


Cover photograph : The CERN Council in session 
on 14 June. Representatives from the 13 Member 
States discussed the proposed 300 GeV 
accelerator and took important decisions on 
collaboration with the Serpukhov Laboratory in 
the Soviet Union, and on the construction of 
a very large hydrogen bubble chamber. 
(CERN/PI 152.6.67) 

Comment 

About 8000 cub ic cent imetres of pr inted 
informat ion concern ing the proposed 
European 300- GeV accelerator confronted 
CERN Counci l delegates for their 34th 
Meeting on 14 and 15 June. 

The documents inc luded the 1967 Report 
of the European Commit tee for Future 
Accelerators, ECFA, (119 pages) ; three 
volumes of 'Ut i l izat ion Studies for a 300 
GeV Proton Synchrot ron ' put together by 
the var ious sub-groups of ECFA (1036 
pages) ; two volumes of further information 
on 'Sites for the Proposed CERN 300 GeV 
Proton Synchrot ron ' one by the CERN 
Study Group on sites and the other by 
experts of those Member States offer ing 
sites (328 pages) ; an 'Addendum to the 
Report on the Design Study of a 300 GeV 
Proton Synchrot ron ' prepared by the 
machine study group at CERN (110 pages); 
and var ious documents concerned with the 
revision of the CERN Convention to accom­
modate the proposed Laboratory. 

The ECFA Report in part icular is of great 
s ign i f icance for the future of sub-nuclear 

physics in Europe. Though the 300 GeV 
project is a major topic , the Report deals 
also wi th its context, the internat ional and 
national p rogrammes in this f ie ld of 
research and their inter-relat ion. 

The const ruct ion of a 300 GeV proton 
synchrot ron is the unanimous decis ion of 
the European sub-nuclear physics commu­
nity as the next step forward. It does not 
often happen in sc ience, or in any other 
f ie ld, that all the interested part ies are in 
agreement as to what is required to pursue 
their work in the future. The ult imate dec i ­
sion rests, of course, wi th the Governments 
of the Member States who have to balance it 
against all the other demands on their 
resources. The vast amount of informat ion 
presented at the Counci l Meet ing provides 
a sound basis for their decis ions. 

It is hoped that many of the Member 
States wi l l be in a posi t ion by the Counci l 
Meet ing next December to present a 
' letter of intent' wi th regard to the 300 GeV 
project . 

CERN COURIER is publ ished monthly in 
Engl ish and French edit ions. It is d is t r ib­
uted free of charge to CERN employees 
and others interested in the progress of 
sub-nuclear physics. 

The text of any art ic le may be repr inted 
if credi t is given to CERN COURIER. Co­
pies of most i l lustrat ions are avai lable to 
edi tors wi thout charge. 

Advert isements are publ ished on the 
sole responsibi l i ty of the advert isers. 
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Pr inted by: Ed. Cherix et Fi lanosa S.A. 
1260 Nyon, Switzerland 

CERN, the European Organizat ion for Nuclear Research, was establ ished in 1954 to 
provide for col 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 
acts as a European centre and co-ordinator of research, theoret ica l and exper imental , 
in the f ie ld of sub-nuclear physics. This branch of sc ience is concerned wi th the fun­
damental quest ions of the basic laws governing the st ructure of matter. CERN is one 
of the wor ld 's leading Laborator ies in this f ie ld. 

The exper imental programme is based mainly on the use of two proton accelerators 
— a 600 MeV synchro-cyc lot ron (SC) and a 28 GeV synchrot ron (PS). At the latter 
machine, large intersect ing storage rings (ISR), wh ich wi l l a l low exper iments wi th co l l id ­
ing proton beams to be carr ied out, are under const ruc t ion. Scient ists f rom many 
European Universit ies and national Laborator ies as wel l as f rom CERN itself take part 
in the exper iments and it is est imated that some 700 physicists outside CERN are 
provided with their research material in this way. 

The Laboratory is si tuated at Meyrin, Canton of Geneva, Swi tzer land. The site covers 
approximately 200 acres 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 360 Fellows and Visit ing Scientists. 

There are thir teen member States par t ic ipat ing in the work of CERN. The cont r i ­
but ions to the cost of the basic programme, 172.4 mi l l ion Swiss f rancs in 1967, are in 
propor t 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. 
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ECFA Report 1967 

A summary of the Report presented to the 
CERN Council at its June meeting by the 
European Committee for Future Acceler­
ators. 

In this summary, much of the background 
to the recommendations and statements in 
the Report has, necessarily, been omitted. 
In particular, the scientific arguments for 
the recommended future European pro­
gramme are not given. (They were covered 
in some detail in CERN COURIER vol. 6 
no. 12). 

The design of the proposed 300 GeV 
proton synchrotron and its utilization are 
referred to in the second article in this 
issue of CERN COURIER, concerned with 
the Addendum to the initial Design Study. 

In 1963 a Committee of European 
physicists was set up, with Professor E. 
Amald i as Chairman, under the name of the 
'European Commit tee for Future Acceler­
ators (ECFA)'. Its main task was to make 
recommendat ions for the construct ion of 
new accelerators, international and 
nat ional. It presented the 'Report of the 
Work ing Party on the European High 
Energy Accelerator Programme' (document 
CERN/505) on 12 June 1963, recommending 
on the international scale: the con­
struct ion of intersect ing storage rings for 
the CERN proton synchrotron at Meyr in, 
and of a proton synchrotron of an energy 
of about 300 GeV. 

on the national scale : the construct ion of 
a number of accelerators of dif ferent types 
and the development of data-handl ing 
faci l i t ies. 

To take account of the developments 
since then, ECFA was reconvened at the 
end of 1965, at the instigation of the then 
Director General of CERN Professor V. F. 
Weisskopf, to br ing the 1963 recommen­
dat ions up-to-date. The Committee was 
again chai red by Professor E. Amald i wi th 
Professor A. Citron as Secretary, and was 
composed of some 60 representat ive 
European physicists and accelerator 
experts. Two work ing groups were set up : 
one made recommendat ions on both the 
form and scale of national and international 
programmes and on the relations between 
them ; the other undertook a cr i t ical study 
of the design for the 300 GeV accelerator 
and a survey of the uti l ization of the 
machine. Three volumes of 'ut i l izat ion 
studies' have been produced. 

The two main themes of the Report are 
the 300 GeV accelerator and the structure 
of both international and national pro­
grammes needed for a healthy overal l 
European effort in high energy physics. 
Broadly speaking, the 1967 Report conf i rms 
the analysis and conclusions of 1963. 

Recommendations 
The Report lists f ive recommendat ions : 
1) If European scientists are to cont inue to 
contr ibute to the advance of high energy 
physics into the 1980s, a large proton 
accelerator should be built in Europe with 
the least possible delay. 

A maximum-energy of 300 GeV and a 
beam intensity of 10 1 3 protons per second 
are conf i rmed as design f igures and the 
project as descr ibed in the Design Study 
(document CERN/563) is considered to be a 
good basis for taking a decis ion. The 
necessary cost and manpower foreseen in 
the Design Study are considered to be 
suff ic ient. 
2) The basic foundat ion of scient i f ic 
advance lies in the universit ies and steps 
should be taken to ensure a full part ic ipa­
t ion of European scientists f rom universit ies 
and national laborator ies in the use of the 
large internat ional accelerators. 

This involves opportuni ty to part ic ipate at 
all levels in the planning and execut ion of 
the exper imental and technical program­
mes, keeping resident staff to the min imum 
compat ib le wi th eff icient operat ion, ade­
quately equ ipp ing national teams to work 
at the international centres, and making it 
easy for physicists to visit the international 
centres. 
3) For a balanced development of high 
energy physics, other accelerators and 
large instruments, bui l t at national or 
regional laborator ies, wi l l be needed in 
addi t ion to the international faci l i t ies. 

Several such laboratories should be 
further developed or establ ished around 
new machines wi th in the next decade and 
jo in t par t ic ipat ion by Member States in the 
construct ion and, part icular ly, operat ion of 
exist ing and future national accelerators is 
recommended. These laboratories should 
also provide for the preparat ion of equip­
ment, wh ich is too large to be built at uni­
versit ies, for use at the international 
centres. Exchange of scient i f ic and tech­
nical staff between the large laborator ies, 
national and internat ional, should be 
encouraged. 

4) A detai led study was made of the num­
bers of exper imental physicists involved in 
high energy physics, using a hypothet ical 
but conservat ive model for a future Euro­
pean programme of national and inter­
national machines. Using this model , the 
total of exper imental physicists in 15 years 
t ime is less than twice the total for 1966, 
imply ing a growth rate of only 4 1 /2°/o. It is 
therefore considered that Member States 
can dec ide now on the construct ion of the 
300 GeV machine and on national acceler­
ators with no risk of commit t ing an undue 
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Table 1. Manpower and cost estimates for 
the model European programme in high energy 
physics. The manpower figures give the 
number of experimental physicists involved. 
The costs are at 1967 prices in units of 
a million Swiss Francs. 

share of European scient i f ic manpower to 
one branch of physics. 
5) The f inancial impl icat ions for the Mem­
ber States were also considered on the 
basis of the model programme. By 1981, 
the total cost of the programme is est imated 
to rise by a factor of about 3, over the 
1966 f igure for European expendi ture on 
high energy physics, to a total of 1800 mi l ­
l ion Swiss Francs. 

Member States are recommended to 
maintain their f inancial support of national 
teams col laborat ing at the international 
centres at a f igure of 5 0 % of the operat ing 
budget of the international centres. (This is 
current ly the situation wi th regard to the 
Meyrin laboratory). Approx imate equal i ty 
between the cost of independent national 
research in high energy physics and the 
contr ibut ion to international centres is con­
s idered a sound situation when the 300 
GeV accelerator is in ful l operat ion. 

Model for the future 
European programme 
ECFA placed its studies of separate pro­
blems in the f ramework of a hypothet ical 
overal l European programme to examine 
in a more concrete way the relat ion bet­
ween the different parts and to check that 
the total resources of money and man­
power required for high energy physics 
cou ld be just i f ied in any broader discussion 
of overal l sc ience pol icy. The f igures which 
are deduced from this model are not in 
themselves ' targets' recommended by 
ECFA. 

The ECFA Report of 1963 made the f irst 
analysis of this kind for Europe as a whole. 
Four years later, a rather conservat ive 
programme has been considered with the 
aims of demonstrat ing clearly that the 
decis ion to bui ld the 300 GeV accelerator 
can be taken with no risk of over-
commit t ing the resources of Europe and 
that the cont inuat ion of national accelerator 
bui ld ing and exploi tat ion is just i f iable by 
the same cri ter ia, at least at the rate pro­
posed as a minimum in 1963. The pro­
gramme can be div ided into two parts — 
the international and the national or 
regional . This second part again divides 
into two — col laborat ion with the inter­
national centres and the purely national 
centres. 

Table 1 
No. on payrol l Annual cost 

Table 1 
1966 1974 1981 1966 1974 1981 

International programme 
i) 300 GeV Laboratory 

operat ing — — 200 — — 400 
large capital — 20 — 4 280 20 

ii) CERN-Meyrin operat ing 
Synchrotron and synchro-cyclotron 108 170 120 151 270 200 
Intersect ing storage rings . . . . — 30 60 r — 80 100 

iii) Other international projects . . . — — —• 22 30 60 

TOTAL 108 220 j 380 | I 1 7 7 1 660 780 

National and regional programmes 
i) Col laborat ion with international 

centres 
300 GeV Laboratory operat ing . . — 20 — 10 
CERN-Meyrin operat ing 
Accelerators and storage rings . . 685 1100 1500 80 170 380 
Other projects . — — 5 20 

ii) National centres 
University groups 480 I 60 I 
Large laboratories - i 750 850 400 650 
operat ing 163 I 210 I large capital ' . . . — — 50 150 

TOTAL . . . . . 1328 1870 2350 | 405 750 1030 
GRAND TOTAL . . . x 1436 2090 2730 | | 582 1410 1810 

Table 1 gives the estimates of manpower 
and cost for this model programme. The 
dif ferent elements in the programme are 
descr ibed in more detai l below. Three dates 
are taken to yield signif icant f igures in the 
Table : 
1966 as a known start ing point 
1974 when the 300 GeV accelerator cou ld 

be at the peak of construct ion, 
CERN-Meyrin wil l have completed 
the intersect ing storage rings and its 
improvements programme and no 
other new accelerators wil l be in ful l 
operat ion 

1981 when the 300 GeV accelerator could 
have taken over the major role in 
Europe and new national machines 
could be in full operat ion. 

International programme 

i) 300 GeV Laboratory 
Tables 2, 3 and 4 give the estimates of the 
costs and the manpower for the 300 GeV 
laboratory, to construct the machine and to 
br ing it into operat ion for physics. They are 
based on the assumption that approval of 
the project wi l l be given at the end of 1967, 

that the site wi l l be accessible mid-1968, 
that the project group can be set up at the 
same t ime and that bui ld ing work can start 
mid-1969. If these init ial dates are met, 
construct ion could be completed and 
research using the machine started in 1976. 

ii) CERN-Meyrin 
The broad lines of the future of the exist ing 
international Laboratory were effectively 
laid down in 1965 when Member States 
agreed to support the construct ion of inter­
sect ing storage rings, the improvement of 
the 28 GeV proton synchrotron and the 
provision of several large part ic le detec­
tors. Al l these developments wi l l be com­
pleted early in the 1970s. 

By 1974, a much increased programme 
of 28 GeV physics wi l l be under way and 
in addi t ion, research wi l l have started using 
the storage rings. By 1981, a sizeable trans­
fer, f rom the 28 GeV machine, of interest 
and resources to the 300 GeV Laboratory 
can be expected. (However, if the number of 
potential users grows at a rate faster than 
ant ic ipated or if purely national pro­
grammes are restr icted, extensive exploi ta­
t ion of the 28 GeV machine could continue.) 
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Table 2: Construction 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 Total 

Machine proper 3.5 7.5 17.5 60.5 171.5 184.0 177.5 142.5 93.0 73.5 931.0 

General laboratory faci l i t ies and services 1.0 2.0 5.0 27.5 46.0 53.5 52.0 78.5 84.0 82.0 431.5 

Preparations for high-energy research . — 5.0 17.0 25.0 40.0 72.5 115.5 138.5 413.5 

TOTAL 4.5 9.5 22.5 93.0 234.5 262.5 269.5 293.5 292.5 294.0 1776.0 

Estimated budgets, at 1967 prices in units 
of a million Swiss Francs, for the 300 GeV 
Laboratory : Table 2, during construction 
of the accelerator; Table 3, during the 
first years of operation. 

Estimated budgets, at 1967 prices in units 
of a million Swiss Francs, for the 300 GeV 
Laboratory : Table 2, during construction 
of the accelerator; Table 3, during the 
first years of operation. 

Table 3: Operation 1977 1978 1979 1980 1981 

Estimated budgets, at 1967 prices in units 
of a million Swiss Francs, for the 300 GeV 
Laboratory : Table 2, during construction 
of the accelerator; Table 3, during the 
first years of operation. 

Table 4. The estimated staff figures. Operat ion of accelerator and exper iments . . 70.0 76.0 103.0 130.0 155.0 

Table 5. The total number of experimenters, 
both based at CERN-Meyrin and from throughout 
Europe, and the budgets anticipated for the 
Laboratory at CERN-Meyrin (budget 
figures at 1967 prices in units of a million 
Swiss Francs). 

Experimental equipment and faci l i t ies 

General laboratory faci l i t ies and services 

135.0 

90.0 

120.0 

99.0 

115.0 

112.0 

110.0 

125.0 

105.0 

140.0 

TOTAL 295.0 295.0 330.0 365.0 400.0 

The 600 MeV synchro-cyc lot ron programme 
wi l l be simi lar ly affected by the coming into 
operat ion of a 'pion factory ' in Switzer land 
(see below). 

The intersect ing storage rings, on the 
other hand, wi l l be an almost unique faci l i ty 
and increasing exploi tat ion until wel l after 
1981 can be assumed. These cons idera­
t ions are ref lected in Table 5. 

Hi) Other international projects 
Other projects, in the years under examina­
t ion, wh ich are l ikely to be internat ional ly 
p lanned and f inanced include for example 
col laborat ion with Serpukhov and the 
USA ; a large part ic le detector for the sto­
rage rings ; a giant bubble chamber for the 
300 GeV machine ; etc... 

National programmes 

i) Collaboration with international centres 
This part of the model p rogramme con­
cerns the f inancing from national budgets 
of the national teams who take part in the 
research at the international Laborator ies. 

In October 1966, there were 1330 exper i ­
mental ists work ing in high energy physics 

Table 4 
Manpower 

1968 1969 1970 1971 1972 1973 1974 1975 1976 1978 1981 

Research . . . . 70 120 280 370 540 940 

Equipment , . . . — — — 10 60 120 230 290 350 430 615 

Computer operat ion — — — 30 40 60 80 100 120 150 210 

Machine group . . 80 120 200 300 400 500 500 520 520 500 560 

Service groups . . 10 70 160 280 365 530 720 970 1150 1350 1775 

TOTAL 90 190 360 620 870 1280 1650 2160 2510 2970 4100 

Total Staff 
and Fel lows . . . 90 190 360 620 870 1270 1630 2130 2460 2870 3880 

Visi tors . . . . — — — — — 10 20 30 50 100 220 

Table 5 

Synchrotron and 
synchro-cyc lot ron 

Storage rings . . 

Large detectors 

Total number 
of exper imenters 

1966 

790 

1974 

1230 

70 

1981 

650 

130 

Annual cost 

1966 

151 

22 

1974 1981 

270 

80 

20 

200 

100 

10 
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Table 6. Accelerators, with energies 
higher than 200 MeV, and storage rings 
at national centres in Europe. 

Table 6 Energy 
First 

operat ion Remarks 

1. Proton synchrotrons 

Chi l ton (UK) (Nimrod) . . . 
Saclay (France) (Saturne) . . 

7 GeV 
3 GeV 

1963 
1958 

2. Synchro-cyc lot rons 

Liverpool University (UK) . . 

3. Electron synchrotrons 

0.4 GeV 1954 Expected to cease 
operat ion by end 1968 

Hamburg (Fed. Rep. Germany) 
(DESY) 

Daresbury (UK) (Nina) . . . 
Bonn University (Fed. Rep. 

Germany) 
Lund University (Sweden) . . 
Frascati (Italy) 
Bonn University (Fed. Rep. 

Germany) 
Glasgow University (UK) . . 

4. Col l id ing-beam devices 

6 GeV 
4 GeV 

2.3 GeV 
1.2 GeV 
1.1 GeV 

0.5 GeV 
0.45 GeV 

1964 
1966 

1967 
1963 
1959 

1959 
1954 Expected to cease 

operat ion by end 1968 

Frascati (Italy) (Adone) . . . 

Orsay (France) (ACO) . . . 

1.5 GeV 
e + e~ 
0.5 GeV 
e + e~ 

1967 

1966 

Part ic les accelerated 
f rom 400-1500 MeV 

5. Electron l inear accelerators 

Orsay (France) 
Frascati (Italy) 

Mainz (Fed. Rep. Germany) 

2.3 GeV 
0.45 GeV 

0.31 GeV 

1963 
1966 

1966 

Specia l design for 
posi t ron accelerat ion : 
e + average intensity 
3 x 1 0 1 2 e 7 s at 350 MeV 
{70\xA at 180 MeV) 

in the CERN Member States. Of these, 5 2 % 
(690) were work ing exclusively wi th CERN, 
and, adding 110 exper imental ists on the 
CERN payrol l (only half of them as staff 
members) , a total of 800 exper imental is ts 
were dependent on CERN. (Similar analysis 
has not been done for theoret ical and 
appl ied physicists work ing in high energy 
physics.) Of these 800, about 230 were at 
the Laboratory at any one t ime. 

Also in 1966, the total nat ional budgets 
for high energy physics research of the 
Member States was 391 mi l l ion Swiss 
Francs of wh ich 75 mi l l ion was spent on 
col laborat ion wi th CERN. This was 51 % of 
the cost of the CERN basic programme. 

ECFA believes that, as long as the pol icy 
of maximum part ic ipat ion at the interna­
t ional centres by outside physicists is con­
t inued, the amount spent at home by Mem­
ber States on this co l laborat ion must be 
increased proport ional ly to retain this ratio 
of about 50 % . 

ii) National centres 
The backbone of independent national 
research programmes for large countr ies, 
and perhaps for groups of smal ler coun­
tr ies, is formed by national accelerators. 
Independent national h igh-energy physics 
research should be carr ied out at a number 
of centres in the Member States. These 
centres should have a wide geograph ic 
spread to br ing every university wi th in 
comparat ively easy reach of one of them. 
Since with the increase in magni tude of the 
accelerators their number wi l l necessari ly 
decrease, each part ic le accelerator should 
as far as possible be explo i ted on an inter­
nat ional basis, even when the accelerator 
has been bui l t by a national organizat ion. 

A list of the exist ing nat ional acceler­
ators, of energy higher than 200 MeV, and 
of storage rings in Europe is given in Table 
6. In addi t ion, a 'pion factory ' (a 500 MeV 
isochronous cyclotron) has been author ized 
in Switzer land and construct ion, at Vi l l igen 
near Zur ich , wi l l begin soon. 

The exist ing machines have a l imited 
useful life in their present form and wi l l 
need to be improved or replaced if they are 
not to become a h indrance rather than an 
asset for European progress. 

Some examples of new accelerators 
wh ich ECFA considers desirable are : 

— a proton synchrotron of normal intensity 
at an energy intermediate between the 28 
GeV and the 300 GeV machines 

— electron-posi t ron storage rings at a 
higher energy than avai lable so far 

— a large electron accelerator wi th a good 
duty cyc le 

— a 'kaon factory ' . 

A programme on this scale would involve 
costs r ising f rom 320 mi l l ion Swiss Francs 
in 1966 to about 650 in 1981. The ratio of 
expendi ture on national centres to inter­
national centres could then fall f rom 1.8 in 
1966 to 0.85 in 1981. ECFA considers that a 
healthy balance wou ld be endangered if 
this ratio were to drop much below unity. 

The Report conc ludes with a few com­
ments on the manpower and costs 
presented above in Table 1. The total num­
ber of physicists who would be involved by 
the model programme corresponds to an 
almost steady annual growth of 4 1 /2° /o. This 
f igure is considerably lower than for the 
recent past in high energy physics or for 
almost all other branches of sc ience. More 

important, it is about half the past growth 
rates for numbers of ch i ldren enter ing uni­
versit ies in many European countr ies. Thus 
the propor t ion of university students going 
into and staying in high energy physics 
would considerably d iminish in the future. 

The growth of the total annual cost is 
affected by the construct ion per iods for the 
new accelerators ; it rises at a rate of 
11 1 / 2 % between 1966 and 1974 level l ing 
off to 4 % after. If the construct ion costs of 
the machines were removed the growth 
rate wou ld be fair ly steady at 7 to 9 % 
wh ich , tak ing into account the growth in 
the number of physicists, impl ies a cost 
per physic ist g rowing at a rate of 4 % . 

The existence of the 300 GeV proton syn­
chrotron wi l l not in any way lead to an over­
emphasis on high energy physics in Europe 
in the next 15 years ; in fact, it wi l l be 
necessary to supplement this machine wi th 
several new national accelerators if any­
thing l ike the present posi t ion of high 
energy physics is to be maintained in the 
future. 
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300 GeV 
Up-dated Design Study 

The 'Report on the Design Study of a 300 
GeV Proton Synchrot ron ' (document CERN/ 
563) was issued in November 1964. An 
Addendum (document CERN/702) to this 
Design Study was issued on 30 May as one 
of the up-to-date set of documents and 
relevant costs presented to the June 
Counci l Meet ing. 

In general , the 1964 study is sti l l 
regarded as technical ly and economica l ly 
sound and no reasons have emerged to 
change the main parameters of the design 
(which, in pr inc ip le, resembles that of the 
exist ing 28 GeV proton synchrot ron at 
CERN-Meyrin). Some of these parameters 
are given in the Table. 

The Addendum is in three parts cover ing 
in ject ion systems (where some of the major 
advances in accelerator technology over 
the past few years have been made), 
exper imental exploi tat ion (where the study 
group worked in close col laborat ion wi th 
the EC FA Work ing Group on ut i l izat ion 
studies), and a revision of the t ime-
schedule, manpower and costs. 

In the init ial Design Study, the in ject ion 
system involved a 200 MeV l inear acceler­
ator feeding a 8 GeV 'booster ' synchrot ron, 
of 200 metres diameter, in turn feeding the 
main synchrotron r ing. This design has now 
been superseded by three possibi l i t ies for 
the in ject ion system. These are out l ined in 
the Addendum : 

a) A 60 MeV linear accelerator feeding a 
600 MeV TART (Twin Accelerator Ring 
Transfer) feeding a 8 GeV booster synchro­
t ron. 

b) A 300 MeV linear accelerator feed­
ing a 8 GeV booster synchrot ron. 

c) A 200 MeV l inear accelerator feeding 
a twin ring 8 GeV booster synchrotron (100 
metres in diameter). 

No clear-cut best solut ion has emerged 
yet and the three systems remain under 
study. 

Because of the rapid progress of sub-
nuclear physics, the exper imental explo i ta­
t ion of the 300 GeV machine has always 
been recognized as an area of machine 
design which needs to incorporate the 
maximum possible f lexibi l i ty. Nevertheless, 
a more detai led study has been carr ied out 
to see if an exper imental p rogramme based 
on reasonable extrapolat ions of present 

knowledge might affect seriously the 
machine design, the speci f icat ions for the 
site of the Laboratory, or the cost est i ­
mates. These studies have covered repre­
sentat ive exper iments, beam-l ine designs 
and components , large detectors, detect ion 
techniques, provis ion for a 'by-pass' to the 
main ring structure, extract ion problems, 
etc... 

A new lay-out of the exper imental areas 
has been proposed. Two areas, each fed by 
an extracted proton beam, wi l l be buil t 
init ial ly, and wi l l probably be adequate for 
the f irst six years of exper iments. One area 
wou ld be mainly for counter and spark 
chamber exper iments using relatively short 
beam lines of a few hundred metres. The 
second, s i tuated about 3 k i lometres f rom 
the accelerator, would be mainly for bubble 
chambers. 

The f inal sect ion of the Addendum up­
dates the est imates of the t ime schedule for 
const ruct ion, the manpower, and the cost. 

The revised t ime schedule is based on 
the hope that the fundamental decis ions 
about the pro ject wi l l be taken at the end 

of 1967, that the site wi l l be accessible mid-
1968, that the project group can be set up 
at the same t ime and that bui ld ing work 
can start mid-1969. If these dates are met, 
the physics programmes at the 300 GeV 
machine cou ld start early in 1977. 

The staff est imates dur ing the construc­
t ion per iod, remain the same as in the 
init ial Design Study rising to a total of 
2540 in 1976. 

A def ini te cost-est imate can only be made 
after the site and project leaders have been 
chosen. The best est imate at present, 
cover ing construct ion and br inging into 
operat ion for physics of the 300 GeV acce l ­
erator, is a total cost of 1776 mi l l ion Swiss 
Francs (at 1967 prices) spread over a 
per iod of ten years. 

Main parameters 
of the 300 GeV proton synchrotron 
1. General 

Proton energy 50-300 GeV 
Max. proton intensity per pulse 3.3 x 10 1 3 protons/pulse 
Max. f lat top length 0.7 s 
Cycl ing t ime with max. f lat top 3.3 s 
Proton intensity with max. f lat top 10 1 3 protons/s 

2. Main r ing 
Diameter 2.4 km 
Length of each straight sect ion 55.8 m 
No. of straight sect ions : 

for r. f. cavit ies 6 
for inject ion 1 
avai lable for ejected beams 5 

Max. guide f ield 1.2 Tesla 
Inject ion energy 8 GeV 
Vacuum chamber inside d imensions 100 mm horizontal 

x 60 mm vert ical 
Magnet w e i g h t : steel 25 000 ton 

copper 2 100 ton 
Magnet peak power 180 MW 
Accelerat ing r. f. peak vol tage/ turn 13.4 MV 
R. f. f requency 183 MHz 
Peak r. f. power with ful l beam 12. MW 
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34th Session of CERN Council 
The 34th Session of the CERN Council was held 
on 14 and 15 June under the Chairmanship of 
Dr. G. Funke. 

Progress Report 
The Director General , Professor B. 
Gregory, s ingled out a few s igni f icant 
exper imental results f rom the research over 
the past six months. 

One of the most interest ing, and puzzl ing, 
recent results came from an exper iment on 
large-angle proton-proton scat ter ing. When 
high energy protons are d i rected onto a 
hydrogen target, the result ing scat tered and 
recoi l protons come off f rom the target pre-
dominent ly t ravel l ing in the d i rect ion of the 
incident beam. Very few emerge at large 
angles, up to 90° to the d i rect ion of the 
inc ident beam (in the centre-of-mass 
system) ; in other words the cross-sect ion 
for large angle scat ter ing is very low. 
However, using a s low ejected proton beam 
has produced a suff ic ient number of these 
events to make it possible to invest igate 
this region. At a given momentum the 
cross-sect ion fal ls off exponent ia l ly as the 
angle increases and this can be charac­
ter ized by a scatter ing parameter. This 
parameter was determined at 20 GeV/c 
and then at progressively lower momenta. 

It became obvious that the results wou ld 
not t ie up easi ly wi th results previously 
obta ined at much lower momenta at Berke­
ley. The momentum region (around 9 
GeV/c) in between that covered at Berke­
ley and that covered at CERN was there­
fore invest igated and revealed an anomaly 
in the behaviour of the cross-sect ion. 

Another exper iment involving groups 
f rom CERN and Liverpool University, UK, 
using the hydrogen bubble chambers, 
found two resonances (one of them 
possibly ident ical wi th a resonance ident i ­
f ied in a missing mass spectrometer 
exper iment at CERN). They used ant i -
proton beams of momenta 3 and 2.5 GeV/c 
and measured the annihi lat ions wi th the 
protons in the chambers result ing in six 
observed pions (three posit ive and three 
negative). They were able to show that 
there are two resonances, at 1717 MeV and 
1832 MeV, wh ich decay into four pions. 

A missing mass spectrometer exper iment, 
wh ich y ie lds high precis ion in the measure­
ment of par t ic le mass, showed a two-peak 
structure for the -A2 meson, indicat ing that 
there are probably two separate part ic les 
in that mass region. 

The Director General also referred to 
the analysis of the decay of the eta meson 
into two charged pions and a gamma, 
wh ich gave no ev idence of the violat ion of 
charge symmetry in the e lect romagnet ic 
interact ion. (This was covered in CERN 
COURIER vol . 7 p. 45.) 

A Conference, organized by the Weiz-
mann Institute and CERN, held at Rehovoth 
in February, showed the great interest in 
nuclear structure research at present. 
About 90 % of the exper iments on the 600 
MeV synchro-cyc lo t ron at CERN are now 
devoted to nuclear structure problems. 

Improvement Programme and ISR 

The improvement programme for the 
exist ing CERN faci l i t ies can be cons idered 
in two parts — that concerned with par t ic le 
detect ion equipment and that concerned 
wi th the 28 GeV proton synchrotron itself. 

Progress has been made this year on two 
items of future detect ion equipment. One 
is the very large hydrogen bubble chamber 
pro ject (d iscussed separately below) ; the 
other is the item for e lect ronics 
exper iments. A work ing group has been set 
up to draw up the speci f icat ion and to 
design a large magnet ic spark-chamber. 
The aim is to set-up an array of spark 
chambers in a magnet ic f ie ld of large 
volume. The pro ject is known as the 
'Omega pro ject ' and it is hoped to present 
a report f rom the work ing group by the end 
of the year. 

On the proton synchrot ron, the f irst phase 
to increase the repet i t ion rate of the 
machine, is progressing wel l . The motor-
al ternator set of the new power supply for 
the main magnets has arr ived at CERN and 
work on the new accelerat ing cavit ies has 
reached the stage where a mode! cavity 
has been instal led in the synchrotron r ing 
for tests. 

The second phase to increase the 
intensity of the proton beam, involves a 
higher in ject ion energy into the main 
synchrotron r ing. Var ious ways of achieving 
this have been studied and attent ion has 
moved f rom the init ial idea of bui ld ing a 
l inear in jector of 200 MeV energy to 
replace the exist ing one of 50 MeV, to the 
construct ion of a s low-cyc l ing synchrotron 
wi th an energy possibly as high as 800 
MeV. This 'booster ' is now conceived as 
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four rings, of 50 metres diameter, s tacked 
vert ical ly one on top of the other. 

It has emerged in the course of these 
studies and their inter-relat ion with the ISR 
project, that the ' luminosity ' (which can be 
thought of as the number of charged 
part ic les that can be packed into a given 
beam size) in the proton synchrotron could 
probably be increased by a factor over ten. 
This would have great advantages for 
convent ional operat ion of the synchrotron 
itself and part icular ly for the intersect ing 
storage rings where, if the factor of over 
ten could be achieved in each of the 
col l id ing beams, the interact ion rate could 
be increased by over a hundred. It is hoped 
that a report on the booster studies wi l l be 
presented to the Counci l in December. 

Construct ion of the intersect ing storage 
rings is proceeding to schedule. The 
excavat ion work for the ring tunnel has 
reached the stage where about one th i rd 
of it is complete. Several of the main items 
of equipment for the rings are now out to 
tender. 

300 GeV Project 
The Counci l received the Report of the 
European Committee for Future Acceler­
ators (summarized on page 103). It was 
introduced by Professor Amald i who again 
underl ined that work on the Report had 
involved scientists f rom throughout Europe 
whose hard work and enthusiasm had been 
most impressive. 

In the discussion that fo l lowed Professor 
Puppi, on behalf of the Scient i f ic Pol icy 
Committee, said that Europe could now go 
ahead with reinforced conf idence in the 300 
GeV project f rom the points of view of the 

Page 108 : Site work for the intersecting storage 
rings now at an advanced stage. Many tons of 
earth have been removed and excavation 
for the beam tunnel is about on third complete. 

Left: Professor E. Amaldi, Chairman of the 
European Committee for Future Accelerators, 
photographed in the CERN Council Chamber. 

appropr iateness of the machine itself and 
of the great interest of the physicists. 
Technical ly , scient i f ical ly and psycholog i ­
cal ly there were now no barriers to sett ing 
up the 300 GeV Laboratory. 

Dr. J . B. Adams, a former Director 
General of CERN, drew attention to the rise 
in the cost of the experimental work per 
physic ist over the next years wh ich 
emerged f rom the EC FA model programme. 
This, on average, came to approximately 
4 % per year which was no more than the 
sophist icat ion factor that we had come to 
expect in this type of work. Impl ic i t also in 
Report was the question of pr ior i t ies and 
where there was a l imitat ion on funds, 
these pr ior i t ies needed to be establ ished. 
Support for the 300 GeV project would 
seem to be essential if Europe was to 
cont inue in this f ie ld, which, in turn, impl ied 
that the home support for the international 
Laborator ies should be maintained. This 
meant that if f inancial cuts had to be 
imposed these would need to come first 
f rom the national programmes. 

Dr. W. Francis, speaking for the United 
Kingdom, said that EJritisch nuclear physi ­
cists regarded the 300 GeV as of the f irst 
priori ty. But the rates of growth of man­
power and costs envisaged in the ECFA 
Report were greater than the rates expected 
in the UK. The corol lary of this was that if 
and when the 300 GeV came into operat ion 
the UK would have to give lower pr ior i ty 
to part ic ipat ion in CERN-Meyrin and in 
their own national laboratories. 

Prof. Perrin speaking for France went 
further by saying that whereas in France 
there was a national proposal for a 45 GeV 
accelerator, this would only make sense if 
the 300 GeV project went ahead. If for 
some reason, Europe decided not to 
proceed, then there would be litt le point in 
proceeding wi th the 45 GeV project 
because the only signi f icant research 
would then be done in other Continents. 
The prior i ty for France was first the 300 
GeV project , second the support of CERN-
Meyrin and th i rd the national programme. 

In reply to a question on the future of 
ECFA, Professor Amaldi said that many 
people had expressed the view that ECFA 
should cont inue to exist in some form. It 
wou ld be important to have the uti l ization 
studies for the 300 GeV machine under 
cont inual revision to keep pace with 

developments in physics and technology. 
Other work, such as examining more data 
on national programmes could be useful. 
The best way of keeping ECFA active, if it 
is dec ided that this would be benef ic ia l , 
wi l l be d iscussed at a meeting later this 
year. 

A/eiv Convention 

In acco rdance 'w i th decis ions taken at the 
Counci l Meet ing in December 1966, formal 
preparat ion has been going on since the 
beginning of this year, on a new Convent ion 
which would accommodate CERN-Meyrin 
and the proposed 300 GeV Laboratory. 
This would enable the two Laborator ies to 
operate under one Counci l , with common 
Scient i f ic Pol icy and Finance Committees 
to look after the scient i f ic programmes and 
expendi ture at the two centres. Al though it 
is hoped to achieve substantial common 
membership of the two Laboratories, the 
new Convent ion needs to safeguard the 
interests of part ic ipants in the var ious 
projects. Nevertheless, s ince the exist ing 
Convent ion has funct ioned so wel l , as few 
changes as possible are being made. 

There was a long discussion on the 
draft new Convent ion and related docu­
ments. The draft ing commit tee arranged to 
meet in Stockholm on 28 June to go 
through the Convent ion again taking into 
account the views expressed at the Counci l 
Meet ing. Any Member State, wishing to do 
so, could send legal experts to this meeting 
of the draft ing commit tee. It is hoped that 
a f inal version of the new Convention wi l l 
be ready for presentat ion to the special 
Counci l Meet ing in September, and that 
Governments wi l l be able to take a decis ion 
on the Convent ion in December. 

Sites 

Further informat ion on the studies being 
carr ied out on nine possible sites for the 
300 GeV Laboratory offered by Member 
States were presented in two volumes 
'Sites for the Proposed CERN 300 GeV 
Proton Synchrot ron ' (document CERN/644/ 
Rev. Vol . 1 and Vol. 2). The nine sites 
under invest igat ion are 
Austr ia Gopfr i tz 
Belgium Focant 
Federal 
Republ ic of Germany Drensteinfurt 
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1. Professor Wolfgang Paul who relinquishes 
his post as Director of the Physics I 
Department to return to Bonn University. 

2. Professor Giuseppe Cocconi, who succeds 
Professor Paul, lecturing at CERN on one 
of his favourite topics - astrophysics. 

France 
Greece 
Italy 
Spain 
Sweden 
United Kingdom 

Le Luc 
Aspropyrgos 
Doberdo 
El Escorial 
Uppsala 
Mundford 

The first volume was assembled by the 
CERN Study Group and contains general 
information and comparative tables on the 
various sites. It covers data such as 
geographical location, available area, 
topography, nature of terrain and seismic 
activity of the region, water and electr ic i ty 
suppl ies, and accessibi l i ty. The aspects 
which would concern personnel were also 
investigated, such as cl imate, recreation, 
housing, educational faci l i t ies, and prox i ­
mity of nearest towns. These last are also 
important with regard to the availabil i ty of 
local man-power and industry. 

The second volume was compi led by 
geological and geotechnical experts from 
the respective Member States and gives 
technical details of the sites. 

Several speakers at the Council Meeting 
emphasized that it is stil l too early to make 
judgements at this stage on the respective 
merits of the sites. The Working Group (Mr. 
J . H. Bannier, Mr. A. Chavanne and 
Professor J. K. Boggi ld, all from countr ies 
not offering a site) set up at the last 
Council Meeting to study the Site Reports 
and the problem of site select ion, wi l l give 
their views on the various proposals 
probably at the Council Meeting in 
December, at the same time presenting the 
report of Dr. Bjerrum, the consultant 
geologist. The final decision on the site 
wil l therefore not be taken until 1968. 

Serpukhov collaboration 
The Council authorized the Director 
General to sign an agreement with the 
USSR State Committee for the Uti l ization 
of Atomic Energy along the lines of a draft 
Convention which has been prepared by 
representatives of CERN and the Soviet 
Union. Some points of detail have stil l to be 
cleared with the Soviet authorit ies but it is 
hoped that the agreement can be signed in 
the very near future. 

The agreement concerns col laborat ion 
at the 70 GeV proton synchrotron which is 

nearing complet ion at the Serpukhov Labo­
ratory. It wi l l give European scientists 
access to what wil l be for several years 
the highest energy accelerator in the 
wor ld . More information about this col labo­
ration wil l be given probably in the July 
issue of CERN COURIER. 

Large Hydrogen 
Chamber 
An agreement concerning the construct ion 
of a very large hydrogen bubble chamber 
was authorized by the Counci l . The cham­
ber which has a diameter of 3.5 metres, 
wil l be built as a joint project by CERN, 
France and the Federal Republic of Ger­
many. It is scheduled to cost 84 mil l ion 
Swiss Francs, the f inance being provided 
equally by the three partners. A steering 
committee with one representative from 
each party wi l l supervise the project. 

This new chamber is one of the major 
elements of the improvements programme 
at the CERN proton synchrotron. It wi l l be 
described in detail in an article in the 
August issue of CERN COURIER. 

The Counci l expressed its grati tude to 
France and Germany for their wi l l ingness 
to make this extra, important contr ibut ion 
to the future of European physics at CERN. 

Appointments 
Professor G. Cocconi was appointed Direc­
tor of the Physics I Department for the 
next three years in succession to Professor 
W. Paul. 

Professor Wolfgang Paul had expressed 
the wish to return to the Federal Republic 
of Germany to direct the Physics Institute 
at Bonn University. He has been at CERN 
since 1964, f irst as joint Head of the 
Nuclear Physics Division and then, fol lo­
wing the internal reorganization in June 
1966, as Director of the Physics I Depart­
ment. He wil l remain in close contact with 
CERN by virtue of his position as Chairman 
of the Electronic Experiments Committee 
(the committee which prepares the pro­
gramme of experiments using counters and 
spark chambers for the proton synchro­
tron). 

The Counci l expressed its thanks to 
Professor Paul for the contr ibution he has 
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made to the work of CERN during the past 
three years. During this t ime the pro­
gramme of electronics experiments has 
greatly increased in importance and has 
involved, for the first t ime, extensive col la­
boration with other Laboratories and 
universities throughout Europe. 

Wolfgang Paul has been Professor at 
Bonn University since 1952. It was there 
that in 1958, he lead the work on a small 
electron synchrotron (500 MeV) which was 
the first machine in Europe to operate 
using the strong focusing or alternating 
gradient pr inciple to achieve beam focusing. 
He has also played a leading role in the 
project for a 2.5 GeV electron synchrotron 
at Bonn which came into operation in 
March of this year. 

Professor Giuseppe Cocconi joined 
CERN in 1963, though he was here pre­
viously for two years in 1959-60. He has 
been active in sub-nuclear physics research 
for many years, both in Europe and in the 
United States. His part icular interest is the 
study of strong interactions and, for exam­
ple, he led the team which carr ied out the 
important experiment on l a rge -ang le 
proton-proton scattering referred to in the 
Director General 's progress report to the 
Counci l . 
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CERN News 

Quark hunt continues 
A further search for the hypothet ical 
part ic les, cal led quarks, whose existence 
cou ld be the underly ing reason for the 
regular i t ies in the list of part ic les we have 
now ident i f ied, was reported by a team 
from CERN in Nuovo Cimento on 1 May. 
The CERN-Bologna team consisted of 
A. Buhler-Brogl in, G. Fortunato, T. Massam 
and A. Z ich ich i . 

The signi f icant feature of the quarks, 
whereby it could be possible to p luck them 
out from the rest of matter, is that they 
carry f ract ional electr ic charges — less 
than the unit of elementary charge, the 
charge on the electron, e. The three types 
of quark needed to bui ld up the observed 
part ic les have charges + 2/3, — 1/3 and 
— 1/3 e. The same exper imental team have 
already set upper l imits for the existence 
of quarks in the cosmic radiat ion wi th 
charge ± 1/3 and ± 2/3 e (see CERN 
COURIER vol . 6 p. 178). 

Combinat ions of any two quarks might 
have mass-values considerably lower than 
a single quark. The nucleon is considered 
to be made of three quarks and is very 
l ight. These two-quark states wou ld have 
charge values o f . + 1/3, + 1/3, — 2/3 and 
+ 4/3 e. Limits for the f irst three 
possibi l i tes have therefore already been 
checked by the previous exper iment and 
the latest exper iment was concerned wi th 
the search for the combinat ion carry ing 
charge 4/3 e. As in their f irst search, the 
team used a vert ical te lescope consist ing 
of six plast ic scint i l lat ion counters and two 
spark chambers, wi th the addi t ion of an 
iron shield 0.8 m th ick over the top of the 
te lescope in an attempt to f i l ter out other 

charged part ic les. The electronics were 
arranged to dist inguish part ic les of charge 
4/3 e and the l imitat ion in the exper iment 
came pr imari ly f rom the pulse-height 
resolut ion of the counter e lectronics 
system. 

Four counts were recorded wh ich was 
consistent wi th the expected background 
(where a part ic le with unit charge s imu­
lates a part ic le with charge 4/3 e in the 
counters) and the upper l imit for the 
existence of charges ± 4/3 e in the cosmic 
radiat ion was calculated as 1.6 ± 0.8 x 
10 - 7 / cm 2 / s te rad ian /second. 

Another paper on the search for quarks 
or ig inat ing in the cosmic radiat ion 
appeared in Nature, 15 Apr i l , ent i t led 'A 
quark a lbedo ' by M.R.C. McDowel l (Dur­
ham) and J . B. Halstead (University Col lege 
London). They maintain that quarks from 
the cosmic radiat ion are l ikely to combine 
wi th heavy elements on land or oxygen in 
the sea. The result ing charged atoms would 
tend to co l lect either in the ionosphere 
(drawn there by the electr ic f ields) or on 
the cont inental shelf (where the top few 
metres of the earth's surface, wh ich 
catches the quarks, is comparat ively 
rapidly deposi ted). They therefore suggest 
that the search for quarks from the cosmic 
radiat ion should concentrate in these 
regions, using rockets to br ing down 
samples of air f rom a height of 50 km or 
more and d igg ing samples from the sea­
bed. These samples could then be 
analysed by a mass-spectrometer. 

A scient ist has remarked that quarks may 
be found inside oysters because they con­
centrate heavy elements from seawater. This 
presents the possibi l i ty of a very interesting 
exper iment for the gourmet physicist. 

Further cul inary comment on quarks 
appeared in letters in 'Science' a few 
months ago. It was pointed out that quark 
is German for 'a somewhat gluey cot tage 
cheese' . In Goethe's 'Faust', Mephisto-
pheles commented on man's insatiable 
cur iosi ty 'In jeden Quark begrabt er seine 
Nase' (He st icks his nose in every quark) . 

Bubble Chamber 
Conference 
An internat ional conference on the tech­
nical problems associated with the cons­
t ruct ion of large bubble chambers was held 
at Heidelberg, Federal Republ ic of Ger­
many, on 13 -16 Apr i l . More than 150 sc ien­
tists and engineers work ing with bubble 
chambers in the Soviet Union, United States 
and Europe at tended the Conference wh ich 
was organized by the Institut fur Hoch-
energiephysik der Universitat Heidelberg 
and the Study Group for the large hydro­
gen chamber at CERN. It was the first inter­
nat ional conference ever held devoted 
ent irely to bubble chambers. 

The purpose of the conference was to 
pool the th ink ing of the many accelerator 
Laborator ies who are now concern ing 
themselves wi th the problems of the next 
generat ion of bubble chambers. More than 
forty papers were presented on the physics 
requirements and technical problems in f ive 
sessions : physics aspects ( including cons i ­
derat ion of what would be needed when 
accelerators of energies up to 300 GeV are 
avai lable), present and future projects, 
opt ica l and magnet systems, thermo­
dynamics, and engineer ing and instrumen­
tat ion. 

The 81 centimetre hydrogen bubble chamber 
took its 9 millionth photograph (right) on 
19 June. The photograph is of antiprotons of 
momenta 700 MeV/c being annihilated 
in the chamber. 

111 



A photograph taken on the 85 centimetre bubble 
chamber at DESY on 23 May. Tracks inside the 
ring are in pure hydrogen photographed through 
a thin Mylar window; tracks outside are in a 
more dense hydrogen-neon mixture. 

Advance in.bubble 
chamber technique 
One of the ideas discussed at the Heidel ­
berg conference was the use of a 'bubble 
chamber wi th in a bubble chamber ' . This 
idea which may overcome some of the 
l imitat ions of exist ing chambers is being 
tested at DESY and at CERN with every 
indicat ion of success. 

The most common bubble chamber Ircjuid 
is hydrogen. It presents the s implest 
possible target, the isolated protons at the 
nuclei of the hydrogen atoms, to the 
incoming beams which great ly s impl i f ies 
the analysis of the result ing interact ions. 
However, in hydrogen, the path- lengths of 
gammas which emerge from the inter-
t roublesome for the detect ion of neutral 
pions which themselves leave no t rack in 
the chamber l iquid and gammas ar is ing 
f rom their decay can often escape f rom the 
chamber volume before convert ing to 
e lectron-posi t ron pairs wh ich make it 
possib le to identify them. In chambers 
f i l led with heavy l iquids (such as 

propane or freon), the path- lengths 
are much shorter but the target nucleus is 
then complex and Coulomb scatter ing of 
the part ic les emerging from an interact ion 
by the mul t i -charged nuclei results in less 
preci semomentum measurements. 

A fair ly obvious compromise would be to 
set up a hydrogen f i l led target surrounded 
by a more dense l iquid to retain the s imple 
target and, overal l , to reduce path-
lengths. The problem was to f ind some way 
of doing this wi thout the compl icat ion of 
having effect ively two bubble chambers 
with separate expansion systems, etc... 

In March 1966, H. Leutz, work ing at CERN 
in the study group for the large hydrogen 
chamber suggested a scheme whereby 
a target volume of hydrogen would 
be set up, separately enclosed, inside 
a chamber f i l led with a mixture of 
neon and hydrogen. Thin, t ransparent 
Mylar w indows would make it possible 
to photograph both volumes with the 
same opt ical system and, more impor­
tantly, make it possible to transmit the 
pressure changes in the main volume to the 
hydrogen via the Mylar windows. 

In cooperat ion wi th DESY, s imple enclo­
sures to provide the hydrogen target have 
been built. Some pictures were taken at 
CERN in the 81 cm. chamber f i l led with 
hydrogen early in Apr i l using a radioact ive 
source to provide the incoming part ic les. 
The f irst p ictures wi th a beam were taken 
at DESY on 23 May in the 85 cm chamber, 
with hydrogen in the target and a hydrogen 
— neon mixture in the main chamber 
volume. 

The impl icat ions of this development for 
the big chambers, wh ich are now on the 
drawing boards, are under considerat ion. 
For example, for the very large hydrogen 
chamber of 3.5 metres diameter, wh ich was 
author ized at the June Counci l Meeting as 
a jo int project between CERN, France and 
the Federal Republ ic of Germany, it may 
be dec ided to have a faci l i ty for instal l ing 
a 1 metre diameter hydrogen target volume. 
This cou ld replace the init ial proposal to 
int roduce thin lead plates into the chamber 
to convert neutral part ic les into charged 
part ic les. 

Much work remains to be done to perfect 
the idea in pract ice but the work at CERN 
and DESY gives good reason far bel ieving 
that the scheme wi l l work. 

Computers 
An IBM 360/30 computer arr ived at CERN 
in June to be used in administrat ive ser­
vices. The use of this computer is seen as 
a long-term solut ion cover ing foreseeable 
requirements into the 1970s. It has become 
known as the ADP project (Administrat ive 
Data Processing). 

An IBM 360/44 as an on-l ine computer 
for physics exper iments is scheduled to be 
del ivered in July. It is capable of accept ing 
large quant i t ies of data at high speed, and 
per forming a considerable amount of 
computat ion to pass results immediately to 
exper imentors or to store them for future 
reference. This computer is part icular ly 
appropr iate for the increasing number of 
exper iments l ikely to use large wire spark 
chamber arrays, wh ich are capable of 
co l lect ing a great deal of information 
dur ing one pulse of the accelerator. 
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1. Professor Linus Pauling, holder of the 
Nobel Prize for Chemistry and the Nobel 
Prize for Peace, gave a colloquium at CERN, 
on 1 June. 

2. Science journalists visiting the site 
of the intersecting storage rings during 
a Press Day on 2 June. 

3. A group of lecturers and students at the 1967 
CERN School. Left to right N.C. Mukherjee, 
Professor B. Gregory (Director General 
of CERN), D. Le, Miss L. Bergamasco, 
Prof. G. Ekspong (Chairman of the organizing 
committee of the School), Dr. G. Funke 
(President of the CERN Council), P. Kitching. 
(Photo : K. G. Svensson) 

The CDC 6400, the second large general-
purpose computer which arr ived at the end 
of March, is being used for development 
of the next operat ing system prior to 
gradual ly being brought into ful l 
operat ion. Brookhaven National Labo­
ratory, USA, received its second CDC 
6600 in. Apr i l and their two big computers 
wi l l eventually be l inked with a mi l l ion-
word core store which is scheduled to be 
del ivered later this year. The Laboratory 
is also developing a 'Brookhaven Digital 
Communicat ions Network' to give direct 
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access to the main computers from a num­
ber of remote access points. A similar 
development project, cal led FOCUS, has 
been started at CERN. 

CERN School 
The 1967 CERN School of Physics was held 
from 21 May to 3 June at Rattvik, Sweden, 
on the shores of Lake Si l jan. It was 
attended by 83 students from 20 countr ies. 

The School was opened by Dr. G. Funke, 
the President of the CERN Council who is 

CERN/PI 405.5.67 

also Secretary General of the Swedish 
Atomic Research Counci l . The main lecture 
courses were given by Professor 
G. Goldhaber (Berkeley), Professor 
M. Veltmann (Utrecht), Professor J . Nilsson 
(Gothenberg) and Professor B. Svensson 
(Lund). Professor B. Gregory, Director 
General of CERN attended the opening 
ceremony and gave an evening seminar on 
the experimental programme at the CERN 
proton synchrotron. Other speakers f rom 
CERN were Dr. M. Vivargent and Dr. M. 
Jacob. 
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NRC EUROPE 
Presents a comp le te l ine of high vacuum 
componen ts and systems: 

Di f fus ion pumps 

Ion Pumps 

Gauges and Cont ro ls 

Valves 

Leak Detec tors 

Evaporators 

Furnaces 

NEW 
PRINCIPLE 
IN ION 
PUMPING 
No magnets ! ! ! 

tw i ce the speed 
fo r half the costs 

one tenth the size 
and we igh t of compet i t i ve 
pumps 

Geneva Office: 
Route de Cointrin 81 
Tel. 33 11 80 

NRC's famous Orb-Ion 

Plant and Service Center: 
Saint-Julien (Haute-Savoie) 
France (12 km from CERN) 

Visit 
On 13 June several .senior pol i t ic ians f rom Belgium visi ted CERN, 
inc luding Mr. J . Van Offelen (Minister for Economic Affairs), Mr. 
M. Toussaint (Minister for Education) and Mr. R. Grusl in (Governor 
of the Province of Namur). They were we lcomed by Mr. J . Wi l lems, 
Belgian representative at the CERN Counci l , and by Professor L. 
Van Hove, Director of the Theoret ical Physics Department. 
After a talk on the work of CERN by Professor Van Hove, the 
visi tors toured the site. The visit conc luded with a d iscussion of 
the impl icat ions for a country if the 300-GeV Laboratory is set up 
on its terr i tory.Belgium has put forward a site at Focant in the 
Province of Namur. 

Conferences 
The International School of Physics 'Ettore Majorana' is being 
held at Erice in Sici ly f rom 1 - 1 4 July. The theme of the school 
this year is 'Advances in Part ic les Physics' . More than 100 physi ­
cists f rom 39 countr ies are enro l led. A. Z ich ich i f rom Bologna 
University and CERN, is Director of the School and the lecturers 
inc lude N. Cabbibo, C. Franzinett i and B. Gregory f rom CERN. 

The second International Conference on Magnet Technology wi l l 
be held in Oxford, UK, f rom 1 1 - 1 3 July. The Conference is being 
organized by the Rutherford Laboratory. Nearly 300 part ic ipants 
f rom 19 countr ies wi l l attend inc luding many scient ists and 
engineers f rom CERN. 

DIGITAL VOLTMETER 
LM 1420.2 

Five variants of the highly successful 
LM 1420.2 are now available. The most 
recent addit ion to the range is a true r.m.s. 
sensing^version 

# 2,5/* V - 1 0 0 0 V in 6 ranges 

9 150 dB Common Mode Rejection 

0 Accuracy 0 ,05% 

0 33 conversions per second 

# 5000 M O input resistance 

£ BCD or decimal printout 

£ Compact light-weight low cost 

Information, Sales, Service 

SCHLUMBERGER 
INSTRUMENTATION S.A. 

8, avenue de Frontenex 
Tel. (022) 35 9 9 50 

GENEVE 

Z U R I C H 

1211 Geneve 6 
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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 

S O D E C O 
1211 Geneva 16 (Switzerland) 

Tel. (022) 33 55 00 Telex 22 333 



New 
Vacuum Gauges 
as 
Rack Panels 
as 
Consoles 
or as a Fitting 

VAKUUMMETfcR KVG 403 
VACUUM SAUCE •'•VO 403 

With the re-design of their well-known 
vacuum gauges which have been in 
popular use for the past 20 years, 
BALZERS have fulfi l led two important 
technical requirements; suitability of the 
equipment for insertion into standard 
racks, and further extension of the high 
vacuum measuring range of the instru­
ments. 
Adaptation to modern technical require­
ments was simplif ied for BALZERS by 
their background of wide experience in 
the construction of vacuum measuring 
equipment, and the new BALZERS 
vacuum gauges are a product of the 
natural processes of growth and matu­
rity. 

Special Features 
— outstandingly efficient; 
— compact in shape and appearance; 
— practical programme necessitating 

few gauges for the pressure range 
760 to 10-11 Torr (for example KV713: 
from 1 to 10-8 Torr) ; 

— Indicat ion: accurate and reprodu­
cible; 

— Type of construct ion: modern, robust 
and reliable in operat ion; 

— standard size connections for recor­
der and control instruments; 

— available as a unit for fitting in exist­
ing control panels and plants as re­
quired; 

— available as a 19" rack panel; 
— available with side panels as a port­

able console, suitable for stacking. 

BALZERS programme of measuring 
equipment also includes: vacuum relays 
leak detectors and mass spectrometers. 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Baizers • Principality of Liechtenstein 

United Kingdom: 
BALZERS HIGH VACUUM LIMITED 
Berkhamsted, Herts., 
Telephone: Berkhamsted 2181 



Nous cherchons pour un bureau d'ingenieur suisse (nord de la Suisse) important un 

INGENIEUR MECANICIEN DIP LOME 
OU 

INGENIEUR PHYSICIEN DIPLOME 
pour le poste de 

Chef du Service thermonucleaire 
Cette posi t ion a laquel le serait ad jugee une grande responsabi l i te avec les competences 
necessaires, devrai t etre occupee par un candidat possedant une serieuse format ion 
professionnel le et repondant aux qual i f icat ions suivantes : 

bonnes connaissances de thermodynamique • connaissances generates de la technique 
nucleaire • p lusieurs annees d 'exper ience dans I 'elaboration de projets de centrales 
thermiques • bonnes connaissances de I 'al lemand et de I'anglais. 

Notre cl ient n'exige pas seulement un homme du metier, mais aussi une personnal i te 
dynamique etant capable de dir iger, coordonner et st imuler a un travai l product i f une 
equipe de co l laborateurs qual i f ies. 

Si vous vous interessez a la d i rect ion de ce service dont 1'importance est en pleine 
cro issance et qui vous offre d' interessants contacts internat ionaux, nous vous pr ions de 
nous soumett re votre offre d 'emploi ou de nous te lephones 

A G FUR PERSONALBERATUNG ZURICH (Schweiz) 
Talstrasse 20 Tel. 051 25 9656 

Agents & distributors 

Natural and 
synthetic rubber 

Plastic materials 

Power transmission 
elements 

Sealing specialists 
(GACO) 

GENEVA ZURICH MILANO 

Stores Service, 
CERN 

The Surplus Stock and Salvage sect ion has a large 
select ion of new and used e lectronic and electr ical 
spare-parts, also used e lect ronic components in 
good condi t ion. 

Those interested should contact the Head of Stores 
Service for fur ther informat ion at the fo l lowing 
address: 

CERN -1211 Geneva 23. 
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the s imples 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 with v isua l d i s p l a y • M o d u l a r 
sca le rs • A u t o m a t i c r e a d o u t of t he s y s t e m : f r o m the s i m p l e s t p r in ters to 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 ' E L E C T R O N I Q U E N U C L E I A I R E - 3 1 , 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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Users of Borer multi-channel scaler 
systems include: 
Birmingham University 
Centre derecherches Nucleaires, 
Strasbourg 
Deutsches Elektronen-Synchrotron 
(DESY), Hamburg 
Ecole Normale Superieure de Paris, 
accelerateur de lineaire, Orsay 
Eidgenossische Technische Hochschule, 
(ETH), Zurich 
European Organisation for Nuclear 
Research,(CERN), Geneva 
Fysisch Laboratorium, Universiteit, 
Utrecht NL 
Glasgow University 
Kernforschungsanlage Julich 
Kernforschungszentrum, Karlsruhe 
Liverpool University 
Manchester University 
Max-Planck Institutfur Chemie, Mainz 
Max-Planck Institut fur Kernphysik, 
Heidelberg 
Max-Planck Institut fur Physik und 
Astrophysik, Munchen 
Natuurkundig Laboratorium, Universiteit, 
Groningen NL 
Oxford University 
Physikalisches Institut der Universitat, 
Bonn 
Physikalisches Institut der Universitat, 
Hamburg 
Reaktor-Station Garching, Physik 
Departement, Munchen-
Science Research Council, Daresbury 
Science Research Council, Rutherford 
High Energy Laboratory 
Sussex University 
UKAEA, Harwell 
UKAEA, Risley 

Borer are the largest manufacturers 
of scalers in the western hemisphere, 
and supply large and small systems 
wherever rapid, reliable counting is 
needed in high energy and low energy 
nuclear physics. 

Borer scalers are available with: 
6or8 decades 
Decimal or binary display 
2,20 or 100 Mc/s count rates 
Single or double units 
Flexible data output using 
teleprinters, punched tape, magnetic 
tape, output writers, and parallel 
printers. 

Please ask for latest literature, or 
for a demonstration. 

I E L E C T R O N I C S 

Switzerland: Heidenhubelstrasse 24 
Solothurn 
Telephone 065/2 85 45 
Great Britain: 36 East Street 
Shoreham-by-Sea, Sussex 
Telephone 4305 
Germany: Verkaufsburo Munchen 
KaiserstrasselO, D-8000 Munchen 23 
Telephone348016 
France: Sorelia Electronique. 
150 rue de Chatou, 92 Colombes 
Telephone 782.16.39-782.32.79 
Italy: Boris G. F, Nardi 
ViaCapranica16, Milano 
Telephone 2362924-2361394 
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All M100 modules are available in both the EG&G package and in a NIM-compatible package (NBS-AEC TID-20893 rev.) 
Wri te or call for detailed specifications. EG&G, Inc., Salem Laboratory, 4 0 Congress Street, Salem, Massachusetts 01970. Tel: (617) 745-
3200. TWX: 710-347-6741. Cable: EGGINC-SALEM. Field offices: Chicago, Ill inois, (312) 237-8565; Palo Al to, California, (415) 327-8328. 
TWX: 910-373-1760; Representatives in foreign countries. 


