


CERN, the European Organization to 
Nuclear Research, was established i 
1954 to provide for collaborât!© 
among European States In nuclear re 
search of a pure scientific and funda 
mental character, and in researc 
essentially related thereto'. It acts as 
European centre and co-ordinator o 
research, theoretical and expérimenta 
in the field of sub-nuclear physics. Thi 
branch of science is concerned wit 
the fundamental questions of the basl 
laws governing the structure of matte 
The Organization has its seat at Meyri 
near Geneva in Switzerland. There ar 
two adjoining Laboratories known a 
CERN Laboratory I and CERN Labora 
tory II. 

CERN Laboratory I has existed sine 
1954. Its experimental programme i 
based on the use of two proton ac 
celerators — a 600 MeV synch ro-cyclo 
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage ring 
(ISR), are fed with protons from the PS 
for experiments with colliding beams 
Scientists from many European Uni 
versities as well as from CERN itsel 
take part in the experiments and it Is 
estimated that some 1200 physicists 
draw research material from CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equally 
divided on either side of the frontie 
between France and Switzerland. The 
staff totals about 3000 people and, in 
addition, there are about 650 Fellows 
and Visiting Scientists. Twelve Euro­
pean countries contribute, in proportion 
to their net national income, to the 
CERN Laboratory I budget, which totals 
353.4 million Swiss francs in 1971. 

The CÉRN Laboratory II was author­
ized by ten European countries in 
February 1971 ; it will house a proton 
synchrotron capable of a peak energy 
of hundreds of GeV. CERN Labora­
tory II also spans the Franco-Swiss 
frontier with 412 hectares in France 
and 68 hectares in Switzerland. Its 
budget for 1971 is 29.3 million Swiss 
francs. 

CERN COURIER is published monthly 
in English and French editions. It is 
distributed free to CERN employees 
and others interested in sub-nuclear 
physics. 
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printed if credit is given to CERN 
COURIER. Copies of most illustrations 
are available to editors without charge. 

Advertisements are published on the 
sole responsibility of the advertisers. 

Editor: Brian Southworth 

Assistant Editor: Philippe d'Agraives 

Advertisements: Micheline Falciola 

Photographs: PIO photographic section 

Public Information Office 
CERN, 1211 Geneva 23, Switzerland 
Tel. (022) 41 98 11 Telex 2 36 98 

Printed by: Ed. Cherix et Filanosa S.A. 
1260 Nyon, Switzerland 

Contents 

CERN Laboratory II 347 
A review of developments towards the construction of a proton 
synchrotron of several hundred GeV energy, including news on 
design modifications, construction contracts and advisory committees 

CERN News 

Gett ing colder 353 
A new refrigerator for use with polarized proton targets has been 
tested down to temperatures of 0.03 K and lower 

HYBUC rapid cycl ing 353 
The small hydrogen bubble chamber designed for hyperon physics 
operated at the rate of an expansion every 25 ms 

ISR over 10 A stacked in Ring I 354 
New peak currents reach in both rings of the Intersecting Storage 
Rings with Ring I topping 10 A offer a good vacuum bake-out 

Ready to accelerate 355 
Radio-frequency accelerating cavities for the four superposed rings 
of the PS Booster installed after voltage tests 

Gargamel le 's 500 000 356 
The heavy liquid bubble chamber, Gargamelle, clocks up its first 
500 000 pictures 

Around the Laborator ies 

RUTHERFORD : On target 356 
Successful tests of the track sensitive target technique in the 1.5 m 
bubble chamber at the Rutherford Laboratory 

STANFORD : Bomb incident 358 
Explosion of two small bombs causes a little damage to equipment 
of the 20 GeV electron linear accelerator at SLAC 

BATAVIA : 15 foot bubble chamber 358 
Good progress in the construction of the major bubble chamber 
facility at the National Accelerator Laboratory scheduled for cool-
down in July 1972 

CERN COURIER Correspondents 359 
List of correspondents from other Laboratories who have helped in 
providing material for CERN COURIER in the course of the year 

Cover photograph : Fireworks to celebrate Christmas — courtesy of the 
PS Booster. The photograph is a ' still ' from a film illustrating multi-turn 
injection into a ring of the Booster by computer simulation. A thousand 
particles are fed in and the proton motions in the vertical phase plane 
during one eighth of a turn around the ring result in the distribution of 
particles as shown. The film was produced by C. Bovet, D. Lamotte and 
R. Le Bail with G. Bertin behind the camera. 

346 



CERN Laboratory II 
A review of developments at Laboratory II 
in the course of the year. 

On 19 February, ten of the Member 
States in the CERN Counci l approved 
the ' Programme for the Construct ion 
and Br inging into Operat ion of the 
CERN 300 GeV Laboratory '. Recruit­
ment of the senior staff for ' CERN 
Laboratory II ' began immediately 
afterwards and all the Group Leaders 
(l isted in the July issue, page 189) 
were at CERN ful l - t ime by September. 

By now the total number of staff 
who have arr ived at Laboratory II 
has grown to about 100 and it wi l l c l imb 
close to 300 by the end of next 
year. They are temporar i ly housed in 
four large huts close to the West 
Experimental Hall , part of wh ich is 
being used for component test ing. 
This arrangement wi l l cont inue unti l 
early in 1973 when a laboratory and 
off ice bui ld ing and a large assembly 
hall wi l l become avai lable on the 
Laboratory II site. 

Design of the accelerator 

When the senior staff posts had been 
f i l led, the first item on the agenda 
was to re-examine the machine de­
s ign. This review of the accelerator 
parameters and the assumptions f rom 
wh ich they emerged was then being 
done by people direct ly responsible 
for carry ing the project though to an 
operat ing machine. 

Prior to the February decis ion a 
two-volume report (MC/60) ent i t led ' A 
Design of the European 300 GeV Re­

search Facil i t ies ' was produced. It 
was summarized in the January issue 
of CERN COURIER. We wi l l remind 
readers here of the main features 
which underl ie the detai led design of 
the machine and then concentrate on 
the few design changes wh ich have 
been int roduced. 

The accelerator is to be built under 
land (predominent ly in France) on the 
opposi te side of the Geneva-St. Genis 
road f rom CERN Laboratory I. It wi l l 
be instal led in a tunnel several tens 
of metres below ground wh ich , to­
gether wi th careful posit ioning of the 
major experimental area (the North 
Area), wi l l avoid major d isturbance 
to the present use of the land. In the 
total area of the Laboratory only a 
few regions (office and laboratory 
area, North Experimental Area, six 
machine tunnel access points) wi l l 
require surface bui ldings. 

The machine diameter wi l l be 2.2 km 
— the maximum ring diameter wh ich 
can be accommodated in the molasse 
r idge wh ich fal ls away into shal low 
valleys on either side. It wi l l have six 
long straight sect ions. One wi l l be 
used to receive the proton beam from 
the proton synchrotron which has 
been operat ing at CERN for eleven 
years and wh ich wi l l serve as injector. 
One wi l l be used to eject beam to the 
exist ing West Hall so as to use the 
major exper imental faci l i t ies wh ich 
are already being built there (the 
3.7 m bubble chamber, BEBC, and the 

spectrometer, Omega). One wi l l be 
used for e ject ion to a completely new 
exper imental area (North Area). 

The accelerator wi l l be constructed 
in such a way as to leave open, for as 
long as possible, the opt ion of 
incorporat ing pulsed superconduct ing 
magnets in the ring should they be­
come technical ly and economical ly 
feasible. This wi l l be done by having 
a ' missing magnet latt ice '. Init ial ly 
convent ional bending magnets wi l l 
be ordered in suff icient quanti ty to 
give a peak energy of 200 GeV (this 
is known as stage A). They wi l l be 
d ist r ibuted around the ring occupy ing 
half the c i rcumference avai lable to 
magnets so as to leave room for the 
insert ion of superconduct ing magnets 
in the other half later on. The higher 
f ields of the superconduct ing magnets 
could give a peak energy of 400 GeV 
or higher. Al ternat ively more conven­
t ional magnets could be added ( f i ­
nance is assured in the budget of the 
accelerator for suff icient magnets to 
take the energy to 300 GeV — stage 
B — but there is room for magnets to 
take the energy to 400 GeV — stage 

A 'Management Board' meeting at CERN 
Laboratory II with the Director General J.B. 
Adams (left), and his Deputy H.O. Wuster at the 
head of the table. This is one of the two 
major internal committees which meet at 
fortnightly intervals. The Management Board 
concerns itself with general Laboratory matters 
and policy. A 'Design Committee' concerns 
itself with technical discussions on the machine 
design. 
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A cross-section of a B2 type bending magnet for 
the SPS. They will be of the 'window-framer 

type 6.26 m long built from half-laminations 
giving a total core size of 800 X 450 mm2 

with a good field aperture of 52 x 92 mm2. 
The two 'half-moons' above and below illustrate 
where the coils are bent up at the ends 
of the magnet. 

Laminations for a model of a bending magnet 
for the SPS being machined in the CERN Main 
Workshop. It has been possible to begin building 
model magnets quickly once the design had 
been finalized thanks to the cooperation of the 
ISR Magnet Group who made available steel of 
the appropriate quality left over from ISR 
magnet production. Model magnets are being 
built to check both magnetic properties and 
construction techniques. 
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C — and most components are being 
designed to cope wi th an energy of 
400 GeV). Al ternat ively again, if super­
conduct ing magnets are a success a 
full r ing of them could take the energy 
towards 1000 GeV. With all these 
energy opt ions avai lable we prefer to 
avoid the fami l iar t i t le of ' 300 GeV ' 
for the machine and to refer to it as 
the SPS (Super Proton Synchrotron). 

When the construct ion team re­
examined the MC/60 design wh ich had 
emerged f rom these general features, 
it largely conf i rmed the parameters 
wh ich had been selected. This was 
despite having considered some ra­
dical ly dif ferent latt ices, r.f., in ject ion 
and eject ion schemes. The accelerator 
remains a separated funct ion, missing 
magnet machine receiving its protons 
f rom the PS at a momentum of 
10GeV/c , accelerat ing them with t ra­
vel l ing-wave type cavit ies and eject ing 
to West and North Experimental 
Areas. 

Changes have come into the design 
of the bending magnets and of the 
eject ion system. At the t ime of MC/60, 
two designs of bending magnet were 
studied — 'H ' and 'window frame' — 
and both were left as possibi l i t ies 
though the emphasis was then quite 
strongly on H magnets. The decis ion 
has now swung to w indow frame mag­
nets ~ a cross-sect ion of a B2 type is 
shown in the d iagram. 

There are several technical reasons 
wh ich prompted this change. An im­
portant one has come from a study of 
the effect of bending magnet f ie ld 
distort ions on the required slow ejec­
t ion condi t ions. This shows that the 
usually quoted ' good f ield ' precis ion 
of 1 in 10 3 is not adequate. Decapole 
and sextupole harmonics in the mag­
net f ields (corresponding to f ie ld 
fal l ing off at the extremit ies or at the 
centre of the aperture, respectively) 
could seriously affect the eject ion 
eff ic iency. As a result of this study it 
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SPS Main Parameters 
Peak energy stage A 200 GeV 

stage B 300 GeV 
stage C 400 GeV 

Ring diameter 2.2 km 
Tunnel diameter 4 m 
Tunnel depth 11 m rock 

(at shal lowest point) and 7 m earth 
Number of long straight sect ions 6 
Number of eject ion straights 2 

(fast and slow eject ion to West Hall and North Area) 

Inject ion momentum 10 GeV/c 
Inject ion intensity 10 1 3 protons per pulse 
Pulse repeti t ion frequency about 1 per 4 s 

Number of r.f. cavit ies 3 (possibly 2) 
Peak r.f. vol tage 5.4 MV 
R.f. f requency 200 MHz 
Number of bunches in ring 4620 

Number of bending magnets stage A 180 (B1) 192 (B2) 
stage B 360 (B1) 180 + 24 (B2) 
stage C 360 (B1) 384 (B2) 

Peak bending f ield 1.8 T 
Bending magnet good f ield aperture 39 X 129 m m 2 (B1) 

52 X 94 m m 2 (B2) 
Bending magnet length 6.26 m 
Number of quadrupoles 216 
Peak quadrupole focusing gradient 21 T/m 
Quadrupole good f ield aperture 125 mm 

Mean power load on publ ic supply 35.5 MW 
Main r ing, pressure 10~7 torr 
Number of ion pumps (each 50 l/s) 432 

Programme cost (stage B) 1150 MSF 

has been decided to aim for a t ighter 
to lerance in the magnets (3 X 10~4 

across the good-f ie ld region). This is 
more easily achieved wi th w indow 
f rame magnets. 

These magnets wi l l require more 
careful fabr icat ion and posi t ioning of 
the magnet coi ls but they reduce the 
magnet stored energy and the magnet 
steel cross-sect ion. Another advan­
tage is that the coi ls are necessari ly 
turned up at the ends of the magnets 
wh ich results in saving in the c i rcum­
ferent ial length taken up by the bend­
ing magnets. (Though comparat ively 
small for a single magnet, this be­
comes signi f icant when mult ip l ied by 
the 750 magnets wh ich wou ld be 
needed for the 400 GeV stage). A gain 
in the c i rcumferent ia l length is 
part icular ly advantageous since it has 
been decided to increase the space 
al located to e ject ion. 

The eject ion system is obviously 
crucia l to the ult imate machine per­
formance — so much so that modern 
machines tend to be designed around 
the eject ion system. Since the report 
MC/60, a greater margin of safety has 
been fed into the design of the ejec­
t ion system. Both fast and slow ejec­
t ion wi l l now take place in the hor i ­
zontal plane rather than vert ical ly. 
The distance between eject ion com­
ponents wi l l be increased (the 
distance between the two septum 
magnets wi l l be increased by a fac­
tor of three) to al low space for great­
er d isplacement of part icles. Ejec­
t ion components wi l l include an 
electrostat ic septum (probably 0.1 mm 
th ick, 8.5 m long), a thin copper sep­
tum (4 mm thick, 1 m long), e ject ion 
magnet (two units of 1 m length wi th 
a 1 T peak f ield), special quadrupoles, 
sextupoles, bump magnets and a full 
aperture kicker (for beam shaving). 

Other changes since the design 
descr ibed in the January COURIER 
include the select ion of 200 MHz as 
the f requency of the r.f. accelerat ion 

system (corresponding to 4620 pro­
ton bunches in the ring). This sets the 
SPS r.f. f requency as a mult ip le of the 
PS r.f. f requency making beam t rap­
ping easier and also means that the 
r.f. equipment wi l l be bought f rom an 
already developed market s ince sev­
eral proton linear accelerators have 
used this frequency. Studies have 
also indicated that it might be possible 
to get away wi th two rather than three 
r.f. cavit ies but this decis ion is sti l l 
open. 

For in ject ion of the beam f rom the 
PS more attent ion is being given to 
the possibi l i ty of 1 cont inuous trans­
fer ' (which was also considered in 
MC/60) rather than the bunch-by-
bunch method previously favoured. 
The PS beam would then be pro­
gressively nudged into an electrostat ic 
septum instal led in a ' high beta ' 
sect ion where the beam wou ld be 
del iberately broadened. The septum 
would peal the beam off dur ing ele­

ven PS revolut ions and send a r ibbon 
of protons towards the SPS so as to 
f i l l the SPS ci rcumference. This 
scheme has the advantage that it can 
be used wi th a debunched beam or 
wi th a beam which had already been 
bunched in the PS at the SPS fre­
quency. It wou ld also give a beam of 
lower horizontal emit tance. (The 
scheme wi l l be tested in the PS in the 
course of the coming year.) 

There have also been ref inements 
in the power supply, etc. and par t icu­
larly in the plans for feeding part ic les 
to the West Hall (covered later in the 
art ic le). Al l these topics wi l l be des­
cr ibed in much greater detai l in a 
new design report, to be publ ished 
in February 1972, which Laboratory II 
is required to produce wi th in a year 
of the project approval by CERN 
Counci l . 

It is wor th repeating here how much 
the design of the SPS has benefi t ted 
f rom the work at the National Acce l -
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A model of the buildings for CERN Laboratory II 
which will be built by the Société Aixoise de 
Construction. The large assembly hall and one of 
the office and laboratory blocks is scheduled 
to be ready early in 1973. 

To get a real feel for what the SPS tunnel will 
be like, a full-scale model of a short length 
of tunnel has been built in the West Hall. 
Wooden models of bending and focusing 
magnets are in place as are mock-ups of the 
provisions for the services — cooling water, 
power, monitoring and control. Seeing what this 
will look like in reality will help fix the final 
disposition of components in the tunnel. 
(Looking into this end of the tunnel model the 
centre of the ring would be on the right.) 

erator Laboratory, Batavia. A great 
deal of the imaginative th ink ing wh ich 
went into the USA machine, trans­
forming large accelerator design com­
pared wi th the machines of the 1950s, 
has been absorbed into the SPS. We 
have also learned from the problems 
our Amer ican col leagues are now 
confront ing in the f inal stages of com­
missioning. Thus greater safety fac­
tors are being fed into the design of 
the European machine on such things 

as magnet insulat ion, eject ion system 
and so on. 

Progress towards 
machine construction 

We pass now from what has been 
happening largely on paper to what 
has been happening in terms of prac­
t ical moves towards the realization 
of the project. 

Two of the major construct ion con­

tracts have already been placed. Both 
were necessary at this t ime in order 
to fit in wi th the schedule wh ich 
dictates that beams shall be avai lable 
for physics in the sixth year of the 
programme (1976). The first concerns 
the laboratory and off ice bui ld ings 
and a large assembly hall whose 
design was completed early in 1971. 
A photograph of the model of th is 
complex can be seen on page 350. 

The contract has been placed wi th 
Société Aixoise de Construct ion. 
Some work has already begun on the 
site and one off ice and laboratory 
bui ld ing and the large assembly hall 
are scheduled to be available early in 
1973. This date has to be met to pro­
vide accommodat ion for the growing 
number of Laboratory II staff and to 
have space avai lable for the assembly 
and test ing, part icular ly of the ma­
gnets wh ich are scheduled for pro­
duct ion f rom early in 1973. 

The second major contract is for 
the machine tunnel and it has been 
placed wi th the construct ion group of 
Losinger, Prader, Grands Travaux de 
Marsei l le, Société d'Esecuzione Lavori 
Idraul ici and Cuenod. The f inal detai ls 
of the contract are now being ne­
got iated. Before this contract could 
be p laced, very detai led work was 
necessary to f ix the precise posit ion 
and conf igurat ion of the tunnel by the 
beginning of November. This involved 
f inal decis ions on the machine latt ice 
and eject ion requirements and took in 
the civi l engineer ing l imitat ions and 
the relat ion of the machine to its in­
jector and exper imental areas. 

Early next year d igging to tunnel 
level wi l l start (appropriately at the 
posit ion of the long straight sect ion 
meant for in ject ion). The large bor ing 
machine wi l l then be assembled down 
the hole and wi l l begin its mole- l ike 
journey around the 7 km of machine 
c i rcumference. The tunnel is sched­
uled to be f in ished by the end of 
1974. We wi l l be returning in more 
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detai l to both these civi l engineer ing 
contracts at appropr iate t imes in the 
near future. 

Before the bui ld ing and tunnel l ing 
can be implemented, the necessary 
agreements have to be reached wi th 
the owners of the land on the Labo­
ratory II site (there are about 600 of 
them). These agreements vary accord­
ing to the locat ion (and hence the 
purpose for wh ich the land is to be 
used) but all those necessary for the 
start of construct ion have been sett led. 
This has required the cooperat ion 
of the French and Swiss governments 
both of whom have passed the 
necessary legal measures. 

Another site quest ion wh ich has 
been sett led concerns the te lephone 
network (to avoid going via two inter­
national te lephone exchanges in con­
tacts between Laboratory I and Labo­
ratory II). Negotiat ions are also wel l 
advanced concerning the customs 
arrangements in passing f rom one 
Laboratory to the other and on the 
supply of electr ic i ty, by Electr ic i té de 
France, and of cool ing water f rom the 
Geneva lake, by the Swiss authori t ies. 

On machine components, pre l imi ­
nary enquir ies have been sent to ma­
nufacturers concerning r.f. equipment, 
magnets, and vacuum chambers. Ex­
perimental work has started on power 
supply units and on the bending mag­
nets. Magnet models are being built 
— a i m model of each type (B1 and 
B2), on wh ich magnet ic measure­
ments wi l l be carr ied out to ensure 
that the required precis ion can be 
achieved, and ful l -scale 6.26 m long 
models of each type wh ich wi l l check 
part icular ly the construct ion techni ­
ques. A fast start on the 1 m models 
has been possible thanks to the ready 
avai labi l i ty of some steel of appropr iate 
qual i ty left over f rom the product ion 
of the ISR magnets. The 6.26 m models 
wi l l be built using steel samples 
suppl ied by manufacturers. Tenders 
for the magnet contracts wi l l go out 

in January 1972 and the contracts 
should be placed the fo l lowing July. 

ECFA Working Group 

It is essential that the entire high 
energy physics communi ty in Europe 
be wel l informed of progress at CERN 
Laboratory II and that it part ic ipates 
in the development of the project 
in as many ways as possible. This is 
part icular ly true for the exper imental 
physicists who wi l l eventually use the 
machine. Their interests and pr ior i t ies 
need to be fed into the project f rom 
an early stage. 

For many years now a major forum, 
where the interests of the entire com­
munity are represented, has been the 
European Committee for Future Ac­
celerators, ECFA, and it was natural 
that the mechanism to ensure the 
part ic ipat ion of high energy physicists 
should emerge from ECFA. In October 
1970, ECFA asked P. Falk-Vairant to 
act as convenor of a Work ing Group 
wh ich wou ld discuss scient i f ic and 
technical problems in the exploi tat ion 
of the new accelerator. These pro­
blems include such things as the 
opt imum lay-out of experimental halls, 
desirable beams and detectors, de­
velopment of new detect ion techni ­
ques, etc... 

An Executive Commit tee has been 
set up consist ing mainly of act ive 
exper imental physicists who wi l l de­
vote a good proport ion of their t ime 
in the next few years to th inking and 
work ing on the SPS experimental 
programme. The membership of the 
Commit tee is div ided amongst the 
exper imental discipl ines and is dis­
t r ibuted geographical ly around the 
Member States : J . Drees, D. E. C. 
Fries, P. Soding (Federal Republ ic of 
Germany) ; I. Butterworth, P. G. Mur­
phy, J . J . Thresher (U. K.) ; G. Bar-
biél l in i , G. Giacomel l i , I. Manel l i 
(Italy) ; F. Jaquet, D. Trei l le, R. Turlay 
(France) ; M. Steuer (Austria) ; J. P. 

Stroot (Belgium) ; E. Li l lethun (Nor­
way) ; R. T. Van de Walle (Nether­
lands) ; J . Al laby, W. Beusch, G. 
Briant i , C. Michael , C. Rubbia, H. W. 
Wachsmuth, E. J . N. Wilson (CERN). 

On the init iat ive of the ECFA Work­
ing Group a Study Week was held 
at Tirrenia, Italy, f rom 13-18 September 
br inging together about 140 physicists. 
The purposes of this meeting were 
— to study the character ist ics of the 
accelerator and its experimental fa­
ci l i t ies (part icular ly wi th reference to 
the West Experimental Hall wh ich is 
l ikely to be the main scene of act ivi ty 
for the f irst few years of exploi tat ion 
of the accelerator) ; to look at how 
Batavia had tackled similar problems ; 
to discuss how experiments are l ikely 
to be carr ied out at the new range of 
high energies and to init iate work on 
speci f ic topics. 

There was a fruit ful d ialogue be­
tween the machine bui lders and the 
future machine users. This conveyed, 
for example, the t imescales wi th in 
wh ich exper iments wi l l need to be 
prepared — research probably be­
ginning in the West Hall dur ing 
1976 and in the North Hall two 
years later — and, at exact ly the right 
t ime, conveyed back to the machine 
designers some vital th ink ing on beam 
provision for the West Hall wh ich 
modi f ied the previous plans in a major 
way (see the diagrams). 

Discussions on the exper imental 
areas concentrated almost entirely on 
exploi tat ion of the West Hall where 
the 3.7 m hydrogen bubble chamber, 
BEBC, and the spectrometer, Omega, 
wi l l be in act ion. There are also 
thoughts about moving the heavy 
l iquid bubble chamber, Gargamel le, to 
jo in th is battery of detectors. Some 
of the proposals concerning neutr ino 
and lepton beams were ment ioned in 
the last issue (page 285). To handle 
the much higher energies, it wou ld 
help to improve some of the present 
detect ion techniques, or to apply them 
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Following the Tirrenia meeting, provision for 
use of the West Hall with the SPS beams at 
present foresees a scheme as illustrated : 
1. The top diagram is a bird's eye view of the 
scheme. The ejected proton beam EPB can be 
used either on a target to produce neutrino 
parents (1), or on a target to produce an r.f. 
separated beam (2), or brought to the surface 
to targets at the run-in to the West Hall. 
The lower diagram illustrates this on the vertical 
scale. The ejected proton beam emerges 
horizontally from the machine and then climbs 
to the targets. If it is decided to produce a 
neutrino beam in this way the neutrino target 
will be followed by a decay tunnel (3) and the 
neutrino parents will be pointed at the 3.7 m 
bubble chamber, BEBC. After the decay tunnel 
the neutrinos will pass through about 600 m 
of earth which will serve to filter out all 
other particles. The proton beam-line and the r.f. 
beam-line will climb in the same tunnel. 
2. Preliminary thoughts on the beam layout in 
the West Hall foresee a scheme in which BEBC 
would be fed by an r.f. separated beam (1), with 
momenta up to 150 GeV/c, as would be the 
spectrometer Omega (6) with momenta up to 

50 GeV/c. Other beams could be — a high 
resolution beam with momenta up to 
200 GeV/c (2) ; two conventional beams with 
momenta up to 100 GeV/c (3) and 50 GeV/c (4) ; 
a neutral beam (5). There is sufficient length 
available in the hall for one of the beams to be 

converted for electron and photon experiments. 

in dif ferent ways, or to develop new 

techniques. 

Part icular ly to at tack this last range 

of problems the Executive Commit tee 

of the ECFA Work ing Group is sett ing 

up work ing parties. The present list 

of top ics to be tackled is — super­

conduct ing devices, special beams 

(part icular ly lepton beams), part ic le 

ident i f icat ion, spectrometers ( including 

the use of Omega), exper imental areas 

and shie ld ing, hybrid bubble chamber 

systems and the use of BEBC and 

Gargamel le, and neutr ino physics. 

Advisory Machine Committee 

Accelerator special ists f rom the Na­

t ional Laborator ies in Europe had 

part ic ipated extensively in the prepa­

rat ion of the new project pr ior to its 

approval . The ' 300 GeV Machine 

Commit tee ' consisted predominent ly 

of people f rom these Laborator ies 

and the Commit tee was a major me­

chanism whereby expert ise f rom all 

the big European Laboratories was 

fed into the new project. It was this 

Commit tee wh ich issued the two vo­

lume design report (MC/60) at the end 

of last year. 

To sustain these contacts, an A d ­

visory Machine Committee has been 

set up under the Chairmanship of F. 

Ammann (Frascati). Its members are 

F. Arendt, W. Heinz (Karlsruhe) ; G. 

Bronca, M. Gouttefangeas (Saclay) ; 

P. Brunet, G. Danon (Orsay) ; D. Dé­

gèle, M. Teucher (DESY) ; A. J . Eggin-

ton (Daresbury) ; D. A. Gray, N. M. 

King (Rutherford) ; D. Husmann, G. 

Nôldeke or K. H. Althoff (Bonn) ; C. 

Pel legr ini , N. Sacchett i (Frascati). The 

Secretary of the Committee is E. J . N. 

Wilson who is Head of the ' Para­

meters Sect ion ' in Laboratory II. 

The Commit tee, which met for the 

f irst t ime on 2 December, is advisory 

to the Director General of Laboratory 

II and wi l l serve, on the one hand, as 

a channel of communicat ion to the 

national Laborator ies concerning the 

progress of the project and, on the 

other hand, wi l l cont inue to make 

avai lable, when needed, the special 

expert ise to be found in the national 

Laborator ies. 

Progress on the project so far is 

on schedule to y ield beams for phy­

sics in 1976. The emphasis wi l l now 

move more and more to construct ion 

on the site and to the product ion, 

test ing and instal lat ion of machine 

components. We expect to be report­

ing Laboratory II news regularly f rom 

now on. 
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CERN News A photograph of the dilution refrigerator built at 
the Technical University of Helsinki to achieve 
very low temperatures (0.05 K range) for use with 
polarized targets. A) mixer chamber, B) heat 
exchangers, C) counterflow heat exchanger, 
D) vacuum jacket flange, E) still, F) vacuum 
jacket pumping tube, G) condenser, H) gas heat 
exchanger, I) pumping head flange, J) 3He 
inlet tube. 

The graph shows the cooling power available 
in the mixer chamber as a function 
of the temperature. 

Getting colder 
In August (page 225) we reported the 
br inging into operat ion of a polar ized 
proton target of volume 45 c m 3 work­
ing at 0.55 K which was an important 
advance in the development of these 
targets. It now looks as if the deve­
lopment can be carr ied further wi th 
the test ing of a new refr igerator using 
a 10 c m 3 sample wh ich can be main­
tained at a temperature of less than 
0.05 K. This is a step not only towards 
obtain ing higher rates of polar izat ion 
but also towards real izing ' f rozen 
spin ' targets wh ich could al low part i ­
cles emerging f rom col l is ions to be 
detected over almost 4 Jt sol id angle. 

The refr igerator, bui l t by T. O. Ni in i -
koski of the Technical University of 
Helsinki in col laborat ion wi th the 
CERN Polarized Targets Group, is 
based on the pr inc ip le of He 3 / He 4 

di lut ion. It was designed for integra­
t ion in a Roubeau-type precooler pro­
duc ing a temperature of 1.04 K. In 
other words, it had to be housed in a 
cy l indr ical space of 3.9 cm diameter. 
This very compact structure was made 
possible by using sintered copper 
heat exchangers, wh ich are only 
sl ight ly sensit ive to the Foucault cur­
rents caused by rapid variat ions in the 
magnetic f ie ld. 

Furthermore, the use of high speed 
pumps (250 m 3 /h) gives a cool ing 
power wh ich is wi thout doubt the 
greatest ever reached for such low 

temperatures — it was possible to 
maintain the 10 c m 3 sample at 0.03 K 
under normal operat ing condi t ions and 
to sustain temperatures as low as 
0.022 K. 

The next stage involves polar iza­
t ion measurements of various sub­
stances at these temperatures. The 
f inal a im, however, is to perfect 15 cm 
long targets intended for the large 
aperture magnet in the East Hall or 
for use wi th the Omega spectrometer. 

In order to derive the maximum 
amount of information f rom these 
spectrometers, it is desirable to be 
able to analyze the part ic les leaving 
the target at any angle. However, wi th 
the targets buil t so far, work ing on the 
pr incip le of dynamic polar izat ion, it 
was necessary to have a very homo­
geneous and intense magnetic f ie ld, 
wh ich meant poles coming very close 
to the target and reducing the sol id 
angle over wh ich observations could 
be made. 

The lower the temperature, the long­
er the relaxation t ime, i.e. the longer 
it takes for the polarized protons to 
revert to a completely disor ientated 
state. But the inert ia of the spins at 
very low temperatures is such that 
their or ientat ion is maintained even if 
the necessary condi t ions for dynamic 
polar izat ion are no longer ensured. 
Thus it is possible to maintain pro­
longed polar izat ion even if the mag­
netic f ie ld ceases to have the inten­
sity and the homogeneity necessary 

for creat ing the effect. This is a 
' f rozen spin ' target. It is hoped that, 
once placed in Omega's 1.5 T f ie ld , 
the target wi l l be able to maintain its 
polar izat ion for several days at a tem­
perature of 0.06 K. 

Work on frozen spin targets being 
carr ied out at the Rutherford Labora­
tory (where di f ferent condi t ions make 
it possible to use a 3 T holding f ield) 
was brief ly ment ioned in the last issue 
(page 330). 

HYBUC 
Rapid cycling 
The small hydrogen bubble chamber, 
HYBUC, has just added another 
remarkable feature to its list of pro­
pert ies in becoming the first rapid 
cyc l ing chamber to operate at CERN. 
The chamber is designed part icular ly 
for exper iments on hyperons and it 
was at the beginning of December, 
in the course of the th i rd test run 
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prior to an experiment to measure 
the magnetic moment of the posit ive 
s igma hyperon, that rapid cyc l ing was 
successful ly at tempted. 

We wi l l not return here either to a 
descr ipt ion of the chamber (for wh ich 
see vol. . 10, page 353) or to an expla­
nation of the interest in rapid cycl ing 
chambers (vol. 1 1 , page 91) but wi l l 
l imit ourselves to relat ing what was 
achieved and how. 

The tests were carr ied out in the 
k 1 3 beam in the North Hall drawn 
f rom target 6 in the PS. They were 
aimed at opt imiz ing chamber oper­
at ing condi t ions, f lash units, f i lm, etc., 
wh ich determine the opt ical qual i ty of 
the photographs. These aspects of the 
tests were sat isfactor i ly c leared and 
the team (from the Max Planck Ins­
t i tute for Physics, Munich, wi th help 
f rom the Niels Bohr Institute, Copen­
hagen, and Vanderbi l t University, USA) 
are now conf ident that they can obtain 
the qual i ty they require when they 
begin col lect ing data for their exper­
iment. This is scheduled for the spr ing 
of next year when the chamber wi l l 
be instal led in the k 1 6 beam, sti l l in 
the North Hall, fed by a target in 
straight sect ion 11 of the PS. 

When the required performance had 
been assured it was dec ided to test 
the capabi l i ty for rapid cyc l ing wh ich 
had been built into the hydraul ical ly 
operated expansion system, even 
though it is not needed for the s igma 
hyperon experiment. The system gave 

up to ten consecut ive expansions at 
a 25 ms repeti t ion t ime and it was 
demonstrated that four successive cy­
cles could certainly be used to give 
pictures of the required quali ty. The 
chamber was operated at 4 expan­
sions in 75 ms on each PS pulse for 
several hours. The system was by no 
means pushed to its opt imum per­
formance and it is expected that wi th 
an improved oi l pump and accumul ­
ators a rate of 20 expansions in 500 ms 
should be wel l wi th in the chamber 's 
capabi l i ty. 

A l though this is not needed for the 
first experiment, it would be vital if, 
for example, it were agreed to con­
t inue wi th a measurement of the 
magnetic moment of the Xi hyperon, 
where the product ion cross-sect ion is 
much lower. Such a measurement 
wou ld become feasible using HYBUC 
in a hybrid arrangement wi th a se­
lect ion of the events of interest (see 
vol . 11, page 248). We leave aside 
here the di f f icul t quest ion of how 
beam could be provided for rapid cy­
c l ing operat ion. 

The crucia l features, wh ich made 
rapid cyc l ing possible at the f irst 
attempt, even though other chamber 
condi t ions were not yet ideal, were 
concerned wi th the expansion cycle 
that was appl ied. It was possible to 
have a decompression t ime of only 
4 ms wh ich l imited the t ime for the 
growth of parasit ic bubbles. The hy­
drogen temperature was 26.5 K. The 

Installation at the end of November of one of 
the five ' fish-eyes ' of the 3.7 m bubble chamber, 
BEBC, at the top of the chamber body. The first 
operating tests are scheduled for mid-1972. 

opt ical system was in suff iciently good 
shape to record ' w a n t e d ' bubbles 
wh ich had grown to diameters of only 
100 to 200 }im. 

The next t r ick was to over-swing 
when forc ing in the piston when 
apply ing the recompression to the hy­
drogen. This small over-compression 
helped snuff out all the bubbles pro­
duced in the previous cycle so that 
the subsequent cycle d id not have 
the remnants of bubbles wh ich would 
begin to grow immediately the next 
decompression started. The pressure 
cycle parameters can be varied over 
a w ide range and the results already 
obtained in these f irst tests could pro­
bably be improved. 

Whi le on the topic of HYBUC it is 
wor th ment ioning that the two-stage 
superconduct ing magnet to provide a 
very high f ie ld in the chamber volume 
is work ing wel l . It is operated at f ie ld 
levels up to 10 T wh ich is a l itt le below 
the design f igure of 11 T but, when 
some power supply problems are 
c leared, rel iable operat ion is expected 
at the design f igures or above. 

ISR, over 10 A 
stacked in Ring I 
With methodical thoroughness the 
per formance of the Intersecting Stor­
age Rings cont inues to be improved 
towards the design goals. We last 
covered the operat ing f igures in the 
September issue, page 243, when 
stacked currents were touching a 
peak of around 6 A. Since then cur­
rents of over 10 A have been stacked 
in Ring I. As before, decay rates at 
the peak currents tend to be too high 
for comfor table operat ion in the phy­
sics exper iments but it is now usual 
to run for physics wi th 6 A in Ring I 
(decay rates are between 10~5 and 
10~4 per minute). 

Most of the improvement seems to 
have come wi th better vacuum con­
di t ions fo l lowing the ful l bake-out of 
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The four superposed r.f. accelerating cavities 
for the PS Booster. The unit was ready for 
installation in the machine tunnel at the end of 
November. The outer pipes are used to convey 
the large volume of cooling air. 

Below: On 10 December a beam from the PS linac 
was brought along 82 m of injection beam-line 
towards the Booster. A fast magnetic deflector 
was used to produce beams going towards the 
four superposed rings for the first time. The 
photograph, taken via closed circuit television, 
records the beams going off at four levels. 
After the magnetic deflector, magnets guide the 
beams to the correct position and angle. 

Ring I dur ing shutdowns wh ich were 
scheduled on the occasions of the 
CERN Accelerator Conference and of 
the ISR Inaugurat ion. It was the f irst 
t ime the entire ring had been baked 
wi th the temperature pushed to 300° C 
rather than the usual 200° C. This has 
great ly eased the problems associated 
wi th the vacuum pressure pumps (see 
page 245) though they sti l l appear at 
the 10 A levels. Because of the ob­
vious importance of the vacuum con­
di t ions it has been dec ided to try 
baking out the rings at st i l l higher 
temperatures and to increase the 
avai lable pumping speed by instal l ing 
more subl imat ion pumps in cr i t ical 
places. There are also some labora­
tory tests under way to judge the use­
fulness of gas d ischarge c leaning of 
surfaces. 

Another help towards better perfor­
mance has been the instal lat ion of 
more clear ing electrodes part icular ly 
in places where the form of the va­
cuum chamber could lead to electrons 
being t rapped in potential wel ls, 
Swi tch ing on • and off the clear ing 
electrodes has demonstrated their be­
neficial effect on the decay rates. 

Ring II is, as usual, behind Ring I 
in terms of the attent ion it has re­
ceived. It is general ly provid ing 
currents of around 3 A dur ing the phy­
sics runs. However it is intended to 
use the long shutdown at the be­
ginning of next year to br ing Ring II 
into the present Ring I state. This 
wi l l include a ful l bake-out and in­
stal lat ion of more clear ing electrodes. 

The most encouraging feature of 
the latest news on ISR performance 
is that there is sti l l no sign that any 
fundamental l imit has been reached. 
Cl imbing to higher levels is l ikely to 
become progressively more di f f icul t 
but there is sti l l nothing to indicate 
that it cannot be done. There are some 
mysteries of course — for example, 
the odd phenomenon noted in the 
art ic le on the sodium jet beam de­

tector in the last issue (page 324) 
where the beam appears less intense 
at its centre — but none of them are 
not iceably inhibi t ing performance. 

It goes almost wi thout saying that 
all the excel lent work wi th the ISR 
has depended on an excel lent feed 
f rom the proton synchrotron. In the 
past few months the feed has been 
improved also. Several t imes, pulses 
of about 2 X 10 1 2 protons have been 
avai lable for entire runs. In addi t ion to 
this increase in intensity there has 
been, via some tr icks played in the 
PS itself, an increase in the density 
of the proton bunches wh ich helps the 
stacking eff ic iency in the ISR. 

Ready to accelerate 
The Booster is nearing the day when 
it wi l l be ready to accelerate beam 
from the 50 MeV linac up to 800 MeV 
to give higher energy in ject ion into 
the proton synchrotron. The magnets 
are in posit ion in the machine tunnel 
and their power supply has been in­
stal led in its bui ld ing (see the July 
issue page 192), the controls have 
been tested and now the accelerat ing 
cavit ies have successful ly undergone 
voltage tests. 

The cavit ies were tested at 1 2 5 % 
of normal voltage and were then 
instal led in the machine. The unit, 
shown in the photograph, contains 
four cavit ies superposed in the same 
way as the four rings of the machine. 

CERN 267.11.71 

The l imited height between the rings 
(36 cm) is one reason for the compact­
ness of the unit. 

For var ious reasons, including eco­
nomy, it was decided to have only 
one cavity for each r ing, but this 
meant work ing at the l imits of known 
technology, part icular ly for the tuning 
ferr i tes of the cavit ies. Ferrite is no­
tor iously di f f icul t to use, as its quali ty, 
and even more its reproducibi l i ty , 
depend on minute detai ls of the manu-
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A candiate for a hyperon production event 
observed in Gargamelle. An incoming anti-
neutrino interacts with a proton to give a 
positive muon and a lambda. The lambda is 
identified via its decay into a proton and 
a negative pion. 

Around 
the 
Laboratories 

factur ing process. However, as a 
result of close 'consul tat ion between 
the suppl ier (Philips) and the engi ­
neers of the Synchrotron Injector 
Division, it has been possible to pro­
duce ferr i te giving a per formance 
better than or iginal ly offered by in­
dustry. 

The design, engineering and assem­
bly of the f inal cavi ty-ampl i f ier was 
ent irely done at CERN. This solut ion 
proved very advantageous, s ince it 
made possible close contact between 
all the machine special ists connected 
wi th accelerat ing cavity techniques. 
This contr ibuted to the success of the 
operat ion, wh ich was completed on 
schedule and wi th in the prescr ibed 
cost- l imits. 

Gargamelle's 500000 
The 500 000 picture mark for the 
heavy l iquid bubble chamber Garga­
mel le was passed in November dur ing 

an exper iment to study neutr ino in­
teract ions in the deep inelastic region. 
Equal numbers of neutr ino and ant i -
neutr ino pictures were taken. Less than 
a year has elapsed between the f irst 
expansion of Gargamel le and the 
complet ion of this first batch of pho­
tographs. 

The Six European laboratories sha­
ring the photographs wi th CERN 
(Aachen, Brussels, Mi lan, Orsay, Ecole 
Polytechnique, University Col lege 
London) are busy scanning all the 
events d iscovered (not just those fe­
atur ing special topographies). The 
photograph above i l lustrates an out­
standing one. It is interpretated as 
showing the product ion of a lambda 
hyperon and is interesting as it con­
cerns the inverse reaction to the beta 
decay of the lambda — a weak inter­
act ion wi th change of strangeness, in 
a hitherto total ly unexplored four mo­
mentum transfer region. 

RUTHERFORD 
On target 
At the end of November a t rack sensi­
t ive target was successful ly operated 
in the 1.5 m bubble chamber at the 
Rutherford Laboratory. In the fo l lowing 
few days over 60 000 pictures were 
taken wi th the chamber fed by a pion 
beam from the 7 GeV proton synchro­
t ron, NIMROD. Their qual i ty and 
their content show that a series of 
physics exper iments, previously im­
possible or very dif f icult , can now 
be carr ied out. 

Work on this type of composi te 
bubble chamber system began in 1967 
fo l lowing an idea of H. Leutz at CERN. 
It a imed to fasten onto the advantages 
of both the hydrogen chamber (which 
provides the simplest target — 
the single proton at the hydrogen 
nucleus — and greatly eases the 
analysis of an interaction) and of the 
heavy l iquid chamber (which has a 
much shorter ' radiat ion length ' — 
giv ing a greater probabi l i ty that neu­
tral part ic les wi l l convert to charged 
part ic les wi th in the volume of the 
chamber and thus be more ful ly 
ident i f ied). 

The system has a l iquid hydrogen 
volume in the path of the incoming 
beam (this is the ' t rack sensit ive tar­
get') surrounded by a heavier l iquid 
(hydrogen-neon mixture). The hydro­
gen is contained wi th in transparent 
wal ls, so that t racks can be seen as 
they emerge f rom the vertex of the 
interact ion. The wal ls can move and 
transmit to the hydrogen the pressure 
changes appl ied to the mixture. Thus 
the compl icat ions of having two 
separate bubble chambers each wi th 
its own expansion system etc. are 
avoided. 

The idea was first tested at DESY 
in the 85 cm chamber (see vol . 7 page 
112) and the results were promising 
enough for the Rutherford Labora-
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tory to begin a major development 
programme, in col laborat ion wi th a 
group f rom CERN, to produce a t rack 
sensit ive target for the 1.5 m chamber. 

The engineer ing of the target 
chamber met several di f f icul t ies. For 
example, an attempt to produce an 
ent irely plexiglass target chamber 
ran into t rouble wi th crack ing of the 
plexiglass where it had been curved. 
The present target is made of two 
flat w indows of plexiglass 6 mm th ick 
held by a stainless steel f rame. The 
problem of the big di f ference in the 
coeff ic ient of thermal expansion of 
the two materials is solved by only 
making the seal between the two 
when the operat ing temperature of 
the chamber is reached. This is done 
by inf lat ing f lexible tubes wi th l iquid 
hydrogen under pressure to push the 
plexiglass against indium seals in 
the stainless steel f rame. 

The hydrogen-neon mixture can be 
varied in composi t ion over a w ide 
range wh ich is an advantage since the 
opt imum composi t ion can be selected 
for each experiment. The range in 
radiat ion lengths extends f rom bet­
ween pure neon at 25 cm to pure 
hydrogen at 820 cm (not exact ly true 
since obviously there wou ld be no 
point in instal l ing the target in pure 
hydrogen and to achieve t rack sensi­
t ivi ty both inside and outside of the 
target wi th pure neon wou ld be ex­
tremely di f f icult) . For compar ison, the 
usual l iquids in heavy l iquid bubble 
chambers are propane wi th a radiat ion 
length of 109 cm and freon wi th 
11 cm. 

Select ing operat ing condi t ions is 
a del icate matter because the hydro­
gen and neon in the mixture have a 
wel l developed tendency to separate 
one f rom the other. The combinat ion 
of temperature and pressure to wh ich 
the mixture is subjected has to be 
outside the region of phase instabi l i ty, 

A view of the 1.5 m chamber at the Rutherford 
Laboratory when it was partially dismantled 
for the installation of the track sensitive target. 
The target is shown in position — the inner metal 
ellipse holds the perspex windows within 
which is the hydrogen volume. 

Below is an example of a ' four gamma event ' 
initiated in the hydrogen by an incoming 4 GeV/c 
positive pion. Such an event is rarely captured 
in bubble chamber photographs. 



which does not give much room for 
manoeuvre. 

The recent Rutherford tests were 
carr ied out wi th 45 molecular % neon 
in the 480 litres of mixture, held at 
29 K, surrounding a hydrogen target 
vo lume of 25 litres. This mixture has 
a radiat ion length of 73 cm. A 
4 GeV/c posit ive pion beam was fed 
to the chamber and the photograph 
on the previous page is an indica­
t ion of the quali ty of the pictures 
and of the potential of this new fa­
ci l i ty. In the interact ion shown, two 
neutral pions were produced and 
both could be ful ly documented via 
the ' mater ial izat ion ' of the four 
gamma rays into wh ich they decayed. 

The t rack sensit ive target at Ruth­
erford . is unique in the wor ld and 
l ikely to remain so for some t ime. 
A l though a t rack sensit ive target may 
be developed at CERN for the 3.7 m 
chamber, BEBC, it is not intended at 
present to br ing such a target into 
service before the SPS begins to pro­
vide beams. The Rutherford Labora­
tory is however very ready to con­
sider the part ic ipat ion of bubble 
chamber physicists f rom other Labo­
ratories in the research programme 
wi th the new faci l i ty. 

STANFORD 
Bomb incident 
On the morning of 7 December it was 
discovered that two small bombs had 
exploded in the klystron gal lery of 
the SLAC 20 GeV electron l inac. A 
long shutdown of the machine had 
begun five days earl ier. 

The incident occurred in ' sector 
zero ' wh ich is above the injector. No 
damage was done to the structure of 
the bui ld ing, the machine tunnel or 
the accelerator itself. The compo­
nents affected were electronics units 
— the master osci l lator, the master 
t r igger generator and port ions of the 

r.f. drive system. Repairs are est ima­
ted at I 45 000. 

Fortunately there wi l l be no delay 
int roduced in the physics programme. 
The accelerator was already sched­
uled to be shut down for the whole of 
December and all units were ready for 
operat ion again (with the except ion of 
a special purpose beam knock-out 
system) on 10 December. There is no 
clue yet as to what provoked the 
incident. 

BATAVIA 
15 foot chamber 
The major bubble chamber faci l i ty at 
the National Accelerator Laboratory 
is to be a 15 foot chamber wh ich is 
now at an advanced stage of con­
struct ion in the experimental area 
known as the ' Neutrino Laboratory ' 
at the 200/500 GeV accelerator. 
Alongside it stands the 30 inch hydro­
gen chamber previously operated at 
Argonne. 

Init ially, it had been hoped to bui ld 
a 25 foot chamber in col laborat ion 
With Brookhaven and a design report 
for such a chamber was prepared in 
the group of R. Shutt. Unfortunately 
there was no sign of money to con­
struct a chamber of this size and it 
was dec ided to t r im down the scale 
to a 15 foot version. Design and con­
struct ion work has proceeded at a 
very rapid pace. 

An important factor in this has 
been the readiness of the NAL group 
under W. Fowler to absorb other 
people's ideas and to br ing in the 
extensive help of other groups wi th 
part icular special i t ies. Thus the cham­
ber design incorporates ideas f rom 
Argonne on the magnet, f rom Stan­
ford on the expansion system, f rom 
Brookhaven on the vessels, and f rom 
CERN on the opt ics, piston and seal. 
The construct ion of the supercon­
duct ing magnet was subcontracted to 

the group of J . Purcell at Argonne 
(which has bui l t the very successful 
magnet of the Argonne 12 foot cham­
ber) and of the hydraul ic expansion 
system to the group of J . Bal lam and 
R. Watt at Stanford (which has a lot 
of exper ience in the construct ion of 
such systems and has been among 
the leaders in mult ipulsing work) . 

The chamber design is shown in 
the d iagram. The volume of l iquid is 
30 000 l i tres contained in an almost 
spher ical vessel wi th a length along 
the beam di rect ion of 15 foot. It is 
designed to operate wi th hydrogen, 
deuter ium or neon (or mixtures). The 
super-conduct ing magnet wi l l provide 
a f ie ld of 3 T at the centre of the 
chamber. 

The expansion system is located 
at the bottom of the chamber and 
wi l l operate at a repeti t ion rate of 
about one expansion per second 
(giving the possibi l i ty of four ex­
pansions in one accelerator cycle). 
Six cameras are located at the top 
of the chamber arranged in two 
tr iangular arrays. The reason for this 
prof l igate use of cameras is to enable 
hadron pictures to be taken (using 
the f i lm in one set of three cameras) 
whi le neutr ino exper iments are runn­
ing. Thus the neutr ino beam to the 
chamber might absorb 70 % of the 
beam early in the flat top, whi le sti l l 
leaving the opportuni ty for a burst of 
charged part ic les to the chamber at 
the end of the flat top. This wi l l avoid 
the use of the chamber being com­
pletely submerged by neutrino exper i ­
ments. 

There is provision for the instal­
lat ion of t rack sensit ive targets, (see 
the art ic le above) and for internal 
metal plates to help make gamma rays 
' material ize '. The integrat ion of the 
chamber in hybr id set-ups, w i th , for 
example, arrays of mult iwire propor­
t ional chambers, is also under study. 

The bubble chamber project began 
in the summer of 1970. Its capital 
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1. Diagram of the 15 foot bubble chamber under 
construction at Batavia showing the disposition 
of the major components. 

2. Aerial view of the Neutrino Laboratory on the 
NAL site taken during the summer. The globe 
shape of the bubble chamber vacuum vessel 
can be seen on the right and on the left the 
bubble chamber control room, which will be 
topped by a geodesic dome, is being built. 

3. Arrival of the chamber body on the site at 
the end of October. The photograph is taken 
looking at the top of the chamber where the 
six camera ports are located. It was installed 
inside the vacuum tank on 30 November. 

cost is est imated at $ 4.5 mi l l ion plus 
$ 0.5 mi l l ion for instal lat ion and $ 2.0 
mi l l ion for manpower. Since early 
this year, the g lobe of the 7 m 
diameter vacuum chamber has been a 
prominent feature of the NAL site 
and on 25 October the chamber body 
itself arr ived at the Laboratory and 
was instal led in its f inal posit ion in 
the vacuum tank on 30 November. It is 
hoped that if everything cont inues on 
schedule the f irst coo ldown of the 
chamber wi l l take place in July 1972 
and that it wi l l be ready for exper i ­
ments by the beginning of 1973. 

CC correspondents 
Our concluding words in the 1971 
edi t ion of CERN COURIER are words 
of thanks to all those who have helped 
in the supply of news throughout the 
year. In part icular, we should l ike to 
express our appreciat ion of the 
efforts of our correspondents in other 
Laborator ies whose ready response 
to requests for informat ion adds 
great ly to the value of the journal : 

ARGONNE T.H. Groves 
BATAVIA C.W. Larsen 
BERKELEY G. Goldhaber 
BONN H.E. Stier 
BROOKHAVEN J. Spiro 
CAMBRIDGE W.A. Shurcl i f f 
CORNELL A. Berkelman 
DARESBURY T.W. Ai tken 
DES Y G. Sôhngen 

A. Foelsing 
DUBNA V.A. Biryukov 
FRASCATI M. Ghigo 
KARLSRUHE F. Arendt 
LOS ALAMOS W.H. Regan 
ORSAY P. Lehmann 
RUTHERFORD H.F. Norr is 
SACLAY G. Neyret 
STANFORD S. Kociol 
TRIUMF E. Auld 
VILLIGEN W. Hirt 
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SOLLWERT 
UNO ISTWERT 

AUF EINEN 
BUCK 

ELEKTRONISCHF 
JUMO-TEMPERATUR-

REGLER 

# • 

DAS isToickcUieH/ 
Die echte Istwertanzeige auf der 240 mm langen 
Skala gestattet eine exakte Ablesung der Augen-
blickstemperatur, ohne dabei rechnen zu mussen. 
Dièse Régler gibt es zum AnschluB an Thermoele-
mente oder Widerstandsthermometer, mit einem 
oder zwei Schaltpunkten, mit PD- und PID-Ruckfuh-
rung, Relais-, Kleinschutz- oder Thyristor-Ausgang, 
in steckbarer und wasserdichter Frontplatten-Aus-
fùhrung, mit AMP-Steckverbindungen, usw. 

>i'i;f»i M E S S - U N D ® 
R E G E L T E C H N I K 

M. K. JUCHHEIM GMBH & CO - D 64 FULDA 
T E L E F O N : 0 6 6 1 / 8 3 1 " T E L E X : 0 4 - 9 701 

Advertisements in CERN COURIER 
All advertisements are published in both English and 
French editions. Second language versions accepted with­
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11 
insertions 
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one colour 
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blocks and copy 
Screen suggested 

Cover colour 400 swF. 
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End of month of cover date 
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Angst+Pfister 

• S y n t h e t i c a n d Na tu ra l R u b b e r 

E n g i n e e r i n g P las t i c s 
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52-54, r ou te d u B o i s - d e s - F r è r e s 
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CSCCNbSn 
— n i o b i u m - t i n s u p e r c o n d u c t o r o f t h e bes t 

qua l i t y a n d l o w e s t p r i c e . 
— s u p e r c o n d u c t i n g r i b b o n w i d t h s 0.050, 

0.090, 0.250, 0 . 500 " . 
— c u r r e n t c a r r y i n g c a p a c i t y at 100 kG 

f r o m 100 a m p t o 2000 a m p . 
— s p e c i a l s izes a n d c o n f i g u r a t i o n s 

m a n u f a c t u r e d at m i n i m a l e x t r a cos t . 
— d e s i g n a n d c o n s t r u c t i o n o f l a rge 

s u p e r c o n d u c t i v e dev i ces . 

*l_icensee under patents of RCA Corporation 

CSCC Cryogenics 
— d e s i g n o f c r y o g e n i c s i ns ta l l a t i ons 

and i n t e r c o n n e c t i o n w i t h la rge 
s u p e r c o n d u c t i v e d e v i c e s . 

— d e s i g n a n d c o n t r a c t i n g of la rge 
h e l i u m r e f r i g e r a t o r / l i q u e f i e r sys tems . 

— c r y o g e n i c s c o n s u l t a n t s . 
— s p e c i a l i s t s o n p r o b l e m s of i ns ta l l a t i on 

a n d c o m m i s s i o n i n g . 

WRITE FOR OUR BROCHURE 

CANADA SUPERCONDUCTOR AND CRYOGENICS COMPANY LIMITED  
COMPAGNIE SUPRACONDUCTEUR ET CRYOGÉNIE DU CANADA LIMITÉE •CSCC 
205 Ave. St. Denis, St. Lambert, Quebec, Canada. Telephone (514) 671-0751 

SAPHYMO-SRAT 
Le pionnier 
dans les alimentations 
Standard «CAMAC» 

m 
CO 
iO 
CD 

E 
oc 

Cl ALJ 13 D 

200 Watts disponibles 

+ 6 v 

— 6 v 

+ 12 v 

— 12 v 

+ 24 v 

— 24 v 

25 

10 

3 

3 

3 

3 

DIVISION ALIMENTATIONS 

MSÊ SAPHYMO-SRAT 
^ S l ^ p r ^ SERVICES COMMERCIAUX 

51, rue de l'Amiral Mouchez - Paris 13e - FRANCE 
Tél. 588.16.39, 588.45.39 

AUTRES FABRICATIONS 

Blocs BSI 

Blocs type CEA 

Alimentations variables de laboratoire 

Alimentations haute tension 

Alimentation multi-sorties 

Alimentations sur mesure 
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Creusot-Loire 
nucléaire 

Laboratoires de physique nucléaire 
(équipements pour accélérateurs - analyseurs - spectromètres) 

Cern (Genève) 
• c i rcu i t magnét ique du synchrocyc lo t ron (2 500 tonnes) 
• c i rcui ts magnét iques et corps de chambres à bu l les : 

CBH 81 - CB 200 - GARGAMELLE 
• c i rcui ts magnét iques des aimants OMEGA et SFM 

(en cours) 
• enceinte magnét ique de la chambre à bul les BEBC 

(en cours) 

en France 
• CEA (Saclay) - SATURNE: st ructures de la chambre à 

v ide, é léments des disposit i fs d ' in ject ion, équipements 
des sal les d 'expér ience 

• ENS (Orsay) - ACCELERATEUR LINEAIRE: spec t romè­
tres et déviat ions, c i rcu i ts magnét iques de l 'anneau de 
s tockage 

• LABORATOIRE JOLIOT-CURIE (Orsay): analyseur de 
part icules du synchrocyc lo t ron 

Grâce à la complémentar i té de ses f i l iales et part ic ipat ions le groupe Creusot-Loire peut assurer : 
ingénier ie - archi tecture industr iel le - réal isation - entrepr ise générale 

CREUSOT-LOIRE 
DEPARTEMENT NUCLEAIRE 

107 bd de la Mission-Marchand 92-Courbevoie 
Tél. 333 59-99 - 333 60-70 Télex Sider 62039 F 



CAMAC/ 
COMPUTER 
INTERFACES 
in the flexible 2200 Series 

— Available for DEC PDP9, 
PDP15 ; HP 2100, -14, -15, 
-16 and Varian 620L 
Others on request 

— Fully Camac compatible 

— Programmed data transfers 

— Module-to-module transfers 

— System status supervision 

Hardware options enable top-speed data transfers in 
minimum computer time by either : 

— Built-in automatic 
CNA scanner 

— DMA block transfers 

Also available : 

Crate Control lers (Esone A) ; Dataway Display ; Quad 
Scalers and f lexible modular Crates. 

Pilot M . 
an out-of-
the-ordinary 
plastic 
scintillator 

foroui-of 
thc-ordinary 

The only solvent-bondable 
scintillator available, 
Pilot M provides: 
• Clear, high-strength joints for 

large and complex conf i ­
gurations, and appl icat ions 
involving physical stress 

• Superior l ight t ransmission 
m Excellent bonding to light 

pipes — ideal for 
cryogenic appl icat ions 

• Scinti l lat ion propert ies 
approaching Pilot B 

Send for 
complete data 
on Pilot M 
and other 
superior 
Pilot Chemicals 
scintillators. 

New England Nuclear 
Pilot Chemica ls DivisionL 

In Europe: 
NEN Chemicals GmbH 
6072 Dreiefchenhai 

bel Frankfurt/h/U 
Siemensstrasse 1, 
Postfach 71, Germai 

4500 Solothurn 2, Switzerland. Tel. 065 4 8 8 2 1 . Telex 34228 
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Digital Equipment's new family of 
big computers, DECsystem-10. Each of 
the five systems (2nd shown) is a 
price/performance giant. 

New faster, bigger processor. 
Expanded core memories. More COBOL 
features. New high performance dual 

density disk packs. Super multipro­
cessor systems. Improved card 

[1̂  readers. New magtapes. And more. 
DECsystem -10 runs four functions : 

batch processing, multi-access 

ÏMÉÈÊ'ÉS huMfWÊ E,,"'irjËffrË 

conversational timesharing, 
remote job entry (batch and t ime­

sharing), and real-time equally 
well and simultaneously. 

All five systems run all four 
functions using the same operating 
system with the same job control 
commands. All are serviced by the same 
language processors COBOL, ALGOL, 
FORTRAN, BASIC, MACRO, and many 
others. The only thing that changes is 
speed and capacity. 

Digital Equipment Corporation 
International-Europe, 81 , Route de l'Aire, 
CH-1211 Geneva 26. Tel. 022/42 79 50, 
Telex 22683. 

Reading, London, Manchester, 
Birmingham, Edinburgh, Munich, 
Cologne, Hannover, Frankfurt, Vienna, 
Stockholm, Oslo, Copenhagen, Paris, 
Grenoble, The Hague, Brussels, Zurich, 
Milan. 

uDDSD 
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GAME table at our serial production. Three tables with D-Mac digitizers are now 
installed at University College London. 
Ask their Dr. F. W. Bullock about it and then contact us: Saab-Scania, Industrial 
Systems Division, Fack, S-550 02 Jônkôping 2, Sweden, Tel+46 36 11 97 80. 
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I D IN THIS 

for details of o 

SPECTROMETER 

IT THE LOWEST PRICE 

LW (U.K. only) 
NEW EXTENDED MASS RANGE (2-200) 

UNIT RESOLUTION TO 100 
SENSITIVITY up to 1 0 1 3 torr 

LINEAR MASS SCAN 
TWIN FILAMENTS 

SELECTIVE PEAK MONITOR 
ACCESSORY AVAILABLE 

^ ^ ^ ^ 
20th CENTURY ELECTRONICS LTD. 

C e n t r o n i c W o r k s , K i n g H e n r y ' s D r i v e , 

N e w A d d i n g t o n , C r o y d o n C R 9 O B G . 

E N G L A N D T e l e p h o n e L o d g e H i l l 2121 

Please send me details of your L O W COST/HIGH PERFORM­
ANCE Model Q806 Quadrupole Mass Spectrometer, w i th a 
list of 26 applicational studies for which the Q806 is particu­
larly suited. 

Name 

Position.... 

Company^. 

Address 

..Tel. No.. 

PLUG-IN 
CONNECTORS FOR 
P/C BOARDS 

« H I G H Q U A L I T Y » 

T y p e S T V 32, 64, 96 p i ns 

Temperature range: 

Resistance against : 

Shock : 

Acce le ra t ion : 

Vibrat ion : 

— 65° . . . + 125° C 

... 50 g 

...100 g 

... 2 0 g between 
10 and 2000 c/s 

— Designed accord ing to IEC and DIN 
standards 

— Tested in accordance wi th VG 95 324 

— VDE approved and QPL l isted 

A p p l i c a t i o n : 

General high qual i ty e lectronics purposes, 
mil i tary, aviat ion, marine and space-research 
equipment. 
Suitable for single — double — and mult i layer-
prints. 
Connect ion wi th mini or standard wrap-type 
wi r ing, or wi th solder ing methods. 
Terminals arranged in a two or three row 
pattern. 

ERNI + Co. Elektro-Industrie 
C H - 8 3 0 6 Brùttisellen-Zûrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 5 3 6 9 9 

EERNI 
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a s l e e p y a p p l i c a t i o n o f 7 H @ E 1 C A M A C 
Automatic Analysis of Sleep 
Electroencephalograms. 

Polygraphic recordings of human sleep are auto­
matically analysed by a system consisting of 
SEN CAMAC modules and a NOVA computer. 
The system gives a minute by minute diagnosis 
of sleep stages, along with comments (e.g. arte­
facts) and numerical results for rapid and slow 
eye movements, muscle tone and heart and res­
piratory rates. 

This is one application 
of SEN CAMAC. 
Another one is e.g. a 
DUAL PARAMETER 
PULSE HIGHT ANALYSER 

Which of them is closer to your 
problem ? Please let us know, 
we would appreciate it. 

31, av. Ernest-Pictet 
1211 GENEVA 13 
SWITZERLAND 
Tél. (022) 44 29 40 E L E C T R O N I Q U E 
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Stabilised DC power... 
Brentford performance keeps ahead 
H H p B B ^ n H H H | Back in the early 60's, w e suppl ied DC power stabil ised to 1 part in 
^ ^ ^ ^ • j ^ ^ ^ ^ ^ ^ ^ | 1000 long term, inc luding r ipple, for the beam line magnets of the 
^ ^ ^ ^ H ^ ^ ^ ^ ^ H 'N imrod ' proton synchrotron a t t he Rutherford H igh Energy Laboratory 
^^^^H h i ^ ^ ^ ^ ^ H in the U.K. On our latest instal lat ions w e are do ing better than 1 part in 
^ ^ ^ R * » | ^ ^ ^ ^ H 100,000. 
^^^^H ^ ^ ^ ^ ^ H The reason could be summed up in one w o r d . Experience. Since the 
^^^^B > | ^ ^ ^ ^ ^ ^ H 50's, w e have developed stabil ised DC power suppl ies f rom 10 to 
^^^^•s s" ^ ^ ^ ^ ^ H 10,000 KW, 50,000 amperes. Our reputat ion as specialists has taken 

^ ^ ^ ^ ^ H our equipment into many advanced projects - into CERN Switzer land, 
^^^^H ~~ ^ ^ ^ ^ ^ H the Culham and Harwel l laboratories of the U.K.A.E.A., the Rutherford 
^ ^ ^ ^ H ^^^^^B and Daresbury laboratories of the Science Research Counci l , the 
^ ^ ^ ^ H ^ ^ ^ ^ ^ h Argonne and National Accelerator laboratories U.S.A., and Heidelberg 
^ ^ ^ ^ • j and D.E.S.Y. in West Germany. 
^^^^B As our experience grows, our designs achieve ever t ighter tolerances. 
^ ^ ^ ^ H I ^ ^ ^ ^ ^ H We can hold that beam steady, even w i t h coinc idence of load resist-
^^^^H ^ ^ ^ ^ ^ H ance changes, ambient temperature changes, f requency variations, 
^ ^ ^ ^ H ^^^^^^H step funct ions and s low rate changes in the A C supply. 
WÊÊKÊLmmnmm^^mi^niÊÊÊÊU Whi le vou search deeper and deeper into the nature of matter - leave 
BJEEISSfE iB t h e D C power problems to Brentford. 

I1M BRENTFORD * 
^EiïSS&TTwlSw /f*S\ Brentford Electric Limited, Manor Royal, Crawley, Sussex, England *§Ç* 
Bi'lJWfiftTlHiM^ I Bli Telephone: Crawley (0293) 27755 Telex: 87252 the queens award 
^KtnZEuIiiCIZilSlin^^ I Z I ^ , . 0 — , ' X 0 _ to industry mi 
^ • • • • • • • f i i l i i i l H Cables: Breco Telex Crawley Sussex a member of the ghp group for technical innovation 

lpartin 
mooo 
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LE G R O U P E M E N T 

PRINCIPAL FOURNISSEUR FRANÇAIS DE VIDE ET D'ULTRA-VIDE 
M E T A V O T R E D I S P O S I T I O N 

• Une équipe de vente nombreuse et hautement qualifiée : 12 ingénieurs. 

• Une organisation commerciale décentralisée : 5 agences en France et Belgique. 

• Les usines de deux Sociétés ayant fait leurs preuves dans les fabrications 
destinées à la technique du Vide. 

• Une gamme complète de produits du Vide primaire à l'Ultra-Vide. 

notre équipe de vente : 

1 D U V A L Paris 

2 C R O I Z E T Dijon 

3 C O N T O U Marseille 

4 D E C R I O N Paris 

5 B O R G N E Paris 

6 M O N T E R N O T Paris 

7 D A N N E N M U L L E R Grenoble 

8 L A M B O L E Y Paris 

9 B U I S S O N Paris 

10 VALETTE Paris 

11 P I G E O N Paris 

12 L A U R E N D E A U Paris 

Techniques du vide et de l'ultra vide 

22 bis, boulevard de l'Hôpital-Stelï 
92 Rueil-Malmaison - France - Tél. 967.85.20 
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JENAE RGLAS 

Schott designs radiation-shielding windows 
of all types, especially dry windows. 
Schott produces and supplies radiat ion-
shielding windows for nuclear research 
throughout the wor ld . 

Our experienced specialists are at any t ime 
at your disposal to solve your problems. 
Detailed technical data and design examples 
are included in our Catalogue No. 3 2 0 0 . 

S C H O T T 
J E N A E R GLASWERK SCHOTT & GEN. , M A I N Z 

(West Germany) 


