beam, will give adequate 
voltage holding characteristics in the presence of an accelerated beam. 

The wires of the installed septa are made of tungsten and have a thickness of 
0.12 mm. It is intended to install in LSS6 one septum section with 0.08 mm thick wires 
made of tungsten-rhenium alloy. Each three-metre-long wire septum is straight to within 
0.05 mm. A special system using a stretched wire and inductive position detectors is 
being installed for accurate alignment of the four wire septa in line with each other. 
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The Tour vacuum tanks with their thin septum magnets and the five tanks with their 
thick septum magnets in LSS2 were tested with their power supplies at 7500 A and 
24000 A respectively, and with their water cooling system which operates at a pressure 
of 25 atm. One septum coil which developed a leak was replaced, and the pressure in 
the entire extraction region is now close to the SPS design pressure of 3 x 10" 7 torr. 

All the 73 auxiliary magnets required Tor extraction, comprising dipolcs, quadrupoles, 
sextupoles and octupoles. have been delivered, measured and installed. 

Beam monitors 

Praciically all components for the three standard types of monitors which were 
originally foreseen for the beam transfer lines, that is the secondary emission monitors 
for beam intensity, beam position and beam profile measurements, the miniscanners and 
the luminescent screens, have been delivered. Their assembly, alignment, testing and 
installation are proceeding as planned. 

A fourth type of standard monitor lias now been designed. It consists of a split-foil 
measuring head mounted on a miniscanner mechanism. This type of beam monitor 
enables the position of a proton beam which is displaced with respect to the centre of the 
vacuum chamber to be measured and will be used for angular steering of the protons 
incident on the targets in the West and North Areas. 

A number of beam monitors with measuring heads of different shapes, for beam 
observation in front of the injection septum magnets, beam dumps, splitters and targets, 
have been ordered and their delivery has started. 

Extracted proton beams to the West and North Experimental Areas 

Long delays have occurred in the delivery of the 135 beam transfer quadrupoles of 
1.5 m and 3.0 m lengths, which will be used for all extracted proton beam lines, mainly 
because the contractor had underestimated the manufacturing facilities needed for this 
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contract. At the end of the year about 30% of the quadrupoles had been delivered and 
the delivery rale was about 75" « of the contract mil delivery rate. This is sufficient to 
permii the completion of the TT60 beam line to the West Area on schedule in the 
autumn of 1976. but the quadrupoles for the TT20 beam line to the North Area will not 
be installed until 1°77. 

About half the beam transfer steering dipoles and about two thirds of the C-magnels 
for the beam switches in the underground switchyard of TT00. which direct the protons 
to the neutrino targets, have been delivered. The deliveries of both these components 
have been made in time for the installation schedules to be respected. 

The first of the coils fur the steel septum splitter magnets, which are made of square, 
hollow, water-cooled, mineral-insulated cables, was delivered in October. The production 
of the cores for these magnets, which arc about 5 m long, necessitates very precise 
machining but it is progressing well at the manufacturer's works. The first core was 
delivered in December and conforms entirely to the CERN specification. The assembly 
of lhcse magnets and their vacuum enclosures will be done at CERN. 

Beam dumps and targets 

All collimators and dumps needed for injection, and the collimators downstream of 
the electrostatic septa for extraction, have been installed. 

Prototypes of the scraping targets upstream of the dump blocks in LSS4 were tested 
successfully and the final scraping targets are now being assembled. 

The design of the absorber blocks for the internal beam dumping system has been 
completed. Their water-cooled cores, which are made of aluminium and copper alloys, 
are under construction. The water-cooled cast iron shields, which surround the cores, 
have been delivered. 

Movable beam-dump absorber blocks will also be installed at the upstream ends of 
the TT20 and Ti 60 beam lines for the disposal of the proton beam during extraction 
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studies. Their water-cooled copper cores and their cast iron shields have been manufac
tured. The remotely controlled supports for all the dumps are under construction. 

Copper collimators in front of the splitter magnets, upstream of the targets, will 
shield the steel septa against the incident proton beam. The design of these collimators 
and their vacuum tanks is complete and all components have been ordered. 

Six different target stations will be needed for the generation of secondary particle 
beams for the West Area. Their target boxes will each contain several targets which can 
be selected for irradia'ion by the incident proton bean. These target boxes and related 
monitors will be supported by a common movable frame and completely surrounded by 
cast iron shielding blocks. The design of the target boxes and their supporting mechanisms 
has been completed and the ordering or their components has been started. The shielding 
bloekb are bein« manufactured. 

Elïïlïonits 

The Electronics Section is building about one hundred racks with electronic equip
ment which will be located in eight different auxiliary buildings. About half of this 
equipment h;is already been installed and is now being used in the various system tests 
w hich are in progress. 

Cuiuml-, Group Computers 

During the year, control computers were installed in the main control room and in 
the auxiliary buildings according to schedule. Eighteen of them are now in place and 
connected to the message transfer system. Because of the extensive use of the computers 
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for testing electronic equipment and the overlap of the requirements lor testing with 
those for installation of the computers, it was decided to order another computer to be 
used for equipment testing, as this requirement will continue even after the accelerator is 
running, for maintenance and minor development. The reliability of the computer 
hardware is improving but has not yet reached the level required, the mean time before 
failure being about 2000 hours. This includes the failure of a number of power supplies 
owing to rapid variation of the mains supply, and steps are being taken to provide a more 
stable supply for the computers. Other sources of faults arc being traced and eliminated 
progressively, and it is expected that the reliability will improve substantially when this 
work has been completed. All the remaining equipment for the message transfer system 
was delivered in February, and passed the acceptance tes;s. which involved the transmis
sion of strings of messages between up to ten computers at the maximum rate. Since 
then, all eighteen installed computers have been joined into the system and experience 
with running the multicomputer system has been gained. However, there is still a 
continuing demand to operate mam of the satellite computers in a "stand-alone" mode. 
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disconnected from the system, for testing equipment in (lie tunnel and auxiliary build
ings, so the configuration of the system changes from day to day and this will continue 
until earlv in 1976. 

Interface equipment 

There have been some delays in the deliveries ofCAMAC crates and modules from 
the manufacturers, which has required some re-scheduling of the order of installation, 
but nearrt all of the 800 units have now been received and the 550 units due for 
installation b> the end of the year are in place and tested. 

As other groups completed their designs during the year, it was found that the 
original estimates of their requirements for the multiplex system had been too low. and it 
was necessary to order an extra 1200 modules and crates. So far. 3600 modules out of a 
total order of 4000 have been accepted and over 2200 of these have been installed and 
commissioned in the auxiliary buildings, in accordance with the planning. A long-distance 
version of the multiplex system is needed for communication with the PS, etc. and the 
design of the controllers and drivers for this is complete and prototypes are under test. 
The first of the special high-precision systems Tor d.c. measurement has been installed 
and the contract for the assembly of the 120 modules for pulse-height measurement has 
been awarded. The latter is behind schedule owing to the failure of the manufacturer to 
meet the contract delivery date for analogue to digital converters, but sufficient have 
been built inside CERN to avoid delays to the programme. The requirements for timing 
modules, which plug into the multiplex crates, has increased to over 600. More than 400 
have been delivered and accepted, and most of these arc installed. The design has been 
completed of the central timing system to replace the temporary arrangements which 
already pro\ ide sufficient facilities for the initial commissioning of the equipment. 

The design of the function generators for controlling the current wave shapes in 
various correcting and extraction elements has been completed and a number of units 
were made for evaluation and testing with the power supplies. A contract was placed for 
the assembly of 250 units and about a third of these have been delivered. 



Software 

On the software side, it was necessary to add some facilities to the real-time operating 
system SYNTRON. to include the message transfer software, to provide dynamic buffer 
management and resource allocation and to add a file handling system. The new 
operating system, called SYNTRON II, has been in operation sufficiently long to 
become stable, and in future only minor changes are expected. This, together with the 
NODAL interpreter, gives (lie facilities for running a main program in one computer, 
executing parts of it in other computers, using files retrieved from the mass storage on 
another computer, and displaying the results on devices driven from yet another comput
er. The parts of the handlers for the distributed data base, called data modules and 
equipment functions, particular to the various types of equipment, are being written and 
nearly sixty out of the seventy-three that will be required have been completed and tested 
with the hardware. 

One of the reasons for the provision of the interpretive language NODAL was that it 
enables the equipment groups to write their own applications programs. A "tree" 
structure for linking and calling these programs has been defined and. although slow to 
start, this work is gathering momentum, and programs are now available for many 
systems, both for testing and commissioning the equipment in a "stand-alone" satellite 
computer and for operation from the main control room. 

After a long period when one of the control consoles was used for development of 
display programs in a simulated system, and another became available for use with the 
message transfer system, by the end of the year, all three consoles were connected to the 
system and available for applications program development and control of apparatus in 
the auxiliary buildings. A system has been developed for the alarm computer, which can 
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accept messages from surveillance programs and display the appropriate text. The 
operating system SINTRAN III is being used in the service computer where additional 
facilities are required, and a special version of the message handling part of SYN-
TRON II has been added to it, so that the service computer can be addressed by the 
system in the same way as any other computer. 

Communications 

The large video switching matrix is complete and in operation, and the similar system 
for switching nearly 1500 analogue wave-form signals to the oscilloscopes on the con
soles is being installed. The programs for switching between signals, using a special touch 
button panel, have been written. All the television cameras and amplifiers have been 
delivered, and installation is proceeding according to schedule. 

The public address and intercommunication system has been installed in six auxiliary 
buildings and the associated tunnel sections. The access control system, using punched 
plastic identity cards, has been used to control the access to sections of the tunnel where 
tests of the magnets and power supplies have been taking place. The access control 
console in the main control room has been equipped with temporary panels for these 
tests, and the final panels are now being manufactured. The principles for control of 
access to experimental areas have been laid down, and the first batch of doors has been 
delivered. 

Beam monitoring 

Turning to the instrumentation, all the standard ring beam-position pick-up units 
ha\e been delivered and five out of the six tunnel sectors have been equipped. About half 
of the special electronic equipment for these has been delivered and installed. A new type 
of position monitor has been developed for installation where a wider than normal 
aperture is needed and the prototype has been tested successfully in the PS. Parts have 
been ordered and sufficient have been delivered to assemble six of the eleven pick-ups 
required of this type, and they are being installed. All the power supplies for the orbit 
correction dipoles have been delivered and installed. More than half of the power 
supplies for the special stop-band correction inultipolcs have also been delivered and 
installed. 

The other beam monitors in the ring, beam current transformers, ionization beam 
scanners and the electronics for the Q-measuring equipment, have been installed and 
tested, using the computer system and the special programs needed for the fast acquisi
tion of the data. 

A damper system has been designed to correct vertical and horizontal transverse 
instabilities of the beam, consisting of two sets of wide-band position monitors, ampli
fiers and electrostatic deflectors. Any coherent instability will be detected, the signal 
amplified and fed to the deflectors in such a phase as to damp the instability. The two 
deflector tanks are ready for installation in tunnel scctoi 3, and the amplifiers and special 
electronics will be available in mid 1976. 



Electronics services 

AU the special electronics for the control of the various types of beam monitors in the 
beam lines has been delivered, and is being installed as required by the schedule. 

The majority of the control cables between equipment in the tunnel and the auxiliary 
buildings were installed during the year. This involved the specification, ordering, instal
lation and testing of more than 10000 different cables, totalling over 1000 kilometres in 
length. In addition, several thousand junction and distribution boxes were manufactured 
and installed. 

The activity in the electronics workshop and drawing offices continued at a high level, 
resulting in the production of about 500 chassis and modules of various types, and the 
subcontracting of a further 2000 to outside firms. In addition to producing all the 
necessary drawings, printed circuit masters, etc. this section is also responsible for 
supplying thousands of modular power supplies, ventilation units and chassis for other 
users. The instrument maintenance workshop is responsible for all instruments in Labo
ratory II. which now total 1900 units, mainly oscilloscopes, multimeters and pulse 
generators, with a total inventory value of over 6 million Swiss francs. About 200 of 
them needed repair during the year. 

Mechanical engineering and design office Mechanical 

The detailed design of components for the accelerator and beam transfer lines is 
practically finished. The available effort has been partially shifted towards the follow-up 
of orders with industry, the participation in tests and installation of equipment and the 
updating of drawings. An increasing effort is being required for the design, specification 
and ordering of target stations, different types of collimators for secondary beam lines 
and some experimental equipment for the North Area. 

One of the magnet handling vehicles was modified and equipped with two hydraulic 
tractors, suitable for the safe installation of 20-ton magnets in the beam transfer lines 
which have slopes of up to 12%. The special carriage designed for the remote handling 
of heavy radioactive components in the underground tunnels, such as beam dumps, 
splitter magnets, etc. was successfully tested. A special crane attachment was also built 
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and tested for the placing and removing of radioactive elements, without human inter
vention on the floor, in larget hulls equipped willi cranes. 

The outside contracting of design and drawing office work has been further devel
oped to compensate, at least partially, for the considerable reduction in temporary 
labour. 

Workshop 

The workload in the various workshop sections (mechanical, sheet metal and weld
ing, chemical cleaning and the free access workshop! continued to be very high. 

A total volume of work equivalent to 20 man-years has been subcontracted to about 
•40 different local firms, mainly for classical mechanical jobs, whereas difficult prototype 
work, rapid interventions and delicate work on vacuum components is carried out by the 
CERN workshops. 

Other activities include the fabrication of coils for the extraction septum magnets, the 
assembly of pick-up stations. RF cavities. Ccrenkov counters, short straight-sections of 
the accelerator and the supervision of the free access workshop. 

Vacuum 

The Vacuum Section has received virtually all components for the SPS vacuum 
system up to the targets in the extraction lines. Series deliveries of standard vacuum 
chamber components for use in the experimental areas are far advanced. 

Assembly and leak testing of the vacuum system in the normal periods of the ring is 
75"« complete. In five out of the six long straight-sections, as well as in the transfer line 
for injection, nearly all the vacuum equipment is installed. 

Pre-assembly has started of vacuum chambers for the West extraction line. 
High vacuum was produced in 50% of the normal periods. The design pressure was 

normally readied after less than 24 hours of pumping in the first pump-down. After 
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short subsequent interventions, the design pressure could be restored in a working day. 
In the long straight-sections, high vacuum was produced in the accelerating cavities, in 
the tanks of the extraction septa for the North Area and in some of the fast pulsed 
magnet systems. 

All the completed parts of the vacuum system can be operated via the local comput
ers in the auxiliary buildings. Monitoring of vacuum systems from the main control 
room «as tested. The special application programs needsd for operation of the vacuum 
system from the main control room were delined and partly written. 

Installation Sectiun 

At the beginning of 1473 it was estimated that the installation of machine elements in 
the ring would be finished by the end of February 1976. provided the installation of 
general services started by mid June 1974 and all operations proceeded at an average rate 
of 32 m per day. The actual starting date was 8 July 1974 and. until now, the average 
installation speed of 32 m day has been maintained, in spite of many unforeseen difficul
ties. 

The installation of the general services, e.g. cooling water and electricity supplies, was 
finished in October this year. With the exception of the West extraction system in LSS6 
and the beam dump blocks in LSS4. the complete magnet system and all ether major 
beam elements were installed before the end of 1975. There is every reason to believe, 
therefore, that the original end-date for the installation of main ring elements can be 
kept. 

The injection line TT1Ü is practically complete, three months ahead of schedule. This 
was made possible by taking advantage of every shutdown of the PS and by making 
partial installations as soon as a portion of the tunnel was finished by the civil engineer
ing firm. 

In the West extraction tunnel TT60 the piping and electrical distribution systems are 
almost finished. The installation of the beam elements themselves will start earlv in 1976. 



In the North extraction tunnel TT20 the infrastructure (water and electricity) is 
complete over the first portion of the tunnel, which brings the beam up to near the 
surface. 

The installation of power supplies, cooling equipment and control systems is nearly 
finished in the six equipment buildings around the ring and has started in the neutrino 
building. 

The dispatching of all material needed for the installation is organized using a 
computer program, which has proved to be very useful. Peak loads of up to 150 tons of 
material per day were transported to the underground areas. 

As the distances have increased, the fleet of transport vehicles has had to be increased 
and it now totals some 300 vehicles of all kinds. 

The general layout and installation drawings are finished and are being updated 
remilarlv. 

G 
Radiation During 1975. the completion of the hardware for the radiation protection system in 

Group the 300 GeV accelerator and West Experimental Area was the prime objective of the 
Radiation Group. 

Work aiso continued on the development of the computer programs for estimating 
radiation parameters and on the control of radiation and radioactivity for the SPS site. 

Nearly all the site monitors installed outside the shielded enclosures and at some 
distance from the accelerator have been brought into operation and are measuring the 
radiation background on the SPS site. The program for monitoring the release of 
radioactivity was started and measurements are being made, using the ventilation and 
aerosol monitors. In addition, samples of water, soil, mud and vegetation are taken 
regularly from the surrounding areas and analysed in the laboratory. 

Half of the neutron monitors situated in the access ways are installed. All the alarm 
monitors to be installed in transfer tunnels and secondary beam areas will be delivered 
by January 1976: their installation has already started in the transfer tunnels. The 
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moniior system for the West Experimental Area has been finalized, following the detailed 
shielding layout and access conditions which were defined in collaboration with the 
Experimental Areas Group. 

The ionization chambers and head amplifiers of the beam loss moniior system have 
been installed in ring sectors 2 and 3: the system will lie completed by March 1976. 
Monitors for checking radioactive material being removed from the accelerator areas (lift 
monitors and monitors installed near access gates) are nearing completion, and the 
radiation survey vehicle for the ring will be ready for operation in May. 

Provision for the software of the radiation monitor system required considerable 
effort. Programs for transmitting the information from the monitors lo the main control 
room, for display and logging, are well advanced. 
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Routine radiation surveys and control ofradioaclive materials and sources on the site 
and during tests of neu accelerator components continued. A series of instruction 
lectures were gi\cn to SPS Mlal'f. covering the basic knowledge of radiation protection. 

The delivery of the first batches of different types of portable radiation survey 
instruments loi the accelerator and the West Area will be completed early in 1976. 
Prototypes of the personal alarm monitors have been received and tested, these monitors 
and their associated equipment will be delivered early next year. 

Shielding calculations using the muon transport codes continued and estimates were 
made of the muon levels in and behind experimental areas, particularly for the two 
North Areas. The Monte Carlo nucleon-meson cascade codes were further developed by 
introducing a new sampling technique (KASPRO) and more versatile routines for the 
cascade geometry (CYLKAZ and KAPRYZ). Estimates of dose and remanent radiation 
levels in the ring and the primary beam areas and calculations of neutron transmission 
through the ducts and access ways were completed. These calculations and the program 
development were supported by contributions made by visitors and consultants from 
different European universities. 

Selection lests l'or a large variety of different materials to be used in areas with high 
radiation levels continued. Tests were also made of the fire resistance of various cable-
insulating materials. Recently work has concentrated on the materials and components 
to be used in the transfer tunnels and in the target and experimental areas. The prepara
tion of long-duration exposure tests in the SPS of materials taken from the production 
line or identical *.o the materials used in critical accelerator components has started. 

The Group is collaborating with the Mechanical Engineering Group in developing 
special devices for handling radioactive beam line elements. 
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The vear ]S>75 marked llic end of the preliminary alignmcnl of I ho quadrupoles and 
dipoles in lho SPS lunnel. and Ihc beginning ol" ihe final alignnienl work in the ring. 
Whilst these two activities, together with the field survey work in the North Area, are the 
most spectacular aspects of the Group's work, all of the sections, in addition to their 
own specialized fields, have made an additional effort in helping the Metrology Section 
with the alignments in the SPS tunnel. As in previous years, the Survey Group's activities 
have included Held survey and metrology work in both CERN Laboratories. 

Field survey 

The Field Survey Section has continued to furnish assistance for the civil engineering 
work. h\ providing the layout for the North Area. At present, the work site in the Area 
CMCIUIS over 2 km. As it is characterized by relatively deep open-cut excavations, the 
survoNors have constantly been obliged to repeat the measurements of the local triangu
lation network to ensure that, as the civil engineering work progresses, the coordinates of 
the geodetic points located at the edge of the excavations are kept up to date, since the 
»lability of these points is not guaranteed even for short periods of time. More than half 
of the staff of the Field Survey Section have been engaged in this work. 

The other aspect of this Section's work is the assistance given to the groups respon
sible for site maintenance: surveying and mapping for preliminary projects and follow-up 
of the survey during the construction period, and publication of maps at different scales 
for use by the CERN Divisions. This year, the work also included helping the official 
surveyors in locating the existing survey marks and siting new ones on the perimeter of 
the Laboratory II site. The Section had to install markers for the exact identification of 
the underground SPS supply sys:ems, after the contractor had been unable to carry out 
hi> own part of the survey work. 

In addition to these activities, which are of general importance to the site, the 
Section had to cope with more than 160 work requests Tor Laboratory 11 and 60 for 
Laboratory I. The duration of these operations ranged from one day to more than one 
month in certain cases. 

Metrolugy 

The measurements relating to the installation of the dipoles and quadrupoles in the 
tunnel were made by the Metrology Section. These measurements were performed as and 
when the various components were brought into the tunnel. This work was fitted into the 
time-table of other activities. 

Preliminary measurements were carried out separately for each sextant, using provi
sional reference points obtained from the surface geodetic network. After the brackets 
had been installed around the entire periphery of the ring at the end of June 1975, 
measurements were made on the last sextant and a least-squares adjustment carried out 
on the complete set of SPS sextants. A preliminary alignment of the magnets was then 
possible. 

The final geodetic monuments located on the top of the auxiliary buildings were 
made available as the civil engineering work progressed. On 3 November, measurements 
Parted on the linal surface geodetic network. By the same dale, it had been possible to 
complete the final metrology of the brackets in the ring. The overall underground 
network had been adjusted by ihe least-squares method as soon as the surface network 
was complete and computed: it was then possible to make the adjustment, between six 
fixed terminals, of the long chain of braced quadrilaterals which had proved to be too 



flexible lo be computed with only a single fixed point and one bearing. On the basis of 
these results, the final positioning of the quadrupoles and dipoles started at the end of 
the year. The provisional measurements made in July showed thai the radial deviations 
did not exceed 6 mm and were concentrated in specific areas. 

Several precision levellings were made on the brackets in preparation for magnet 
positioning. After 7 km of levelling traverses, the average closure deviation was as little as 
0.5 mm. As a check, a large levelling loop connecting LSS6 to LSS1, passing through 
TT60, TT2a and TT10, and the whole ring, was measured. This represents more than 
18 km of precision levelling measurements. 

Transfer tunnel TT 10, which links. viaTT2, the PS and SPS, was aligned and levelled. 
The survey work in TT60 ^nd the neutrino tunnel is in course of completion, and the 
coordinates of the markets used for pre-alignnicnt have been calculated. The beam 
trajectory in TT60 Ims already been marked out on the floor. The geodetic measurements 
in TT20 have also been completed and the beam trajectory marked out on the floor in 
preparation for magnet installation. 

As is the case every year, the Section has participated in the measurement, alignment 
and levelling of the other CERN ai .clcrutors. namely the PS, Booster. ISR, and the new 
Linac. in close collaboration with the ISR Metrology Section, which, from the work 
standpoint, forms part of the Survey Group. 

Preparations for the installation of experiments in the West Area started on 1 July. 
The local network of this area was repeated to allow measurement and calculation of the 
coor limites of the grid which had already been used for 25 GeV physics. Using these 
reference points, from the target'area up to the physics installations, the bending magnet 
centres were marked out on the floor. 

Electronic and mechanical work 

The Group's Electronics and Mechanics Section actively participated in the installa
tion measurements in the ring. For the final alignment of the quadrupolcs, a laser beam 
offset measurement device was developed to duplicate the present offset device, which 
employs a taut nylon wire as reference. Owing to the ventilation system adopted, a 
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systematic error might affect the nylon wire measurements, and this is why a sophisticat
ed system has been developed using a laser beam as a reference. 

For the last three years, the invar wires used for distance measurements have been 
standardized with a laser interferometer, calibrated against a four-metre rule taken as the 
primary standard for all length measurements made at CERN. A new, simpler type of 
interferometer is being adapted so that the distances can be measured between the 
brackets and quadrupoles during final alignment work in the ring. 

Special hydrostatic levels are being developed so that small variations in altitude can 
be detected and transferred from points where direct measurements are impossible, for 
example inside the shielding of the beams in the experimental areas. The automatic 
clinometers used for measuring magnet tilts can now be operated by remote control. This 
is already being tried out in the PS, and results show the measurements to be reliable. 

All of this equipment is ready to be used for the fine-alignment measurements of the 
SPS quadrupolcs and the components in the transfer tunnels. It has been designed for 
subsequent use iu the experimental areas where remote-controlled measurements are 
being increasingly called for by the physicists. This equipment has been developed for 
connection to a computer in real time and can, if necessary, supply accurate geometric 
parameters whilst the physics experiments are in progress. 

Geology 

The geological reports for the shafts, main tunnel and transfer tunnels have now been 
completed and published. The drawing office has also supplied all the drawings required 
for the official documents between CERN and the host countries. 

During the year the first experiments to be carried out in the North Experimental Experimental 
Area received final approval, namely two experiments concerned with muon and three Areas Group 
with hadron physics. Consequently the total number of SPS experiments approved so far 
is 15, involving 14 independent counter set-ups. In addition, there are the two bubble 
chambers, BEBC and Gargamelle. the experimental programmes of which are under 
active review for neutrino and hadron physics. Obviously the process leading to the 
approval of such a vast complex of experiments has involved the Group in a number of 
studies, ranging from matching the beams to the particular requirements of experiments, 
to the design of hydiogen targets and various services. 

As reported elsewhere, the civil engineering work for the North Area has made good 
progress and the design of practically all halls and buildings has been finalized. 

The neutrino tunnel in the West Area having been completed, the shield, consisting of 
425 large iron disks, was put in position and sealed by light concrete in order to prevent 
leaking particles from reaching the detectors. The decay tunnel, in which a vacuum of a 
few torr has to be realized, was completed by the two windows, one of which is made of 
titanium and vacuum tests started. 

The West Area was shut down for 25 GeV physics at (he beginning of July and its 
conversion to SPS physics began. After the removal of all existing beams and experimen
tal equipment, the two major items, namely the joining of the transfer tunnel TT60 to the 
existing tunnel TT4 and the installation of beams, shielding and services for the SPS 
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experiments, were tuck led vigorously. To date, the joining of the transfer tunnel is almost 
complete, while all the beams have been traced on the floor by (he surveyors and some 
sections of the shielding installed, together with auxiliary equipment and services. A 
number of magnets and quadrupoles. not necessary for the future programme, were 
recuperated from the transfer line between the PS and the West Hall, and reconditioned 
in view- of their re-utili/alion for the new secondary beams. Magnet supports are being 
installed in their final position. 

The bulk of the activity during this year was directed towards the complex new 
hardware to be acquired. In the field of magnets, the deliveries concerning three eon-
tracts. 22 coils of 1000 A to equip MBB iron cores. 25 C-shaped magnets and 21 slim 
quadrupoles. were completed. For a fourth contract, concerned with 40 normal quadru-
polcs. only about half of them were delivered owing to a slow rale of production in the 
firm, but this improved towards the end of the year. Work is in progress in the firms for 
other types of magnets, namely the MTN dipoles for target stations (the first magnet is 
being completed), the 80 M BN dipoles and the 120 QNL quadrupoles (for the North 
Area), and two types of correcting elements, dipoles and sextupoles. It is worth noting 
that the secondary beams for both experimental areas require a total of 600 magnetic 
elements. The power supplies and associated electronics for all these elements are also 
under construction in industry. The prototypes of the main units were successfully tested 
at CERN and agreement given for the serial production. 

The first differential Ccrenkov counter with chromatic correction (called CEDAR). 
which will be used for particle identification in all hadron beams, was successfully tested 
at the PS in July. The performance was found to be very close to computed values and 
all the various items, including computer control, worked very satisfactorily. The orders 
for the first six counters to be used in the West Area were placed and some elements 
received. For other monitors, such as filament beam scanners and multiwire proportional 
chambers to be used in beam spectrometers, production has started. A number of orders 
for the electronics of the monitors were also placed and some equipment received. Two 
contracts, for 40 normal and 20 double collimators, respectively, were placed on the basis 
of successful prototypes built at CERN. 

All these activities were paralleled by an equally intense effort on the software of the 
computerized control system. 

A number of orders for other components, such as vacuum chambers, "quick" 
electrical and water connections, and supports of various kinds were placed and delivery 
started. 
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A contract for the realization of two superconducting dipoles to be used in the North 
Area was placed with CEA-Saclay, as a result of the collaboration established with them. 
The manufacture of several components started at the end of the year. 

The Group is also involved in the design of some experimental equipment for the 
North Area. The design of a 400 ton assembly of magnetized iron, to be used as muon 
analyser in an experiment, has been completed and tenders sent out. 

Finally, the effort to extend and improve the computer programs used to predict the 
features of the secondary beams and the associated background in the experimental areas 
has been pursued. The most recent achievements concern the introduction of the produc
tion of neutral particles and their derivatives (pand e) in the ray-tracing programme 
TURTLE and of polarization parameters in the muon programme HALO. 

The activities of the Service during the past year can be divided into two types; those 
related to the installation of the Laboratory on its new site, and those related to the 
operation of the Laboratory. 

Included in the first type of activity was the completion of the road network on the 
French part of the site, which permitted the closure of the public road crossing the North 
Area, and considerably improved the access to the Laboratory II installations. Also, the-
new hostel for people working for the Organization is now ready. 

Concerning the second type of activity, excellent relations with the local authorities 
were maintained and developed during the year. The management of those areas of the 
site which are to be left as farm land continued satisfactorily and the new areas, required 
for the development of the North Area, were made available. The activities in the customs 
and taxes service continued to expand. 

Administration 
Service 
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Preparatory measures have been taken to adapt the activities of the Service to the 
new structure of the Organization planned for 1976. 

Planning 
am' 

BiukjCis 
Section 

The main problem that had to be faced in the planning of the programme in 1975 was 
due to the discovery, early in the year, that the main magnet coils had deteriorated, 
owing to the use by one of the manufacturers of a cleaning fluid containing phosphoric 
acid, and had to be rebuilt. As a result, the order of the installation of components in the 
ring tunnel had to be completely rescheduled. The new schedule had to take into account 
not only the delivery rates of new magnets, but also the rebuilding of the faulty magnets. 
Also, it was essential to cause the minimum of interference with all the other activities, 
notably with all the work proceeding in the auxiliary buildings. 

The new schedule has now been sucessfully implemented and the complete magnet 
system was in place in the ring tunnel by the end of the year. 

The installation of tho equipment in the auxiliary buildings proceeded according to 
the planned schedule. All systems ^re now going through the testing and commissioning 
process, as described in detail in each Group's report. 

As previously mentioned, it is expected that a proton beam from the PS will be 
transferred to the SPS injection system in the first half of 1976 and that the accelerated 
proton beam will reach the West Experimental Area before the end of that year. 

Budget reviews were carried out at regular intervals. The accounts for the year 1974 
were analysed and recalculated in terms of 1970 costs and fixed prices by introducing the 
real cost variation indices as published in the official national statistics. 

The results of these calculations were published in document CERN/FC/1825 and 
show that the purchasing power available to the Programme over the first four years was 
less than the agreed amount by 14.8 million Swiss francs (at 1970 costs). After the June 
session of the Council the required budgets for the years 1976-1979 were again carefully 
analysed. The result«- showed that it was possible to reprofile the annual budgets as 
proposed in document CERN/FC/1879/Rev. 



During 1975 several large contracts were placed for the construction of the buildings Contracts 
in the North Experimental Area and the supply of bending magnets for the secondary and 
beams. Purchasing 

Thirty-seven calls for tenders were sent out for contracts in excess of 200000 Swiss Section 
francs, and also 340 price inquiries relating lo orders worth more than 50000 Swiss 
francs. With regard to purchasing, progress with the construction of the SPS machine 
was reflected in a marked increase in low and medium-value orders. The total number of 
contracts and orders placed was 6900 (5400 in 1974) representing a total of 148 million 
Swiss francs (134 in 1974). 

The information relating to all contracts and orders in excess of 100000 Swiss francs 
was processed by computer, the results of which are used by the Planning and Budgets 
Section. This system makes it possible, in particular, to keep constant track of the 
breakdown of contracts among the Member States participating in the 300 GeV Pro
gramme. 

The procedures used by Laboratory II for purchasing and contracts were improved 
and simplified. Implementation of these procedures, together with the use of magnetic 
data-storage -ystems, considerably reduced the time spent in drawing up administrative 
and commercial documents. 

In addition, a central card index system was installed to store information on all 
European firms which have participated or are likely to participate in the 300 GeV 
Programme. This index, which is processed by computer, should give a more systematic 
picture of the industrial potential in Europe which can be used for CERN contracts. 

Finally, the Section cooperated with the Services of Laboratory 1 in drawing up the 
new General Conditions of Contracts. 

During the year, as more and more of the SPS dipole and quadrupole magnets were Parameter 
assembled and measured by the Magnet Group, the Parameter Section was able lo form Section 
an almost complete picture of the small imperfections in field to be expected in the ring. 
This compares well with the design aims of the machine, and both linear and non-linear 
imperfections prove to be comfortably within the range which the harmonic correction 
magnets around the circumference are capable of compensating when peak performance 
is required. 

The Parameter Section, in partnership with the Magnet Group, has launched the 
production of these harmonic multipole magnet lenses, specified to cope with some of the 
effects which had proved troublesome at the Fermi Laboratory machine. Prototypes 
haw been received and tested and installation is planned to be complete before injection 
studies start next year. 

Each of the correcting magnets is lo be individually powered, via a digitally con
trolled wave-form generator, to superimpose a changing azimuthal pattern of Fourier 
harmonics in the ring. Programming the control system to enable the operator to set up 
this pattern empirically has been a joint venture with members of the Controls Group. It 
has proved to be among the most ambitious uses of the computer system envisaged and 
members of the Section have been able to pass on to other Groups useful experience in 
integrating together hardware, di'ta modules, applications programs and the various TV 
screens, knobs and touch buttons which the operator will use. 

Among the software facilities which have been developed with the Controls Group is 
a tree structure which exploits the touch screens. This will allow swift access to the 
various manipulations the operator will have to perform. Another task was to write the 
software necessary to channel the many hundreds of analogue signals which measure the 
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performance of the accelerator to oscilloscopes in the control room. The Section also 
developed a standard program for filing and recalling blocks of operational data or trial 
settings for different sets of hardware. 

Early in the yeur it became cl^ar that, of the alternative schemes for changing from 
the 9.5 MHz RF bunch slructun. of the PS to the 200 MHz structure matched to the 
SPS. the one which involved making the change in the PS proved difficult to implement 
at high intensity. An unexpected microwave instability appeared which blew up the beam 
beyond the acceptance of the SPS. This instability is only partly understood even now. 
To be sure that the alternative scheme of making the frequency change in the SPS would 
not be beset with similar difficulties, the Section and the Radio-Frequency Group mounted 
an experimental test at FNAL. Batavia and verified that the frequency change and 
subsequent RF capture would indeed be possible with parameters which closely simu
lated SPS conditions. A beam of 8 x 10'2 protons was debunched. recaptured and 
accelerated to 400 GeV. 

Near the end of the year a Running-ln Committee (RIC) was set up to plan the 
machine experiments which will bring the SPS up to its design performance during the 
running-in phase, and provide the software necessary to perform these experiments. The 
Parameter Section has integrated its preparations for running-in within the framework of 
this now committee and intends to provide coordination and machine theory support for 
the various hardware teams which form the RIC. 

During the 1975 annual staff review, a complete survey was made of the technician 
category, the largest in Laboratory II. The work of interviewing almost all technicians as 
well as certain other staff presented a particularly heavy load during the first half of the 
year. and. in all. just over 44% of the personnel were seen. 

Since the beginning of 1975 the Personnel Section has controlled the numbers of 
temporary labour personnel working throughout the Laboratory and a specially devel
oped program has enabled the Section to provide the Laboratory management with 
regular information and statistics on the use of temporary labour. The Section has co
operated closely with the Temporary Labour Office, particularly concerning the changes 
resulting from the contract decisions taken by the Finance Committee in June 1975. 
Special efforts were made to reduce to a minimum the disruption to the work of the 
Laboratory caused by the need to replace many temporary labour personnel during a 
short period of time. 

A total of 718 personnel (staff, fellows, associates and temporary labour) were 
working directly for the 300 GeV Programme at the end of the year. 
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resonances \ •aimmarv of results from SPEAR. 
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GOTTFRIED. K. (Cornell University) (8.7): The space time structure of hadronic collision and 
nuclear multiple production. 

ZICHICHI. A. (CERN) (10.7): News in physics from Palermo. 
BRANDT. A. (University of Hamburg) (15.7): New measurements of large |t| elastic proton-proton 

scattering at the ISR. 
YAMAGUCHI, Y. (University of Tokyo) (22.7): High-energy physics in Japan - anecdotal accounts. 
JONES. R.V. (Aberdeen University) (29.7): Some experiments in optics involving the measurement of 

small displacements. 
WIIK. B.H. (DESY) (31.7) : Experimental results from DORISonthe.il GeV and 3.?GeV states and 

on the new intermediate state. 
DARRIULAT, P. (CERN) ('.8): Rapporteur talk at Palermo on collisions with large transverse 

momentum. 
SEXL. R. (University of Vienna) (12.+ 14.8): Geometry and experience. Two lectures on the physics 

and epistomology of space and time. 
MUELLER, H. (Karlsruhe) (26.8): Evidence for the H-resonance and other results from the 

n p -» neutrals + neutron experiment at Serpukhov. 
SHIRK, E. (University of California) (28.8): Evidence for detection of a magnetic monopole. 
HARARE H. (Wcizmann Institute) (2.9): penology: Theory and phenomenology of the new particles. 

(Rapporteur talk on the new particles at the SLAC Conference). 
NARASIMHAM. V.S.(Tula Institute Bombay) (4.9): New particle observations in deep underground 

experiments. 
TREILLE. D. (CERN) (9.9): Report on the SLAC Conference. 
RICHTER. B. (SLAC) (ld.9): Recent results from SPEAR. 
SIEMENS. P.J. (Niels Bohr Institute) (23.9) : Shock waves in colliding nuclei. 
COCCONI, V.T. (CERN) (7.10): Determination of fireball dimensions from two-pion correlations 

observed in pion-proton interactions. 
GOLDIIABER. G. (Lawrence Berkeley Laboratory) (20.10): Further results on the \(/'s and related 

particles. 
STEFFEN. P. (DESY) (23.10): Radiative decays of the new particles. 
VAN GERVEN. L.(Universiteit Leuven) (28.10): Nuclear spin conversion. 
GOLDHABER. G.S. (Brook haven) (30.10): The variable moment of inertia (VMI) law. 
SCHATZMAN. E. (Observatoire de Paris) (4.11): On the formation of binary X-ray sources. 
GKEINER. W. (University of Frankfurt) (11.11): High-density shock waves in relativistic nucleus-

nucleus collisions. 
LACH. .1. (ENAL) (13.11): Small-angle elastic scattering in the Coulomb region: preliminary results. 
W O L F E N D A I E. A.W. (University of Durham) (18.11): Gamma-rays from the cosmos. 
CUNDY. D. (CERN) (19.11): Search for AS=-AQ and charm production by neutrinos in the 

15 foot Fermilab hydrogen bubble chamber. 
HOFMANN. A.. WILLIS. W. (CERN) (20.II): Studies of a high-energy electron-proton colliding 

beam machine. 
HUBBARD. J. (CERN'Saclay) (25.11): Charm search at Omega. 
DENISOV. S.P.(IHEP.Scrpukho\)(26.ll):J.\li particle production by 70 GeV.c protons. 
GF1SS. J.(Unhersi(;il Bern) (27.11): Composition measurements in the solar wind with consequences 

in astrophysics and geophysics. 
REEVES. H. (CEN-Saclay) (2.12): Demographic inventory of our universe. 
.IENTSCHKE. W.. V A N ' H O V E . L. CHARPAK. G. (CERN) (3.12): Visit to China. 
WOLTJER. L. (ESO) (9.12) : Quasars and red shifts. 
HORWITZ. G.(Racah Institute of Physics. Jerusalem) ( 11.12): Quasars, compact massive objects and 

gravitational red shifts. 
THIRRING. W. (Institut fiir Theoretische Physik. Vienna) (16.12): Stability of matter. 
MUSSET. P.(CERN) (18.12): Obser\ation ofu e* pairs associated with strange particles in neutrino 

interactions. 

NUCLEAR PHYSICS SEMINARS 

TAUSCH ER. L. (CERN Basel)) 17.1): QED and muonic Moms: A discussion of discrepancies betveen 
theory and experiment. 

PFDERSEN, J. (Niels Bohr Institute. Copenhagen) (31.1): Recent studies of shape isomers. 
SIMONS. L (CERN) (7.2) : Parity violation in muonic atoms. 
CARBONE G. (CERN) (14.2): The 2s-2p energy difference in light muonic atoms. 
BUGG. D. V. (University of London) ( 14.3) : Collision broadening. 
WYCECH. J. (CERN) (21.3): Strong interaction effects in hadronic atoms. 
GUSAKOW. M. ( Lyon CERN) (7.4) : y-spectroscopy of light hypernuclei. 
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DONNELLY, T.W. (CERN/Stanford) (14.4): Electron scattering and neutrino reactions in nuclei. 
BERTIN, A. (Bologna/CERN) (21.4): Muon capture in hydrogen and deuterium: status of experiments. 
GRENACS, L. (Louvain)(28.4): Recoil nuclear polarizations in u." + '-C—vu + 1 2B(0 f— 1") reaction. 
WESTGAARD, L. (CERN) (5.5): ISOLDE-2 - early results. 
P1LKUHN, H. (Karlsruhe) (12.5): The absorption in flight of negative hadrons. 
HUBER. G. (Orsay) (20.5): High-resolution laser spectroscopy on short-lived isotopes of sodium. 
HUFNER, J. (Heidelberg) (26.5): Three theses in pion absorption. 
LEWIS, C.W. (Karlsruhe/CERN) (2.6): Pion absorption, gamma-rays and momentum distributions. 
DEUTSCH, J. (Louvain) (7.7) : Threshold pion photoproduction from nuclei. 
ERICSON, T.E.O. (CERN) (21.7) : News from the Santa Fé Conference on High-End gy Physics and 

Nuclear Structure. 
LEON, M. (Rutherford Laboratory) ( 1.9) : Nuclear resonance effects in hadronic atoms. 
ALBER1, G. (CERN and Trieste University) (29.9): High-momentum components of spectator 

distributions. 
MYHRER, F.(CERN)(6.10): Pion-deuteron scattering in llieA resonance region. 
ENGFER, R. (Zurich University) (13.10): High spin states in it" absorption in heavy nuclei. 
THOMAS. A.W. (CERN) (27.10): Some results in low energy pion-dcuteron scattering. 
MUKHOPADHYAY, N. (SIN) (10.11): Manifestations of the muon-nuclear hyperfinc interactions. 
DAI.KAROV, O.D., KERB1KOV, B.O. (ITEP, Moscow) (28.11): Narrow NN resonances near 

threshold. 
ERICSON, M. (University of Lyon) (8.12): Weak interactions in nuclei. 
KOCH, H. (CERN) ( 15,12): Kaonic and antiprotonic atoms. 

SYNCHRO-CYCLOTRON COMMITTEE SEMINAR 

MICHAELIS. E.G. (CERN) (1.12) .Report on visits to laboratories in the USSR. 

APPLIED PHYSICS SEMINARS 

BARNERT. H. (Kernforschungsanlagc Jülich) (5.2): Nuclear energy and new energy supply concepts. 
VON STURM. F. (Siemens. Erlangen) (5.3): Electrical energy generation and storage by electro

chemical methods. 
WIENECKE. R. (Max-Planck Inslitut für Plasmaphysik, München) (15.4): The fusion reactor - a 

chance for solving thr energy problem? 
ASHBY. D.E.T.F.(AERE Harwell) (28.5): Laser fusion. 
KETTA^JI. M.A. (College of Petroleum and Minerals, Dhahran, Saudi Arabia) (2.7) : Future usage of 

solar energy on an industrial scale. 
BEGHI. G. (Euratom. lspra)(8.10): Hydrogen economy: prospect ofa future energy system. 
DE BENI. G. (Euratom, (spra) (29.10): Thermodynamic«! processes for h>drogen production. 
KLAUDY. P.A. (Anstalt für Ticftempcraturforschung. Graz) (17.11): Low-tcmpcrature energy trans

mission. 

DISCUSSION MEETINGS 

CLOSE. F.. DOLGOV. A.. GAILLARD, M.K.. STE1NBERGER, J. (CERN) (31.1): The new part
icles: what are they? 

AMALDI. U.. CHALOUPKA. V.. SONDEREGGER. P.. STROOT. J.P. (CERN) (21.2): The new 
particles: what are CERN experimentalists doing? 

CASHMORE. R.. LAURENS. G.. CANESCHI. L.. ELLIS. J. (4.4): New particles at the SPS. 
HOLDER. M„ NANAPOULOS. D.. ROLLIER. M. (9.5): Neutral currents at the SPS. 
BARONCELLI. A.. WACHSMUTH. H. ELLIS. J. (20.6): Neutral currents at the SPS (continued). 
DARR1ULAT. P.. LEADER. E.. MICHEL. L.. MOHL. D.. MUNDAY. G.L., SIMONIUS. M. 

(3.10): On the desirability of polarized protons from the PS and in the ISR. 
COCCONI. G.. POVH. B.. ANDERSSON. B.A., RHO. M. (21.11): Should we accelerate nuclei? 
MATTHEWS. P.T. (Imperial College). ELLIS. J. and GAILLARD, M.K. (CERN) (19.I2): Why has 

charm not been found? 
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CERN COMPUTER SEMINARS 

LEHMAN, M.M. (Imperial College. London) (13.3): Evolution dynamics or large programs. 
POWELL. M.J.D. (AERE, Harwell) (24.4): A view or algorithms for unconstrained minimization 

calculations. 
BROOKS. F. (University of North Carolina) (15.5) : Trends in interactive computing. 
rfARBER, D.L.A. (National Physical Laboratory, Teddington) (22.5): The European informatics 

network project. 
NEWSON, D.(IBM. Brussels) (12.6): VM/370. 
LILLESTRAND. R.L. (Control Data Corporation. Minneapolis) (24.6): Techniques and applications 

of image correlations. 
CRAY. S. (Cray Research Inc.. Chippewa Falls) ( 10.9) : Designing large computer systems. 
SUMNER. L. (9.10): Computer creations. 
HEARN, A.C. (University of Utah) (13.11): Scientific problem solving by symbolic computation. 
N1EVERGELT. J. (ETH. Zurich) (5.12): Interactive systems for the casual user: experiences with 

PLATO. 



APPENDIX C * TRAINING 
PROGRAMMES 

ACADEMIC TRAINING 

Lecture series ( 17 lecture series: 58 lectures) 

Liquid crystals, by P. G de Gennes (Collège de France) (3 lectures). 
Diffraction phenomena, by F. Müller (3 lectures). 
Scaling in particle physics, by S. Fubini (3 lectures). 
Streamer chambers, by F. Schneider (3 lectures). 
Modern matrix methods in scientific computing, by Mrs E. Edbcr? (5 lectures). 
Intersecting storage rings, by K. Hübner (4 lectures). 
Problems of classical dynamical systems, by W. Thirring (Theoretical Physics Institute. Vienna) 
(4 lectures). 
Case histories on the nucleus/fundamentals interface, by D.H. Wilkinson (Oxford University) 
(6 lectures). 
Euler's decomposition of an integer into four squares and its impact on modern computing methods 
of satellite orbits, by E. Stiefel (ETH. Zurich) (2 lectures). 
Spin-parity analyses of multiparticlc systems, by V. Chaloupka (4 lectures). 
Information retrieval, by R.F. Churchhouse (University College. Cardiff) (4 lectures). 
Polarized particles for accelerator physicists, by J.S. Bell (3 lectures). 
Spin temperature and dynamic nuclear polarization. 
Nuclear anliferromagnetism and ferromagnetism. 
Nuclear pseudomagnetism. by A. Abragam (Collège de France) (3 lectures). 
Generalized comexity applications, by S. Mandelbrojt (College de France) (2 lectures). 
Special purpose hardware processors, by C. Verkerk (3 lectures). 
High densities of matter from particle collisions and from gravitation, by G. Cocconi (3 lectures). 
Les nouvelles particules (for non-physicists), by P. Sonderegger (3 lectures). 

(Audience at each lecture: maximum 130 minimum 7.) 

TECHNICAL TRAINING 

Courses 

Mathématiques générales 

Mathématiques (2nd year), by F. Louis/PE (26 lectures 45'i hours). 
Mathématiques (3rd year), by F. Louis/PE (30 lectures - 52 !-i hours). 
Mathématiques (4th year), by F. Louis/PE (26 lectures - 45 '/; hours). 
Mathématiques (5th year), by F. Louis/PE (29 lectures - 50% hours). 

Informatique 

Initiation à l'informatique, by T. Lingjaerde/DD (10 lectures - 40 hours). 
Introduction to computers, by H. Slettenhaar/DD and T. Lingjaerde/DD (10 lectures 40 hours). 
Informatique appliquée, by H. Slettenhaar/DD and G. Ferran/DD (12 lectures 48 hours). 
Informatique de gestion, by L. Grosset/FIN (11 lectures - 44 hours). 
FORTRAN IV. by F. Louis/PE (35 lectures 70 hours). 
Systèmes d'exploitation de mini-ordinateurs, by H. Davies/DD and S. Lauper/DD (24 lectures 
96 hours). 

* flic titles of the courses and lectures are given in the language used. 



Electronique 

Constructions électroniques, by M. Mary/MPS, H. Schröter/DD and A. Gandi/SB (22 lectures -
88 hours). 
Initiation à l'électronique (2nd year), by Ph. Rochat/ISR (22 lectures - 80 hours). 
Circuits et systèmes logiques, by B. Frammery/MPS (22 lectures - 88 hours). 

Mécanique 

Initiation aux techniques d'atelier (1st year), by A. Menétrey/PE (20 lectures - 80 hours). 
Initiation aux techniques d'atelier (2nd year), by A. Menétrey/PE (20 lectures - 80 hours). 
Techniques des liaisons mécaniques, by Messrs. Rudaz and Liebish/Sécheron S.A., Gland: 
Richardel/Ecole Technique Supérieure, Geneva; Simm/Castolin S.A., St. Sulpice and 
Ravussin/Alcyon S.A., Renens (8 lectures- 32 hours). 
Techniques cryogéniques, by P. Laeng/Institut de Physique expérimentale, Lausanne (22 lectures -
88 hours). 

Physique 

Initiation aux techniques du vide (2nd year), by M. Brouet/MPS (19 lectures - 76 hours). 
Physique fondamentale, by J.P. Lagnaux/NP(25 lectures - 100 hours). 
Eléments de mathématiques appliquées à la physique, by C. Gaille/Cycle d'orientation de l'ensei
gnement secondaire. Geneva (27 lectures - 108 hours). 

(2X2 students were admitted to the courses above.) 

Seminars 

Conception et réalisation des circuits imprimés, by H. Vcrelst/ISR. M. d'Auria/MPS. P. Guerineau/'SB. 
A. Gandi SB and D. Rouillier/Comelim, France. 

(About 400 people attended this one-day seminar.) 
Microprocessors microcomputers, by E. Garen/lnlegrated Computer Systems. Culver City, Ca. USA. 

(X0 people attended this two-day seminar.) 

CERN SUMMER STUDENT LECTURE PROGRAMME 

Introduction to quantum mechanics, by A. D. Martin (3 lectures). 
Panicles and symmetries, by V.F. Weisskopf (4 lectures + I tutorial). 
Particles and symmetries, by V.L. Telegdi (8 lectures + 6 tutorials). 
FORTRAN programming, by D. Burkhardt (7 television lectures). C. Curran (6 lectures) and E. Edberg 
(6 lectures). 
High-energy physics for non-scientists, by R. Carreras (2 lectures). 
Bubble chamber physics, by R. Hemingway (2 lectures). 
The CERN accelerators, by H.O. Wüster (1 lecture). 
Fast selective detectors for high-energy physics experiments, by F. Sauli (2 lectures). 
Electronics for high-energy physics, by R. W. Dobinson (3 lectures). 
The architecture of large computers, by T. Bloch (3 lectures). 
The SPS experimental programme, by J. Allaby (1 lecture). 
Radiation protection, by J. Baarli (1 lecture) and M. Höfert (I lecture). 
Ultrahigh vacuum for the ISR, by E. Fischer (2 lectures). 
Experimental strong interaction physics at CERN, by U. Amaldi (3 lectures). 
Symmetry principles in physics, by T. D. Lee (1 lecture). 
Computing techniques: the Monte Carlo method, by F. James (2 lectures). 
What is a random number?, by F. James (1 lecture). 
Experimental neutrino physics, by J. Steinberger (1 lecture). 
Cross-talk of nuclear and particle physics, by V.L. Telegdi (1 lecture). 
Applications of proportional chambers outside particle physics, by G. Charpak (1 lecture). 
A human computer at work, by W. Klein (1 lecture). 

(Average attendance: 96 summer students (plus 18 others); maximum: 500 - minimum: 51). 



LANGUAGE COURSES 

Levels Number Number of hours per year 
of courses {for euch course) 

I. Audio-visual/audio-oral type courses 
English 1-2-3-4 8 Levels 1-2 136 

Levels 3-4 102 
French 1-2-3 10 Levels 1-2 i36 

Level 3 102 

II. Conversation courses/grammar practice 
English 5 3 Level 5 51 
French 3-4-5 4 Levels 3-4-5 51 
German 4 1 Level 4 51 

III. Special courses 
English: 

intensive audio-visual course 
(SB Division) - 1 110 

French : 
audio-visual 1 2 84 
ordinary 5 1 48 

(These 30 courses represent about 3000 hours of teaching. About 380 students took part in them.) 

GENERAL EDUCATION 

Under the title "Science pour tous". 31 talks and 27 seminars were organized for non-scientific 
members of the personnel. Each talk was prefaced by a review of new developments in scierce 
(about 200 people attended each talk). 

Talks by R. Carreras 

1. L'explosion du Krakatoa. 
2. Immunité, auto-immunité et viru». 
3. Le noyau de l'atome. 
4. Laser et énergie nucléaire. 
5. L'influx nerveux. 
6. Les restes de la naissance de l'Univers. 
7. Les manipulations génétiques. 
8. Les lysosomes. 
9. Il y a" 50 ans. 

10. Le rapport du New Scientist sur Uri Geller. 
11. Un coin du ciel. 
12. L'énigme des pigeons voyageurs. 
13. La colonisation de l'espace. 
14. L'eau polymérisée. 
15. Les aléas des témoignages visuels. 
16. Quelques aspects de l'énergie de fusion. 
17. Les oscilloscopes de la "Belle Epoque". 
18. Rayons X hier et aujourd'hui. 
19. Les mycoplasmes. 
20. Quelques grands radio-télescopes. 
21. La fixation de l'azote, 
22. Etoiles, rayons X et trous noirs. 
23. La structure universelle (9 + 2) des cils vibratiles. 
24. Le manteau de la Terre. 
25. L'humanité avant l'humanité. 
26. La rotation du Soleil. 
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27. Enfants, chimpanzés et reconstruction de figures. 
28. Horloges biologiques "astronomiques"". 
29. L'effet Kirlian et ses interprétations. 
30. Le microscope acoustique. 
31. Des objets vieux de 4.6 milliards d'années. 

"Connaissance du CERN", course by R. Carreras 

This course was designed for non-scientific members of the personnel with the aim of familiarizing 
them with the various aspects of the Organization. During the academic year 1974-1975. it was given 
twice in French and once in English. This course consisted of six lectures: 

Connaissance du CERN Understanding CERN 
1. Vue d'ensemble. 1. The meaning of N in CERN. 
2. Les accélérateurs. 2. How would you accelerate protons? 
3. Les faisceaux de particules. 3. Colliding and non-colliding beams. 
4. Les détecteurs. 4. Detecting with detectors. 
5. Les particules. 5. Quasi-objecls called particles. 
6. Le CERN et le monde d'aujourdTiui. 6. The place of CERN in the world of science and technology. 

The "Connaissance du CERN" course was followed by some additional sessions: 
"L'information". '"Une expérience au CERN: de l'idée aux résultats" and "Métiers et professions 
au CERN". by A. Jesse. 
"Peti'c histoire des chambres à bulles". "Matière et anti-matière" and "Découvertes récentes", 
by R. Carreras. 

APPRENTICESHIPS 

Number of apprentices from September 1974 to August 1975 

Catei]nr\ 

Laboratory workers (physics) 
Mechanic, electronic equipment assemblers 

The three apprentices (two laboratory workers and one mechanic,electronic equipment assembler) 
who completed their apprenticeship in 1975 obtained the "Certificat Fédéral de Capacité". 

;.sr 
year year 

3rd 
year 

i 
I 

4,1, 
year TovA 

3 
2 

r 
3 ; 
1 | 

2 

3 

1 

! 1 
8 
7 

Total 15 
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APPENDIX D SCIENTIFIC 
CONFERENCES 
AND SCHOOLS 

The Scientific Conference Secretariat assisted in the organization of the 1975 J1NR-CERN School 
of Physics which took place at Alushta. Crimea, USSR. 14-28 May 1975. and which was attended by 
19 st idents from J1NR. 40 from 21 institutes in 7 of its Member States and 35 students from 
25 institutes in 8 CERN Member Stales. The lecture programme was as follows: 

Weak interactions at high energies, by B. A. Arbusov (IHEP, Serpukhov). 
Research programme with relativistic nuclei, by A.M. Baldin (JINR). 
Electromagnetic interactions of leptons and hadrons, by R. N. Faustov (JINR). 
CERN research programme, by W. Jentschke (CERN). 
JINR research programme, by K. Lanius (JINR). 
Regge phenomena, by C. Michael (University of Liverpool). 
Resonance phenomena, by L. Montanet (CERN). 
Many-particle production, by A.N. Sissakian (JINR). 
IHEP research programme, by L.D. Soloviev (IHEP. Serpukhov). 
Information about the new particles, by B.H. Wiik (DESY. Hamburg). 
The Scientific Conference Secretarial also assisted in the organization of the following events: 
Ma-ting of Medical Officers. CERN, 20 June 1975 (16 participants). 
Inauguration of the Reconstructed Synchro-cyclotron. CERN. 1 July 1975 (95 participants from 
outside CERN). 
Visit to CERN for participants attending the Seventh International Conference on Cyclotrons and 
their Applications. 25 August 1975 (54 participants). 
Autumn meeting of NOCUS (Nord Computer Users Society). CERN, 22-24 October 1975 
(120 participants). 
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