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The cover photograph, a study of concentration, 

shows one of the visit ing scientists from the 

U.S.A. at CERN, Robert Tripp, inspecting the 

tracks of sub-nuclear particles as recorded by 

the cameras of a bubble chamber. The scan­

ning table he is using is the prototype of a new 

design specially conceived to take f i lm from 

CERN's 2-m bubble chamber. Among other 

refinements, the projection system uses over­

head mirrors so that the image of the tracks, 

reproduced in their original length, can be 

inspected from all sides. A digit izing system 

for measuring the tracks can also be added, so 

that the table can be used in conjunction with 

a flying-spot digitizer for semi-automatic 

analysis of the data (HPD system). Great 

interest has been aroused by this design in 

many European laboratories and it is anticipated 

that the table wil l eventually be made available 

commercially by European industry. 
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The European Organization for Nuclear Research, more commonly 
known as CERN (from the initials of the French title of the original body, 
'Le Conseil européen pour la Recherche nucléaire', formed by an Agree­
ment dated 15 February 1952), was created when the Convention establish­
ing the permanent Organization came into force on 29 September 1954. 

In this Convention, the aims of the Organization are defined as follows: 
The Organization shall provide for collaboration among European 
States in nuclear research of a pure scientific and fundamental 
character, and in research essentially related thereto. The Organiza­
tion shall have no concern with work for military requirements and 
the results of its experimental and theoretical work shall be published 
or otherwise made generally available.' 

Conceived as a co-operative enterprise in order to regain for Europe a 
first-rank position in fundamental nuclear science, CERN is now one of the 
world's leading laboratories in this field. It acts as a European centre and 
co-ordinator of research, theoretical and experimental, in the field of 
high-energy physics, often known as sub-nuclear physics or the physics of 
fundamental particles. 

High-energy physics is that front of science which aims directly at the 
most fundamental questions of the basic laws governing the structure of 
matter and the universe. It is not directed towards specific applications — 
in particular, it plays no part in the development of the practical uses of 
nuclear energy — though it plays an important role in the education of the 
new generation of scientists. Only the future can show what use may be 
made of the knowledge now being gained. 

The laboratory occupies an area of 41 hA (100 acres) at Meyrin, Canton of 
Geneva, Switzerland, next to the frontier with France. A similar area on 
adjacent French territory is expected to be taken over shortly. 

Its main experimental equipment consists of two large particle accelerators: 
— a 600-MeV synchro-cyclotron, 
- a 28 000-MeV (or 28-GeV) proton synchrotron, 

the latter being one of the two most powerful in the world. 

The CERN staff totals some 2000 people. 

In addition to the scientists on the staff, there are nearly 300 Fellows and 
Visiting Scientists, who stay at CERN, either individually or as members of 
visiting teams, for periods ranging from two months to two years. Although 
these Fellows and Visitors come mainly from universities and research 
institutes in the CERN Member States, they also include scientists from 
other countries. 

Thirteen Member States contribute to the cost of the Organization, in 
proportion to their net national income: 

Austria (1.95%) Italy (10.78%) 
Belgium (3.83%) Netherlands (3.92%) 
Denmark (2.07%) Norway (1.47%) 
Federal Republic Spain (2.18%) 

of Germany (22.74%) Sweden (4.23%) 
France (18.57%) Switzerland (3.19%) 
Greece (0.60%) United Kingdom (24.47%) 

Poland, Turkey and Yugoslavia have the status of Observers. 

The budget for 1965 amounts to 128 760 000 Swiss francs (.= $29 800 000), 
calling for contributions from Member States totalling 126 400 000 Swiss 
francs ( = $29 300 000). 

A supplementary programme, financed by eleven states, covers design work 
on two possible future European projects in high-energy physics — inter­
secting storage rings for the 28-GeV accelerator at Meyrin and a 300-GeV 
accelerator to be built elsewhere • 

Printed in Switzerland 
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2-metre bubb le chamber tested 

The mosf excit ing news at CERN 

dur ing the lasf month of 1964 was of 

the successful tesfing of the 2-m l iqu id -

hydrogen bubb le chamber. A t two 

minutes past midnight on the morning 

of Sunday 13 December, some five 

years of effort devo fed to its design and 

construction were rewarded wi th the 

firsf track photograph, the final proof 

that ail was wel l . 

Various modif ications and adjustmenfs 

remain to be carried out and final tests 

still have to be made with the magnet 

energ ized, but wi th in the next few 

monfhs CERN expects to be able to 

conduct ifs first experiment wi th one of 

the two largest hydrogen bubb le 

chambers in the wor ld . 

As most readers wi l l know, a bubb le 

chamber is a complex device, requir ing 

the appl icat ion of advanced engineer ing 

techniques, for detect ing nuclear 

parficles by means of the fracks of 

minute bubbles they leave in a 'super-

heated ' l iqu id . The heart of the new 

CERN chamber is a stainless-steel vessel, 

we igh ing 22 tons and confaining 1650 

litres (275 gallons) of l iquid hydrogen, 

at a température of -—247° C and under 

a pressure of about 6 atmosphères. The 

front and back walls of this vessel are 

opt ica l ly clear glass Windows, 200 cm 

Wide, 60 cm high and 17 cm thick, enab-

l ing the hydrogen to be i l luminated, by a 

flash tube and lens S y s t e m , th rough one 

and pho tographed, b y an array of four 

caméras, through the other. The who le 

massive equipmenf is enclosed in an 

electromagnet of overal l dimensions 

3.6 m X 6.5 m X 4.16 m h igh, we igh ­

ing over 400 tons. The major part of 

the design was carried ouf at CERN but 

indusfrial firms in many of the Organiza-

tion's Member States contr ibuted to ifs 

construction. 

A photograph of the completed 

equipmenf wi l l be publ ished in the 

February issue of CERN COURIER. 

A l imited number of copies are also 

avai lable of the engineer ing drawings 

showing the fhree main cross-sections 

of the chamber and magnet. However, 

the 'artisf's impression' produced by 

Bernard Chamdru, of the Track Cham­

bers Division, and disfr ibuted as a 

supplément to this issue, is thought by 

many peop le to give a rather more 

interesting picture of some of the 

détai ls! 

28th Session of CERN Council 

On 15 and 16 December, delegates 

from CERN fs 13 Member States met in 

Geneva for the 28th Session of the 

Counci l , under its Président, Mr. J. H. 

Bannier. 

In presenting the Progress Reports 

of the Divisions for the previous six 

months, Prof. V. F. Weisskopf was able 

to announce, among other things, the 

successful tests o^ the 2-m bubb le 

chamber and also of the radiofrequency 

particle separator, which had been 

shown capable of separating kaons, 

from other parficles in a beam, up to a 

momenfum nearly twice as high as that 

previously obta inable.* 

A total budget for 1965 of 128.76 

mi l l ion Swiss francs was approved , and 

eleven of the thirteen Member States 

also agreed to prov ide a further 5.7 

mil l ion Swiss francs for the supplemen-

tary programme on new projecfs. 

The chairman of the Scientific Policy 

Commiftee transmitted the Commitfee's 

recommendations for full support of a 

cohérent programme for the deve lop -

ment of h igh-energy physics in Europe, 

which includes various improvements to 

the présent CERN proton synchrotron, 

as wel l as the construction of intersecting 

sforage rings for this machine, and the 

création of a new laboratory centred 

around a 300-GeV accelerator of the 

same basic type. 

A ful ler report of the Counci l Session 

wi l l be included in our February issue. 

Senior staff changes 

The fo l low ing appoinfments were 

made by the Counci l at ifs December 

session: 

Dr. Pierre Germain as ful l - t ime Member 

of the Directorate, wi th responsibi l i ty 

for Technical Management , a posit ion 

he has held part- t ime for the last two 

years whi le also Leader of the Proton 

Synchrotron Machine (MPS) Div is ion; 

Dr. Peter H. Sfandley as Leader of the 

MPS Division, in succession to Dr. 

Germain ; 

Prof. W o l f g a n g Paul as joint Leader of 

the Nuclear Physics Division, together 

with Prof. P. Preiswerk. 

Proton synchrotron 

Because of the troubles of the pre-

ceding two weeks, the PS schedule was 

changed dur ing the firsf part of Decem­

ber and from 9-14 December the previous 

A 'life-sîze' (2-metres long) copy of this photograph was on display outside the Council room on the first day of the December meeting. It is one of 
the first to be taken with the 2-metre bubble chamber and shows partteles travelling from right to left. One of thèse incident particles clearly interacts 
with a proton near the centre of the chamber. 
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counter experiments were cont inued, 

instead of the bubb le-chamber runs 

or ig inal ly p lanned. The latter then 

took place in the week before the 

Christmas shut-down. 

Among the counter/spark-chamber 

experiments, the one invest igat ing the 

parity of the negat ive xi (using the 

polar ized-profon target descr ibed in 

last month's issue) took some 27 000 

photographs. Its m ^ beam line gave 

excellent results; p rov id ing 10 000 to 

12 000 kaons in each pulse, using 

60-70% of the internal pro ton beam (at 

8 X 10 1 1 protons per pulse) on target 

no. 1. Secondary particles for three 

other beams were also taken from this 

target. In the North Hal l , the CER'N/ 

Ivry g roup took 400 000 photographs in 

their investigation of p ion and kaon 

scattering from a hydrogen target, at 

momenta of 2.8, 3.25 and 3.5 GeV/c. 

These photographs are be ing analysed 

by means of the automatic system 

employ ing the f ly ing-spot digi t izer 

'Lucio le ' (CERN COURIER, vo l . 4, 

p. 75, June 1964). 

During this week, also, the 152-cm 

British bubb le chamber cont inued to 

take pictures on a 'parasit ic' basis, using 

some 10% of the beam di rected on to 

target no 60 (by the rapid beam def lec­

tor) dur ing the acceleration phase of the 

machine cycle. The 57 000 photographs 

obta ined, of 10-GeV/c proton inter­

actions in hydrogen, were shared among 

groups in Cambr idge, Hamburg and 

Stockholm. 

In the fo l lowing week, most of the 

operat ing t ime of the 02 beam line that 

feeds this chamber was devo ted to 

tests of the radiofrequency separator 

system. These separators demand a 

very short (2-microsecond) burst on the 

internal target, which is p roduced by 

g iv ing a 'k ick' to the beam, by means 

of the kicker magnet normal ly used for 

the fast e ject ion. This kick causes the 

beam to oscil late sl ight ly about its 

normal path, in such a way that it strikes 

the target after a further 1 2/3 circuits of 

the machine, that is, after t ravel l ing a 

distance of about 1000 metres. As may 

be imagined, the adjustment of such a 

system, and the co-ord inat ion between 

its various components, is rather crit ical 

and in the t ime avai lable it was not 

possible to get particles a long the beam 

line and into the bubb le chamber.* 

However, between tests the chamber 

* On 25 January the full system was operated 
for the first time when the 02 beam line, 
equipped with two radiofrequency separator 
cavities, provided a beam of negative kaons at 
a momentum of 10 GeV/c for the 152-cm 
hydrogen bubble chamber. The photographs 
obtained showed an average of seven kaons per 
picture with a contamination of other strongly 
interacting particles of only about 5-10%. 

obta ined some 8000 photographs of 

5 GeV/c posit ive pions, to add to earlier 

ones shared between groups in Bonn, 

Durham, Paris (Ecole Polytechnique), 

Ni jmegen and Turin. The 81-cm Saclay/ 

Ecole Polytechnique chamber, at the 

same t ime, p rov ided 90 000 photographs 

of negat ive kaons in hydrogen, wi th 

momenta between 800 and 1200 MeV/c , 

for CERN, Heidelberg and Saclay. 

Nuclear Chemistry at the PS 

Contained within the Nuclear Physics 

Division is a small group do ing Nuclear 

Chemistry, that is, app ly ing the tech­

niques of chemistry to the solut ion of 

nuclear problems (see, for example, 

CERN COURIER, vo l . 3, pp . 31-34, 

March 1963). Each week they have 

about IV2 hours of synchrotron machine 

time to themselves, when they irradiate 

their special targets for later analysis. 

As an example of the way in which this 

comparat ively short t ime can be used, 

it is wor th ci t ing the exposures carr ied 

out in the first week of synchrotron 

running ment ioned above. 

Firstly, there was the exposure of 

three mica foils, each receiving just one 

pulse of the internal proton beam, as 

part of an investigation of the possible 

use of such foils for the study of fission 

cross-sections at high proton energies. 

For this purpose they are much less 

sensitive than nuclear emulsions to the 

background of protons.** These foils 

were sent to Naples for examinat ion. 

Then an iron target was irradiated for 

10 minutes. The l i thium isotopes p ro ­

duced by the h igh-energy protons wi l l 

be studied using a mass spectrometer at 

Orsay. A silver foi l was irradiated for 

30 minutes, for an investigation at CERN 

of the indium isotopes p roduced ; and 

f inal ly a uranium foi l was g iven a 20 

minute i rradiat ion, the result ing rad io­

active bromine isotopes being isolated 

and separated in the CERN isotope 

separator, as part of a study of h igh-

energy fission and fragmentat ion. 

The fo l low ing week, two exposures 

were made dur ing the 'Nuclear Chemi­

stry' pe r iod . A further mica target was 

irradiated for examination at CERN, and 

a 40-minute uranium irradiat ion was 

carried out, this t ime for the study of 

the iod ine isotopes produced. 

News in brief 

Experiments at the synchro-cyclotron 

cont inued as usual dur ing the month, 

Most of the time only the neutron room 

was in use, for experiments on posit ive 

p ion decay and problems of nuclear 

structure, as wel l aŝ  the testing of 

** See CERN COURIER, vol. 4, p. 134, October 
1964; a report of the first CERN tests has 
been issued as CERN 64-49. 

various items of equipment for other 

investigations. A t the beg inn ing of the 

month a few shifts were taken up b y the 

establishment of a shielding tunnel for 

the external pro ton beam, so that mea­

surements of the scattered radiat ion 

intensity cou ld be made by the Health 

Physics g roup . 

A m o n g the 'social ' activities at CERN 

in December were the tradit ional Christ­

mas parties for chi ldren of the staff and 

from local schools, held on the after­

noons of 6 and 13 December, and a 

Christmas Ball arranged by the Staff 

Associat ion, from 9.30 p.m. until 2.30 

a.m. on 11/12 December. Fo l lowing 

the Photo Club's annual exhibi t ion in the 

last week of November, December 

p roduced an exhib i t ion of paintings and 

handicrafts by the chi ldren of CERN 

staff; w inn ing entries in the accompany­

ing compet i t ion later jo ined those from 

other International Organizations in 

Geneva in an exhib i t ion and sale, 

arranged in col laborat ion w i th the 

'Intérêts de Genève ' , in aid of a local 

children's organizat ion. On the evening 

of 10 December, Richard Morr is, the 

Irish actor, gave his characterization 

'Shakespeare and his t ime' , i l lustrated 

wi th excerpts from the comedies and 

tragedies, and the fo l low ing week the 

Music Club's second concert of the 

season brought the viol inist Szymon 

G o l d b e r g , accompanied b y Gerard 

Hengeve ld , to CERN • 

VISITS AND LECTURES 

ORGANIZED BY CERN 

The European Organizat ion for 

Nuclear Research, at Meyr in , 

Geneva, announces that in 1965, 

as in previous years, visits for 

groups wi l l be organized on Satur­

days. It is, however, st ipulated 

that visits fake place only by pr ior 

arrangement. 

In add i t ion , CERN puts at the 

disposal of schools, universities 

and societies the services of 

lecturers wel l qual i f ied to explain 

its work or to present its recent 

achievements in the f ie ld of h igh-

energy physics. Lectures can be 

g iven in English, French, German 

or Ital ian, and may be adapted to 

correspond to many different 

levels. 

Further information is avai lable 

f rom: 

CERN 
Public Information Off ice 

1211 Geneva 23 

Te lephone: 

(022) 41 9811 / ext. 2788 
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CERN from May to November 1964 
Progress reports of the Divisions 

E X P E R I M E N T A L A N D T H E O R E T I C A L PHYSICS 

As s ta ted by Prof. Weisskopf in his in t roduct ion to 
t he repor ts , this per iod has seen t he publ ica t ion of a 
n u m b e r of impor t an t resul t s f rom bo th t h e expe r imen ta l 
groups a n d the theore t ica l physicists , t h e D u b n a 
Conference in Augus t p rov id ing t he p la t form for 
re leas ing m a n y of them. 

Tak ing electronics expe r imen t s a t t he synchro t ron 
first, p robab ly the most in te res t ing resul t s to r eade r s 
of this per iodical w e r e those from t h e neu t r ino expe r i ­
ment , and these a r e summar i zed separa te ly on pp. 8-9. 

Protons still 'bounce' at high energies 

Anothe r expe r imen t (to be m o r e exact , series of 
exper iments ) , t h a t has been r epo r t ed fair ly r egu la r ly 
is t h a t on p ro ton -p ro ton sca t te r ing . Wi th t he adopt ion 
of sonic spa rk chamber s as de tec tors a s tudy w a s 
u n d e r t a k e n of the sca t te r ing t h r o u g h ve ry smal l angles, 
in t he region w h e r e in te r fe rence can be detected b e t ­
w e e n t he nuc lea r sca t te r ing a n d t h e Coulomb sca t te r ing 
d u e to t he electric charge . M e a s u r e m e n t s w e r e m a d e 
of t he angu la r d is t r ibut ion of t he sca t te red pro tons in 
t he angu la r r ange of about 0.1-1.0° (2-20mrad) and to ta l 
cross-sect ions w e r e evalua ted , for incoming pro tons 
w i t h m o m e n t a 10, 19 and 26 GeV/c. F r o m t h e da t a 
obtained, it appea r s t h a t t h e p a r a m e t e r k n o w n as t h e 
'complex elastic sca t te r ing ampl i tude ' has a subs tan t i a l 
' rea l ' par t , amoun t ing to some 30-40°/o of its I m a g i n a r y ' 
pa r t . This result , found also in recen t expe r imen t s in 
o the r laborator ies , t hough qui te unexpec ted , shows 
t h a t even a t these h igh energies two colliding p ro tons 
can still b e h a v e surpr i s ingly l ike b i l l ia rd bal ls . 
Measu remen t s h a v e since been done a t CERN, us ing 
t h e same appa ra tus , on elast ic p ro ton sca t te r ing f rom 
t h e nuclei of deu te r ium, l i th ium-6 , l i th ium-7, b e r y l -
l ium-9, copper and lead, us ing p ro tons w i th a m o m e n ­
t u m of 19.3 GeV/c. 

Einstein postulate confirmed directly 

A shor t expe r imen t us ing m o r e or less s t a n d a r d fast 
e lectronic counters and t iming equ ipmen t gave a n 
accura te check of Einste in ' s second pos tu la te of r e l a ­
t ivi ty, wh ich s ta tes t h a t t h e veloci ty of l ight and o the r 
e lec t romagnet ic rad ia t ion is i ndependen t of t h e velocity 
of the source emi t t ing it. In effect, g a m m a rays w e r e 
t imed over an accura te ly m e a s u r e d d is tance of abou t 
30 me t r e s and the i r velocity w a s found to be t he s a m e 
as t h a t no rma l ly accepted as t h e velocity of l ight 
(2.9978 X 10 8 m/s), to w i th in one p a r t in 10 4, even 

As described in last month's CERN COURIER, the Saclay/CERN 
polarized-proton target is now in use for an experiment at the proton 
synchrotron on the parity of the negative xi hyperon. Here, practically 
all that can be seen of the cryostat is the end plate and the helium 
exhaust pipe, with the 50-litre helium flask on the right-hand side of 
the photograph. The end of the m 4 j j kaon beam line can also be 
seen on the right. In the centre there is a rack of digital signalling 
devices and to the left of these can be seen some of the spark 
chambers behind the target. Further left still are mirrors that enable 
more than one view of the spark-chamber gaps to be photographed. 

The progress reports prepared by each Division of CERN for 
presentation to the Council in June and December of each year 
provide a valuable summary of the work of the Organization. 

Since CERN is a scientific establishment, it is inevitable that 
the work of its scientists should be the most reported and the 
most well-known. The others, who provide the material and 
services without which this work could not be done, receive less 
recognition and, if they concern themselves with such thoughts, 
have to be content with the knowledge that their contribution has 
been of value. In some cases it is the whole Organization that 
plays this supporting role, and it is not at all uncommon for 
experimental results to be published by physicists at European 
universities following the analysis of particle tracks on bubble-
chamber film or in nuclear emulsion obtained from CERN. 

The six-monthly progress reports, together with the more 
comprehensive Annual Reports, however, provide the opportunity 
for each part of CERN to make its work known to the rest of 
the Organization and to the world outside. 

The accompanying account highlights some of the main points 
from the latest collection of reports, an 81-page typed document 
(CERN/560) presented to the Council in December. If there is 
still a bias towards the presentation of scientific and technical 
results, it is because it is here, rather than in the routine work 
going on all the time, that there is most likely to be something 
new. In addition, more attention has been paid to events that 
have not been reported in CERN COURIER as they took place. 

though the n e u t r a l pions t h a t emi t t ed t h e m w e r e 
themselves moving w i th a velocity of 99.975% of t h a t 
of l ight. 

Experiments with spark chambers 

A m o r e ref ined analysis of t he pho tog raphs from the 
expe r imen t on t h e be ta decay of t h e l a m b d a par t ic le 
(A° -> p + e~ + v ) ha s a lmost been completed, about 
130 examples of this r a r e process hav ing been found 
in some 200 000 pic tures . Normal ly t h e l a m b d a decays 
into a p ro ton and a pion or a n e u t r o n and a pion. 

A visi t ing t e a m from Saclay, wh ich came complete 
wi th spa rk chambers , electronic equ ipment , etc, and 
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F I G U R E S F R O M THE P R O G R E S S REPORTS* 
May to November 1964 

On 15 November, CERN personel numbered 
1592 staff members, 
412 supernumeraries, 

70 fel lows and research associates, 
208 visitors and students, 

2282 al together. 

In the Nuclear Physics Divis ion, out of a total of 
187 staff members, there were 
60 scientists, invo lved in experiments, 

w i th , in addi t ion 
107 fel lows and visi t ing scientists. 

The Theoretical Studies Division had 
15 staff members, inc luding 
11 scientists or mathematicians 

wi th , in add i t ion 
24 fel lows and research associates, 

9 vis i t ing scientists from Member States, 
15 visi t ing scientists from other countries. 

Total consumption of electr ici ty in this per iod was 
40 430 000 k W h , 

wi th a maximum demand of 
18 658 kW. 

The amount of water used for coo l ing was 
2 273 000 m 3. 

The proton synchrotron (PS) schedule devo ted 
3025 hours to experiments, 

470 hours to deve lopment , 
175 hours to special tests, 

out of which breakdowns contr ibuted a total loss of 
245 hours. 

Average beam intensity dur ing experiments was 
7.5 X 10 1 1 protons per pulse, 

wi th a best for tn ight ly average (220h) of 
9.5 X 10 1 1 protons per pulse, 

and a highest recorded value of 
1.1 X 1 0 1 2 protons per pulse. 

Total number of protons accelerated for experiments 
was 

3 000 000 000 000 000 000 (3 X 10™). 

• PS facilit ies inc luded 
12 secondary beams of particles, 

enabl ing runs to be carried out on 
24 experiments, 

wi th an average of 
5 experiments simultaneously. 

• The beam lines ut i l ized 
120 items of beam-transport equipment , 
5 km of f lex ib le electric cable, 
1.2 km tub ing for coo l ing water. 

- In the k 4 beam of the PS North experimental hal l , 
the 81 -cm Saclay bubb le chamber, f i l led wi th l iqu id 
hydrogen, took 

300 000 photographs of antiprotons of 
momentum 1.2 GeV/c , 

250 000 photographs of negative kaons of 
various momenta between 0.8 and 
1.2 GeV/c ; 

For earlier figures see CERN COURIER, vol . 4, p. 92, July 1964. 

and f i l led wi th l iqu id deuter ium, 
120 000 photographs of posi t ive kaons at rest, 
80 000 photographs of antiprotons at 

0.6 GeV/c , 
70 000 photographs of antiprotons at rest. 

In the 02 beam of the PS East experimental hal l , the 
152-cm British bubb le chamber, f i l led wi th l iqu id 
hydrogen, took 

140 000 photographs of negat ive kaons at 
5 GeV/c , 

400 000 photographs of negat ive kaons at 
6 GeV/c , 

60 000 photographs of posit ive kaons at 
5 GeV/c. 

The synchro-cyclotron (SC) schedule devo ted 
3713 hours to experiments, 

141 hours to deve lopment , 
wi th faults and repairs contr ibut ing a loss of 

140 hours. 

The l iquefy ing plants in CERN produced 
78 000 litres l iqu id hydrogen , 

1 300 litres l iqu id hel ium. 
In the first ten months of 1964, CERN used 

1 600 000 litres of l iqu id n i t rogen, 
about half of it for the 152-cm British bubb le 
chamber. 

• The Main workshop 
worked 53 370 man-hours, 

p roduced equipment valued at 
1 085 000 Swiss francs, 

sub-contracted work valued at 
,250 000 Swiss francs. 

- The West workshop 
worked 33 450 man-hours, 

p roduced equipment va lued at 
609 700 Swiss francs, 

sub-contracted work valued at 
70 000 Swiss francs. 

- The new Surface-treatment shop 
worked 6920 man-hours, 

produced equipment valued at 
83 500 Swiss francs. 

- The 7090 computer, work ing cont inuously, processed 
350 jobs per day. 

- The Programming Enquiry Off ice 
answered 11 enquiries a day, 

and added to the CERN programme l ibrary 
28 new programmes. 

- Telephone calls averaged 
38 000 per month. 

- The Messenger service handled an average of 
49 000 letters per month. 

- CERN reports were distr ibuted to 
655 addresses 
in 54 countries. 

- Regular distr ibut ion of CERN COURIER reached 
3050 copies in French, 
2075 copies in English. 
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A general view of the PAPLEP experiment, at the end of the m 4 a 

beam line in the PS South hall. The detection apparatus for muon 
pairs consists essentially of two similar sets of spark chambers, 
scintillation counters and lead absorbers, each mounted on an arm 
that can be swung about the target on a turntable. Most clearly seen 
here are the range-measuring spark chambers, each with a dark box 
on either side to enable the sparks in the gaps to be photographed. 
On the target side of each of these chambers is the specially shaped 
lead absorber and there are other, smaller, spark chambers that cannot 
be seen. The white strings are alignment references. 

technicians, has finished a r u n to s tudy the so-called 
charge exchange—actually the t ransfer of electric 
charge from one part icle to the other—in the scat ter ing 
of negat ive pions on protons, as well as the product ion 
of neu t ra l pions and eta mesons at low pion momen tum 
(2.5 or 5.8 GeV/c). The pictures a re now being 
analysed. The same kind of reaction, involving nega­
t ive kaons instead of pions, has been studied in an 
exper iment carried out by the CERN/ETH group using 
a large magnet ic spark chamber . This appara tus 
consists basically of a set of spark chambers inside the 
magne t formerly used for the cloud chamber . 

Various other exper iments a re still running. One of 
these, the 'missing-mass spectrometer ' has been found 
to work successfully, giving interest ing results in its 
more recent runs . Another , the exper iment on the 
annihi la t ion of ant iprotons into muon pairs has shown 
(from a study of 7000 million antiprotons) tha t the 
cross-section for the process is not grea ter t han 10"32 

cm 2 , or some million t imes less t h a n tha t for other 
annihi la t ion processes. 

Theory seems right in emulsion experiment 

Among exper iments wi th emulsions, a collaboration 
be tween Bristol, CERN, Lausanne and Munich obtained 
a pre l iminary result for the magnet ic moment of the 
l ambda hyperon (0.54 ± 0.24 nucléon magnetons) tha t 
was consistent wi th the expected va lue al though still 
not precise enough to show up any possible small 
discrepancy. 

Excited states from bubble photographs 

F r o m the analysis of photographs t aken wi th the 
81-cm Saclay/Ecole Polytechnique bubble chamber, 
collaborations be tween groups inside and outside CERN 
have made a number of new discoveries, mainly con­
cerning resonances and excited states. 

Fu r the r s tudy of the C° resonance (Kjtjt), discovered 
at CERN early in 1964, has established tha t it decays 
via the K*jt channel as well as by the KQ — tha t 
is, it dis integrates first into an excited s ta te of t he 
kaon and a pion, or into an ord inary kaon and a rho 
meson. A resonance in the K*jt system, having 
isotopic spin 3/2 and mass 1270 MeV, has also been 
found in photos of the annihi la t ion of ant iprotons a t 
3 GeV/c, but it is not yet clear whe the r this is the C° or 
a different s tate. Impor tan t resul ts have also been 
obtained on the system of two kaons, one charged, one 
neutra l . 

The Kjtjt resonance ment ioned above has also been 
found in interact ions of positive kaons in the liquid 
hydrogen of the bubble chamber . In addit ion a KJT 
resonance wi th a mass of 725 MeV (the Kappa meson) has 
been found, serving to confirm a previous discovery a t 
Berkeley which had af terwards been doubted. I n d i ­
cations have also been found for a resonant s ta te 
combining two positive kaons. This would be pa r t i ­
cularly interest ing if it w e r e confirmed, since it involves 
not only a double charge but, par t icular ly , a s t r ange­
ness number of + 2 , which has ha rd ly been studied u p 
to now. 

In an exper iment wi th positive pions at 8 GeV/c it 
has been possible to apply strict k inemat ic analysis 
for the first t ime a t such energies. This has led to the 
discovery tha t the collisions a re predominant ly 'per i ­
pheral ' and proved tha t very often the initial reaction 
gives only two part icles (which rapidly decay into a 
number of others). 

The interact ion of negat ive pions of m o m e n t u m 
16 GeV/c in the Ecole Polytechnique heavy- l iquid 
bubble chamber has provided confirmation of the 
phenomenon of 'diffraction dissociation', in wh ich 
the pion gives the appearance of changing into th ree 
pions in the field of a nucléon. These three pions a re 
in the form of the resonance called Ai, recently found 
at CERN and elsewhere. The absence in this react ion 
of a similar resonance, A 2 , also recent ly discovered, 
indicates tha t the spin and par i ty of the A<\ is e i ther 
1 + or 2". 

Nuclear physics at the SC 

At the synchro-cyclotron, besides the cont inuat ion 
of work on the propert ies and interact ions of pions, 
several exper iments were devoted to problems of 
nuclear s t ruc ture . . The int roduct ion of advanced 
techniques, par t icular ly cu r ren t -measur ing chambers 
(cover pic ture of September CERN COURIER) and 
Cherenkov counters wi th high discr iminat ion be tween 
particles, has opened n e w ways to the investigation 
of nuclear energy levels. 

Pre l iminary measurements of the inelastic scat­
tering of negat ive pions from nuclei of low mass have 
revealed new g a m m a - r a y energies arising from 
transi t ions be tween levels. In collaboration wi th the 
Orsay labora tory (France), the exper iment using 
cur ren t -measur ing chambers found evidence for an 
exited s ta te of hel ium-4. The process of 'double charge 
exchange' , in which an incident negat ive pion is t r a n s ­
formed to an outgoing positive one, has been observed 
in helium, l i thium, beryl l ium and carbon, bu t a special 
search for the ' t e t raneut ron ' (four neu t rons combined) 
and hydrogen-7 (1 proton plus 6 neutrons) showed 
these to be very rare , if they exist at all. 

7 



Results of the CERN neutrino experiments, 19 
At the present time it is believed that there are essentially four basic forces in nature, motivating the 
gravitational, weak, electromagnetic and strong interactions respectively, in order of increasing strength.1 

The weak interaction is typified by the 'beta' radioactive decay of an atomic nucleus, which is nothing 
more than the transformation (or 'decay') of a neutron into a proton, with the emission of an electron 
(or beta particle, in the nomenclature of radioactivity). In order to account for the results obtained in 
studies of these reactions, W. Pauli postulated in 1933 that a second particle, the neutrino2, was emitted 
at the same time as the electron. Such a particle would have no electric charge and no mass, but could 
nonetheless carry energy (like a photon, the 'particle' of light). Not being subject to strong or electro­
magnetic interactions, it would interact extremely rarely with other matter; if the earth were solid iron a 
low-energy neutrino passing through it would stand less than one chance in a hundred million of being 
lost by an interaction3. Indeed it was not until 1957 that Reines and Cowan succeeded in proving the 
existence of the neutrino by detecting just such rare interactions. A particle that carries off energy from 

nuclear processes and only rarely gives it i 
which have only recently begun to be considei 

Following the discovery of the pion in 1948 
decays to a muon, and at one time it was 
decay. It is of supreme importance in the f 
whether there are two kinds of neutrino or < 
experiments on the interactions of the ne 
valuable because they provide a way of stud; 
no strong or electromagnetic interactions. Ii 
from almost non-existent happenings, neutrino 
like developing into a fairly distinct branch of 

Regular readers of CERN COURIER wi l l recall that, after 
an init ial fai lure in 1961 due pr imar i ly to the lack of an 
incident beam of suff iciently h igh intensity, a large-scale 
exper iment on neutrinos was begun at CERN in June 1963. 
Its aims were essentially t h ree fo ld : 4 

— to ver i fy wi th more precision the conclusion of the 
Brookhaven exper iment in 1962, that there are two 
dif ferent kinds of neutr ino, 

— to gain new information on weak- interact ion processes 
and, in particular, 

— to search for the intermediate boson, known as the 
W part ic le, postulated as the 'carrier ' of the weak force 
b y analogy wi th the mesons that 'carry' the strong force. 

Preliminary results were announced at the Sienna con­
ference in October 1963, 5 and at meetings in Hamburg and 
Brookhaven. Before commit t ing themselves to final state­
ments on the existence of the W , however, the physicists 
wa i ted for the results of more accurate cal ibrat ion exper i ­
ments and further exper imental runs, under sl ight ly di f ferent 
condi t ions, that were carr ied out from February to May 
1964. Sufficient progress had been made by August for 
the results to be presented at a special 'neutr ino ' session, of 
the Dubna conference, afterwards summarized in a 
' rapporteur 's talk ' by Prof. G. Bernardini , and in October 
and November three papers were publ ished in Physics 
Letters6. 

Essentially two independent experiments have been 
carr ied out, one by the bubble-chamber g roup , the other 
by the spark-chamber g roup , but their results are comple ­
mentary and are more easily summarized as a who le . The 
conclusions can perhaps be best understood as the answers 
to seven questions, in the way that Prof. Bernardini 
presented them in a talk at CERN in November. 

1. If the theory of the Universal Fermi Interaction is true, 
are the electron neutr ino and the muon neutr ino two 
dif ferent part ic les; if so to what extent might it still be 
possible for them to be interchangeable? 

Answer: Def ini tely two di f ferent particles, any mix ing 
be ing less than 1 % . The results also indicate that the 
Universal Fermi Interaction holds up to transverse 
momentum transfers of at least 1 GeV/c . 

2. Is there a 'neutr ino f l ip ' , in the sense that a kaon decaying 
di rect ly to a muon may produce simultaneously an elec­
tron neutr ino rather than a muon neutrino? 

Answer: No. In any event not more than 10% of the 
kaons decaying in this way cou ld produce an electron 
neutr ino. 

3. Do 'neutral currents' exist in weak interactions? For 
example, if the weak interaction is due to the mediat ion 
of a part ic le cou ld this part ic le have no electric charge, 
making possible a scattering such as v + p - > v + p in 
addi t ion to the normal reaction v , + n - > uT + p? 

Answer: No, any possible neutral current be ing less than 
3Vo of the charged currents. 

4. Are strange particles p roduced in neutr ino interactions, 
and if so can they appear singly, or always in pairs by 
'associated product ion'? This forms a test for the 
AS = AQ rule (that the strangeness can only change by 
the same number of units as the charge of the heavy 
part ic le in a weak interaction). 

Answer: They are p roduced at the higher neutr ino 
energies, perhaps at a greater rate than previously 
expected and p robab ly on ly in pairs, though the total 
number of events seen is still low. The AS = AQ rule 

Theoretical ideas—and hard calculations 

Al though the theore t ica l physic is ts con t inued to 
w o r k on s t rong in te rac t ions , pa r t i cu l a r ly t h e s tudy 
of SU3 s y m m e t r y a n d p e r i p h e r a l collisions, ma jo r 
in t e re s t shifted to t he impl ica t ions of t h e B r o o k h a v e n 
e x p e r i m e n t showing t h e 2jt decay of t h e K ° 2 meson 
(CERN COURIER, vol. 4, p . 118, S e p t e m b e r 1964). 
P roposa l s w e r e m a d e for a specific m e c h a n i s m for t he 
'CP ' violat ion t h a t m a y be respons ib le for t he a b n o r m a l 
decay, as wel l as for a possible a l t e rna t ive exp lana t ion 
of t h e observed effect, n a m e l y t h e exis tence of a n e w 
l o n g - r a n g e force gene ra t ed b y the s ta r s and ga lax ies 
s u r r o u n d i n g us . M u c h w o r k w a s devoted to exp lor ing 
t h e theore t ica l possibi l i tés of these suggest ions, as 
wel l as o thers m a d e e l sewhere , and to t he w o r k i n g 
ou t of the i r e x p e r i m e n t a l impl ica t ions . 

F u r t h e r w o r k on w e a k in te rac t ions deal t w i t h a 
s c h e m e incorpora t ing i n t e r m e d i a t e bosons in to the 

f r a m e w o r k of SU3 s y m m e t r y a n d w i t h the p roduc t ion 
of nucleonic and mesonic exci ted s ta tes in n e u t r i n o -
induced reac t ions . A t h o r o u g h r ev i ew w a s m a d e of 
t he p re sen t e x p e r i m e n t a l ev idence concern ing t h e 
coupling cons tan t s involved in m u o n cap tu re , r evea l ing 
good a g r e e m e n t w i t h t h e va lues expec ted theoret ica l ly . 

I n s t rong in terac t ions , l a rge -ang le sca t t e r ing w a s 
s tudied f rom two aspects — t h e ' s ta t is t ical ' mode l a n d 
the ' ana ly t ic i ty p roper t i e s of the ampl i tude ' . T h e 
l a t t e r app roach w a s also appl ied to t he sca t t e r ing 
be tween two pions, giving t h e r e m a r k a b l e r e su l t t h a t 
the s t r eng th of t h e in te rac t ion w a s l imi ted by a n a l y ­
t ici ty in an absolu te way , depend ing only on the pion 
mass . 

Cons iderab le efforts w e r e devoted to the s tudy of 
var ious p rob lems in field theor ies of bo th t h e ' non -
renormal i zab le ' a n d ' r enormal izab le ' types . 
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3 and 1964 
again also has many implications in cosmological theory 
in any detail. 

/t'as found that a neutrino is also produced when the pion 
iught that this neutrino was the same as the one in beta 
lulation of theories of weak-interaction processes to know 

one, but proof could only be obtained by means of 
inos themselves. Such experiments are also extremely 
g the weak interaction by means of a probe that itself has 
pife of the great difficulty of obtaining significant results 
[periments have thus become of great importance and look, 
clear and sub-nuclear physics. 

Questions and answers on the neutrino 
experiments, as displayed and explained 
by Prof. G. Bernardini during the 
CERN Thursday afternoon seminar on 
19 November. 

seems to be at leas! 80% hue (though in any case, former 

doubts as to its val id i ty 7 have now been largely dispersed 

by more recent experimental evidence). 

5. Is the 'muon' lepton number conserved in these reactions, 

in the same way as the electron number; for example, is 

it certain that a neutrino (particle) can only interact 

'elastically' with a neutron to produce a proton and a 

negative muon (particle) and never with a proton to give 

a neutron and a positive muon (antiparticle)? 

Answer: Yes, at least to within 2%. 

6. What is the value of the 'axial-vector form factor'? This 

is one of the terms that appears in the equation describ­

ing the weak interaction theoretically. 

Answer: The same as that of another term, the vector 

form factor, plus or minus 25%, again for all values of 

the momentum transfer up to 1 GeV/c. This is the first 

time that this factor has been measured. 

7. Is there an intermediate boson? 

Answer: We don't know. In the spark chambers, many 

events were found that looked at first sight to be due to 

the decay of such a particle, but careful calibration, the 

consideration of all possible other causes and, before the 

1964 run, changes to the apparatus to make identification 

of the particle tracks more certain, all led to the final 

conclusion that there was not yet any proof for its 

existence. From three possible cases of a muon-electron 
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pair in the spark chamber and one in the bubble chamber, 

with no certain case of a muon-muon pair in either, it can 

be inferred that if the boson exists it has a mass greater 

than about 1.8 GeV/c 2 , depending to some extent on 

the theoretical assumptions made. It now seems unlikely 

that the W-particle, even if it exists, can be produced 

with present-day accelerators • 

1. A fifth force, much weaker than gravity, has recently been postulated, 
but experiments to search for it are not yet complete. 

2. Strictly speaking, the particle accompanying a negative electron is 
nowadays regarded as an antineutrino. 

3. For neutrinos of high energy, however, such as those investigated 
at CERN, the probability is about 1 in 10 000. 

4. The background to the CERN neutrino experiments was given in an 
article by G. von Dardel in CERN COURIER, vol. 4, pp. 29-33, 
March 1964. Unfortunately it has not been possible to publish the 
other two talks referred to there. 

5. See CERN COURIER, vol. 3, p. 126, October 1963. 

6. Neutrino interactions in the CERN heavy-liquid bubble chamber, by 
M. M. Block, H. Burmeister, D. C. Cundy, B. Eiben, C. Franzinetti, 
J. Keren, R. Mollerud, G. Myatt, M. Nikolic, A. Orkin-Lecourtois, 
M. Paty, D. H. Perkins, C. A. Ramm, K. Schultze, H. Sletten, 
K. Soop, R. Stump, W. Venus and H. Yoshiki; Physics Letters, 
vol. 12, pp. 281-285, 1st October 1964. 
Spark-chamber study of high-energy neutrino interactions, by J. K. 
Bienlein, A. Bôhm, G. von Dardel, H. Faissner, F. Ferrero, 
J.-M. Gaillard, H. J. Gerber, B. Hahn, V. Kaftanov, F. Krienen, 
M. Reinharz, R. A. Salmeron, P. G. Seiler, A. Staude, J. Stein and 
H. J. Steiner; Physics Letters, vol. 13, pp. 80-86, 1st November 1964. 
Search for intermediate-boson production in high-energy neutrino 
interactions, by G. Bernardini, J. K. Bienlein, G. von Dardel, 
H. Faissner, F. Ferrero, J.-M. Gaillard, H. J. Gerber, B. Hahn, 
V. Kaftanov, F. Krienen, C. Manfredotti, M. Reinharz and R. A. 
Salmeron; Physics Letters, vol. 13, pp. 86-91, 1st November 1964. 

7. See for example, CERN COURIER, vol. 2, no. 8, p. 9, August 1962. 

Dealing with interactions at lower energies — in the 

field of nuclear physics—, earl ier work on the 'optical' 

model for pion interactions (pion optical potential) has 

been extended in various directions. Pion absorption, 

leading to specific nuclear states, has been investigated, 

and t he s tudy of quadrupole effects in mesic atoms 

(having muons in place of one or more electrons) was 

pursued. 

TECHNICAL PROGRESS 

On the technical side, the main news items of the 

half-year were the achievement of 10 1 2 protons/pulse 

at the synchrotron, the successful completion and 

testing of the 2-m bubble chamber, the tests of the 

radio-frequency separators, and the operation of the 

Saclay/CERN polarized-proton target. Apar t from 

these events, work went on steadily in many sectors, 

aimed generally at faster electronic systems, more 

compact magnets and other equipment, bet ter utiliza­

tion of the accelerators, greater safety, and so on. 

The items dealt wi th below are only a sample. 

Four targets at once 

During this period, the simultaneous, or conse­

cutive, operation of up to four targets in any beam 

pulse became s tandard practice at the proton syn­

chrotron. Even the external proton beam has been 

incorporated into these target programmes. Much 

progress was also made wi th the components and 

other preparat ions for the ejected beams in the East 

hall. 

A new column for the pre-accelerator (taking protons 

from the ion source to the l inear accelerator of the 

PS), incorporating t i tanium electrodes fabricated at 

CERN, was successfully. tested wi th 500 kV over a 

length of only 2.5 cm. 
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To study in more detail the behaviour of the protons in the central 
region of the synchro-cyclotron, an accurate model has been designed 
and is nearing completion. In this photograph the vacuum tank can be 
seen during preliminary tests with the tadiofrequency accelerating 
system. The magnet for the model cyclotron is ready for use, and the 
whole assembly will be transferred in the first part of 1965 to a new 
building under construction near the present synchro-cyclotron labor­
atories. 

Rejuvenating the SC 

Some of the major par t s of the synchro-cyclotron, 
now over seven years ' old, are beginning to show 
their age and much work was necessary to prepare 
for extensive overhauls dur ing the shut -down in 
J a n u a r y 1965. 

At the same time, various improvements are under ­
way, including a new slow-extract ion system for the 
external beam. Local shielding on the roof of the 
machine hall has been reinforced and heavy bary tes -
concrete beams have been constructed to cover the 
external beam, so tha t it can be used more often 
without exceeding the permit ted radiat ion dose . to 
surrounding areas. Remote-handl ing devices are being 
developed to cope wi th the increased radiat ion levels 
in the interior of the accelerator. On a more opera­
tional level, systematic studies of pion production in 
various targets are being carr ied out to see if present 
beams can be improved. 

The biggest effort, however, has been concentrated 
on the testing and installation of a model tha t is to 
be used for exact studies of the phenomena occurring 
in the critical central region of a synchro-cyclotron. 

100 000 000 cycles per second 

Electronics exper iments at the PS have been able 
to benefit, in one way or another, from more advan­
ced equipment and more intense beams. Developments 
in the system of nucleonic 'modules'—the in terchange­
able units of electronics counting and recording 
equipment—have enabled units handl ing frequencies 
of 100 Mc/s to be used successfully in experiments . 

Tests have been carried out on a new kind of 
Cherenkov counter (known as a DISC counter), inven­
ted at CERN, which can distinguish between pions 
and muons up to the highest energies obtainable in 
the P S secondary beams. It has an overall resolution 
for the velocity of charged particles of 1 pa r t in 
200 000. 

By using more than one photomultiplier, together 
with fast electronic systems, it has been found possible 
to locate fairly accurately the position of the scintil­
lation flash in a large sheet of plastic scintillator (follow­
ing the same principles as the sonic spark chamber but 

with light instead of the much slower sound waves). 
With a combination of several counters, the trajectory 
of a particle can be measured to within 2 cm and its 
t ime of flight to wi thin 0.2 nanosecond (2X10" 1 0 s). 

Much work has been done towards the greater use 
of computers 'on-line', and the SDS 920 computer has 
been used in the proton-proton scattering exper iment 
since last September. This exper iment essentially 
involves the following of individual protons to and 
from the scattering target, using sonic spark chambers , 
and up to a dozen such protons can now be recorded 
in each machine burst . Indeed, in two days ' running 
t ime after installing the computer, data on 100 000 
scattering events were obtained. 

More antiprotons 

The high-intensi ty separa ted-beam line, m 4 , one 
branch of which is used for the P A P L E P exper iment 
on ra re ant iproton annihilat ions and the other for 
the x i -par i ty experiment , came into full use dur ing 
the period under review. It normally provides 50 000 
antiprotons (momentum 2.3 GeV/c) or 20 000 negative 
kaons (1.8 GeV/c) per pulse (per 10 1 2 accelerated 
protons). This is by far the most intense beam of its 
kind in existence. 

Sorting out the secondary particles 

Higher electric fields in the electrostatic separators, 
and hence 'purer ' separated beams, are foreshadowed 
by the development of electrodes coated wi th alumina, 
following a systematic s tudy at CERN of different 
types of electrodes. A 3-m separator equipped wi th 
the new electrodes withstood 810 kV across a 9-cm gap, 
with only a few sparks per hour — a performance 
noticably bet ter than tha t formerly obtained wi th 
stainless-steel electrodes. This separator was installed 
in the k 4 beam line in November. 

Looking further ahead, CERN's microwave particle 
separator was also tested satisfactorily towards the 
end of the year. In its first separation tests, a beam 
of positive kaons of momen tum 10 GeV/c was produced, 

Secondary particles produced by the impact of accelerated protons on 
the targets in the synchrotron tend to be carried forward by the x"-"""' 
momentum of the incoming particles, and it is therefore of consi­
derable importance for high-intensity secondary beams to collect 
particles from as near to the original proton direction as possible. 
This creates particular problems when more than one beam is to be 
obtained from one target; the target region becomes very crowded 
with equipment, and recourse has to be had to specially designed 
items. For CERN's record-breaking m 4 beam, the first magnet of the 
beam line is actually inside the target box, while the next two are 
special focusing quadrupoles of large aperture and reduced overall 
dimensions (see CERN COURIER, vol. 4, p. 71, June 1964). They are 
seen here between one of the accelerator ring magnets (on the left) 
and two normal quadrupoles of the q 3 beam line. 
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with about equal n u m b e r s of w a n t e d and u n w a n t e d 
par t ic les . Improvements in the set t ing u p of the whole 
sys tem were expected to produce a much be t t e r sepa­
rat ion, bu t difficulties in producing the requi red 
shor t pulse of protons on the P S ta rge t made it 
impossible to complete the tests . If all goes well , 
however , CERN will soon have a sepa ra ted -kaon 
b e a m at near ly twice the energy obta inable a n y w h e r e 
else. 

In para l le l wi th the construct ion of the 2-m bubble 
chamber , n e w and improved methods of deal ing wi th 
bubb l e - chamber film have been developed. The p ro to ­
type scanning table for the 2-m chamber , for 
instance, has proved very sat isfactory in use ; t he 
assembly of eight more is wel l u n d e r w a y and several 
labora tor ies in Member Sta tes have expressed in teres t 
in the design, which has m a n y n e w features . 

HPD scanning bubble-chamber films 

The mechanical f lying-spot digitizer, known usual ly 
as the HPD, has now successfully analysed its first 
sample of bubb le -chamber pic tures . Scanning and 
rough measu remen t on 'Milady' digitized tables was 
done at the ra te of about 5 events per hour , whi le 
54 events an hour were hand led in the pure ly a u t o ­
mat ic pa r t of the system, the H P D itself. The mach ine 
measures the amount of ionization produced along the 
t racks as well as the i r direct ion and length. Pho to ­
g raphs from the exper iment using the magnet ic spa rk 
chamber a re also being analysed by this machine . 
Luciole, the ca thode - ray - tube f lying-spot digitizer, 
was used extensively to provide test da ta for the 
development of p rogrammes and a detai led comparison 
was carr ied out wi th a set of s p a r k - c h a m b e r pho to ­
graphs , measured by hand in the n o r m a l w a y and fully 
automat ica l ly by this appa ra tus . At tha t t ime, some 
small discrepancies remained, due pr imar i ly to diffi­
culties of calibration. 

CESAR stores electrons 

CESAR, the CERN electron s torage and accumula ­
t ion r ing, is now in full use for invest igat ions into 
the behaviour and operat ion of s torage r ings . 
Systemat ic measuremen t s of beam 's tacking' are in 
progress, to s tudy the efficiency as a function of the 
mode of stacking, the n u m b e r of pulses s tacked and 
the var ious pa rame te r s of the p r o g r a m m e for the 
radiofrequency system tha t expands the orbit of each 
pulse injected into the ring. Up to 100 pulses and 
up to 20 m A of cu r ren t h a v e been s tacked success­
fully, and measuremen t s of t he s tacking efficiency a re 
in progress . Voltage stabil i ty of the t w i n - b e a m Van 
de Graaff accelerator t ha t supplies the input electrons 
has been improved by br ing ing into operat ion an 
au tomat ic feedback system funct ioning on the second 
beam. For the t ime being, the p ressu re in the vacuum 
chamber remains r a t h e r h igher t ha t p lanned, a t 2X10 9 

•torr, a l though this is still a thousand t imes lower than 
no rma l accelerator values. An improvement of a factor 
of five is expected to follow a bake -ou t of the vacuum 
chamber p lanned to t ake place in March . 

sharp pulse has been buil t , to opera te a ' t h ree -
dimensional ' , w ide -gap spark chamber . This n e w 
development, in which t he sparks a re a r res ted before 
they can t ravel far be tween the plates of the gap, 
produces a t rack of light along the p a t h of a part icle, 
s imilar to the t ra i l of bubbles in a bubb le chamber . 
Al though the t rack is not qui te so well defined, 
the re is the grea t advan tage t ha t the chamber can 
be t r iggered by ex te rna l counters so tha t only the 
interact ions of in teres t a re photographed. The pulse 
generator , sui table for a chamber 10 cm high and 
10 cm deep, gives 200 kV wi th a r i se and fall t ime of 
about 2 nanoseconds. To measu re these character is t ics 
a special t ransmiss ion l ine had also to be designed 
and constructed. 

GENERAL PROGRESS 

Behind the achievements of the scientists and 
engineers lies the work of m a n y people who cont r i ­
bu te in one way or ano ther to t he functioning of the 
Organization. Much of this work is inevi tably of a 
rout ine n a t u r e and not much more can be repor ted in 
the way of 'progress ' t han the fact t ha t it was done 
efficiently, or pe rhaps more efficiently t h a n before. 
In some cases, however , t he resul ts a re more obvious, 
as the few examples tha t follow will help to show. 

Mass production ruled out 

Closely concerned wi th the exper iments and technical 
advances a re the staff of the workshops , both cen t r a ­
lized and Divisional, who manufac tu re so much special 
equipment , usual ly of un ique design, often to very 
fine tolerances, a n d in m a n y cases of unusua l mater ia l . 
For example, in the second half of 1964 the Main 
Workshop produced the major p a r t of the expansion 
system fof the n e w 2-m bubble chamber (only one of 
many i tems al together for tha t piece of equipment) , 
specially shaped magnet ic 'shims' , 'plexiglas ' f rames 
for spark chambers , two large p lano-convex lenses, 
wi th a d iamete r of 1.4 m and a rad ius of cu rva tu re of 
5 m, also in 'plexiglas' , engraved glass plates to p r o ­
vide reference m a r k s for a l ignment , and m a n y other 

The CERN heavy-liquid bubble chamber was converted into an 
instrument more than twice as large during the second half of 1964. 
This photograph shows the new chamber body, together with the 
extension (on the far end) that constitutes the camera support and 
safety shield, at the start of its lift back into the magnet, previously 
replaced in the 'neutrino' block-house. The new chamber holds 1130 
litres of liquid (propane or freon), instead of the previous 500 litres, 
and provides a 'fiducial' volume of 660 I instead of 220 I. It also has 
a more effective temperature-control system and various other improve­
ments. To accomodate the lengthened chamber, the magnet was 
extended by 20 cm and three more pairs of coils were added. Tests 
have shown that the magnet still provides the same field, having a value 
of some 27 000 gauss, with a power consumption of 4.5 MW. 

CD 
CN 

CD 
LO 
CM 

E 

200 000 volts in 0.000 000 002 second 

In ano ther s tudy aimed at provid ing equ ipment for 
the n e x t steps in h igh-energy physics research, a 
h igh-vol tage pulse genera tor provid ing an ex t remely 



One of the largest buildings currently under construction on the CERN site is this new laboratory (no. 13) for Track Chambers Division, linking 
laboratories 11 and 12 and the TC workshop, opposite the synchro-cyclotron. The barracks that at present house many members of the Division can 
be seen on the left of the picture and visible above them is part of the equipment assembly hall of the new building. The new building will be ready 
for occupation at the end of January. 

th ings . Among w o r k u n d e r t a k e n by the West W o r k ­
shop was the m a n u f a c t u r e of h igh-prec is ion ta rge ts , 
a l a r g e - a p e r t u r e 'k icker ' magne t , spa rk chambers , 
Cherenkov counters , p ro to type l iqu id-n i t rogen t raps , 
i tems in t i t an ium and ' inox' , a l iqu id -he l ium ta rge t 
w i th inox windows , a n d so on. I t is es t imated t ha t 
a t h i rd of the t ime of this shop is devoted to 'difficult ' 
i tems. Al though the i r n e w bui ld ing w a s only r eady 
for occupat ion in November , t he staff of the Sur face -
t r e a t m e n t Shop w e r e a l r eady produc ing such i tems 
as e lectroformed hol low conductors for ejection 
magne ts . 

Less open land 

All over the site people w e r e at w o r k pu t t i ng up 
n e w bui ldings, ex t end ing and a l ter ing old ones, and 
reshap ing t he land in be tween . Const ruc t ions f inished 
in this per iod w e r e t he extens ions to the Nuclear 
Physics A p p a r a t u s bui lding, t he Accelera tor Research 
labora tor ies and w h a t is n o w the i r a n n e x e (formerly 
the only AR labora tory) , and the Main Workshop . 
Work still in progress inc luded t h a t on t he l abora to ry 
(no. 13), hal l and sub- s t a t ion for T rack C h a m b e r s 
Division, t he w o r k s h o p and hal l for the cyclotron 
model, garages and offices for Site and Bui ld ings 
Division, offices a n d hal l for t he Genera l Safety 
Group, the S u r f a c e - t r e a t m e n t Shop, cons t ruc t ions for 
fast-ejected b e a m s in t he Eas t area, ex tens ions to the 
compute r bui lding, a n e w w o r k s h o p for the P ro ton 
Synchro t ron Machine Division, and extensions to l abo­
r a t o r y no. 4. 

Wi th so m u c h n e w bui ld ing going on, the a p p e a r ­
ance of p a r t s of t he site has suffered, bu t p l ans a re 
now being m a d e to improve those a reas t h a t a re a t 
p resen t v i r tua l ly devoid of vegeta t ion. This is in 
addi t ion to t he rou t ine care by CERN's four ga rdene r s 
of the m a n y lawns , t rees and ga rdens a l r eady 
establ ished. 

Electronic book-keeping 

The growing re l iance on electronic compute r s for 
the pe r fo rmance of l a rge n u m b e r s of rou t ine ca l ­
culat ions has n o w spread to t he F inance Division, 

which took del ivery of an NCR 390 compute r las t 
Ju ly . F r o m the beg inn ing of 1965 all calculations-
concerning salar ies a r e be ing m a d e w i th this mach ine , 
and book-keep ing genera l ly wil l be t r ans fe r red p r o ­
gressively la te r in the year . P l ans a re also be ing 
m a d e for the even tua l record ing of all t he va r ious 
s tores t r ansac t ions and accounts by m e a n s of CERN's 
n e w CDC 6600 cen t ra l computer . This in fact is only 
one of a n u m b e r of 'non-scient i f ic ' uses envisaged for 
the computer , and a special s t udy g roup has been se t 
u p to look into l o n g - t e r m deve lopments • 

VOTRE 
MAISON DE CONFIANCE POUR 

Microfilms — Appare i ls photographiques et 
dispositifs de lecture - Locations de camé­
ras - Travaux de déve loppement en régie. 
Photocopies — Appare i ls d'éclairage et dis­
positif de déve loppement - Papiers pour 
photographies - Installations pour la pho to ­
copie. 

Héliographie — Appare i ls d'éclairage et ma­
chines à déve lopper - Nouveauté : HÉLIO-
MATIC, machine à hél iographier avec VARI -
LUX permettant de faire varier la puissance 
d'éclairage - Papiers pour développements 
à sec et semi-humides. 
Bureau-Offset — Machines-offset et plaques, 
offset présensibil isées OZASOL. 
Dessins — Machines à dessiner JENNY et 
combinaison de dessins - Papiers à dessin 
(papiers pour dessins de détails), listes de 
pièces, papiers transparents (à calquer), 
papier pour croquis. 

Meubles pour serrer les plans — « Système 
à suspension, à soulèvement et à abaisse­
ment ». 

Installations de reproduction pour hél io­
graphies, impression de plans, photocopies, 
travaux de photograph ie technique, réduc-

^ fions, agrandissements, travaux de déve-
Jlfk loppemenf de microfi lms. 

OZALID ZURICH 
Seefeldstrasse 94 - Téléphone (051) 24 47 57 
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The new «Heraeus» 
Diffusion pumps 

Radial multi-heater, 
replaceable 
without evacuating the oil. 
Super-heated oil vapours: 
no condensation in the 
nozzles. 

Reduced dimensions. 
Precision-machined nozzles. 
Quick-cool coils around 
boiler. 
Backstreaming reduced. 
Peripheral trap stops 
"creeping" of the oil. 

Types: 330 - 900 • 
12 0001 . s'1 

1800- 5600 

Wismer 
AG 
Oerlikonerstrasse 88 
8057 Zurich 
Tel. (051) 46 40 40 

Dual Range Ionisation Gauge System 
International 

Headquarters 

Germany 
Holland 
Austria 

France 

UK 
Ireland 

Scandinavia 

Italy 

Cable and Connector 
Assembly (Bakeable) 

New Millitorr Nude (High Pressure) 
Gauge (1 torr to 5x10-6 torr) 

Nude (Low Pressure) 
Ionization Gauge (10-3 torr to 2x10-1 1 torr) 

This new Varian dual range ionization gauge system consists of a single control unit 
which combines the functions for operating two ionization gauges. It offers a new degree 
of accuracy in the region previously the domain of thermocouple gauges... plus the 
convenience of a single meter readout for a pressure range from 1 torr to 2 x10~ 1 1 torr. 
Pressure from 1 torr to 5 x i o ~ 6 torr is measured with the new Varian MilliTorr* (high 
pressure) Gauge: pressure from 10~ 3 torr to 2 x10~ 1 1 torr is measured with a standard 
(low pressure) Varian ionization gauge. The control unit provides the switching for oper­
ating both gauges with one meter to indicate the pressure over the entire range. 
* Trademark Contact the Varian office in your area for additional information. 

Varian AG 
Baarerstrasse 77 
Zug/Switzerland 
Tel. 0 4 2 / 4 4 5 55 

Varian GmbH 
Industriestrasse 54 
7 Stuttgart-Vaihingen 
Tel. 783351 

Varian SA 
48, bouleva'd des Batignolles 
Paris 1 7 e  

Tel. Lab. 41-11 

Varian Associates Ltd. 
Russel House, 
Molesey Road, 
Walton-on-Thames, 
Surrey 
Tel. 28766 

Varian AB 
Bagartorpsringen 48 
Solna 8/Sweden 
Tel. 8515 35 

Varian SpA 
Via C. Battisti 2 
Torino 
Tel. 40991 

VARIAN 



EDINBURGH SERIES 
COM PA TIBLE MODU 
GIVE COMPLETE SY® 
FOR THE MOST 
SOPHISTIC A TED EX 

L. TLSupply ^ 

i Programme 
' UnitN E632I 

NE 5383 

THE 

'EDINBURGH SERIES9 

TRANSISTOR NUCLEONIC INSTRUMENTS 

% Most comprehensive range of modules commercially available. 
% Amplifier with choice of double delay line differentiation and RC pulse shaping, recovery time 

5 microseconds for 200 times overload on delay line mode operation. 
* Pulse Height Analyser with 1 microsecond resolving time. 
* High Voltage Unit covering the range 300 to 2300V with stability of lOmV per 1% change in line voltage. 
* Data recording from single and multiscaler or timer systems on printed paper strip or punched paper 

tape by means of a wide range of print and punch control units. 
* 1 and 10 Mc/sec Scalers with decimal readout and facility for automatic extraction of data. 
* Precision Timer with tuning fork reference and 0.01% accuracy. 

T h e E d i n b u r g h Se r i e s t r a n s i s t o r m o d u l a r i n s t r u m e n t s h a v e been des igned for 
flexibility a n d v e r s a t i l i t y i n t h e b u i l d i n g of c o m p l e x n u c l e a r i n s t r u m e n t s y s t e m s w i t h 
exce l l ence of p e r f o r m a n c e a n d h i g h s t a b i l i t y a s t h e p r i m a r y a i m s . T h e a d v a n c e d 
des ign of t h e s e u n i t s p u t s t h e i r p e r f o r m a n c e i n t h e fo re f ron t of t h e i r field, a n d 
spec i f ica t ions h a v e been chosen t o sa t i s fy t h e m o s t e x a c t i n g r e q u i r e m e n t s . N u c l e a r 
E n t e r p r i s e s c a n now offer t h i r t y u n i t s f rom t h i s new r a n g e , a n d m o r e t h a n s e v e n t y 
a r e p l a n n e d for t h e e n t i r e Se r i e s . 
T h e m o d u l a r p lug - in concep t used t h r o u g h o u t t h e S e r i e s a l l o w s t h e r e q u i r e m e n t s for 
t h e m o s t s o p h i s t i c a t e d e x p e r i m e n t s t o be m e t i n n u c l e a r p h y s i c s , m e d i c a l r e s e a r c h , 
r e a c t o r c o n t r o l a n d i n d u s t r i a l e q u i p m e n t . S imp le s y s t e m s c a n ea s i l y be ex t ended for 
spec ia l i sed c o u n t i n g r e q u i r e m e n t s . T h e u n i t s , w h i c h h a v e b e e n des igned for o p e r a t i o n 
over t h e t e m p e r a t u r e range—5°C t o 45°C, a r e s ing le a n d m u l t i p l e - w i d t h m o d u l e s , w i t h 
five s i n g l e - w i d t h m o d u l e s t o a 19-in. shelf r a c k m o u n t i n g . T h e y h a v e r e a r m o u n t e d 
c o n n e c t o r s w h i c h p lug- in t o spec ia l ly des igned shelf u n i t s w h e r e p rov i s ion h a s been 
m a d e for convectedoai r flow v e n t i l a t i o n . S u i t a b l e c a b i n e t s a n d r a c k s a r e ava i l ab l e for 
m o u n t i n g c o m b i n a t i o n s of Uni ts or spec ia l s y s t e m s . All c o m p o n e n t s a r e m o u n t e d on 
fibre-glass p r i n t e d c i r c u i t p lug- in b o a r d s a n d a r e t u r n - o f - p o s t b o a r d r e p l a c e m e n t 
se rv ice i s o p e r a t e d . 
Provision is made for serial print-out using printer or tape punch, and control uni ts are avail­
able for au tomat ic sample counting and for systems involving an ar ray of scalers. All 
data-handling uni t s are capable of remote s tar t ing, stopping or reset t ing by standard control 
pulses. 
Edinburgh Series Units in production: Two pulse amplifiers (one with delayed output), several 
preamplifiers, mixer, single and dual channel pulse height analysers, range of scalers and t imers, 
linear ra temeter and half-life measuring ratemeter , fast-slow coincidence unit , six pr int 
control uni ts , ' programme units, low voltage supply units , high voltage supply and high 
voltage distribution units . 
Edinburgh Series Units planned for future production : amplitude and frequency pulse generators, linear 
gate uni t and time-to-pulse height convertor, fast amplifier (200-250 Mc/s bandwidth), fast 
pre-scaler (100 Mc/s), logarithmic ra temeter and d.c. amplifier, l inear d.c. amplifier, very fast 
coincidence uni t and spectrometer gain stabil isation uni t . 
Oxford Series : A lower-cost more restr icted range of building blocks with front-panel inter­
connections suitable for many purposes such as general laboratory counting, educational and 
field uses. 
Full details of both Series given in 1963/64 Catalogue available free on request : 

NUCLEAR ENTERPRISES (G.R.) LTD 
Bankhead Grossway, Sighthill, EDINBURGH, 11. Tel : CRAiglockhart 5262 

Canadian Associate: Nuclear Enterprises Ltd., 550 Berry Street, Winnipeg, 21. 
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35 Me MULTISCALER SYSTEM 

WITH AUTOMATIC RECORDING 
OF INFORMATION 
Completely transistorisée! 
Guaranteed to work up to 55° C (131° F) 
version of the System developed at CERN - t h e European 
Organisation for Nuclear Research. 
Compatible with CERN standard Systems. 
Results recorded by print, punch or magnetic tape. 
Rapid adaptation by gênerai control unit to ail usual recording 
Systems. 
Scaler input ievel : 500 mV min., 12 V max. Resolution better than 
30ns with triple pulsing. 

ACCESSORY PLUG-IN UNITS : 

• Code converter 
• Time base 
• Delay unit 
• Control unit 
• Scaler convertible from 2 X 3 to 1 X 6 décades 
• 10 charmer pattern unit 
• Parameter indicator 
• Remote control box 

OTHER PRODUCTS : 

• Fast discriminators 
• Fast linear gâtes 
• Triple coïncidence units 
• Delay boxes 
• Attenuators 
• Photomultiplier bases 
• Transistorised power supplies 

STUDY AND DEVELOPMENT OF SPECIAL APPARATUS 

PLANNING AND PRODUCTION OF EQUIPMENT 
FOR INDUSTRIAL AUTOMATISATION 
AND DATA HANDLING 

SOCIÉTÉ D'ÉLECTRONIQUE NUCLÉAIRE 
73, RUE DE LYON - GENÈVE/SUISSE - TÉLÉPHONE : (022) 44 29 40 

AGENTS: ZURICH OFFICE: M. Georges HERREN, Dipl. Ing. ETH. • FRANCE : 
S.A.I.P. MALAKOFF (Seine) • ITALY : SOC. EL. LOMBARDA-SELO MILAN • 
GERMANY: HERFURTH GmbH. HAMBURG-ALTONA • HOLLAND: DESSING-ELEC-
TRONICA AMSTERDAM-Z • SWEDEN :OLTRONIX A.B.VÂLLINGBY/STOCKHOLM • 
U.S.A.: NUMINCO APOLLO, Pa. • ISRAËL: PALEC LTD. TEL-AVIV • AUSTRALIA: 
A. A. GUTHRIE PTY, Ltd. MARRICKVILLE, N.S.W. • 
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> Philips produce transistorized electronic 
instrumentation for Mossbauer resonant 
absorption measurements. 

A description is to be found in one of the series 
of Application Data Sheets which we regularly 
publish on equipment for nuclear measurements. 
If you are engaged in Mossbauer studies, please 
drop us a note, asking for a free copy of pam­
phlet No. 79.103 B. 

Philips, Scientific Equipment Department, Eindhoven, 
The Netherlands. 

P H I L I P S Nuclear Equipment 



Ref.s PE/WE/41/PZ. 

COMMUNIQUE PROM THE WELFARE SECTION 

CERN staff frequently have problems' connected with the schooling and  
further education-of•their children, "It has been found ? after an 
enquiry, that solutions to these problems have often proved difficult 
in the past or unsatisfactory. 

The CERN Welfare section has therefore secured the services, whenever 
required, of a careers advisor and a member of the teaching pro­
fession, both of whom co-operate with the "Office Cantonal de la For­
mation Professionnelle" and "Service de l'Orientation Professionnelle" 
(Cantonal Office for Vocational Training and the Service for Vocational 
Guidance). These two persons will endeavour to find the best solutions 
to any problems put to them. Their advice may be sought on the following 
matters s 

Conditions for admission to the various schools in Geneva; 

Validity abroad of diplomas obtained in Geneva and vice versa; 

Teaching syllabus in various schools; 

Private schools; 

Possibilities for vocational training (apprenticeships, etc.) 
in Switzerland; 

Possibilities of practising a profession or carrying on a trade 
abroad after training in Switzerland, and vice versa. 

All persons wishing to avail themselves of this service should apply 
to Miss Kiss-Borlase, Information and Welcome Service, Telephone i 
2 2 2 6 , Office R - 0 4 8 , Laboratory 4 . 

We should be grateful if you would pass on this information. 

February 1 9 6 5 . 



Réf. i PE/WE / 41/PZ, 

COMMUNIQUE DE LA SECTION DES AFFAIRES SOCIALES 

Des problèmes relatifs à la scolarité et à la formation •profession­ 
nelle .des enfants des fonctionnaires internationaux se posent.régu­
lièrement au CERN. A la suite d'un sondage, Il s'est, avéré que cer­
taines difficultés étaient résolues difficilement ou d'une façon peu 
satisfaisante. 

C fest pourquoi la Section des Affaires Sociales.du CERN s ' es t assuré 
•les services, sur demande, d'un orlenteur professionnel et d'un 
enseignant collaborant l'un et l'autre avec l'Office cantonal de la 
Formation Professionnelle et le Service de l'Orientation Profession­
nelle. Ces deux - personnes seront chargées de trouver la solution la 
plus favorable aux divers problèmes qui pourraient être posés. 

Leurs conseils pourront être sollicités dans les domaines suivants ; 

Conditions d'admission dans les différentes écoles de Genève 

Validité à l'étranger des diplômes obtenus à Genève et vice versa 

Programme d'enseignement des différentes écoles 

Problème des écoles privées 

Possibilités d'acquérir une formation professionnelle (apprentis­
sage, etc...) en Suisse 

Possibilités d'exercer à l'étranger après un apprentissage en 
Suisse- et vice versa» 

Toutes les pers.onn.es intéressées, par ce communiqué peuvent s'adresser 
à Mlle Kiss-Borlase du Service-de renseignements et d'accueil, interne 
2 2 2 6 , bureau No R - O 4 8 , Lab. 4 . 

Nous vous remercions de favoriser la bonne diffusion de cette in­
formation. 

Février 1 9 6 5 . 

http://pers.onn.es


Supplement to 'Artist's impression' of the CERN ' 
CERN COURIER 
Vol. 5, No. 1, January 1965 «Conception artistique» de la chambre à b i 
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metre liquid-hydrogen bubble chamber. 

les de 2 mètres à hydrogène liquide du CERN. 

B. CHAMDRU (TC) 

Supplément au 

COURRIER CERN 

Vol . 5, N° 1, janvier 1965 


