


CERN by night. The cover photograph was taken 
by A. Bondi and shows the outside of the 
North Experimental Hall in the moon-light. Comment 
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At the meeting of the CERN Counci l in 
December, no other European country was 
able to add itself to the short list of Austr ia, 
Belg ium and France who have already 
dec lared their wi l l ingness to part ic ipate in 
the project for the construct ion of a 300 GeV 
accelerator. However, a s igni f icant step 
forward was taken wi th the approval of the 
revised Convent ion which makes it possible 
to set up a new Laboratory under the same 
organizat ion as CERN-Meyrin. This in itself 
represents no commi tment to the project 
by the dif ferent countr ies, but it is a pre l i ­
minary step which has to be taken before 
the project becomes a reality. 

The outcome of the Counci l Meet ing 
does not mean that the programme for the 
300 GeV has s l ipped back s igni f icant ly 
yet ; some preparatory work can cont inue. 
But this wi l l not be true for much longer 
and it must be remembered that European 
progress in sub-nuclear physics has to be 
considered with half an eye to what is 
happening elsewhere. If a machine capable 
of the same physics is completed in .the 
USA many years in advance, the impl ica­
t ions on the vital i ty of a European project 

need no under l in ing. The speakers repre­
sent ing the scient i f ic communi ty at the 
Counci l meet ing (such as Professor Amald i , 
Chairman of the European Commit tee for 
Future Accelerators , and Professor Puppi, 
Chairman of the Scient i f ic Pol icy Com­
mittee) stressed the urgency of making a 
start as early as possible. 

The December meet ing also brought out 
c lear ly that the project itself should not 
be regarded as static. The team to whom 
the construct ion of the next big European 
machine is assigned, wou ld not be bound 
by the 300 GeV design wh ich has already 
been done. This design serves as a sound 
basis for decis ions but the machine to be 
bui l t wou ld incorporate any relevant tech­
nological developments to make it as up-
to-date as possible at the t ime the design 
has to be f inal ly f rozen. 

This point, wh ich is covered more ful ly 
in the report on the fo l lowing pages, has 
perhaps always been taci t ly impl ied, but it 
emerged very strongly at the Counci l meet­
ing and is of cons iderab le s igni f icance in 
view of any revised programme. 

CERN, the European Organizat ion for Nuclear Research, was establ ished in 1954 to 
"... provide for co l laborat ion among European States in nuclear research of a pure 
scient i f ic and fundamental character, and in research essent ial ly related thereto' . It 
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The Laboratory is si tuated at Meyrin, Canton of Geneva, Switzer land. The site covers 
approximately 80 ha about equal ly d iv ided on ei ther side of the front ier between 
France and Switzer land. The staff totals about 2300 people and, in addi t ion, there are 
over 400 Fellows and Visi t ing Scient ists. 

There are thir teen member States part ic ipat ing in the work of CERN. The contr i ­
but ions to the cost of the basic programme, 172.4 mi l l ion Swiss f rancs in 1967, are in 
proport ion to their net national income. Supplementary programmes cover the con­
struct ion of the intersect ing storage rings and prel iminary studies on a proposed 
300 GeV proton synchrotron for Europe. 

Publ ic Information Off ice 
CERN, 1211 Geneva 23, Switzer land 
Tel . (022) 41 9811 Telex 2 25 48 

Pr inted by: Ed. Cherix et Fi lanosa S.A. 

1260 Nyon, Switzer land 

238 



36 th Session of CERN Council 
A report of the meeting which took place on 13 
and 14 December under the chairmanship of 
Dr. G. W. Funke. 

CERN 1967 
The Director General , Professor B.Gregory 
extracted some highl ights f rom a detai led 
Progress Report presented by the dif ferent 
Departments in CERN, to i l lustrate the 
work of the Laboratory dur ing 1967. 

Part icular ment ion was made of the 
excel lent per formance of the 600 MeV 
synchro-cyc lot ron and the increasing vo­
lume of research being done with the 
machine, part icular ly in nuclear structure 
physics. The start of the isotope separator 
on- l ine, ISOLDE, has been extremely pro­
mising and dur ing the week before the 
Counci l observat ions on two new isotopes 
of mercury were added to the haul of new 
isotopes seen in the very first run wi th the 
new equipment in October (see CERN 
COURIER, vol . 7, page 222). By far the 
greater part of the physicists using the 
synchro-cyc lo t ron come from Laborator ies 
in the Member States wi th high represen­
tat ion f rom smal ler countr ies. 

At the proton synchrotron, the perfor­
mance of the machine itself has been 
mainta ined wi th an improved rel iabi l i ty. 
The three bubble chambers have been in 
operat ion — the 81 cm and 2 m hydrogen 
chambers took over 3 mi l l ion pictures 
(most of wh ich went out to Member States 
for analysis), and the heavy l iquid chamber 
took part in the very successful neutr ino 
exper iments (reported on page 248). The 
progress wi th automatic measuring devices 
has been a major factor in the important 
increase in stat ist ics associated with 
bubble chamber exper iments — they can 
cope wi th ten t imes the number of pictures 
than was possible with previous methods 
of f i lm measurement and also achieve 
greater accuracy. Well over a mi l l ion 
pictures have been measured on HPD 1 
and Luciole at CERN dur ing 1967. The 
per formance of the main computer system, 
wh ich is so vital for the analysis of this 
large vo lume of information, showed 
a great improvement dur ing the year and 
the early t roubles seem to have been 
complete ly overcome. 

Experiments using electronic counter 
and spark chamber techniques have scored 
some more important successes. The 'g-2' 
of the muon has been measured to an 
accuracy of 5 X 10~7 (CERN COURIER, 
vo l . 7, page 223). The investigation of 

elastic scat ter ing of protons at w ide angles 
revealed a surpr is ing change in behaviour 
when the incident proton energy reached 
about 10 GeV (CERN COURIER, vo l . 7, 
page 108). An increase in the number of 
e lectronics exper iments wh ich can be 
accommodated at the machine and an in­
crease in the eff ic iency of the exper iments 
themselves has been made possible by the 
br inging into operat ion of the s low e jected 
proton beam in the East Experimental Hal l . 
This beam can be spl i t by special magnets 
and d i rected onto dif ferent external targets 
making it possible to draw five secondary 
beam lines f rom the s low ejected beam. 
Several of these have already been used 
for exper iments. The ef f ic iency of the 
e ject ion system remains low (about 5 0 % ) 
but there are hopeful signs that the addi t ion 
of a new septum magnet wi l l br ing about 
a considerable improvement (CERN COU­
RIER, vo l . 7, page 151). 

The Theoret ical Physics Department is 
cont inu ing its work on the var ious theore­
t ical approaches to understand the intr icate 
p icture of part ic le behaviour. Part icular ly 
successful has been an attempt to extend 
the Regge pole t reatment of two-body 
interact ions (which interprets the mecha­
nism of events in wh ich two co l l id ing 
part ic les result in two part ic les, as being 
due to the exchange of an intermediate 
part ic le or 'Regge pole') to col l is ions resul­
t ing in three part ic les. Tack l ing the pro­
blem as if it were two two-body steps has 
worked in the cases invest igated so far. 

The construct ion of the intersect ing sto­
rage rings is going wel l (see page 252); 
the design of pract ical ly all the major 
components is now complete and many of 
the most important contracts have been 
p laced. A contract for the 270 sputter- ion 
pumps to meet the very demanding requi ­
rements of the vacuum system Off the 
storage rings has just been dec ided. (The 
contract went to Varian, Italy, for a sum of 
nearly 2 mi l l ion Swiss Francs). Theoret ica l 
work on the possibi l i t ies of beam storage 
have indicated that interact ion rates in the 
ISR can be at least a hundred t imes higher 
than those ant ic ipated when the design 
parameters of the rings were dec ided. 
These new possibi l i t ies have great ly in­
f luenced the design of the 800 MeV booster 
in jector for the proton synchrotron wh ich 
was f inal ized towards the end of the year. 
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The Council in session 

CERN/PI 15-12-67 

The Director General conc luded wi th the 
remark that 1967 has proved again that 
sub-nuclear physics is a fasc inat ing f ie ld of 
research and that this research can be 
done very wel l by internat ional co l labora­
t ion. Both these facts are essent ial premises 
in the case for a large European 300 GeV 
accelerator. 

300 GeV 
The Director General announced that a 
formal ' letter of intent' f rom France has 
been received; France had previously given 
verbal indicat ion of its w i l l ingness to jo in 
the project. No other letters have been 
received and the number of countr ies 
wi l l ing to commit themselves at this t ime 
remains at three — Austr ia, Belg ium and 
France. It had been hoped that by this 
Counci l Meet ing, a suf f ic ient n u m b e r w o u l d 
have been received to enable the dec is ion 
in pr inc ip le to bui ld the acce lerator to be 
taken. Other countr ies however are not 
yet ready to present a letter of intent. 

However, delegates f rom both Italy and 
the U.K. were able to report a very favou­

rable att i tude in their countr ies. H. E. Giusti 
del Giardino said that, in Italy, the various 
bodies responsible for sc ience pol icy have 
suppor ted the pro ject and the matter is 
now going through the var ious adminis­
trat ive procedures. He stressed that the 
next steps wou ld be great ly s impl i f ied if 
it were possible to present documents, 
such as the revised CERN Convention and 
detai led f inancia l proposals, to help in 
tak ing decis ions. 

Professor B. Flowers for the U. K., 
at tending the Counci l as Bri t ish delegate 
for the f irst t ime, remarked that he regards 
CERN as the spearhead of European 
sc ience. He also was able to report support 
of the 300 GeV pro ject by the senior sc ience 
pol icy bodies. The high energy physicists 
in the country give the proposed machine 
top prior i ty, even though they appreciate 
that this might mean less support for their 
nat ional accelerators. The government now 
has this advice before it, and the impl ica­
t ions of extended part ic ipat ion in this f ie ld 
on other sc ient i f ic act ivi t ies, and of the 
effects of the recent devaluat ion are being 
s tud ied. 

On the quest ion of 'nat ional ' accelerators 
Professor Flowers stated that the U. K. 
would we lcome extensive international co ­
operat ion in their use. The U. K. is very 
ready to consider how their two Labora­
tories (Rutherford and Daresbury) can be 
used on a European basis. This proposal 
was taken up wi th enthusiasm by Professor 
Amald i , Chairman of the European Com­
mittee for Future Accelerators, who said 
that EC FA wi l l ful ly discuss this aspect of 
European col laborat ion in the near future. 

Questions from Germany 

Professor W. Jentschke, for the Federal 
Republ ic of Germany spoke on a resolut ion 
passed by the Atomic Energy Advisory 
Commit tee wh ich posed several quest ions 
about the 300 GeV project . These concerned 
the design study on the machine, espe­
cial ly in the l ight of the new developments 
on the 200-400 GeV machine in Amer ica 
(see CERN COURIER, vol . 7, page 199) 
and wi th a v iew to reducing costs; the 
possibi l i t ies of ful ler co-operat ion with 
Amer ica and USSR; and the f inancial 
consequences of the dif ferent geological 
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character is t ics of the proposed sites for 
the machine. 

The Director General qual i f ied his reply 
to these important quest ions by saying that 
ful l answers wi l l be given after consul tat ion 
wi th the var ious people involved in the 
300 GeV proposal — part icular ly ECFA. 

With regard to the design, the latest 
review in 1967 has rei terated the pr inc ip le 
requirements for a future European ma­
chine — an energy of 300 GeV, high inten­
sity, a large capaci ty for explo i ta t ion, 
f lexibi l i ty and rel iabi l i ty. Al l these are 
incorporated in the design study wh ich has 
been done, and this is a sound basis for 
all the necessary decis ions. Many technica l 
developments, wh ich have come up s ince 
the present CERN proton synchrot ron was 
built, are a l ready incorporated but it should 
be clear ly unders tood that the f inal design 
would fo l low the select ion of the site, of 
the Director General of the new Labora­
tory, and of his const ruct ion team. 

Cost compar isons between the f igures 
deduced f rom the Amer ican design and the 
European design are di f f icul t because bud­
get headings in the two cont inents differ in 
what they cover. A true compar ison is 
probably someth ing l ike 1800 mi l l ion Swiss 
Francs for the 300 GeV and 1500 mi l l ion 
Swiss Francs for the 200 GeV, where the 
300 GeV f igure covers more extensive 
faci l i t ies for exper iments, wh ich is cons i ­
dered essent ia l in the European pro ject 
cater ing for many groups of physic ists 
f rom many countr ies. 

On the quest ion as to whether co l labora­
t ion wi th the USA and the USSR has been 
suff ic ient ly exp lored, the Director General 
insisted that any such co l laborat ion must 
start wi th Europe on an equal foot ing. 
Col laborat ion can be no subst i tute for the 
300 GeV pro ject . Finally, the quest ion on 
the sites wi l l be ful ly resolved in the 
Counci l itself. 

Professor Amald i , as Chairman of ECFA, 
also stressed that the exist ing design 
study cannot be cons idered as b inding on 
the Group who wi l l actual ly bui ld the 
accelerator. This group wi l l certainly make 
the machine as up-to-date as poss ib le ; 
this up-dat ing, however, awaits the elect ion 
of the pro ject leader. 

Professor Puppi , Chairman of the Sc ien­
t i f ic Pol icy Commit tee, said that we have 

no reason to believe that there is anything 
magical about any of the energies 200, 
300 or 400 GeV. More important is re l iabi­
lity and f lexibi l i ty. 

Professor Perrin f rom France said that 
the 300 GeV project has been more 
thoroughly studied by this t ime when the 
European scientists are asking for a 
decis ion, than the 200 GeV project had 
been when it was authorized to advance to 
its present stage. Further, Europe could 
not do its research in Amer ica or Russia — 
col laborat ion was not feasible wi thout the 
300 GeV. 

It is hoped to have the f inal detai led 
answers to the questions raised by the 
German Atomic Energy Advisory Commit­
tee ready in about a month's t ime. 

The Convention 

The f inal draft of the revised CERN 
Convent ion was presented to the Counci l . 
It enables a new Laboratory for the 300 
GeV machine to be set up under the same 
organizat ional control as the exist ing Labo­
ratory at Meyrin. 

The Counci l , with abstentions from some 
delegat ions whose governments have not 
been able to complete their studies of the 
f inal draft, passed a resolut ion wh ich 
approves the revised Convention and 
recommends its acceptance by the Member 
States. The new Convention wi l l now go to 
the respect ive governments. In itself, such 
acceptance involves no commitment to 
part ic ipate in the 300 GeV project but the 
Director General thanked the Counci l for 
tak ing this essential, construct ive step 
towards the project. 

The Sites 

Counci l delegates received two reports 
concern ing the proposed sites for the 
300 GeV Laboratory. One was from the 
Site Evaluation Panel (Mr. J . H. Bannier, 
Professor J . K. Boggi ld, Mr. A. Chavanne) 
d iscussing the relative merits of the sites 
as regards the construct ion and develop­
ment of the Laboratory, its operat ion and 
the factors affect ing personnel. The other, 
f rom Dr. L. Bjerrum (Director of the Nor­
wegian Geotechnical Institute) makes a 
geotechnical assessment of the sites. The 
reports wi l l be discussed at the Counci l 
meet ing in March. 

The Site Evaluation Panel also prepared 
a proposal on the programme and proce­
dure by which the site cou ld be se lected. 
This involves two stages — the f irst pro­
duc ing a short list f rom the nine site 
offers, the second making the f inal dec i ­
s ion. An elaborate vot ing procedure has 
been worked out. 

A prel iminary discussion was held on 
this topic and several delegat ions said 
that they would like to see a large number 
of countr ies declare their wi l l ingness to 
part ic ipate in the project before the site 
select ion procedure begins. The Commit tee 
of Counci l wi l l make a formal proposal on 
this matter at the March meet ing. 

Budgets for 1968 
The f inancia l contr ibut ions f rom the 
Member States to the work of CERN in 
1968 were agreed as fo l lows: 

for the basic programme (pr incipal ly , 
operat ion, improvement and use of the 
exist ing accelerators) — 197.51 mi l l ion 
Swiss Francs; 

for the supplementary programme cover 
ing construct ion of the intersect ing storage 
rings — 78.43 mi l l ion Swiss Francs; 

for the supplementary programme cover­
ing the preparatory work on the 300 GeV 
accelerator project — 4.09 mi l l ion Swiss 
Francs. 

This f inance is d iv ided among the 13 
Member States in propor t ion to their net 
nat ional income: 

Austr ia 1 .90% 
Belgium 3 . 5 6 % 
Denmark 2 . 0 5 % 
Federal Republ ic of Germany 2 3 . 3 0 % 
France 1 9 . 3 4 % 
Greece 0 . 6 0 % 
Italy 1 1 . 2 4 % 
Nether lands 3.88 % 
Norway 1.41 % 
Spain * 3 . 4 3 % 
Sweden 4 . 0 2 % 
Switzer land 3 . 1 1 % 
United Kingdom 2 2 . 1 6 % 
Both the U. K. and Spain abstained f rom 

vot ing the budget for the basic p rogramme 
and the storage rings because the review 
of the effects of devaluat ion in both 
countr ies has not yet been comple ted . In 
recogni t ion of the f inancial prob lems of 
these two countr ies the Counci l d id not 
vote on the budget est imates for for th-
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People in the news : 
1 Dr. W. Kummer 
2 Professor W. Thirring 
3 Dr. G. Brianti 
4 Mr. G. Ullmann 
5 Dr. W. O. Lock 

coming years (1969-70-71). These forward 
est imates come under what is known at 
CERN as the 'Bannier p rocedure ' wh ich 
involves agreeing a f i rm est imate for the 
next year (1969) and provis ional f igures for 
the fo l lowing two years (1970-71). This 
procedure is of very great impor tance in 
planning the future of CERN's work because 
of the necessari ly long-term nature of 
so many of the projects. It is hoped that 
it wi l l be possible to vote on these forward 
est imates at the March Counc i l meet ing. 

As a gesture, to show the importance 
that is at tached to the 300 GeV machine, 
all countr ies voted for the modest budget 
cover ing the preparatory work for this 
project . 

New Appointments 
The Counci l re-elected Dr. G. Funke 
(Sweden) as its President and H. E. Giust i 
del Giardino (Italy) and M.J . Mart in 
(France) as its Vice-Presidents for 1968. 
Professor Puppi (Italy) remains Chairman 
of the Scient i f ic Pol icy Commit tee and 
Dr. W. Kummer (Austria) succeeds Dr. 
W. Schul te-Meerman (Federal Republ ic of 
Germany) as Chairman of the Finance 
Commit tee; Dr. Schu l te-Meermann has 
served as Chairman for the past three 
years and was therefore not e l ig ib le for 
re-elect ion. He was warmly thanked by the 
President for his work. 

In the physics commi t tees wh ich dec ide 
on the exper imental p rogrammes for the 
two CERN accelerators the only major 
change is that Dr. J . H. Mulvey f rom Oxford 
University in the UK succeeds Professor 
M.W. Teucher (Federal Republ ic of Ger­
many) as Chairman of the Track Chambers 
Commit tee. 

Within CERN, Professor W. Thi r r ing wi l l 
come to the Laboratory to succeed Pro­
fessor L. Van Hove as Director of the 
Theoret ical Physics Department f rom 15 
July 1968; Professor Van Hove wishes to 
devote himself fu l l - t ime again to his 
research and wi l l remain in the Theoret ica l 
Physics Division. Professor Th i r r ing is a 
wel l known theoret ical physic is t who has 
been involved in the affairs of CERN for 
many years as a member of the Austr ian 
delegat ion to the CERN Counc i l . He was 
born in 1927 and comple ted his educat ion 
at Innsbruck and Vienna Universit ies. 
During the 1950s he ga ined w ide expe­

r ience work ing at several European Uni­
versi t ies (Glasgow, Got t ingen, ETH Zur ich 
and Bern) and in the United States 
(Pr inceton, MIT, Washington). Since 1959, 
he has been Director of the Institute for 
Theoret ica l Physics at Vienna University. 
Professor W. Jentschke f rom the DESY 
Laboratory in Germany wi l l come to CERN 
for a year as guest Professor. He wi l l be 
present at meet ings of the CERN Direc­
torate. 

A new Division is to be set up for the 
const ruct ion of the 'booster ' which wi l l 
raise the in ject ion energy into the proton 
synchrot ron f rom 50 MeV to 800 MeV. This 
is a large pro ject (which wi l l be descr ibed 
in the January issue of CERN COURIER) 
wi th a const ruct ion programme spread 
over f ive years involving a staff r ising to 
over 100 and a total expendi ture of almost 
70 mi l l ion Swiss Francs (of which just 
over 30 mi l l ion wi l l be for the booster 
itself). The Division wi l l be known as the 
Synchrot ron Injector Division and wi l l jo in 
the Proton Synchrotron Machine Division 
and the Nuclear Physics Apparatus Division 
wi th in the Proton Synchrotron Department. 
Dr. G. Br iant i , at present Leader of the 
Synchrot ron-cyc lo t ron Machine Division, 
wi l l be Leader of the new Division. Dr. 
Br iant i has been at CERN since 1954 when 
he jo ined the magnet group dur ing the 
const ruct ion of the proton synchrotron. 
He became head of the Controls Group in 
the Proton Synchrotron Machine Division 
before becoming Leader of the Synchro­
cyc lo t ron Division in 1964. 

Mr. G. Ul lmann, Leader of Personnel 
Divis ion, is tak ing a year 's leave of absence 
f rom CERN to serve as an I.L.O. (Interna­
t ional Labour Office) expert on personnel 
matters. His work wi l l be to assist in a 
pro ject to set up a Management Training 
Centre at Istanbul in Turkey. Mr. Ul lmann 
jo ined CERN in 1955. He became Head of 
Personnel in 1961 and remained Leader 
when Personnel was set up as a separate 
Division in 1964. Dur ing his absence Dr. 
W. O. Lock wi l l be Act ing Leader of the 
Divis ion. Dr. Lock came to CERN in 1959 to 
do nuclear emuls ion physics. He cont inued 
in this f ie ld unti l 1965 when he moved into 
the Personnel Division wi th part icular 
responsibi l i ty for scient i f ic and engineer ing 
staff, and for the fe l lows and visitors 
service. 
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The Progress of Science 

This article is taken from a series of three 
interviews with Professor L. Van Hove, 
Director of the Theoretical Physics De­
partment, by F. Le Lionnais, President of 
the French Association of Science Writers, 
which was broadcast by the ORTF (Paris). 

In 1962, in the series of radio interviews 
'The Progress of Science', F. Le Lionnais 
talked with Professor V. Weisskopf, at that 
time Director-General of CERN, and 
Professor Charles Peyrou, now Director 
of the Physics II Department. That inter­
view, concentrated on our understanding 
of atomic nuclei, the particles (nucleons) 
of which they are composed and the means 
by which these particles are studied. In the 
recent talk with Professor Van Hove, the 
emphasis was not the experimental tech­
niques but on the problems of our 
theoretical understanding of elementary 
particles. 

I think that before stating the problems 
and outlining the solutions or hypotheses, 
it would be a good idea to define the 
general background and then introduce the 
characters in this 'drama of a hundred 
acts which has the universe for its stage', 
as La Fontaine expressed it. As you intro­
duce them, perhaps you will give a rough 
outline of each character, but first of all 
would you describe the particular field of 
physics in which you work ? 

This f ie ld of physics, which has expan­
ded rapidly in the last f i f teen years, is 
somet imes cal led 'high energy physics ' , 
because the experimental tools used are 
high energy accelerators, or 'par t ic le 
physics ' , because the physical systems 
studied are part icles ; or 'sub-nuclear 
physics ' because the phenomena studied 
are smal ler than the atomic nucleus — 
it probes deeper than the structure of the 
nucleus. 

The high energy accelerator is the most 
powerful microscope we have for studying 
the structure of matter on a very smal l 
scale. On this scale we f ind that matter 
appears in the form of a very great variety 
of part ic les. 

The particles do not remain motionless, 
but respond to the action of various forces 
and interact with each other. Perhaps 
before introducing these actors you could 
tell us, as if in a classical tragedy, of the 
underlying forces of love, friendship or 
hatred. What forces are at work in sub-
nuclear physics ? 

The forces can be div ided into a very few 
categor ies, and it is remarkable that over a 
per iod of almost forty years there has been 
no change in the number of fundamental 
forces whi le the number of part ic les has 
increased so rapidly ! Four types of force, 
or interact ion, govern the whole of phys ics: 
the f irst is the gravitat ional interact ion wh ich 
is very wel l known on earth in the form of 
weight, and as the interact ion wh ich 
governs the movement of the planets and 
of celest ial bodies on a cosmic scale in 
general . The next is the e lect romagnet ic 
interact ion, which is also wel l known not 
only in every-day life where it manifests 
itself in electr ic i ty and magnet ism, but also 
in a mpre fundamental way in the whole 

st ructure of matter as we know it at the 
level of the atom. 

/ should like to point out that it is the 
electromagnetic interaction which con­
trols the world as we experience it because 
it is responsible for chemical reactions 
and consequently for our sensations such 
as taste and smell, and also responsible 
for the different characteristics of matter, 
such as colour. We are immersed in a 
world in which, besides gravitational 
phenomena, we are continually en­
countering electromagnetic phenomena 
which affect us and which are used by us. 
The other two forces are less well known. 

The other two are known as the 's t rong ' 
and the 'weak' interact ions. They were 
d iscovered quite unexpectedly on the scale 
of nuclear physics, and are someth ing 
really new to us. The strong interact ion 
is the b inding interact ion wh ich creates 
the stabi l i ty of the atomic nucleus, and 
makes the atomic nucleus such an ex­
t raordinar i ly dense piece of matter. It 
governs all phenomena in wh ich nuclear 
energy plays a part. 

The second new interact ion wh ich has 
been discovered in nuclear physics is ca l led 
the weak interact ion. It has been known for 
a long t ime in nuclear physics because it 
governs one of the forms of radioact iv i ty, 
beta decay, wh ich is character ized by the 
emission of electrons and neutr inos. It is 
above all in regard to the neutr ino that 
this so-cal led 'weak' interact ion shows it­
self in the most remarkable way, because 
the neutr ino is a part ic le wh ich seems to 
be ent irely contro l led by this myster ious 
interact ion. 

Well, those are the four types of force 
or interaction, and now I should like to 
ask you to present the dramatis per-
sonae — the particles. 

Al though it is true that the fundamenta l 
interact ions in physics are few and appear 
to have been clear ly ident i f ied, the actors 
in this mul t ip le drama, the part ic les, have 
been discovered through the years in ever-
increasing variety and in a most d isorder ly 
way. It is qui te a new development that 
there appears to be some kind of order 
among them, and we wi l l return to this 
point later. For the moment, the main point 
is to recognize, on the one hand, that on a 
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Below: A preliminary classification of particles 
according to the interactions they undergo. 

Right: Four of the 'families' of hadrons which 
have emerged from the theoretical work of the 
past few years, which has imposed some order 
on the large number of strongly-interacting 
particles identified at the high energy 
accelerators. 

Three classes of part ic les 

photon 

(the elementary par t ic le 
of l ight and of 
e lectro-magnet ic 
radiation) 

leptons hadrons 

photon 

(the elementary par t ic le 
of l ight and of 
e lectro-magnet ic 
radiation) 

e lectron 

muon 

electron-neutr ino 

muon-neutr ino 

(take part in weak 
interact ions and in 
e lect romagnet ic 
interact ions when 
they are charged) 

baryons mesons 

photon 

(the elementary par t ic le 
of l ight and of 
e lectro-magnet ic 
radiation) 

e lectron 

muon 

electron-neutr ino 

muon-neutr ino 

(take part in weak 
interact ions and in 
e lect romagnet ic 
interact ions when 
they are charged) 

proton 

neutron 
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s igma 

(take part 
in strong 

pion 

kaon 

eta 

rho 

pr incipal ly 
interactions) 

sub-nuclear scale all matter manifests itself 
in the form of part ic les and, on the other 
hand, that these part ic les are of very dif­
ferent types. 

How many of these particles are there 
altogether ? 

Between 100 and 200 are known. Some 
are the ant i-part ic les of others and if these 
are not counted, about 110 to 120 part ic les 
must have been d iscovered and studied — 
some in great detai l a l ready, many, as yet, 
qui te incompletely. 

These, then, are the witnesses we shall 
call into the box. However, I should like to 
ask you if we could review these hundred 
or so particles in an attempt to make some 
kind of synthesis, because a hundred is a 
rather large number to deal with. 

Those studying chemistry from the 16th 
century onward, first identified a few 
chemical elements which were well known 
such as iron, hydrogen, oxygen, etc, and 
then towards the middle of the 19th century 
the list grew to more than 60, and towards 
the end of the 19th century to more than 
90 elements. However it was obvious that 

some of the elements resembled each 
other — sodium and potassium, chlorine 
and fluorine — and it was clear that there 
must be some kind of unity behind this 
multiplicity. This led to the emergence of 
the Mendeleiev table which played an out­
standing role in chemistry. I should like to 
ask you whether there is any hope of 
finding a new table of this kind and whether 
you could already make a preliminary 
classification, however elementary, of all 
these particles ? 

I wi l l start by d iv id ing them into three 
groups. I wi l l say l itt le about the f irst 
because it contains only the photon, wh ich 
is the elementary part ic le of light and of 
e lect romagnet ic radiat ion, and is perhaps 
the s implest part ic le in nature because of 
its very pure propert ies. 

Then there are the leptons, wh ich are 
l ight part ic les wh ich take part in weak inter­
act ions, and in e lect romagnet ic interactions 
when they are charged. They include the 
fami l iar e lectron and the more recently 
d iscovered muon, wh ich resembles the 
e lectron in that it has the same electr ic 
charge, the same rotat ion property (or as 

we say in technica l language, the same 
'spin') but at the same t ime has a mass 
200 t imes greater. The muon is thus a 
heavy e lect ron. 

In addi t ion to these charged leptons, 
there are uncharged leptons which are the 
neutr inos. These are extremely l ight par­
t ic les wh ich perhaps have no mass at al l , 
or an extremely smal l one. They have the 
cur ious property of part ic ipat ing only in 
weak interact ions, wh ich makes it ex­
tremely di f f icul t to perform exper iments 
wi th them. Nevertheless, at CERN for 
example, it has been possible to do precise 
exper iments wi th neutr inos, by using 
extensive exper imental equipment. 

These neutr inos are quite mysterious — 
there are two of them ; one is closely 
connected wi th the electron and in fact its 
presence is general ly connected wi th the 
presence of an electron ; the other is 
l inked to the muon in a simi lar way. Thus 
there is the e lectron neutr ino and the muon 
neutr ino. We do not know why there are 
two of them, and neither do we know why 
there is a muon, the heavy brother of the 
e lectron. 
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Science still has some secrets to be 
uncovered... There is still the large family, 
the one with most particles, which I believe 
gives rise to the most difficulties — the 
hadrons. What does this word mean and 
what does it represent ? 

Hadrons take us r ight into what may be 
cal led sub-nuc lear chemistry, namely the 
very recent f ie ld of physics research in 
which numerous part ic les, complete ly new 
and unexpected, have been d iscovered 
and where there are the greatest problems 
of c lassi f icat ion. 'Hadron ' means an object 
which par t ic ipates in strong interact ions 
(hadros means 's t rong ' in Greek). 

Several types of hadron are known. 
First there are those ca l led 'baryons' , or 
the heaviest hadrons. The baryons inc lude 
the proton and the neutron, wh ich are 
famil iar to us because they form the atomic 
nuclei , and in add i t ion inc lude a who le 
series of par t ic les s imi lar to the proton 
and the neutron, wh ich seem to a certain 
extent to be heavy members of the same 
family, and wh ich are very numerous. Then 
there are the ant i -baryons, wh ich are 
simply the ant i -par t ic les of the baryons, 
and f inal ly there is the th i rd category, the 
mesons. The mesons are also part ic les 
which have s t rong interact ions ; they are 
hadrons, but in their case the masses are 
general ly l ighter and they have the cur ious 
property of being ident ical , or pract ica l ly 
ident ical , to their ant i -part ic les. They are 
also very numerous. 

Al l the mesons we know are unstable 
part ic les, as are all the baryons wi th the 
except ion of the proton. The most s imple 
and best known meson is the pi meson or 
pion. Pions are relat ively l ight mesons 
which fit the theoret ica l predict ions made 
by Yukawa round about 1935, and to wh ich 
have s ince been added a large number of 
other mesons, not pred ic ted by the theo­
reticians, wh i ch have been produced 
exper imental ly and studied in detai l round 
the large accelerators . 

You say that, except for the proton, 
these other particles are unstable. Could 
you tell us very briefly what is their lifetime, 
since some are more unstable than others; 
is it true that the neutron, for instance, has 
a longer lifetime than many other particles? 

The instabi l i ty of all these part ic les is of 
great importance and explains why it took 
so long to discover and study them, because 
they disappear as soon as they have been 
produced in the laboratory. 

The neutron is one of the more easy to 
examine because it l ives, on an average, 
almost a quarter of an hour before 
decay ing. On the other hand, most of the 
other part ic les have a very short l i fet ime 
of the order of, say a thousandth of a 
mi l l ionth of a second or a mi l l ionth of a 
mi l l ionth of a second. Sub-nuclear physi ­
cists are quite accustomed to these really 
microscop ic l i fet imes and it is one of the 
most di f f icul t technical problems to develop 
methods to simultaneously produce and 
observe the death of all these unstable 
part ic les. 

/ should now like to ask you whether you 
have a Mendeleiev table to propose for 
the elementary particles ? 

Al though there is as yet no Mendeleiev 
table, there are increasing signs that broad 
pr inc ip les of c lassi f icat ion are emerging 
for the overwhelming but fruit ful weal th of 
part ic les wi th strong interact ions. The basic 
features have a certain simi lar i ty to valency 
and mass, wh ich played such an important 
part in the classi f icat ion of the chemica l 
elements. 

In our case, the first feature wh ich led 
to c lassi f icat ion of the hadrons was the 
recogni t ion of the great s imi lar i ty between 
part ic les wh ich dif fered solely by their 
e lectr ic charge. The simplest example 
is that of the proton and the neutron. These 
are part ic les wh ich , apart f rom the fact 
that the proton has a charge and the 
neutron has not, are pract ical ly ident ical 
— almost twins. From a mathemat ical 
point of view, it has been possible 
to develop a very general formal ism, the 
formal ism of isospin, by which the part ic les 
showing this s imi lar i ty can be c lassi f ied, 
because it turned out that many part ic les 
resembled each other in the same way as 
the proton and the neutron. 

This theory has been general ized and we 
now have a system of several quantum 
numbers, the most important and oldest of 
wh ich is isospin, which tel ls us for instance 
that the proton and the neutron form an 
isospin doublet. With regard to isospin, 

they are c lassi f ied in the same smal l fami ly, 
wh ich is cal led a doublet because it has 
two members. Let us take another example 
f rom the mesons. We have the p ion, wh ich 
exists wi th three kinds of charge, posi t ive, 
neutral and negative, and this is ca l led an 
isospin tr ip let — three brothers that di f fer 
only by their electr ic charge. This then is 
the f irst example of a quantum number, 
wh ich serves to classify the hadrons. 

Quantum numbers are numbers which 
are all multiples of the smallest of them 
and they are counted in units or half units, 
but there is never a third or a quarter of 
a unit or any other irrational number. You 
have just demonstrated to us that isospin 
is a fundamental quantum number. There 
are others which are useful to you. 

For twelve years another important 
quantum number has been known, it 
unfortunately got the name 'strangeness' , 
because it related to a category of baryons 
and mesons, d iscovered exper imental ly , 
wh ich behaved rather more strangely than 
the others. It is better to cal l this new 
quantum number di f ferent ly and we usual ly 
now speak of the 'hypercharge ' ; it a l lows 
us, for example, to dist inguish the pro ton-
neutron doublet f rom the heavier baryons 
such as the lambda hyperon and the s igma 
hyperon. 

/ should like to ask you a question con­
cerning these two properties, isospin and 
hypercharge. Are they independent or is 
there a tendency to bring them together 
and use them in the same way as valency 
and mass were brought together in the 
Mendeleiev table ? Have they anything in 
common ? 

This is one of the topics wh ich has led 
to the greatest progress in the c lass i f i ­
cat ion of hadrons. In 1962, it emerged that 
hypercharge could be combined wi th iso­
spin in a much wider and mathemat ical ly 
more elaborate pr inc ip le of c lass i f icat ion. 
It makes use of one of the most powerfu l 
tools of c lassical mathematics, namely the 
mathemat ical concept of groups, wh ich 
proves part icular ly sui table for repre­
sent ing the symmetr ies and the simi lar i t ies 
that may exist between dif ferent part ic les. 
Accord ing ly , the proton and the neutron 
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Professor Leon Van Hove, Director of the 
Theoretical Physics Department, gave the 
interview, from which this article is taken, for 
French radio. Professor Van Hove has a flair 
for talking about sub-nuclear physics to all 
types of audience. 

are no longer in a smal l fami ly by them­
selves, but are two members of a fami ly 
of eight. This fami ly is an octet, a mul t ip let 
of eight part ic les in a h igher form of 
symmetry known as SU(3), or unitary 
symmetry. The mathemat ica l symbol , SU(3), 
refers to the group by wh ich this c lassi f i ­
cat ion is descr ibed mathemat ica l ly . 

Most of the wel l -known hadrons can now 
be grouped in octets ( famil ies of eight) 
nonets (famil ies of nine) or decuplets 
(famil ies of ten), and s imple, but power fu l , 
mathemat ical cons iderat ions of group 
theory have led to the d iscovery of 
profound simi lar i t ies inside each family, 
wh ich , I believe, make it possib le to c la im 
that on the sub-nuclear scale a new 
Mendeleiev table is emerg ing . 

One of the great virtues of the Mende­
leiev table, which more or less convinced 
the sceptics, was that Mendeleiev could 
say: "I will leave this space empty, other­
wise the whole table will be wrong. I think 
there is another chemical element, which 
we shall discover later and which will fill 
the gap". Haven't you found the same thing 
with a multiplet, an octet for instance, 

about which you have said: "This should 
be an octet, but I have only seven particles 
at present. There must be an eighth ?" 

Certainly, and this is how, histor ical ly 
the val id i ty of these pr inc ip les of c lassi f i ­
cat ion was conf i rmed in a remarkable way. 
The discovery of certain baryons such as 
the omega hyperon, and certain mesons, 
showed that in cases where the theoret ic ian 
suspected the existence of an octet and 
where nature had revealed only six or 
seven part ic les, further exper imental work 
led to discover ies wh ich showed that the 
fami ly d id consist of the number of part ic les 
pred ic ted by the theoret ic ian. 

That is of course the best proof. We have 
talked about isospin and hypercharge, but 
there is the word 'spin' that is still more 
mysterious for a lot of people. 

Every part ic le, in addi t ion to isospin and 
hypercharge, has a spin, wh ich means that 
it turns in a certain way round itself. It 
was when at tempt ing to combine the ideas 
of spin and unitary symmetry that the most 
recent advances were made in classifying 
the hadrons. 

It was observed that the structure of the 
fami l ies of part ic les, the octets, nonets and 
decuplets that I have ment ioned, is c losely 
connected wi th the spin. In the same family, 
al l the part ic les have ident ical spin, but 
two fami l ies wi th di f ferent spins have 
unitary symmetry propert ies wh ich are not 
independent of one another. There are 
new, st r ik ing relat ions ; for example, 
between the octet and decuplet of the 
baryons, and between the various meson 
nonets. This who le rather compl icated 
picture, t ranslated into mathematical terms, 
suggested in a most convinc ing way that 
hadrons are not objects wi thout any 
internal structure, but on the contrary have 
an internal s t ructure of their own wh ich 
had not so far been not iced. 

The s implest way of represent ing this 
internal structure, wh ich we have dis­
covered in the baryons and mesons, is to 
say that they are made up of objects wh ich 
are even more elementary. They were 
in t roduced by the theoret ic ians as a 
work ing hypothesis under the name of 
'quarks' . 

The word 'quark', which sounds like a 
word more suitable for ducks then men, 
was chosen by the physicists, who are not 
without humour. They took it from the 
famous book by James Joyce 'Finnegan's 
Wake'; so even literature has made its 
contribution to this subject. 

'Quarks ' are one of the most important 
concepts in present day sub-nuclear 
physics, a l though we do not yet know 
whether these quarks, whose existence 
is assumed for theoret ical purposes, can 
really have physical existence as inde­
pendent part ic les. But, inspite of this un­
certainty, many observat ions can be under­
stood if we suppose that quarks are the 
basic br icks of wh ich all the baryons, 
mesons and ant i-baryons can be bui l t up. 
So far, it gives us the simplest possible 
representat ion we can conceive for the 
mult i tude of part ic les. These problems wi l l 
be solved only by further research, and 
part icular ly by research wi th future acceler­
ators of even greater energy. These wi l l 
enable us to go down to sti l l smal ler 
d imensions, to solve these problems and 
to test the chal lenging ideas wh ich have 
emerged f rom recent progress in c lassi ­
fy ing the part ic les. 

CERN/PI 39.10.66 
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CESAR 
1960 -1967 
The CERN Electron Storage and Accumulation 
Ring, CESAR, will be closed down this month. 
This article on the history and achievements of 
CESAR has been written by M.J. Pentz, Leader of 
the CESAR Group since 1962. 

"I come to bury Caesar, not to praise him. 
The evil that men do lives after them; the 
good is oft interred with their bones". 
— From Mark Antony's oration over the 
body of Caesar (Shakespeare). 

At the end of this year, independent re­
search in acce lerator physics is to be 
d iscont inued at CERN, at least for some 
years to come. This c loses a chapter in the 
history of CERN wh ich opened in 1956. 

Accelerator research began in the Proton 
Synchrotron Divis ion, graduated to a sepa­
rate Division (the Acce lera tor Research 
Division) and f inal ly was absorbed as a 
Group in the Intersect ing Storage Rings 
Department. The work wi th CESAR has 
been an important part of this research, 
account ing for about 50 % of the total 
expendi ture on acce lerator research (about 
22 mi l l ion Swiss francs) dur ing the years 
1960-67. Now it is running on its last exper i ­
ment before being c losed down. This is 
the moment therefore to wr i te its obituary. 

The story of CESAR begins in 1960 when 
the per formance of the CERN synchrot ron 
had improved to the point where the ad ­
di t ion of storage r ings cou ld be ser iously 
considered. Studies of p lasma betatrons 
and of a two-way beam stack ing electron 
accelerator had been go ing on previously, 
and the latter had reached a fair ly 
advanced stage. But the new possibi l i ty of 
proton storage r ings led to the decis ion 
to construct instead a storage ring for 2 
MeV electrons, in wh ich it wou ld be 
possible to study the basic problems of 
design and operat ion of the proton storage 
rings. 

The storage r ing was chr is tened CESAR 
(CERN Electron Storage and Accumula t ion 
Ring). The immediate purposes for wh ich 
it was constructed were : 

a) to provide an exper imenta l ver i f i ­
cat ion of the theory of radio- f requency 
beam stack ing 

b) to investigate cer ta in beam instabi l i ­
t ies that cou ld be of impor tance in the 
operat ion of proton storage rings 

c) to study the techno log ica l problems 
of produc ing ul t ra-high vacuum (pres­
sures of less than 10~9 torr) in comp l i ­
cated vacuum chambers . 

In 1961, the des ign of the e lectron 
storage ring was f ina l ized and its main 
components were o rdered . The construct ion 

was comple ted in the spr ing of 1963 and, 
after a long and di f f icul t running-in per iod, 
a c i rcu lat ing beam was obtained at the 
beginning of 1964. During the four years 
s ince then, development and ref inement 
of the machine have gone in paral lel wi th 
its explo i tat ion for exper imental research. 
It may be said, however, that only in its 
f inal phase of operat ion (June-December 
1967) has CESAR become an exper imental 
tool wh ich is suff ic ient ly wel l understood 
and suff ic ient ly amenable to manipulat ion 
to open the door to its ful l exploi tat ion 
as such. The most important exper imental 
results were obta ined in 1966 and 1967. 

It has undoubtedly ful f i l led all three pur­
poses for wh ich it was built, and a number 
of others besides. 

The basic theory of radio-frequency 
s tack ing was exper imental ly ver i f ied, and 
the possibi l i ty of achieving high 'stacking 
ef f ic iency' even wi th high values of the 
stable phase parameter (as envisaged for 
the ISR) was demonstrated. A new phe­
nomenon, due to radio-frequency noise, 
was observed and a series of exper iments 
ver i f ied a theoret ical interpretat ion of it. 

The possibi l i ty of three exercises in 
what may be cal led ' radio-frequency 
gymanist ics ' (all of them of interest to the 
ISR) was exper imental ly conf i rmed. In the 
ja rgon of the special ists, these were 
s tack ing wi th 'missing buckets ' , stack-
shaping by phase displacement, and 
s tack ing wi th phase-lock. A pronounced 
blow-up of the beam energy-spread at 
in ject ion was observed, with the pract ical ly 
certa in inference of the so-cal led 'negative-
mass instabi l i ty ' . 

The l i fet ime of the c i rculat ing beams 
wh ich is l imi ted by gas scatter ing (hence 
the need for u l t r a h i g h vacuum in CESAR), 

CERNIPl 220.3.67 

was found to agree with the predict ions of 
scat ter ing theory. The 'half- l i fe ' (which is the 
t ime at wh ich the c i rculat ing current is 
reduced to half its init ial value) at the 
lowest-pressure reached (7 x 10~ 1 1 torr) was 
12 seconds. It wou ld have been longer, but 
for the relat ively high propor t ion of argon 
in the residual gas mixture ; argon scatters 
electrons much more strongly than hydro­
gen does. Incidental ly, the pressure of 
7 X 10~ 1 1 torr was more than an order of 
magni tude lower than the design aim of 
10~9 torr. This achievement, in a vacuum 
chamber ful l of jo ints, moving targets and 
var ious other undesirable objects f rom the 
vacuum engineer 's point of view, gives 
further grounds for conf idence that simi lar, 
or better, results wi l l be achieved in the 
ISR. 

CESAR turned out to be a highly 'non­
l inear' machine. In plain language, this 
means that the electrons 'saw' magnet ic 
f ie lds (and part icular ly f ie ld gradients, and 
gradients of f ie ld gradients) that were 
really not supposed to be there. This was 
because the average magnet ic f ie ld around 
the r ing was only 20 Gauss, and every 
k ind of f ie ld error or stray f ie ld (such as 
the earth's magnet ic f ield) p roduced a 
relatively large effect. This c i rcumstance 
made CESAR extremely t r icky to operate 
but it was explo i ted to carry out a w ide 
range of exper iments on higher order non­
l inear resonances, inc luding their effects 
on beam l i fet ime, and f rom this work, 
tentat ive inferences can be made about the 
long-term stabi l i ty of the beams in the ISR. 

One of the pet bogeys of storage r ing 
special is ts — the 'coherent transverse in­
stabi l i ty ' — was studied in some detai l . The 
results agreed wi th theory up to a point, 
but a new phenomenon was observed 
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which is being invest igated at this moment. 
It is hoped that it wi l l be sor ted out 
sat isfactor i ly before the shut-down. 

An exerc ise in beam gymnast ics in the 
transverse phase plane (beam spl i t t ing on 
a th i rd-order resonance) was successfu l ly 
per formed. This exercise is of interest for 
accelerators and storage rings in genera l , 
and for the booster- in jector / PS / ISR / 
300 GeV fami ly in part icular. 

As can be seen f rom the above summary 
of the ten main exper iments done wi th 
CESAR, it has more than fu l f i l led its 
purpose. Nevertheless, these represent 
only a f ract ion of the research wh ich cou ld 
be done wi th the machine, even in, 
essential ly, its present fo rm. 

How much effort went into this pro ject ? 
Its f inancia l cost has been ment ioned — 
about 11 mi l l ion Swiss Francs of wh ich 
4 2 % went on salaries. It absorbed 144 
man-years over the eight years of its l i fe. 
But these are only quant i tat ive measures. In 
the last analysis, it is the qual i ty of people 
that determines the qual i ty of the work they 
do, and in a scient i f ic research group, the 
existence of a good group spir i t is often 
more important than the indiv idual br i l l iance 
of its members. From its f irst beginnings to 
the end of its l ife, the CESAR group has 
had an atmosphere of informal i ty, co ­
operat ion and subord inat ion of indiv idual 
interests to those of the team as a whole , 
wh ich wi l l be recal led wi th sat isfact ion and 
pleasure by all who have par t ic ipated in it. 

To end on a personal note, I wou ld l ike 
to p lace on record my profound apprec i ­
at ion of the work of all the people who 
made this group probably the most pleasant 
to work in, and certainly not the least 
effect ive in CERN. 

An example of a 'candidate' for a neutrino 
interaction with a 'free' proton. This interaction 
was observed for the first time in the recent 
series of neutrino experiments at CERN. The 
neutrino entering from the bottom of the 
photograph interacts with a proton (the nucleus 
of a hydrogen atom in the propane which filled 
the heavy liquid chamber) to give a proton (short 
track to the right) a muon (long upward track) 
and a positive pion which decayed eventually 
into a positron (the tight spiral). 

Neutrino Experiments 
The f irst series of exper iments using the 
new neutr ino beam-l ine f in ished in Novem­
ber. The run was extremely successful . In 
the al loted seven weeks of proton synchro­
tron t ime, about 1 125 000 pictures were 
taken in the heavy l iquid bubble chamber 
and pre l iminary examinat ion of the pho­
tographs indicates that a harvest of about 
1 000 neutr ino events has been gathered. 
Possibly about 100 of these wi l l be sui table 
for analysis as neutr ino interact ions wi th 
a ' f ree' proton — the f irst t ime that such 
events have been observed. 

The previous exper iments at CERN in 
1963-64 were done with freon in the heavy 
l iquid bubble chamber. They prov ided 
valuable informat ion on neutr ino inter­
act ions (it cou ld be said that at that t ime 
any informat ion on the interact ions of the 
elusive neutr ino was 'valuable' information) 
part icular ly concern ing the 'elast ic ' inter­
act ion wi th a neutron to give a muon and 
a proton 

+ n - p + p. 
Inelastic interact ions, such as that y ie ld ing 

a muon a pion and a proton 

+ p \f + j t + + p 
were much more di f f icul t to investigate. The 
proton wi th wh ich the neutr ino co l l ided, 
was bound in a heavy nucleus (carbon, 
f luor ine or bromine) and the pion was 
l ikely to be absorbed by the nucleus, 
making the analysis of the interact ion less 
accurate. 

With the new neutr ino beam-l ine, the 
f lux of neutr inos wh ich is f i red into the 
chamber, is much higher and it is possible 
to f i l l the chamber wi th propane whi le sti l l 
having a useful number of interact ions in 
this ' thinner ' l iqu id. In propane, there are 
' f ree' protons, the nuclei of the hydrogen 
atoms (and there are more hydrogen atoms 
per unit vo lume than in l iquid hydrogen it­
self). The neutr ino interact ions wi th these 
protons are then unaffected by the 
presence of other nucleons. 

Analysis of the photographs has started 
and the f irst results are expected dur ing 
1968. The pre l iminary scanning went on as 
the exper iment proceeded and almost kept 
pace wi th the very high rate of tak ing the 
photographs. More than 850 000 were 
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Analysis of the photographs has started 
and the f irst results are expected dur ing 
1968. The pre l iminary scanning went on as 
the exper iment proceeded and almost kept 
pace wi th the very high rate of tak ing the 
photographs. More than 850 000 were 

248 



The horizontal pipe protruding across the car 
park connects the 'jet area', where the heavy 
liquid bubble chamber has been newly positioned, 
with the neutrino area. It serves as the safety 
exhaust pipe for the propane in the chamber in 
case of accidents and is connected with the tall 
chimney which would release the propane high in 
the air. It proved cheaper to make this 
connection rather than build a separate chimney 
for the jet area. The formidable concrete supports 
are no doubt necessary because propane is 
a heavy liquid! 

scanned by the t ime data- tak ing f in ished 
on the synchrot ron. The pictures are very 
good — the heavy l iquid bubb le chamber 
excel led itself in this exper iment both in 
its rel iabi l i ty of operat ion and in the qual i ty 
of the photographs it p roduced . The 
var ious beam-l ine components also per­
formed wel l and of par t icu lar impor tance 
was the use of a boron-carb ide target after 
test ing many possible mater ials. It gave a 
more than 20 % increase in neutr ino f lux 
compared wi th the previous copper target. 

In addi t ion to the main purposes of the 
exper iment , the data is being used to test 
the 'Adler theory' that the product ion of 
p ions by neutr inos is equivalent to the 
product ion of pions by pions. Several 
centres are interested in this test (CERN, 
Ecole Polytechnique, Mi lan, Orsay and 
Turin) and the neutr ino photographs have 
been cop ied and d is t r ibuted among these 
centres. Compar ison wi l l be made wi th 
p ion product ion photographs taken in 
propane at the 3 GeV accelerator , Saturne 
at Saclay. 

The spark chamber exper imenters, who 
set up their detectors ei ther s ide of the 

bubble chamber in the neutr ino beam-l ine, 
were also happy wi th the qual i ty and 
quant i ty of their data. Their exper iments 
concern the muon number conservat ion 
and measurements of any var iat ion in the 
neutr ino-nucleon interact ion cross-sect ions 
wi th the size of the nucleus in wh ich the 
nuc leon is bound. 

And there neutr ino exper iments rest 
unti l the arr ival of the heavy l iquid cham­
ber, Gargamel le , scheduled for 1969. This 
chamber is being constructed for use at 
CERN by the French Laboratory at Saclay. 
The large vo lume of Gargamel le wi l l further 
increase the possibi l i t ies in observ ing the 
int r iguing behaviour of the neutr ino. 

Jet Set 
Immediate ly after the conc lus ion of the 
neutr ino exper iments, the heavy l iquid 
bubble chamber was d ismant led and moved 
to a new posi t ion, d i rect ly behind the 2 
metre hydrogen bubble chamber, in the 
'Jet Area ' . Here the chamber wi l l be used 
for the ' jet exper iment ' scheduled to begin 
in January. 

The exper iment is a col laborat ion of 

Berkeley, Ecole Polytechnique, Mi lan, 
Orsay and Saclay. It wi l l look at the inter­
act ions of h igh energy kaons wi th nucle i , 
carry ing out a s imi lar survey to one wh ich 
has already been done for high energy 
pions. Both posit ive and negative kaon 
beams wi l l be avai lable wi th momenta up 
to 10 GeV/c. 

Special ar rangements have been made 
so that the heavy l iquid wi l l receive the 
kaons wh ich pass straight through the 
hydrogen wi thout interact ing. A beam exit 
w indow has been f i t ted to the hydrogen 
chamber and the d i rect ion of the incoming 
kaons has been f ixed so that the curvature 
of the kaon paths as they pass through the 
magnet ic f ie ld of the hydrogen chamber 
st i l l a l lows them to enter the heavy l iquid 
chamber. 

The exper iment has become known as the 
jet exper iment because the sort of inter­
act ion wh ich is looked for at these high 
kaon energies, produces a forward spray 
of part ic les, g iv ing a bubble chamber pho­
tograph s imi lar to the jets seen in nuclear 
emuls ion exper iments wi th cosmic rays. 
The heavy l iquid chamber is being used so 
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Arrival of the CDC 3100 at Cointrin airport. 
The computer joins the central computer complex 
to take care of liaison with on-line experiments, 
in the 'FOCUS' development project. 

The Distinvar reading head showing the 
different elements of this very fast and accurate 
method of alignment measurements. 

that interact ions produc ing more than one 
neutral pion can be analysed. This is often 
not the case wi th hydrogen s ince the 
neutral pions, wh ich leave no t rack them­
selves, s ince they carry no charge, often 
escape from the chamber before 'mater i ­
a l iz ing ' into charged part ic les. But the 
d is tance that the pions travel in heavy 
l iqu id (a propane/ f reon mixture has been 
chosen for the exper iment) before con ­
ver t ing into charged part ic les is shorter. 

FOCUS 
The latest addi t ion to the central computer 
complex at CERN is a CDC 3100 to be used 
in the FOCUS development project . FOCUS 
is an acronym for 'Faci l i ty for On-l ine 
Computat ions and Up-dat ing Services' . Its 
main purpose is to serve as the manager 
of the data- l inks to the central computers , 
the CDC 6600 and the CDC 6400, coming 
f rom the smal ler computers wh ich are 
being used on- l ine to e lect ron ics exper i ­
ments (CERN COURIER vol . 7, page 184). 

To carry out the ful l , detai led calculat ions 
on the informat ion gathered in these ex­
per iments almost always requires the 
resources of the central computers . The 
smal l on- l ine computers carry out pre l imi ­
nary checks and then record the data on 
magnet ic tape for processing later on the 
central machines. Some of them, up to 
now, have been connected wi th the central 
computer , via separate data- l inks, so that 
they cou ld cal l for this process ing direct ly. 
Unfortunately, this method of operat ion is 
ineff ic ient in the use it makes of the 
memory of the central computer and the 
demand for such data- l inks wou ld soon 
over load the memory of the 6600 and 6400. 

The solut ion is to use the 3100 as an 
intermediary to accumulate the data. It 
receives all the data- l inks f rom the on- l ine 
computers and 'manages' their access to 
the central computers via one data- l ink. 

Another advantage f rom the use of this 
addi t ional computer is ga ined by the fact 
that it makes it possible to add a type­
wr i ter console at each on- l ine computer . 
By using these consoles, the physic ists 
wi l l be able to select and modi fy their 
programs wh ich are in the central com­
puters, again wi th the 3100 as intermediary, 
and to receive their results pr inted out by 
the consoles. 

CERN/PI 203.11.67 
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We all live in a yellow submarine... The biggest 
Cherenkov counter ever to be built at CERN was 
photographed in the main workshop where the 
inside walls of the counter were being polished. 

Better than one part in 
a million 
An automat ic measur ing device, ca l led the 
Distinvar, has been developed at CERN for 
rapid and accurate measurements of 
d istances up to 55 metres. It was tested in 
one of the proton synchrot ron tunnels for a 
thousand measurements over a d is tance of 
50 metres and gave a relative accuracy of 
better than one part in a mi l l ion. The total 
t ime involved in each measurement is 
three minutes of wh ich the reading itself is 
only a matter of seconds. It is also possib le 
to carry out the measurements by remote 
cont ro l . 

Considerable attent ion has been given 
at CERN to the problems of metrology. 
This is because of the immediate re­
qui rement for the a l ignment of the inter­
sect ing storage rings and the future 
requirement of the a l ignment of the 300 
GeV machine. Compared wi th the 28 GeV 
proton synchrotron, wh ich itself posed 
qui te severe a l ignment prob lems at the 
t ime of its const ruct ion, the 300 GeV is ten 
t imes the diameter wi th smal ler magnet 

apertures wh ich reduce the a l ignment 
to lerances sti l l further. 

Five devices have been produced (some 
sti l l in the prototype stage) — a laser de­
v ice for a l ignment in air up to 50 m ; a 
'Mekometer Type I I I ' (developed together 
wi th the National Physical Laboratory at 
Tedd ington, UK) wh ich gives opt ica l 
measurements in air wi th automat ic 
compensat ion for changes in atmospher ic 
condi t ions ; an interference f r inge method 
using a hel ium-neon l ase r ; an automat ic 
l iquid level for level measurements ; and 
the Distinvar. Al l the devices make use of 
automat ion and can be coup led to 
computers . 

The Dist invar uses a cal ibrated invar wi re 
at tached to a special reading head 
wh ich reads off the di f ference between the 
cal ibrated length and the actual d is tance 
between the measured points. 

In the head, a 'balance beam' osci l lates 
between two electr ical contacts f ixed to 
a carr iage. The contacts achieve balance 
by causing the carr iage to move along a 
prec is ion micrometer screw unti l the tension 
in the wi re is balanced by a weight (see 

CERN/PI 125.10.67 

the d iagram). The posi t ion of the carr iage 
(and hence the distance to be measured) 
is then t ransferred via a potent iometer to 
be read off d i rect ly at the recording stat ion 
or passed to a computer . 

The relative precis ion between dif ferent 
measurements has been tested to be better 
than one part in a mi l l ion. The absolute 
precis ion is obta ined by cal ibrat ing the 
invar wi re before and after a measurement 
against an invar rule, 4 m long, ca l ibrated 
by the Internat ional Bureau of Weights 
and Measures, (Sevres). 

The who le measurement procedure is 
ent irely automat ic and cou ld , for example, 
be per formed by robot in radio-act ive 
areas. The Dist invar wi l l be used in the 
a l ignment of the ISR magnets and a s ign i f i ­
cant comment on its per formance is that, 
because of the speed and rel iabi l i ty of the 
instrument, it has not been necessary to 
a l locate any t ime for a l ignment in the 
const ruct ion programme. 

(A detained descr ip t ion of the Dist invar 
wi l l appear in a paper by J . Gervaise in 
the Proceedings of the 6th Internat ional 
Conference on High Energy Accelerators.) 
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Folk art at CERN. This basket-work was 
photographed in the synchro-cyclotron workshop 
during the winding of a new magnet coil. 

Opposite page: an aerial photograph of the 
cake made of the site of the intersecting 
storage rings where the major excavation 
work is now complete. 

CERN/PI 80.10.67 
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Separators 
for Serpukhov 
As part of the col laborat ion between the 
Serpukhov Institute for High Energy Physics 
and the European Organizat ion for Nuclear 
Research, CERN is busy studying a radio-
f requency part ic le separator system and a 
fast-eject ion system to be used on the 70 
GeV proton synchrot ron which came into 
operat ion at Serpukhov in October. The 
design of both schemes is now at an ad ­
vanced stage and it has been found that 
only minor extensions of the techniques de­
veloped for use on the CERN synchrot ron 
are necessary to meet the requirements of 
the higher energy machine. The spir i t of 
co l laborat ion is excel lent and the pract ica l 
aspects of implement ing such an extensive 
co l laborat ion between two high-energy 
physics Laborator ies are work ing we l l . 

The purpose of a part ic le separator is 
to sift out a part icular type of part ic le at 
a par t icu lar momentum from the spray of 
many part ic les wi th a wide momentum 
range coming f rom a target bombarded by 
the accelerated proton beam. (The operat ing 
pr inc ip le of a two-cavi ty radio-f requency 
separator was descr ibed in CERN 
COURIER vol . 7, page 125.) 

The proposed design for Serpukhov is 
based on a new three-cavi ty system wh ich 
completed a very successful test run at 
CERN in June of this year. Ideas on using 
three cavit ies were f irst put forward by 
W. Schnel l and the two-cavi ty system, 
brought into operat ion at CERN in 1965 by 
a group led by B.W. Montague, was de­
s igned for possible extension to three 
cavit ies. This was real ized by P. Bernard, 
P. Lazeyras, H. Lengeler and V. Vaghin in 
the u4 beam to the 2 metre hydrogen 
bubble chamber. 

They succeeded in separat ing ant i -
protons wi th a momentum of 12 GeV/c, 
wh ich is about tw ice as high as previously 
achieved. It is also about the highest 
momentum wh ich can be reached wi th the 
CERN proton synchrotron if a useful 
number of ant i -protons is to be separated 
(the separator itself cou ld handle higher 
momenta). 104 000 pictures of ant i -proton 
events were taken in the chamber. There 
were two ant i -protons per p icture on 

average and the p ion and kaon contami ­
nation was below 5 % ; this involves the 
separator re ject ing about 100 000 negative 
pions for each ant i -proton it feeds to the 
chamber. The low ant i -proton intensity was 
due to the fact that the fast-eject ion system 
of the proton synchrot ron operated wi th 
protons of comparat ive ly low momentum 
(20.6 GeV/c) wh ich is far f rom ideal for the 
product ion of ant i -protons. 

With three cavit ies it is possible to 
overcome a l imitat ion of the two-cavi ty 
system namely that the separat ion of one 
type of par t ic le f rom two other types is 
only possible for very narrow momentum 
regions. The only possibi l i ty for ant i -
protons wi th the previous CERN system 
was a momentum of 7.3 GeV/c. With the 
new separator, pure pion beams, kaon 
beams or ant i -proton beams over a nearly 
cont inuous momentum region from 7 to 16 
GeV/c are possible. 

The design of the separator for Serpu­
khov covers a momentum region f rom 17 
to 36 GeV/c . Most of the technica l detai ls 
have been examined and some prel iminary 
work, such as low-power measurements on 
the r.f. s t ructures and brazing of the 
structures, has been done. The construct ion 
programme has been d iscussed at several 
of the meet ings, wh ich are held once every 
three months between the scient ists f rom 
Serpukhov and CERN, and has been 
agreed. The group at CERN have benef i ted 
f rom the help of V. Vaghin f rom Serpukhov 
who has been at CERN for the past 18 
months. Serpukhov, whose job it is to 
bui ld the beam in wh ich the separators 
wi l l operate (this is the beam to the large 
hydrogen bubble chamber 'Mirabel le ' 
wh ich is being prov ided by France) has 
benef i ted f rom the advice of P. Lazeyras 
from CERN and A. Samoi lov has come to 
work for some t ime in the beams group. 

All the way round 
The bulk excavat ion of the c i rc le, 300 
metres in diameter, for the intersect ing 
storage rings was completed in October. 
It has involved d igg ing out over a mi l l ion 
cubic metres of earth and rock (molasse), 
most of wh ich has been moved off the s i te; 
about a th i rd is retained to be used as 
shie ld ing over the top of the ring tunnel 
when it is bui l t . 
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t o r e c o m m e n d e q u i p m e n t b e s t s u i t e d t o y o u r a p p l i c a t i o n s . S e n d us d e t a i l s o f y o u r p r o b l e m s a n d w e s h a l l s u p p l y 
t h e m o s t e c o n o m i c a l s o l u t i o n . 

S I M T E C S t i l l l e a d i n g w i t h s i l i c o n d e t e c t o r s , have n o w i n t r o d u c e d 8 0 % a n d 9 0 % a c t i v e w i d t h S p e c t r o m e t e r E l e m e n t s 
g i v i n g g o o d s p a t i a l r e s o l u t i o n in m u l t i w a y e l e m e n t a r r a y s . S u i t a b l e f o r use a t 2 0 ° C a n d 7 7 ° K f o r b o t h C h a r g e d 
P a r t i c l e a n d X - r a y S p e c t r o s c o p y . De l ivery f rom s tock! w i t h m a n y o t h e r d e t e c t o r s in t h e s t a n d a r d r a n g e . T h e 
o u t s t a n d i n g M 31 l o w n o i s e A m p l i f i e r , P 11 P r e a m p l i f i e r , PS 11 P o w e r S u p p l y e t c . . . a r e a v a i l a b l e on e a r l y d e l i v e r y . 

C . S . I T A L I A T h e b i g n e w s f r o m T o r i n o is t h a t C . S . I T A L I A c a n n o w s u p p l y a l l o f t h e i r p r e c i s i o n g o l d p l a t e d p r i n t e d c i r c u i t s 
a t c o m p e t i t i v e p r i c e s w i t h a l l o t h e r m a n u f a c t u r e r s . I t w o u l d b e w o r t h y o u r w h i l e t o a s k f o r a q u o t a t i o n f r o m 
C . S . I T A L I A t o c h e c k a g a i n s t y o u r r e g u l a r s u p p l i e r s i f y o u a r e n o t a l r e a d y o n e o f t h e g r o w i n g n u m b e r o f p e o p l e 
w h o i n s i s t u p o n u s i n g t h e i r c i r c u i t s . 

W r i t e , t e lephone or cab le for ^ HIGH ENERGY & NUCLEAR EQUIPMENT SA 
deta i ls . Co r respondence in 2, chemin de Tavernay 
Engl ish, French or German . ^Ht Grand-Saconnex, 1218 G E N E V A 
Payment in v i r tua l ly any ^ Te lephone : i ^ ) ^ ^ ^ ^ 

J J Te legraph : S T I F F H E N E S A G E N E V A - Te lex : 23 429 
c u r r e n G V r (Manag ing D i r e c t o r : Ronald S. St i f f ) 

- A M E R R Y C H R I S T M A S A N D A H A P P Y N E W Y E A R E V E R Y O N E ! • 

The civi l engineer ing work on the ISR 
site is being 'done by the cont ractor 
Sogene wi th Albanese as excavat ion sub­
contractor , both f i rms f rom Italy. They 
began the excavat ion in November 1966 
and this part icular item of the const ruct ion 
programme has been achieved about six 
months ahead of schedule. Detai led exca­
vat ion of the foundat ions of the r ing and 
concrete work are under way. About 
100 000 cubic metres of concrete wi l l be 
poured dur ing the const ruct ion. 

The foundat ions of the large West Exper i ­
mental Hall have also been comple ted and 
assembly of the steel f rame of the bu i ld ing 
began this month. This is an important i tem 
in the construct ion programme since it is 
intended to have the hall ready in July 1963 
to receive components for the storage 
rings as they arrive on the site. The hall 
wi l l be used as a laboratory to assemble 
and test equipment, such as the magnets, 
before they are p laced in posi t ion in the 
tunnel . 

CERN/PI 245.11.67 
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CARD PRINTERS 

— Why take readings ? The count can be permanently printed on a card and if 
desired on paper tape simultaneously 

— Standard card sizes (37 4" or 7 3/ 8") 

— Combinations of one to four channels and up to 20 single-decade elements 

Detailed leaflet on request 

1211 Geneva 16 (Switzerland) 

Tel. (022) 335500 Telex 22333 
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CSF ULTRA VACUUM NN PUMPS 
F 9111 - 50 liters per second 
F 9125 - 100 liters per second 
F 9112 - 200 liters per second 
F 9132 - 400 liters per second 

• Clean ultra-vacuum. 
• Silent operation, no forced cooling, no liquid nitrogen. 
• One supply voltage only. 
• Closed circuit operation. 
• Vacuum measurement facilities. 
• Limit vacuum : 1x10" 1 1 Torr. 
• Very long life. 

power supplies for ion pumps 
Deliver the voltages required for operating the pumps, even 
under the most severe running conditions. Provided with all 
necessary protections for personnel and equipment. 

clean ultra-vacuum pumping or evaporation racks 
Constructed with the 100-200-400 liters per second pumps ; 
primary pumping using sorbtion pumps ; ultra-vacuum pumping 
by pyrolitic Titanium sublimation pumps ; bell-jar and valves 
f i t ted with stovable metal joints. 

O T H E R P R O D U C T S 
PROFESSIONAL AND INDUSTRIAL APPLICATIONS TRANSMITTING TUBES • " O " A N D " M " C A R C I N O -
TRONS • TYPE " O " AND CROSSED FIELDS TRAVELLING W A V E TUBES • OSCILLATOR AND POWER 
KLYSTRONS • MAGNETRONS • T-R CELLS • STORAGE A N D CATHODE-RAY TUBES • MINIATRON • 
SUBNITRON • REPEATER TUBES • C E R A M I C TUBES • NOISE GENERATORS • NEON INDICATOR TUBES • 
DISPLAY TUBES • ELECTROLUMINESCENCE • G A S LASERS • V A C U U M O V E N S • SEALED LEAD-INS. 

CSF - COMPAGNBE GENERALE DE TELEGRAPHIE SANS FIL 
GROUPEMENT TUBES ELECTRONIQUES 
55, rue Greffulhe - 92 Levallois-Perret - France 
Phone : 737-34-00 - Extension 109 
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the s imp les t solut ion ! 

S E N 3 0 0 C O U N T I N G E Q U I P E M E N T 
w i t h i n t e g r a t e d c i r c u i t s 

100 M h z 
U n l i m i t e d a p p l i c a t i o n s • U p to 1000 c h a n n e l s • S c a l e r s w i t h v i s u a l d i s p l a y • M o d u l a r 
s c a l e r s • A u t o m a t i c r e a d o u t o f t h e s y s t e m : f r o m t h e s i m p l e s t p r i n t e r s t o t h e m o s t 

s o p h i s t i c a t e d o u t p u t d e v i c e 

S O C I E T E D ' ^ L E C T R O N I Q U E N U C L E A I R E - 31, A V . E R N E S T - P I C T E T - 1211 G E N E V A 13 - S W I T Z E R L A N D 
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— Accurate and rapid residual gas ana­
lysis in high and ultra-high vacuum 
systems; 

— Measurements in space simulation 
chambers and particle accelerators; 

- Residual gas measurements in work 
processes; 

- Leak detection in high and ultra-high 
vacuum systems. 

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

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

Major features of the QMG 101 
- T w o mass ranges can be selected: 

1 to 100, 10 to 400. 
Choice of mass setting. 

Partial Pressure 
Measuring 
Instrument 
QMG 101 
Sensitivity 10~ 1 3 - 10~1 4 Torr 
Mass range 1—400 

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

— Partial or total pressure measurement. 
— Sensitivity to 1000 A/Torr (with multi­

plier). 
— Secondary electron multiplier (multi­

plier) for improving the sensitivity and 
oscil lographical recording of rapidly 
changing processes. 

M 
- G o o d resolution ( ^ j 1 0 % = 100) 

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

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

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

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

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

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

BALZERS will 
details. 

be pleased to supply full 

HIGH VACUUM TECHNIQUE 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Ba l ze rs • F u r s t e n t u m L i e c h t e n s t e i n 
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