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Preparations for 
physics at the SPS 

Throughou t the t ime that the c o n 
st ruct ion of a 3 0 0 GeV accelerator 
was under considerat ion in Europe, 
the exper imental programme that 
cou ld be suppor ted by such a machine 
was also being discussed. This put 
detai l in to the case for bu i ld ing such 
an accelerator and was an impor tant 
part of the machine design in that it 
po in ted to energy, intensi ty and ejec
t i on parameters to feed the physics 
programme adequately. 

W h e n the project was author ized 
in 1 9 7 1 , preparations for the exper i 
mental programme gathered m o m e n 
t u m thanks part icular ly to the efforts 
of the Work ing Group under the 
Chai rmanship of P. Falk-Vairant, set 
up by the European Commi t tee for 
Future Accelerators. The peaks of 
these efforts were visible at t w o meet
ings held at Tirrenia (see, for example, 
vo l . 12 page 318) where the interests 
of the w h o l e European c o m m u n i t y of 
users were represented. 

The present stage of these pre
parat ions has moved to the more 
pract ical and detai led level of speci fy
ing beam- l ines and exper iments. In 
general , the detect ion systems are 
large, compl ica ted and cost ly and the 
beam- l ines and exper imental halls that 
feed and house them are a large part 
of the tota l const ruc t ion project. They 
have, therefore, to be speci f ied we l l in 
advance so that they w i l l be ready to 
receive particles just as soon as the 
4 0 0 GeV SPS is able to supp ly t hem. 

For th is stage, the SPS Experiments 
Commi t tee, chaired by P. Lehmann, is 
a major source of input f rom the 
exper imenters wh i le , w i t h i n CERN 
itself, J.V. A l laby is co -o rd ina t ing the 
preparat ions and G. Brianti is leading 
the Experimental Areas Group in the 
project team. Details of the ini t ial 
p rogramme remain to be sett led bu t 
its overal l f o rm is l ikely to be very 
close to w h a t is sketched here. As far 
as possible the programme tries t o 
avo id direct dup l ica t ion of w h a t has 

been done, or w i l l be done in the next 
f e w years, at the equivalent mach ine 
at the Fermi Nat ional Accelerator 
Laboratory. 

The SPS w i l l feed t w o exper imental 
areas — the West Area, w h i c h w i l l 
receive its f irst beams in 1976 , and 
the Nor th Area, w h i c h w i l l receive its 
f irst beams in 1978. The West Area 
w i l l have secondary beams f rom 
targets bombarded by protons up to 
an energy of 2 0 0 GeV and neutr ino 
beams generated f rom 4 0 0 GeV pro
tons. The Nor th Area w i l l have 
secondary beams f rom targets b o m 
barded by proton beams up to an 
energy of 4 0 0 GeV. 

The West Area was bui l t as part of 
the deve lopment of faci l i t ies for exper
iments at the 28 GeV proton s y n 
chro t ron, its major detectors being the 
3.7 m European bubble chamber, 
BEBC, and the Omega spectrometer. 
The exper imental programme that it 
w i l l suppor t w h e n the SPS comes 

Schematic layout of the 400 GeV proton 
synchrotron, the SPS, indicating its injection 
system (the PS) and its two ejection lines to 
the West Experimental Area and the North 
Experimental Area. The buildings 1 to 7 seemingly 
erected on stilts, are service buildings in fact 
at ground level, the machine being below ground. 
Note the division of ejected beams towards 
the two Areas which is described in the article. 

in to operat ion can be considered in 
t w o parts — neutr ino exper iments 
and electronics experiments. 

To generate neutr inos, the ejected 
pro ton beam strikes a target in an 
underground cave at machine level. 
Pions and kaons w h i c h are produced 
are focused by a horn and reflector 
and a l l owed a dr i f t d istance of about 
4 3 0 m in a tunne l r ising at an angle of 
2.5 degrees in w h i c h they decay to 
g ive posi t ive or negat ively charged 
muons and neutr inos or ant ineutr inos. 
Steel sh ie ld ing is instal led in 180 m of 
the con t inua t ion of this tunne l 
f o l l o w e d by a fur ther 170 m of earth 
to f i l ter ou t the muons before the neu 
t r ino beam emerges at the surface 
about 5 0 m upstream f rom BEBC 
travel l ing in the di rect ion of the 
chamber. 

The horn and reflector focus ing 
system w i l l g ive a beam of neutr inos 
w i t h a w i d e range of energies. In 
add i t ion to th is 'w i de band ' beam, it 
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Inside the Hall of the West Area, three targets, 
(71, 73, 75) are the source of beams to 
electronics experiments including those with the 
large Omega spectrometer. The neutrino 
beam (N1) can be seen at the top, heading for 
the 3.7 m European bubble chamber, BEBC, 
which is also fed with charged particles by an r.f. 
separated beam (S3). 

wi l l be possible to have a ' d i ch ro 
mat ic ' beam by using bend ing m a g 
nets and quadrupoles to select p ions 
and kaons around a part icular m o 
mentum. The result ing neutr inos w i l l 
then be clustered in t w o energy 
ranges, one f rom the p ion decays and 
the other f rom the kaon decays. The 
d ichromat ic beam w i l l be of higher 
energies than are at present avai lable 
at the Fermi Lab, being centred on a 
m o m e n t u m of 275 GeV/c rather than 
170 GeV/c . 

The 3.7 m bubble chamber BEBC, 
f i l led w i t h hydrogen, deuter ium or 
neon, w i l l be the first detector at the 
receiv ing end of the neutr ino beam. 
It w i l l have a large array of mu l t iw i re 
propor t ional chambers (100 m 2 ) i n 
stal led close around the downs t ream 
end of the cyl indr ical iron shield w h i c h 
conta ins the f ie ld of its supercon
duc t i ng magnet. This is k n o w n as the 
external muon identif ier, E M I , and 
w i l l improve the abi l i ty to measure the 

muons emerg ing f rom neutr ino inter
act ions in the chamber. 

Next w i l l come a separate detector 
using electronic techniques. This w i l l 
be a massive assembly of 1400 tons of 
magnet ised iron in modules, 0.9 m 
long and 3.75 m in diameter, inter
spersed w i t h drif t chambers for a 
total length of 20 m. It is being pre
pared for an exper iment by a C E R N / 
Dor tmund/He ide lberg /Sac lay co l la 
borat ion. The first sect ion of the 
detector also has plastic scint i l lator 
sect ions be tween the iron modules to 
measure the energy of hadrons emerg
ing f rom interact ions wh i l e the rest of 
the detector takes care of the muons. 
The interact ions cou ld be in the iron 
itself or in a vo lume of many cubic 
metres of hydrogen or deuter ium 
placed in f ron t of the detector. A n 
addi t ional 3 2 0 ton calorimeter of 
l iqu id argon interspersed w i t h steel 
plate, to g ive precise in format ion on 
the energy and direct ion of emerg ing 

hadrons, is also being developed by 
a CERN/Hamburg /Ka r l s ruhe /Ox fo rd / 
Ruther ford /West f ie ld team. 

Finally, the heavy l iquid bubble 
chamber, Gargamelle, w h i c h was the 
first to detect neutral current neutr ino 
interact ions, w i l l be moved f rom the 
28 GeV pro ton synchrot ron to sit in 
the SPS neutr ino beam behind the 
electronic detector. The const ruc
t ion of the bu i ld ings to house these 
addi t ional neutr ino detect ion systems 
behind BEBC started at the beg in 
n ing of November. 

The West Area Neutr ino Facil i ty, 
W A N F , w i l l make possible a range of 
exper iments w i t h h igh energy neu 
t r ino beams of an intensi ty higher than 
is avai lable, at present, at the Fermi-
Lab. Typical ly , BEBC f i l led w i t h 
hydrogen is expected to catch a neu 
t r ino event once every eight pictures 
w i t h the w i d e band beam. The exper i 
ments are l ikely t o cover the s tudy of 
elastic and inelastic cross-sect ions. 
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The North Area will have two separate zones 
capable of handling particles up to the highest 
energies the S PS can provide. Still further 
downstream of the ejected beam there is scope for 
additional detection systems if the experimental 
programme should call for such a development 
in the future. 

hyperon produc t ion , neutral current 
propert ies, intermediate boson search, 
etc. 

Several beams w i l l be set up for 
electronics exper iments in the large 
hall of the West Area. They w i l l be 
d rawn f rom three targets all of w h i c h 
can receive protons at the same t ime 
f o l l o w i n g the use of beam spl i t t ing 
magnets. Five beams w i l l emerge — 
H 3 w i t h p ions and kaons up to 
150 GeV/c , N3 a neutral beam for 
neutrons or kaons, P1 for special 
beams beg inn ing w i t h a h igh energy 
hyperon beam, E1 /H1 w i t h electrons 
or hadrons up to 100 GeV/c w h i c h 
w i l l have a branch to the Omega 
spectrometer and S1 w h i c h w i l l be a 
separated beam, using superconduc t 
ing r.f. cavit ies under const ruc t ion at 
Karlsruhe, to achieve h igh f luxes of 
part icles such as ant iprotons also for 
Omega. 

Some exper iments are already p lan 
ned in considerable deta i l : in beam 

H3, a polarized proton target w i l l be 
used by a CERN/Tr ieste/Vienna team 
to measure p ion-p ro ton and p ro ton -
proton scatter ing parameters f rom 50 
to 150 GeV/c using magnets and 
mu l t iw i re proport ional chambers for 
measuring the particles emerging f rom 
the interact ions. Another detect ion 
system (of an Ind iana/Saclay team) 
on H3 w i l l s tudy backward scatter ing 
in the momen tum range f rom 25 to 
120 GeV/c . This w i l l involve a hydro 
gen target surrounded by mu l t iw i re 
propor t ional chambers instal led in a 
large aperture magnet, cal led Gol ia th, 
f rom the Saclay Laboratory. Further 
magnets and Cherenkov counters 
downs t ream w i l l spot the recoil p ro 
t on and avoid confus ion w i t h mesons. 

In beam P 1 , the high incident pro ton 
energies w i l l make h igh . hyperon 
f luxes possible (for example, 5 0 0 0 
s igma minus hyperons per burst at 
100 GeV) . Rare decays of hyperons 
( inc lud ing , eventual ly, those of the 

famous omega minus part ic le) , w h i c h 
are crucial tests of weak interact ion 
theory, can then be studied using 
Cherenkov counters in the ident i f ica
t i on of the hyperons and decay 
products and dri f t chambers either 
side of a bend ing magnet to measure 
part icle momônta . A transi t ion radia
t ion detector may be used for the first 
t ime at CERN to sift out pions w h i c h 
are not p roduced in the rare decays 
w h i c h are of interest. This exper iment 
is be ing prepared by a Geneva /He i 
de lbe rg /Lausanne /Orsay /Ru the r fo rd / 
Strasbourg co l laborat ion. 

The H1 beam w i l l suppor t a series 
of studies on st rong interact ions in 
the energy range f rom 30 to 80 GeV 
by an A m s t e r d a m / C E R N / M u n i c h / 
M P I / O x f o r d / R u t h e r f o r d team. The 
emphasis w i l l be on the dynamics of 
boson resonance product ion at h igh 
energies. A large array of counters, 
chambers, magnets, Cherenkovs and a 
gamma hodoscope w i l l be used. 
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A second exper iment in the H1 beam-
l ine by a C E R N / G e n o a / O r s a y / O s l o / 
U C L team, w i l l look at elastic hadronic 
interact ions w i t h large m o m e n t u m 
transfer. This probes the structure of 
the pro ton. Pion and pro ton elastic 
scatter ing w i l l be s tudied. The recoil 
p ro ton w i l l be detected by mu l t iw i re 
propor t ional chambers in and around 
a large aperture magnet and the 
scattered part icle w i l l also be analysed 
by the same magnet and an addi t ional 
magnet . Cherenkovs w i l l be used for 
part ic le ident i f icat ion. 

The beam- l ine E1 w i l l open up a 
type of physics complete ly n e w to 
the CERN experimental programme. 
It w i l l produce electrons of energy up 
to 8 0 GeV w h i c h w i l l then g ive a 
tagged pho ton beam, on being passed 
th rough a radiator ( the pho ton ener
gies being determined by measur ing 
the electron energies before and after 
the radiator) , for exper iments in the 
Omega spectrometer suppor ted by 
t w o large Cherenkov counters. A 
Bonn /CERN/Daresbu ry /Eco le Poly-
t e c h n i q u e / G l a s g o w / L a n c a s t e r / M a n -
chester /Orsay col laborat ion w i l l use 
the pho ton beam ( w h i c h can also be 
polarized by using a sui table crystal as 
the radiator) for a series of studies 
inc lud ing vector meson pho top ro 
duc t i on , Compton scat ter ing, energy 
dependence of pseudoscalar meson 
p roduc t ion , pho toproduc t ion on n u 
c le i , etc. 

The Omega spectrometer w i l l c o n 
t inue to serve as a general purpose 
detector and w i l l have a programme of 
exper iments fed w i t h hadrons via the 
S1 beam- l ine. BEBC, in add i t ion to 
its neutr ino experiments, w i l l also be 
fed w i t h hadrons using the S3 beam-
l ine w h i c h w i l l c l imb f rom under
g round a l l ow ing long dri f t d istances 
t o ensure part icle separat ion w i t h 
convent iona l (warm) r.f. separators 
operat ing at 6 0 0 0 M H z . 

Since beams w i l l reach the Nor th 
Area t w o years after they reach the 

West Area, there is a l i t t le more 
breathing space in p lanning the exper i 
mental programme. No exper iments 
have yet been 'approved ' , t h o u g h 
proposals are being considered and 
the type of exper iment and the cor
responding beam requirements have 
d ic ta ted the overall layout of the 
Area. 

Beams w i l l be generated in a target 
area 1 0 m be low ground. This helps in 
absorb ing the f lood of muons w h i c h 
emerge f rom the targets but w h i c h 
are then lost in the earth downs t ream 
wh i l e the required particles are b rought 
to the surface via bending magnets. 
Three targets (T2, T4 , T6) can receive 
beam s imul taneously by spl i t t ing the 
ejected pro ton beam. T w o of them 
w i l l prov ide four hadron beams ( t w o 
up to an energy of 270 GeV, . two up 
to an energy of 4 0 0 GeV) for Zone I — 
a hall 50 m w i d e and 290 m long. 

Experiments in Zone I, w h i c h have 
already been proposed, inc lude s t u 
dies of polar izat ion in h igh energy 
interact ions, studies of ' f ragmenta
t i o n ' (such as have been carried ou t 
for the p ro ton-p ro ton interact ion at 
the ISR) and studies of large m o 
men tum transfer phenomena for a 
variety of particles (also as have been 
carried ou t for p ro ton-p ro ton inter
act ions at the ISR). These last m e n 
t ioned exper iments are l ikely to i n 
c lude exper iments on lepton pro
duc t ion w h i c h is current ly a burn ing 
top ic at the FermiLab and the ISR. 

Zone I I , further downst ream, w i l l 
receive a beam f rom the th i rd target. 
The beam- l ine w i l l begin by tak ing a 
h igh f lux of p ions and kaons and 
a l l ow ing a decay length for them to 
y ie ld a m u o n beam, M 2 . The muon 
beam w i l l be of much higher intensi ty 
than that n o w available at the Fermi-
Lab where muons are pul led off as an 
ad junct to the neutr ino beam- l ine. 
For Zone II of the Nor th Area, quad ru -
poles w i l l be used to concentrate the 
muons in the decay region and m a g 

nets w i l l bend them around in the 
vert ical plane towards their detect ion 
systems. Magne t i c col l imators w i l l be 
used in an effort to reduce further the 
m u o n 'ha lo ' w h i c h inevi tably sur
rounds the desired beam. M u o n s are 
such penetrat ing particles that any 
go ing s l ight ly ^dr i f t f rom the desired 
beam sti l l t end to sail on th rough 
magnets, etc., in the di rect ion of the 
detectors. It is ant ic ipated that the M 2 
beam- l ine w i l l y ie ld 1 0 8 muons in a 
beam of 5 c m radius wh i l e the halo, 
out to abou t 2 m, w i l l have on ly about 
2 % of the beam f lux. 

Experiments w i t h the muon beam 
are l ikely to begin w i t h deep inelastic 
scatter ing studies. A l l the exper iments 
so far considered for the Nor th Area 
w o u l d use electronic detector systems 
( w i t h the possible addi t ion of a small 
rapid cyc l ing bubb le chamber as a 
vertex detector ) . 

There is room beyond Zone II for 
fur ther deve lopments if the physics 
programme eventual ly calls for it and 
a pro ton beam- l ine , n o w po in t ing ou t 
in to the vo id , w i l l be available. H o w 
ever, for the init ial programme, the 
SPS probably has qui te enough on 
its plate. 
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CERN News 
A quad tu pole magnet of the 400 GeV proton 
synchrotron being lowered into place in the 
machine tunnel on 21 October. It was the first of 
the thousand magnets of the SPS to be 
installed. The hydraulically operated device on 
the left lowers the magnet onto its support stands. 
Watching the operation, third from the left, 
is J.B. Adams, Director General of CERN 
Laboratory II. 

First SPS magnets 
go down the tunnel 
On 18 October, f i f teen days ahead of 
the scheduled date, the first magne t 
was lowered via access shaft no. 3 to 
the tunne l of the 4 0 0 GeV pro ton 
synchro t ron. 

The first to descend was a quad ru -
pole taken f rom the g r o w i n g stack of 
tested magnets in the large assembly 
hal l . Via var ious vehicular manoeuvres 
it was put in the l i ft at the access 
shaft , PA3, lowered 60 m to tunne l 
level and again manoeuvred and 
whee led to its scheduled pos i t ion 
near PP4. In th is sextant of the r ing 
all the electr ical, water and c o m 
pressed air services are n o w almost 
complete ly instal led. 

Before the magnets are put in 
pos i t ion a series of preparatory oper
at ions take place w i t h several teams 
of w o r k m e n keeping a heal thy d is 
tance in advance of the magnet 
instal lat ion po in t — holes accurately 
bored to take the magnet suppor ts , 
h igh f requency w e l d i n g , tests on 
bus-bars for water leaks and electr ical 
propert ies, a l ignment and cement ing 
in place of magnet supports. 

On 21 October the magnet was 
l i f ted on to its suppor t s tand using a 
special t w o - a r m e d hydraul ic machine. 
A t the t ime of w r i t i ng , over th i r ty 
magnets (bend ing magnets and qua -
drupoles) are in place and instal lat ion 
is proceeding at the rate of f ive per 
day. Strategical ly pos i t ion ing a camera 
gives the impression of a comple te 
machine since there are enough 
magnets to f i l l an arc d isappear ing 
around the curve of the r ing. Alas it is 
an i l lusion for 1000 magnets are 
needed around the 7 km of the r ing 
c i rcumference. St i l l , a g o o d start has 
been made. 

Next mon th w e shall return to the 
SPS w i t h an article cover ing the p ro
gress of the project in more detai l . 

Getting yet more 
from the ISR 
The Intersect ing Storage Rings have 
already comfor tab ly passed their 
design parameters but it is possible to 
squeeze sti l l more out of the machine 
— literally, by squeezing the beams. 

The parameter w h i c h is impor
tant for the physicists is the l u 
minos i ty ' s ince it gives the number 
of interact ions per second that they 
can see in their experiments. The 
number of interact ions, w h e n the t w o 
co l l id ing beams pass th rough one 
another, is general ly smaller than in a 
convent iona l accelerator exper iment 
where a beam is f i red at a f ixed target 
and this is w h y storage r ings lean 
hard on push ing the luminosi ty higher. 

Up to n o w this has been achieved 
at the ISR by bu i ld ing up the intensi ty 
of the stored beams. W i t h beams of 
2 4 A in each r ing, a luminos i ty of 

CERN 287.10.74 

1.4 x 1 0 3 1 per c m 2 per s has been 
reached. It is hard to go much further 
in th is d i rec t ion, however, and the 
recent efforts have taken another 
tack — using a l o w beta insert ion in 
one of the machine intersect ion 
regions. 

Since the luminosi ty depends also 
on the d imensions of the beams where 
they cross, the idea of the l o w beta 
insert ion is to squeeze thç beams 
where they pass th rough the inter
sect ion. This is done by in t roduc ing 
focus ing magnets to reduce the beam 
height ( the luminos i ty is inversely 
propor t ional t o the beam he ight ) . 
Five quadrupoles have been instal led 
on each beam, four in intersect ion 
I-7 (recent ly vacated by the streamer 
chamber ) , to g ive vert ical focus ing . 
They are modi f ied magnets w h i c h 
have been garnered f rom Daresbury, 
DESY, the PS and the ISR. A special 
vacuum chamber was bui l t and it 
conta ins 'scrapers' w h i c h can be 
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General view of the low beta section of the ISR. 
This installation, at intersection 1-7, uses 
five quadrupoles per ring, four of which are sited 
in the intersection region itself. The central 
bicone contains a 'scraper' device for beam 
height measurement. 

R.W.K. Blagborough and W.D.H. Gregson 
(left and second from left), who were Secretary 
and Chairman of the British Measurements, 
Control and Automation Conference, visiting 
stands during the week's exhibition of 
equipment from the U.K. held at CERN from 
21-25 October. 

moved in to measure the beam height 
w i t h an accuracy of 0.01 mm. These 
changes affect on ly I-7 and one of the 
di f f icu l t ies has been to ensure that the 
manoeuvres in th is region do not 
d is turb the beam behaviour in the 
rest of the r ing. 

The f irst tests were carried out at 
the end of October and wen t exact ly 
as ant ic ipated. The measurements 
indicated that the beam height had 
been reduced by a factor of 2.3 in I-7 
and thus the luminos i ty increased by 
the same factor. The measurements 
were carried ou t w i t h a beam in ten
sity of 12 A in Ring I and 14 A in 
Ring I I . The luminos i ty reached 1.02 x 
1 0 3 1 per c m 2 per s. This does not pass 
the record that has been achieved 
w i t h more intense beams b u t w h e n 
higher currents are stored w i t h the 
l o w beta sect ion in act ion, it is 
expected that the record w i l l be 
doub led . The most comfor t ing aspect 
of the tests is that they have conf i rmed 
that it is possible to reduce the beam 
height in one part of the machine 
w i t h o u t per turb ing beam behaviour 
elsewhere. 

Tests w i t h higher intensi ty beams 
are ant ic ipated before the end of the 
year and , if the expected performance 
is achieved, it is in tended to transfer 
the focus ing magnets to intersect ion 
region 1-1 in the course of 1975 to 
take advantage of the higher l u m i 
nosi ty in an exper iment. 

Late news : During the night 
of 13-14 November another test of 
the low beta insertion was carried out. 
Feedback on the beams was 
operating and it was possible to stack 
higher current. With 20 A and 24 A 
circulating a new record luminosity 
was achieved-2.2. * 1031 per cm2per s. 
In the same week, the ISR stored 
30 A in each ring and passed 10 000h 
of operation. 
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Managing CERN projects 

C.J. Zilverschoon 

Aerial view of the Intersecting Storage Rings, 
the largest project so far completed at CERN. 
This 330 million Swiss franc project was 
completed ahead of schedule and for 
less than the cost estimate 

At the Meeting on Technology 
Arising from High Energy Physics held 
at CERN in April, C.J. Zilverschoon 
(Director of the Proton Synchrotron 
Department with special 
responsibilities in the field of 
financial planning) gave a talk 
entitled 'Some Aspects of the Realiza
tion of High Energy Projects at 
CERN'. This talk covered several 
themes which many people regard 
as having played a crucial role in the 
successful management of the CERN 
Laboratories. Since these themes 
can be of wide interest we present 
here a condensed version of the talk. 

Projects in h igh energy physics can be 
big — big in size ( they may be of the 
order of 100 metres up to k i lometres) , 
b ig in money (cost ing hundreds of 
mi l l ions, up to a mil l iard francs) and 
techno log ica l ly advanced. 

In 1959 , the Proton Synchro t ron 
was the first of its type w o r k i n g in the 
w o r l d and the same was t rue for the 
Intersect ing Storage Rings in 1 9 7 1 . 
The big machine ( the SPS) w i l l be 
the largest of its type in the w o r l d and 
w i l l be fu l l of technical novelt ies. 
From the point of v i e w of technica l 
advancement , these projects can be 
considered at the same level as large 
rockets, or supersonic airplanes, or 
n e w types of reactors. Yet, w h e n w e 
br ing them into operat ion, they gener
al ly w o r k immediate ly up t o the pro
mised performance speci f icat ions and 
w e have done rather we l l in keeping to 
the t imescale and to the cost est imates. 

The largest project so far c o m 
pleted is the Intersect ing Storage 
Rings. W e in formed the CERN Counc i l 
that w e cou ld bu i ld it for 3 3 2 M S F (at 
1965 prices) and that it w o u l d be in 
operat ion by the midd le of 1 9 7 1 . 
In reality, the machine w o r k e d four 
months earlier and approx imate ly 
5 mi l l ion Swiss Francs of the project 
money was left over. This is qu i te a 
dif ferent affair w i t h some other a d 

vanced projects or even some of the 
more convent iona l projects such as 
underground rai lways, airports, O l y m 
pic games, or even motorways, where 
somet imes large over-expendi tures 
and delays have occurred. W e do not 
a lways underspend; w e have some
t imes had an over-expendi ture of 5 % 
or even 10 % but never a factor of 2 
to 5 over-expendi ture that somet imes 
is f ound in other f ields. 

This discipl ine of s t ick ing to pro
mised f igures is not l imited to CERN 
but is typ ica l of h igh energy physics. 
To give one other example: in 1960 , 
the Al ternat ing Gradient Synchrot ron 
in Brookhaven, USA (a parallel ma
chine to the CERN Proton Synchro 
t ron ) , was f in ished and the project 
leader was able to hand back a sum of 
money to the USAEC. 

Project control and set-up 

I shou ld l ike to discuss a f e w points 

w h i c h w e bel ieve are of importance in 
mak ing the projects not on ly a 
technica l success but also a success 
f rom the management point of v iew. 
Let me start w i t h a top ic , 'project 
con t ro l ' , w h i c h is so fashionable that 
it is the subject of b ig conferences. 
It is, of course, important to contro l 
the project. Dur ing const ruct ion of the 
ISR w e had PERT, a crit ical path 
system, and it wo rked very nicely. But 
w h e n bu i ld ing the PS these systems 
d id not exist. A l l that one had at that 
t ime was commonsense and yet the 
PS was ready six weeks before 
schedule. It w o u l d be stup id not to 
use these management too ls w h e n 
they are avai lable but I do not believe 
that they are so essential that a project 
w o u l d be d o o m e d w i t h o u t them. 

There are more essential th ings. 
W e have a lways f o l l owed a clear l ine 
at CERN in the project se t -up . A 
project leader has a lways been g iven 
great l iberty in devis ing his o w n set -up 
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Two aspects of the huge project to construct 
the SPS, an accelerator to give energies of 
several hundred GeV: 

1. A tunnel about 7 km in circumference had 
to be built 40 m below ground; 

2. A magnet assembly and testing factory had 
to be set up to produce close to 1000 
magnets of high precision. 

CERN 42.2.74 

and, for projects the size of the large 
accelerators, w e have created a special 
project d iv is ion w h i c h , f rom the 
technica l po in t of v i ew , was almost 
se l f -suppor t ing . 

It had its o w n magnet g roup , its 
o w n electronics wo rkshop , its o w n 
mechanical wo rkshop , its o w n d r a w 
ing of f ice, even somet imes its o w n 
bu i ld ings g roup. For technical matters 
the project leader never had to rely on 
general services f rom the Laboratory; 
he used general services f rom the 
administrat ive po in t of v i e w but 
technica l matters were a lways in his 
o w n hands and , if someth ing w e n t 
w r o n g , he cou ld on ly blame himself 
or his o w n people. W e believe that 
th is is an essential po in t : to give great 
independence to the project and , 
therefore, the fu l l responsibi l i ty to the 
project leader. 

Staffing a project 

The qua l i ty of the staff has to be g o o d 
and w e have been lucky in be ing 
a l lowed to hire staff f rom wherever w e 
w a n t e d w i t h i n Europe. The CERN 
Convent ion a l lows us to hire people 
w i t h o u t consider ing their nat ional i t ies. 
W e do not have to distr ibute posts in 
accordance w i t h the cont r ibut ions of 
the Member States. 

Wha t may be even more impor tant 
is the mot iva t ion of the staff and here 
w e come to a po in t that I shou ld l ike 
to call the ' con t inu i t y of the s ta f f 
t h roughou t the pro ject . Start ing a n e w 
project, the f irst step is to set up a 
design s tudy g roup , w h i c h may have 
about ten senior engineers and phy
sicists. They w o r k together for a year 
or so to produce the Design S tudy 
Report. This conta ins the reasons for 
the project and h o w to go about it. 
It g ives the f irst layout and technical 
d raw ings ; it ment ions where d i f f i 
cul t ies can be expected and conta ins 
the cost est imate and the t ime- tab le . 
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Various types of vacuum chamber section as 
used in the proton synchrotron. For each type 
the manufacturing procedure was selected 
according to the complexity involved, the 
capabilities of industry and the cost. A section 
of the initial chamber is seen on the extreme 
right — it was produced, to CERN's complete 
satisfaction, by a firm that normally made 
washing machines. 

It is w i t h th is book that w e go to 
our Counci l for approval of the p ro
ject. 

It is very impor tant that the senior 
staff, w h e n making the design s tudy , 
k n o w that they w i l l stay on later to 
actual ly do the work , f o rm ing the 
nucleus of the project d iv is ion. Then 
a man w h o , in the design s tudy, 
estimates a magnet to cost a certain 
amount of money k n o w s that , if the 
project is approved, he w i l l have to 
bu i ld it for that money. This mot ivates 
h im to make a proper cost est imate. 
It is extremely impor tant at an early 
stage to mot ivate people by let t ing 
them k n o w that they w i l l stay w i t h 
the project. 

There is another facet of staff 
con t inu i t y that is interest ing. Once the 
b ig accelerators or detectors start to 
func t i on , w e k n o w f rom experience 
that w e need more people to operate, 
mainta in and develop them than to 
const ruct them. The equ ipment has a 
long and busy life, runn ing 24 hours a 
day, 7 days a week and for each 
operator w e need f ive or six posts, 
w h i c h means a large operat ing staff. 
A lso , advanced precision equ ipment 
needs a lot of maintenance and hence 
maintenance staff. Finally, w e w a n t 
the equ ipment to last a long t ime, say 
25 years. Dur ing its l i fet ime the 
techno logy can change comple te ly 
and the physics interest may require 
a con t inuous deve lopment of the 
equ ipment . We need a large operat ing 
staff, maintenance staff and a deve lop
ment staff. 

A fair ly large percentage of the 
staff that works th roughou t the c o n 
st ruct ion stage stays on w i t h the 
project. This gives the same sort of 
mot iva t ion to do a good job . Because 
of the need for a large number of staff 
w h e n the equ ipment is in operat ion, 
w e can have a sizable staff dur ing the 
const ruc t ion period w i t h o u t wo r r y i ng 
about the problem of lay ing-o f f large 
numbers of people. 

Collaboration with industry 

In order to make the tota l cost of a 
project as close as possible to the 
cost est imate, w e try to obta in the 
equ ipment for as l o w a price as 
w e can. To do this w e have t w o 
rules: w e give industry speci f icat ions 
that are as precise as possible, ( in the 
hope that they can make price ca lcu 
lat ions w i t h a m in imum of u n k n o w n s 
and therefore a m in imum of risk for 
them) and w e ensure that there is 
suf f ic ient compet i t ion for each tender. 

The p lac ing of a l imited number of 
extremely large and compl icated orders 
w i t h on ly one or t w o big f i rms, such 
as is somet imes done in spac'e wo rk , 
is not in accordance w i t h these rules. 
W e do the oppos i te : w e tend to break 
d o w n the w h o l e project into a 
relat ively large number of contracts, 
each of w h i c h is relatively s imple in 
itself and therefore of ten suitable for 
medium-s ize or small f i rms. In th is 
w a y w e increase the number of f i rms 
that w e can interest and increase the 
compet i t i on . 

The equ ipment can be of var ious 
types: It can be standard equ ipment 
such as a power transformer. There are 
p lenty of factories that make t rans
formers, so w e k n o w that, w h e n w e 
need a transformer, there are experts 
in these f i rms w h o can design the 
equ ipment . Then w e never th ink of set
t ing up our o w n design g roup but w e 
s imply prepare performance spec i f i -
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cat ions, possibly g iv ing some d imen 
sions or speci fy ing h o w much coo l ing 
is avai lable and so on , and do not 
make a detai led design. In this same 
class there are many other i tems 
such as computers , vacuum pumps, 
cranes, switchgear.. . 

A second type of equipment is a 
sort of extension of w h a t already 
exists. For example, there may be on 
the market a h igh f requency tube 
p roduc ing 2 M W of power and w e 
w a n t someth ing similar but for 5 M W . 
Here again w e do not try to set up a 
special deve lopment group but try to 
interest f i rms in making us an offer to 
develop someth ing that suits us f rom 
their exist ing model . Of course w e ask 
them to develop it at a f ixed price. 
M u c h of our w o r k is in this category. 
W e of ten establish a good re lat ion
ship w i t h the f i rms, for instance, 
help ing them to do tests or even 
to advance the work . 

A th i rd type consists of equ ipment 
not normal ly made in factor ies; for 
example, synchrot ron vacuum c h a m 
bers, synchrot ron magnets, etc. Here 
w e insist on having our o w n experts 
and set up small design sect ions w h o 
w o r k ou t the speci f icat ions w i t h 
detai led d raw ings that are sent out 
to f i rms w h o w e believe can do the 
job . Firms are contacted even if the j ob 
is not their normal special i ty and in 
this w a y w e of ten get lower prices than 
if w e go to the specialist f i rms only. 
To give an example: the vacuum 
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Around the Laboratories 

chamber of the PS was made by 
a factory manufactur ing wash ing ma
chines, w h i c h nevertheless had the 
r ight type of product ion faci l i t ies and 
was cheaper than the special ized 
vacuum f i rms. They bui l t the vacuum 
chamber very we l l but w e w o u l d not 
have let them do the design work . 

This ph i losophy also f i ts we l l w i t h 
our f inancia l rules. Contrary to w h a t 
general ly prevails in internat ional o rga
nizat ions, w e do not have a system of 
'fair return' . In other wo rds , if a 
count ry contr ibutes 20 % of the budget 
it does not insist on get t ing back 20 % 
of the expendi ture. There is no 
geographical d is t r ibut ion of cont racts ; 
w e have to accept the lowest offer that 
meets the technical requirements and 
del ivery t ime. This f reedom to spread 
our contracts th rough the Member 
States, w i t h o u t being under the c o n 
straints of ' fair return ' , is of great 
impor tance and certainly helps in 
ge t t ing l o w prices. 

These rules are not advantageous to 
CERN alone. W e have not iced that 
somet imes a f i rm is temporar i ly not 
fu l l y occup ied and can make a lower 
offer. If th is f i rm gets the order, it is 
obv ious that more than one party w i l l 
be sat isf ied. The f i rm is happy because 
it needs the work . CERN is happy 
because it gets a lower price and the 
Member States k n o w they get g o o d 
value for their ( taxpayers') money. 

Tall out' 

W e have s low ly come to realize that 
industry may gain someth ing else 
f rom our efforts beyond the immediate 
orders they get f rom us. In the course 
of do ing a j ob , a f i rm may in t roduce a 
n e w product or gain exper ience in n e w 
techn iques or use CERN as a tes t -bed. 
W e are n o w invest igat ing w h a t has 
happened to f i rms that have had b ig 
contracts w i t h us and are f i nd ing 
that th is ' fal l ou t ' exists to a greater 
extent than w e though t . 

BROOKHAVEN 
Present 
and future programmes 
The Brookhaven Nat ional Laboratory 
for many years enjoyed a pre-eminent 
reputat ion among h igh energy physics 
research centres. In its heyday many 
of the major discoveries fel l to the 
33 GeV Al ternat ing Gradient Synchro 
t ron , A G S , w h i c h was then the highest 
energy machine in the w o r l d . The 
inevi table leap- f rogg ing process has 
since taken place and faci l i t ies at 
Serpukhov, CERN and the FermiLab 
have extended the f ields of research 
beyond the reach of the B N L machine. 
There is therefore the keenest interest 
in the major project for the fu ture at 
B N L — the const ruct ion of {he very 
h igh energy co l l id ing beam machine, 
k n o w n as ISABELLE, w h i c h w i l l 
br ing the research back into the 
f ron t - l ine at the highest energies. 

The present programme has endured 
'constant dol lars ' in recent years. In 
an inf lat ionary s i tuat ion, th is has 
meant that progressively less physics 
cou ld be suppor ted at the A G S . For 
example, unless pennies f rom heaven 
are fo r thcoming , operat ion of the 
accelerator w i l l be l imited to about 
26 weeks of the present f iscal year. 
Even in th is s i tuat ion, however , it is 
recognized on all sides that research 
and deve lopment in relation to the 
accelerator faci l i t ies shou ld cont inue 
to be funded (the level usual ly be ing 
at about 1 0 % , i.e. $2 mi l l ion in th is 
f iscal year) . This money is spl i t about 
evenly be tween the improvement p ro 
gramme on the exist ing machine, 
where the fu l l potent ial is tak ing a 
long t ime to reach because of lack of 
funds and people, and the ISABELLE 
project. 

Wh i le the accelerator /h igh energy 
physics components of Brookhaven 
have not yet seen an upturn in budgets , 
the Laboratory as a w h o l e has more 

money th is year, much of the increase 
being related to a variety of energy 
projects. J .P. B lewet t , the h igh ly 
respected pract i t ioner of accelerator 
physics, has had special responsibi l i ty 
in the co-o rd ina t ion of the energy p ro
grammes and the Accelerator Depart
ment, led by M.Q. Barton, is par t i 
c ipat ing in th is work . 

For example, a 30 MeV l inac to 
accelerate deuterons has been de
s igned by a Steering Commit tee 
headed by D. Gur insky and D. Parkin 
w i t h the l inac g roup of K. Batchelor. 
The beams w o u l d be used to y ie ld 
14 M e V neutron beams for s tudy ing 
the neutron env i ronment around ther
monuclear fus ion reactors. Other Labs, 
such as Los A lamos and Livermore, 
have also looked at neutron beam 
devices for the same purpose. The 
Brookhaven design is for a h igh 
intensi ty (1 A ) deuteron beam g iv ing 
a neutron f lux of 1 0 1 4 per c m 2 per s. 
It involves no n e w techno logy and is 
ready to go almost as soon as the 
f inancia l bu t ton is pressed. 

Ano ther project, s t imulated by 
J .G. Co t t ingham and G.K. Green, is 
for a solar powered steam plant. Their 
proposed scheme involves concave 
reflectors focus ing the energy f rom 
the sun on to the entrance of a h igh 
pressure steam boiler. The or ientat ion 
of the reflectors w o u l d be contro l led 
by a s imple computer system to 
sustain the o p t i m u m sett ings as the 
sun moves across the sky. A uni t 
system of 29 reflectors and a boiler is 
predicted to g ive 8 5 0 kW of peak 
power . These t w o potent ial energy 
sources, fus ion and solar, are perhaps 
the on ly t w o that ho ld ou t the promise 
of v i r tual ly l imit less energy and they 
do not br ing serious envi ronmenta l 
problems in their wake . 

A power t ransmiss ion project, invo lv 
ing the use of superconduct ing cable, 
has scientists f rom many of the 
B N L Departments part ic ipat ing in 
the studies led by E. Forsyth. The 
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Several months ago the foam fire protection 
system for the 7 foot bubble chamber came on 
automatically because of an electrical design fault 
in the manufacturer's circuit. The incident 
provided a vivid demonstration of the system's 
ability to flood the entire building with 
extinguishing foam very quickly. Clean-up was 
completed in about a day and left the bubble 
chamber whiter than white. 

chal lenge is the long range plan of the 
Long Island L ight ing Company for a 
7 0 km l ink between a nuclear reactor 
site and a large substat ion w h i c h w i l l 
require 345 kV cables capable of 
4 8 0 0 MVA. Thorough cost compar
isons w i t h convent ional systems came 
out favourably for a superconduct ing 
vers ion. One advantage is that the 
superconduct ing cable is we l l matched 
to the load and w o u l d therefore be 
sui table for transmission over many 
hundreds of ki lometers ( the cri t ical 
length for the B N L type being 680 k m ) . 

The op t imum design of the cable 
and its cryogenic envelope is be ing 
chased hard. In contrast to most 
other w o r k on th is prob lem, B N L 
have gone for n iob ium- t i n as the 
superconductor in f lexible cables w i t h 
gaseous hel ium coo l ing . They have 
several techniques for achiev ing g o o d 
N b 3 S n layers on a substrate, inc lud ing 
one similar to that recently t r ied in 
the Ruther fo rd /Harwel l w o r k on m a g 
nets (see September issue page 3 4 9 ) . 
A cable for 345 kV to carry a current 
of 5 0 0 A per cent imetre of c i r cum
ference has been developed. It is 
14 cm in diameter shrouded by 
insulat ion, etc., to g ive a tota l d ia 
meter of 46 cm, w i t h he l ium coo l ing 
susta in ing a temperature be tween 
6 and 9 K. Jus t h o w t r icky the materials 
problem is for such cables, can be 
realised f rom the fact that 1 km of 
normal pipe shrinks several metres in 
coo l ing to such temperatures. 

Mos t of the remaining quest ions 
centre on the coo l ing system. The 
B N L people are conf ident of the p ro
perties of the superconduct ing cable 
itself; w h a t is not opt imised is the 
method of coo l ing it t o superconduc t 
ing temperatures and ho ld ing it there 
reliably. To check the techn iques 
deve loped so far, a 1 km length is to 
be instal led at the Laboratory. 

But, of course, the major act iv i t ies 
remain centred on the h igh energy 
physics programme and the operat ion 

and deve lopment of the A G S . The 
33 GeV Al ternat ing Gradient Synchro 
t ron n o w operates at intensit ies around 
7 x 1 0 1 2 protons per pulse. The peak 
accelerated intensi ty ( to t ransi t ion) 
has been 9.7 x 1 0 1 2 and the necessary 
manoeuvres to top 1 0 1 3 are expected 
to have been completed by early 1975. 
Beyond th is level, further advances 
migh t be possible by in ject ing negat ive 
hydrogen ions f rom the l inac into the 
synchrot ron r ing for conversion into 
protons, as has been pursued at 
A rgonne . T. Sluyters and K. Prelec 
have achieved encourag ing per form
ances f rom negative ion sources of 
the type developed at Dubna and 
Novosibirsk. Currents of over 100 m A 
for 1 ms are already possible. Such 
sources also have relevance to fus ion 
w o r k s ince negative beams are an 
eff ic ient route to the neutral beams 
w h i c h can be used to t op up fus ion 
reactors. A 1 A source is being deve l 
oped for th is purpose wh i l e at the 
A G S a second pre- in jector is be ing 
bui l t for negat ive ion in ject ion into 
the l inac. 

The 2 0 0 MeV linac n o w has a 
debuncher operat ing in the self-
exci ted mode, reducing m o m e n t u m 
spread by a factor of three, and fu l l 
inst rumentat ion and computer izat ion 
is being brought in to act ion. It nor
mal ly feeds 50 m A beams for mu l t i -
tu rn in ject ion into the r ing dur ing 
120 [is in ject ing f rom 1.2 to 2 x 1 0 1 3 

protons. A t the lower intensit ies. 

capture ef f ic iency is about 7 0 % fa l 
l ing to 5 0 % w h e n the ful l r ing aperture 
is f i l led . 

A t the ou tpu t of the l inac, there are 
parasit ic branches for other uses since 
the l inac pulse repet i t ion rate is much 
higher than is needed s imply to feed 
the A G S r ing. Branches for nuclear 
chemist ry and for isotope product ion 
for medical appl icat ions are in regular 
use. The shield wa l l has also been 
breached to take an addi t ional l o w 
intensi ty pro ton beam for cancer 
d iagnost ics and therapy but such a 
use has not yet been f inancia l ly sup 
por ted. One enterta in ing appl icat ion 
of protons f rom the l inac was the 
i rradiat ion of a pattern on the nose 
cone of a space rocket. The aim was 
to see h o w the cone wore away dur ing 
entry in to the earth's atmosphere. 

In the accelerator r ing, there are 
t roub lesome losses w i t h h igh intensi ty 
beams and closed orbi t contro l and 
feedback systems to cure coherent 
instabi l i t ies are receiving more a t ten
t i on . The gamma j u m p techn ique (see 
vo l . 4 , page 10) is to be appl ied t o 
improve the abi l i ty to take the beam 
th rough t rans i t ion. Ejection systems 
are also receiv ing at tent ion since it is 
impor tant to have them in a t idy state 
for h igh intensi ty beams so as to 
avo id irradiat ion problems. S l o w ejec
t ion eff ic iencies have been around 
75 % for some t ime and it is hoped to 
nudge th is up above 95 %. 

The exper imental programme has 
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been fed by beams f rom an internal 
target, by t w o fast ejected beams to 
the 8 0 inch and 7 foo t bubble c h a m 
bers, and by a s low ejected beam to a 
variety of counter experiments. F inan
cial restr ict ions forced the close d o w n 
of the 80 inch chamber at the end of 
September. The chamber was bui l t by 
a team led by R. Shut t and came into 
act ion in 1963. In the eleven years of 
its l i fe, it d id noble service, co l lect ing 
some 12 mi l l ion photographs for 
seventy experiments. Its part icular 
momen t of g lory came w i t h the 
ident i f icat ion of the omega minus in 
the Brookhaven exper iment led by 
N.P. Samios. It has run w i t h hydrogen 
and deuter ium f i l l ings and received a 
var iety of particle beams ranging f rom 
pions of momenta up to 25 GeV/c to 
deuterons of momenta up to 29 GeV/c . 

The bubble chamber burden is n o w 
taken up by the 7 foo t chamber. This 
chamber sits in a region of the Nor th 
Experimental area where it is fed by a 

neutr ino beam. It came into operat ion 
at its new locat ion in November 1973 
and since then has taken pictures w i t h 
hydrogen and deuter ium. A n example 
of a neutr ino event is s h o w n in the 
photograph. Some problems stil l exist 
on the superconduct ing magnet and 
w i t h leaks but contro l of the chamber 
operat ing cond i t ions is very ref ined 
and the refr igeration system is wo rk i ng 
excel lent ly. 

Three neutr ino experiments are 
under way . In the chamber itself, the 
usual in format ion is being col lected 
w i t h an event rate of about 1 in 4 0 
pictures. There is emphasis on neutral 
current events using stainless steel 
plates, 5 cm th ick, in the chamber 
vo lume to help d ist inguish be tween 
pions and muons, thus p inpo in t ing 
the neutral current events w h e n muons 
are not produced in the interact ion. 
It is hoped to bui ld a 'nar row band ' 
neutr ino beam where the momen tum 
of all the neutr inos w i l l be close to 

A 'standard' three prong neutrino event where the 
neutrino interacts with a proton, converting to 
a muon and producing a proton and a pion. 
The weakly interacting muon goes through four 
stainless steel plates installed in the chamber. 
A strongly interacting pion or proton almost 
always interacts in the plates (as the proton 
does here) making it possible to distinguish 
between a muon and pion. This will be the 
primary means of separating neutral current 
events, such asv + p-+n~ + p + v + 7z+ from 
charged current events, such as 
v + p —>» pr + p + 7T+ . 

8 GeV/c . This w i l l make it possible to 
s tudy the dynamics of neutral current 
interact ions using a hydrogen-neon 
mixture in the chamber. 

A spark chamber experiment by a 
Columbia team led by W. Lee is 
downs t ream of the chamber and they 
reported their f irst tentat ive neutral 
current candidates at the London C o n 
ference in Ju ly . Further downs t ream, 
is a large l iqu id scint i l lator detector 
of a Harvard /Pennsy lvan ia /Wiscons in 
team. They hope to observe neut r ino-
proton elastic scatter ing and to meas
ure the angular d is t r ibut ion of the 
recoil protons. This experiment is 
easier at A G S energies than at higher 
energies w h e n other interact ions come 
more into play. 

In the East Experimental Area the 
internal target ( in straight sect ion 
G10) provides a neutral kaon beam, 
a separated 3 GeV/c negative kaon 
beam and test beams. The s low ejected 
beam, via t w o spl i t t ing stat ions and a 
bend ing s ta t ion, can give protons 
on to four targets (three at the same 
t ime) . Targets A and D can be fed 
alternately by power ing a bending 
magnet. A n exper iment fed by target A 
is by a M IT /B rookhaven team led by 
S.C.C. T ing to cont inue the study of 
the e lectromagnet ic properties of the 
nuc léon by measuring electron pairs 
emerg ing f rom pro ton-p ro ton co l l i 
s ions. Target B is the most prol i f ic, 
p rov id ing a h igh energy (up to 
30 GeV) charged beam at zero degrees 
and a neutral kaon beam ( f rom B'). It 
is also the source of part icles for 
exper iments w i t h the Mul t iPar t ic le 
Spectrometer ( M P S ) a large, general 
purpose detect ion system w h i c h is 
n o w com ing into act ion. It has a big 
magnet whose aperture is f i l led w i t h 
magnetostr ic t ive w i re chambers plus 
a sur round ing array of large chambers 
end ing w i t h a downs t ream Cherenkov 
counter. Several experiments are l ined 
up to use the M P S . It w i l l later be 
fed w i t h a h igh energy unseparated 
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# Fascinating news from this 
experiment at the beginning of 
November : They believe they have 
seen a new particle (baptised the J 
particle) of mass 3.1 GeV which 
decays into an electron-positron pair. 
The electron-positron ring SPEAR at 
Stanford has seen it also. 
Another tantalising contribution to 
the melting pot of the hadron/lepton 
relationship. More next month. 

beam f rom target A incorporat ing four 
n e w superconduct ing magnets m e n 
t ioned be low. Finally, target C has a 
t w o - b r a n c h l o w energy separated 
beam and is the source of a muon 
beam and a hyperon beam. 

The br ight l ight on the hor izon is 
the ISABELLE project for the c o n 
st ruct ion of 2 0 0 GeV p ro ton -p ro ton 
storage rings. ISABELLE draws its 
name f rom ' Intersect ing Storage A c 
celerator' since the ISABELLE r ing w i l l 
receive protons f rom the A G S and 
accelerate them to higher energies to 
store them for co l l id ing beam physics. 
The out l ine design was g iven in 
vo l . 1 1 , page 227 . It has evolved to 
have four fo ld symmetry w i t h t w o 
r ings 2690 m in c i rcumference inter
sect ing at four 200 m straight sect ions 
for co l l id ing beam exper iments. W i t h 
10 A c i rculat ing in each beam it is 
hoped to achieve luminosi t ies of 
1 0 3 3 per c m 2 per s. A detai led descr ip
t ion of the project can be f ound in 
B N L 18891 edited by H. Hahn and 
M. Plotk in. 

The w o r k that is n o w u n d e r w a y , or 
foreseen in the near fu ture , for 
ISABELLE is concerned w i t h t idy ing 
up some aspects w h i c h have not yet 
been studied in detai l or aspects 
where uncertaint ies sti l l exist. This is 
part icular ly t rue of the uncertaint ies 
raised in the course of the HEPAP 
Subpanel discussions on the project 
(see J u l y issue, page 2 6 0 ) . They 
inc luded the remaining quest ions on 
the abi l i ty to produce superconduct ing 
magnets of adequate qual i ty and 
there are several moves at Brookhaven 
to take superconduct ing magnet 
t echno logy further. 

The g roup of W. Sampson, w h o 
have already produced magnet models 
ISA-1 and ISA-2 , w i l l construct fu l l 
size ISABELLE magnets — 4.25 m 
long , 12 cm aperture diameter, 8 cm 
w a r m bore, 4 T f ie ld — hopefu l ly for 
tests by m id -1975 . It is not , however , 
clear that length has any inf luence on 

propert ies that can be checked on 
shorter models. Further 1 m models 
w i l l be bui l t to cont inue s tudy ing such 
th ings as end effects, quadrupole 
error, etc., and four large d ipo le 
magnets (close to w h a t w o u l d be 
required in an ISABELLE intersect ion 
region) w i l l be bui l t for an A G S h igh 
energy unseparated beam. 

The g roup of G. Danby, w h o bui l t 
the superconduct ing magnets w h i c h 
have operated in the 8° bend of the 
beam to the 7 foo t chamber, are using 
a di f ferent ( t w o layer) const ruct ion 
method to bui ld a 6 T magnet. 

Higher f ields are being sought also 
by con t inu ing w o r k on magnets using 
n iob ium- t i n as the superconductor . 
Three methods of p roduc ing f i la 
mentary n iob ium- t in conduc tor are 
being tr ied and a magnet w i l l be 
bui l t us ing each method. The interest 
in higher f ields has been strengthened 
by the HEPAP Subpanel 's recom
mendat ion that co l l id ing beam ener-

The Brookhaven MultiParticle Spectrometer, 
MPS, viewed from downstream: A medium 
energy separated beam enters the area from the 
upper left of the picture. A 700 ton magnet 
(at the centre) has spark chamber modules in its 
large aperture, 7.2 m high with a 1 T field 
extending over an area roughly 1.8 m wide by 
4.5 m long. The magnetostrictive readout 
portion of the modules can be seen on top of the 
magnet. Two spark chamber modules in the 
foreground detect high momentum particles, 
which escape the magnet gap, to improve 
the momentum measurements. Two small spark 
chambers modules are seen furthest downstream 
before insertion into the magnet gap as target 
region detectors. 

gies of h igher than 2 0 0 GeV are 
desirable. 

Deve lopment w o r k on the vacuum, 
w h i c h CERN ISR experience has 
s h o w n to be crucial to good per
fo rmance of storage rings, is con t i nu 
ing w i t h measurements on outgassing, 
desorpt ion, etc. It is intended to use 
an a lumin ium chamber at room t e m 
perature rather than at cryogenic 
temperatures in the magnet dewars. 
This requires increased magnet aper
ture to leave room for insulat ion of the 
chamber but avoids the many pene
trat ions into the vacuum go ing f rom 
w a r m to co ld and simpli f ies ou t -
gassing the chamber and general 
maintenance. Other materials, such as 
stainless steel w i l l be measured also. 

Theoret ical and design studies w i l l 
consider the extension to higher 
energies and problems such as beam 
eject ion and dump ing (there w i l l be 
many megajoules of energy in the 
c i rcu lat ing beams) , shie ld ing require-
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The Brookhaven superconducting magnets ISA I 
and If Just before they were rolled into the 
horizontal cryostat for a long term test. These 
magnets pulsed away happily for well 
beyond the number of pulses such magnets 
could be expected to give in the lifetime of 
the ISABELLE storage rings and showed no 
deterioration in performance. The ability to leave 
ISA I and II pulsing unattended without 
problems for very long periods has been an 
important factor in boosting confidence in the 
advent of superconducting machines. 

(Photos Brookhaven) 

The Orsay mass spectrometer swings into the air 
outside the Laboratory of Nuclear Reactions 
at Dubna. The spectrometer was used to gather 
data on a series of fission and fusion reactions 
using beams from the heavy ion cyclotron. 

ments (where an acceptable reduc
t ion on the f igures used so far w o u l d 
br ing w e l c o m e cost savings) , rev iew 
of the accelerat ing system design, 
e t c . . . More money has been requested 
to tackle some practical problems 
such as op t im iz ing the dewar design. 
This is impor tant because the dewar 
costs come o u ! higher than those for 
the magnets at present. 

There is obv ious ly much afoot to 
keep the ISABELLE f lame al ight. 

DUBNA/ORSAY 
Collaborative look 
at the nucleus 
Dubna 's Laboratory of Nuclear Reac
t ions under G.N. Flerov go t together 
th is year w i t h the Orsay mass spectro
scopy g roup under R. Klapisch to 
br ing their comb ined talents to bear 
on the s tudy of the nucleus. 

The Laboratory has one of the 
wor ld ' s f inest heavy ion machines — a 
3 m cyc lo t ron capable of accelerat ing 
ions to energies of 8 MeV per nuc léon 
w i t h intensit ies up to 200 [iA. A recent 
deve lopment , reported in the October 
issue page 3 5 3 , has extended the 
range of accelerated ions to ch romium, 
vanad ium and t i tan ium. A 4 m cyc lo 
t ron is n o w under const ruct ion to 
carry the abi l i t ies of the Laboratory 
sti l l further. 

The Orsay g roup has a h igh reputa
t ion in nuclear and mass spect ro
scopy. Under the init ial s t imulus of the 
late R. Bernas, they have evolved 
techn iques of s tudy ing rare isotopes in 
very clean exper imental condi t ions. 
The team has done notable w o r k at 
the CERN pro ton synchrot ron (see, 
for example, vo l . 13 page 185) par
t icu lar ly on a long series of sod ium 
and l i th ium isotopes. Their spect ro
meter is a mobi le instrument and cou ld 
therefore be readi ly t ransported t o 
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Schematic diagram of the KEK frozen spin target 
in its horizontal configuration. (It can also be 
used vertically.) The coils are removed about 
25 cm after polarizing the target, which is then 
accessible to the beam. 

the heavy ion cyc lo t ron , at the inv i ta
t ion of Dubna, to carry ou t some 
col laborat ive experiments. 

A n agreement was reached be tween 
Dubna and the Inst i tut Nat ional de 
Physique Nucléaire et de Physique 
des Particules for 5 0 0 hours of beam 
t ime at the cyc lo t ron. The exper iments 
began in June and were comple ted 
at the end of Augus t . Beams of b o 
ron, phospherous, neon, argon and 
oxygen ions were used on ura
n ium, tungs ten , cobal t , copper, t i ta 
n ium, silver, n ickel , german ium, rho
d i um and gado l in ium targets. Very 
pure target specimens were prepared 
at the Orsay isotope separator. 

It is the first t ime that a ref ined 
mass spectrometer techn ique has been 
used on the complex react ions pro
duced by accelerated heavy ions. 
Both f ission and fus ion reactions 
were s tudied. In the fus ion react ions, 
the spectrometer was able to p ick out , 
for example, rub id ium 81 f rom the 

fusiorr of a boron 11 ion w i t h a ger
man ium 70 nucleus or f rom the fus ion 
of an oxygen 18 ion w i t h a copper 63 
nucleus. 

The mass spectrometer can be set, 
fo rexample , to count rub id ium isotopes 
th rough a range of ion momenta . This 
records a series of peaks cor respond
ing to the cross-sect ion for p roduc
t ion of an isotope w i t h evaporat ion of 
t w o , three, four, etc. neutrons. Very 
clean data on these reactions has 
been obta ined. 

The f ission reactions were of par
t icular interest to the Dubna team 
since they can use the in format ion in 
interpret ing the data they record w h e n 
manufactur ing new heavy elements. 
A n example is the f ission of ura
n ium 222 produced f rom an argon 4 0 
ion and a tungsten 182 nucleus. The 
uranium isotope can f ission in to 
rub id ium and cesium. Know ing the 
nuclear compos i t ion of the rub id ium 
and cesium isotopes tells us h o w 

many neutrons 'evaporate ' w h e n the 
f iss ion takes place. It is inferences 
on neutron evaporat ion w h i c h are 
used in the very heavy element search. 

The co l laborat ion has been f ru i t fu l 
for bo th parties and it is l ikely that they 
w i l l get together again, perhaps w h e n 
the 4 m cyc lo t ron comes into act ion 
and opens the door to a new range of 
nuclear studies. 

KEK 
Frozen spin target 
Hot (or co ld) on the heels of the news 
of the successful operat ion of the 
f rozen spin target at CERN, w e have 
in format ion f rom the Nat ional Labo
ratory for H igh Energy Physics (KEK) 
in Japan , where a frozen spin target 
is near ing comple t ion . It is to be used 
for the direct measurement of scatter
ing ampl i tudes of elastic and inelastic 
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I*. 
1 2 BIT IC D A C 

HYBRID SYSTEMS CORP. 

Ser ies 345 ( 3 4 6 ) 

IC size: 16 (18) pin DIP compat ib le 
True 12 bits accuracy 
Sett l ing t ime 1 [is (5 [is) 
L o w dr i f t : 1 P P M / ° C ( l ineari ty) 
Code: inverted offset binary 
Current or vol tage ou tpu t versions 
Fully laser t r immed 
L o w cost 

Technique Moderne Electronique S.A. 

1844 Vi l leneuve Tél. 021 / 6 0 22 41 

U N I V E R S I T E C A T H O L I Q U E 
D E L O U V A I N 

The Physics Department of the U. C. L. (Be lg ium) 
invites appl icat ions for a one year posi t ion of a 

V I S I T I N G P R O F E S S O R 
or a 

R E S E A R C H A S S O C I A T E 
w h o has experience in one of the experimental re
search f ields of its Nuclear Physics Div is ion: in beam 
nuclear spectroscopy, heavy- ion physics, f ew-nuc leon 
research, invest igat ion of weak interact ion processes, 
intermediate energy physics. 

Appl icants are expected to begin dut ies in Septem
ber 1975. 

Appl icat ions, inc lud ing a cur r icu lum vitae, an ac
count of professional exper ience and publ icat ions 
and the name of t w o referees shou ld be sent to 
Prof. P. M acq. Head of the Physics Department, Uni
versité Catholique de Louvain, Chem. du Cyclotron 2, 
B-1348 Louvain-la-Neuve, Belgium, 

werhe further in format ion concern ing the post and the 
Divis ion may be obta ined. 

scatter ing up to large m o m e n t u m 
transfers ( the measurement of spin 
rotat ional parameters as we l l as p o 
larization parameters) on the 10 GeV 
synchrot ron n o w under const ruc t ion . 
The target w o r k is led by A. Masaike 
w h o invented the hel ium 3 cryostat 
for polarized targets. 

In the KEK frozen spin target, p ro 
tons and deuterons in organic mate
rials are polarized in a magnet ic f ie ld 
of 2.5 or 5 T w i t h good homogene i ty 
at about 0.3 K and are then used in a 
beam wh i le at a lower temperature of 
0.1 K and in a lower magnet ic f ie ld . 
The spins of the proton and the d e u -
teron can be kept polarized at such a 
l o w temperature for a long t ime. For 
example, the relaxation t ime of p ro
tons in propanedio l is about t w o 
weeks at 0.1 K in 1.5 T and therefore, 
a f ie ld of 1.5 T w i t h a homogene i ty of 
2 x 1 0 - 2 is adequate for ho ld ing the 
polar izat ion. It is then comparat ive ly 
easy to make such a magnet ic f ie ld 
w i t h a large access angle. Moreover, 
the lower magnet ic f ield makes it 
easier to br ing in the beam and to 
detect the scattered particles. 

The frozen spin target at KEK is 
designed to be used in hor izontal or 

vert ical conf igurat ions. The target 
material is polarized in a solenoid coi l 
g iv ing a f ie ld of 2.5 T for the pro ton 
and 5 T for the deuteron in a horizontal 
d i lu t ion refrigerator. The polar iz ing 
co i l , w h i c h is 35 cm long, is moved 
hor izontal ly about 25 cm to free the 
target for the beam. The ho ld ing f ie ld 
is the f r inge f ie ld of the polarizing coi l 
plus a small auxi l iary coi l adjusted to 
g ive a homogeneous f ie ld at the 
target. This gives good access for 
s tudy ing scatter ing and the auxi l iary 
ho ld ing coi l can be changed to meet 
the requirements of dif ferent exper i 
ments. 

A h igh power horizontal d i lu t ion 
refrigerator of H e 3 - H e 4 and a hor izon
tal superconduct ing solenoid coi l were 
successful ly operated in August . The 
precooler and the stil l of the refr i 
gerator are larger versions of the 
cryostat bu i l t by T. Ni in ikoski for 
CERN (see vo l . 1 1 , p. 353 ) . There is 
enough coo l ing power near 0.1 K for 
ho ld ing , and 0.3 K for polar iz ing, by 
means of special heat exchangers. The 
f l o w rate of He 3 is about 3 x 1 0 - 4 m o l / s 
or higher at about 0.1 K and the 
coo l ing t ime f rom 1 K to 0.1 K is 
about 15 m in . Detail of the cryostat 

design is to be publ ished by K. Amako , 
S. Ish imoto, A. Masaike and K. M o r i -
moto . 

Have you heard 
of ERDA? 
The US A tom ic Energy Commiss ion 
is becoming part of the Energy 
Research and Development A d m i n 
istration f o l l o w i n g legislat ion s igned 
by the President in October. The h igh 
energy physics Laboratories w i l l there
fore n o w be administered by ERDA 
rather than the AEC. 

ERDA has a broad charter to 
develop and improve energy sources 
and methods of using them. It has 
management of a f ive year budget of 
over $ 10 0 0 0 mi l l ion for research and 
deve lopment on energy problems. 
ERDA is headed by Robert Seamans 
former Deputy Admin is t ra tor of the 
Nat ional Aeronaut ica l and Space A d 
min is t rat ion. 
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Ein 
brertes 

Programm zur Lôsung ihres Registrier-
-Problemes 

Kompensationsschreiber 
SERVOGOR S 

250 mm Schreibbreite 
0,3 sek. Einstellzeit 
0,25% Genauigkeit 
Bitte verlangen Sie Liste B-8-13 

Das Servogor S-Programm 
bietet 40 verschiedene 

Typen mit umfangreichen 
Zusàtzen und Zubehôr. 

QUHGOERZ 

GOERZ ELECTRO Ges.m.b.H. • A-1101 Wien • Postfach 204 • Telex 01 -3161 
Telefon(022 2) 643666 395 



amplificateurs et préamplificateurs 
en "couches minces» 

pour compteurs proportionnels 
multifils 

CIT 
Mcâtêl 

DEPARTEMENT PHYSIQUE ET MECANIQUE 
MICROELECTRONIQUE - SERVICE COMMERCIAL 

41, rue Périer - 92120 MONTROUGE - Tél. 253.37.90 - Télex : 27 431 F 
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20UTREG 
SPEC 154 

with 
the new 

2OR2051 

mm 

I 

put 
their 

Dual 16 bit Ou tpu t Register 

T h i s h ï g h - e f f î c î e n c y i n s t r u m e n t c o n t a i n s 
two i n d i v i d u a l l y c o n t r o l l e d 16 b i t r e g i s 
t e r s w h i c h w i l l execu te H A N D S H A K E 
d i a l o g u e s w i t h e x t e r n a l u n i t s . When 
connec ted w i t h a S E N 2 IR 2002 Dua l 
Input R e g i s t e r , 16 b i t w o r d s can be t r a n s 
f e r r e d be tween two C A M A C s y s t e m s . 

T h e unusual v e r s a t i l i t y of the 2051 l i e s 
in the two p luggab le output s tages , w h i c h 
p r o v i d e sys tems o p e r a t o r s w i t h the p o s 
s i b i l i t y of chang ing module ass ignment in 
a f e w seconds . A f u l l r ange of s t a n d a r d 
s tages i s a v a i l a b l e , c o v e r i n g the most 
f r e q u e n t l y r e q u i r e d w o r k i n g l e v e l s . 

Price: S.Frs.1,650.00 
cif S w i t z e r l a n d 

E L E C T R O N I Q U E 

31, Av. Ernest Pictet 1211 GENEVE 13 SUISSE Case postale 3 3 Tel.(022)44 2 9 4 D Telex 2 3 3 5 3 CH 

SEN ELEKTRONIK AG ZURICH Tel. (OD 86 51 0 3 Telex 5 8 2 5 7 C H 

SEN ELEKTRONIK GmbH H A M B U R G , Germany Tel. 0-4103 6 2 B 2 Telex 21B9 5 4 8 D 
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P o w e r f u l low-cos t s y s t e m s . That's 
Digitals DECLAB-11/10 system family. Five 
generous hardware/software packages 
designated A through E. Priced from only 
S.Fr. 48.000 (S.Fr. 44.000") to S.Fr. 
119.000 (S.Fr. 107.000"). Capable of han
dling the research jobs you're likely to 
encounter without having to develop ad
ditional programs. And fully compatible 
so they'll expand as your needs grow. 

P o w e r f u l low-cos t hear t . That's Digi
tal's performance-proved 16-bitPDP-11/10 
CPU. The heart of the systems. Now at a 
new low price. With 8K words of memory, 
line frequency clock, power fail and auto 
restart, serial line unit and paper tape 
software, just S.Fr. 24.800 (S.Fr. 21.000"). 
With 16K words, just S.Fr. 31.000 (S.Fr. 
27.000"). 

W i d e h a r d w a r e r a n g e . The DEC
LAB-11/10 family gives you a wide 
range of hardware options. So you can 
choose the right system to meet your 
price/performance needs. All systems 
include the PDP-11/10 processor with 16K 
words of memory. With a choice of paper 
tape, magnetic cassette or cartridge 
magnetic disk drive storage. And a hard
copy teleprinter or DECwriter. 

Plus Digital's new AR-11 one-module 
real-time analog subsystem. The AR-11 
features a 16-channel multiplexer, 10-bit 
analog-to-digital converter, programmable 
real-time clock and display controller. Or, 
if you want a more comprehensive analog 
subsystem, you can choose our LPS 
laboratory peripheral system. 

active dialogue. The library can be used 
in conjunction with Digital's RT-11 and 
CAPS-11 cassette programming systems. 
In addition, BASIC and FORTRAN com
pilers are available. 

Dig i ta l . Gets to t h e hear t of your 
needs . 

r—— — — — — — — — - - • - - - - — — - - " i 

• Please send me complete infor- J 
• mation about Digital's five new • 
I DECLAB-11/10 laboratory systems. I 

Name 

Position 

Company 

Address 

Telephone 

I Digital Equipment Corporation | 
jj International (Europe), [ 
• 81, route de l'Aire, i 
• CH-1211 Geneva 26, c i 
• Tel. (022) 42 79 50. <S j 
L _ _ _ _ _ — — mm J 

Offices in Reading, London, Birmingham, Bristol, Manchester, 
Edinburgh, Munich, Berlin, Cologne, Frankfurt, Hambourg, 
Hannover, Stuttgart, Vienna, Stockholm, Oslo, Copenhagen, 
Helsinki, Paris, Grenoble, Utrecht, Brussels, Geneva, Zurich, 
Milan, Turin. 

Lab-or iented s o f t w a r e . User pro
grams for the DECLAB-11/10 systems are 
developed using Digital's unique Appl i-
cations-11 library. A package of laboratory 
applications modules subdivided into five 
categories: data processing, data display, 
data analysis, data acquisition and inter-

ta 
* Special price for nonprofit-oriented educational, medical 
and research institutions. 



LSI /MOS TECHNOLOGY 

• 40 Pins dual in line 
ceramic package. 

PERFORMANCES 

• Threshold voltage : 2 mV 
• Write pulse length : 90 ns 
• Power dissipation : 1.6 W 
• Radiation proof up to: 

2.10 1 0 « (645 Mev) cm 2 

or 2.10 1 3 p (1 Gev) cm 2 

• Low cost: about $ 10/Channel 
monted on the chamber. 

• Samples available from stock -
few months delay in 1000 quantity. 

REFERENCES 

CEN/SACLAY: Used on large 
M W P C selectronic equipment. 

CERN (Geneva): On test. 

For data sheets, application reports, delay, prices or any information you 
may need for your particular application, write or call : 

E.F.C.I.S. BP. 85, Centre de Tri 38041 GRENOBLE CEDEX (FRANCE) 
Tel.: (76) 9741 11 — Telex: ENERGAT GRENO 32323 
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P O L I S S A G E 

G A L V A N 0 
Pierre Niklaus & Fils 

Dépt Galvanique: 

polissage 
nickelage 
chromage 
argentage 
cuivrage 

étamage 
cadmiage 
zingage-
promatisation 

9, chemin des Carpières, 1211 Le Lignon 
Tél. 022 45 49 36 

Dépt Oxydation 
anodique de l'aluminium 
et coloration 

19, Château-Bloc, Centre artisanal, 
1911 Le Lignon 

VU-DATA INFORMATION 

DUAL-TRACE OSCILLOSCOPE 

• DC to 20 MHz bandwidth 
• 18 ns rise time 
• Delay line 
• 21 sweep ranges from 100 ns up 
• Input sensitivity 10 mV/div. 
• Battery and/or mains operation 
• Weight about 4 kg 

• Essential equipment for the service engineer 

Please ask for datasheet and/or a demonstration 
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high precision 
programmable 

voltage to frequency converters 

2, rue des Falaises • CH-1211 Geneva 8 
Tel.: (022) 21 51 33-Telex: 22831 Lanat CH 

801 
811 
820 
821 
822 • 
823 
830 
831 
832 

FS. Pulse rate kHz 

10 
100 

1 
10 
10 

1 
40 
40 
40 

Linear i ty % F.S. 

J + / - 0,005 

+ / - 0,0005 

+ / - 0,005 

Power dra in mW 

600 
2325 

74 
74 
26 
26 

2925 
2925 
2925 

Observat ions 

internal 
reference 

\ external 
/ reference 
Dif ferent ial input 
Opto iso la tor output 
Transformer output 

applications 
- Point of measurement Analog to Digital conversion 
- Digital signal transmission with transformer or optocoupler 

isolation for high common mode rejection 
- Digital Panel Meters 
- Noise free data acquisition systems synchronized on power lines 
- Phase lock loop electromechanical servo systems 
- Signal or system spectrum analyzers 
- Hybrid computers 
- Telemetry from airborne, marine or portable equipments or 

from remotely located battery operated stations. 

ask for a free copy of our application note 
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Powerful 
partnership... 

Now, Hazemeyer of Holland and Brentford of England 
bring you a vast pooled 

experience in higly stabilized DC power supplies 

Brentford of England and Hazemeyer, formerly Smit Nijmegen, of the Netherlands have pooled their 
vast experience in DC power supplies for nuclear and plasma research. With their background of hun
dreds of installations all over the world Brentford/Hazemeyer power supplies can provide outputs from 
1 kW to 20 MW. 

Show them your latest requirements and get the benefit from this unique pooling of power brainpower. 

Examples: 
• Highly stabilized DC power supplies for currents up to 20 kA and voltages up to 2 kV are powering 

amongst others bending - and focussing magnets for particle accelerators in Geneva (CERN), Ham
burg (DESY), Harwell (Rutherford Laboratory), Daresbury (NINA) . 

• Pulsed power supplies are producing large magnetic fields in septum magnets. 
• Accurately controlled power supplies are charging capacitor banks for plasma physics experiments. 
• High voltage rectifiers are supplying pulsed ionsources up to 6 MW. 
• Heavy current rectifiers are generating large magnetic fields in Z coils to stabilize toroidal plasmas. 

Brenlford 
Brentford Electric Limited Manor 

Royal, Crawley, West Sussex RH 10 2QF 
England, 

Teleph.: Crawley (0293) 27755 
Telex 87252 
The power section of a 185 volt 1100 ampere 

Brentford/Hazemeyer highly stabilized DC power supply. 

Haiemeyer 
Hazemeyer B.V. RT - department 
P.O. Box 23, Hengelo, 
Holland, 
Teleph. 05400 - 62723 
Telex 44892 
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SI VOUS DESIREZ ENCLENCHER, DE
CLENCHER OU COMMUTER DES CIRCUITS 

DIRECTEMENT SUR VOTRE CARTE DE C I . -
PLUS DE 5000 FOIS SANS DEFAILLANCE -

AU MOYEN D'UN COMPOSANT A TRES FAIBLE 
ENCOMBREMENT - DONT LA FIABILITE ET 
LA CONCEPTION TECHNIQUE NE 
LAISSENT RIEN A 
DESIRER.... 

. . . . IL VOUS FAUT 
QUELQUE CHOSE 
DANS LE GENRE 
DE L'INTERDIL 
DE SECME. 

NOUS LE 
LIVRONS 
DU STOCK. 

INTERDIL 

Société anonyme 

Rue de l'Hôpital 12 - 2501 Bienne 

Tél. 032 223 223 Télex 34222 preci ch 

Pouvoir de coupure 0,5A(12VDC); 
0,3A (24V DC) • rigidité diélectri
que 500 Veff . 50 Hz • résistance 
de contact inférieure à 20 milli-
ohms/ 2V • capacité entre contacts 
ouverts inférieure à 1 pF • contacts 
0,5 microns Au sur 2 microns Ni • 
durée de la vie minimale 5000 ma
noeuvres • soudure à la vague • boî
tier nylon renforcé fibres de verre • 

SI VOUS CHERCHEZ UN MULTIMETRE 
DIGITAL PORTATIF, INDEPENDANT DU 

RESEAU, DONT LES PERFORMANCES 
DEPASSENT LARGEMENT LA MOYENNE, 

SANS QUE VOUS AYEZ A METTRE LE PRIX 
D'UN APPAREIL DE LABORATOIRE.... 

180 X 112X85 cnr 

3 1 13 
. . . .LE MULTIMETRE 
DIGICONTROLE 
DE CHAUVIN 
ARNOUX 
EST EXACTEMENT 
CE QU'IL 
VOUS FAUT. 

DIGICONTROLE 

Société anonyme 

Rue de l'Hôpital 12 — 2501 Bienne 

Tél. 032 223 223 Télex 34222 preci ch 

4000 points (affichage 3999) • ré
solution 0,1 V 50 Hz • virgule et po
larité automatiques • 9 calibres ten
sion entre ± 100 microvolts et 1200 
V • 9 calibres intensité entre ± 100 
microampères et ± 2 A • 6 calibres 
résistance entre 0,1 Ohm et 40 M e g 
ohms • précision: CC 0,3 % - AC 
Q,5% - Ohms 0 ,8^ 

Entreprise de peinture 

Suisse 
Moyen-Orient 
Espagne-Italie 
Afrique du Nord 
Ile de la Réunion 
Belgique 

C.E.R.N. - GENÈVE 

Prézioso International S.A. 

Siège social : 

15, avenue Victor Hugo 
75-PARIS 16 e 

Direction administrative : 

B.P. N° 2 
SAINT-CLAIR DU RHÔNE 
38 370 Les Roches de Condrieu 

Tél. (74) 85 53 07 
85 52 28 

Télex: 90404F 
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KEPCO INFORMATION 
W h e n is a P o w e r S u p p l y N o t a 
P o w e r Supp ly? 

{1 

ZZ- REFERENCE 
-r̂ _ (Input) 

Ei 

PROPORTIONING 
RESISTORS—-

^VOLTAGE 
^ A f FEEDBACK 
-W\A 

L0AD< 

Power Operational Amplifier/Power Supply 

• Bring feedback from current sensor and it wi l l 
regulate current 

• Bring voltage feedback and it w i l l regulate voltage 
• Bring feedback from your load and the power 

supply is a servo amp. 

Bipolar O p e r a t i o n a l P o w e r Supp ly 

+ 1 5 V t o - 1 5 V @ 2 0 amps 
+ 3 6 V t o - 3 6 V @ 1 . 5 a m p s 
+ 3 6 V t o - 3 6 V @ 5 . 0 a m p s 
+ 7 2 V t o - 7 2 V @ 1 . 5 a m p s 
+ 72 V t o - 7 2 V@ 5.0 amps 

Please ask for detailed documentation 

Kontron Electronic AG _ i 
Bernerstrasse 169, 8048 Zurich, Telefon 01 62 82 82, Telex 57439 3 ft 

The tapered slabbing and reaming drill is 
economical and very useful 

D R I L L F I L E 
special dr i l l 

for the economica l m o u n t i n g of car aerials and car 
radios, car cal l ing uni ts as we l l as te lecommun ica t ion 
devices DRILLFILE is recommended by leading f i rms 
all over the w o r l d . In its measurements DRILLFILE 
accommodates all requirements. 

TIPSWITOOL 
1564 DOMDIDIER/Switzerland 

LEYBOLD-HERAEUS 

Pompes rotatives 
à palettes 

Pompes -trivac®-S et -trivac-D 

Bon vide limite avec ou sans lest d'air 

Débit é levé m ê m e dans les basses pressions 

Fonct ionnement si lencieux et exempt de vibrations 

Raccordement par br ides P N E U R O P 

Grande robustesse, m ê m e en service continu 

Fil trage d'huile en continu 

V a n n e de sécuri té incorporée 

Programme d'accessoires très complet 

LEYBOLD-HERAEUS AG 
Oerl ikonerstrasse 88, Té léphone 01 46 58 43 

8057 ZURICH 
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liquid Helium or Hydrogène 

T O E N S U R E a m i n i m u m loss rate d u r i n g s t o r a g e , c o o l - d o w n 
( supe r i nsu l a t i on w i t h layers c o n n e c t e d to t h e neck ) a n d t rans fe rs 
A N D h i g h res is tance to v i b r a t i o n s a n d s h o c k s d u r i n g 
t r a n s p o r t o w i n g to fu l l s ta in less s tee l c o n s t r u c t i o n a n d u n i q u e 
s u s p e n s i o n dev i ce 

é p ? ¥ m t Mm m T 

L'AIR LIQUIDE 
divi/ion matériel cryogénique 
57 av cannot 94500 cnampgng/m 
tel 8839740 télex 23884 cnompai cnamp 
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V A C U U M S C H M E L Z E G M B H - D 645 H A N A U 

R e c t i f i e r - V o l t a g e Regula tor 

• Max. input voltage : 40 V r m 

60 V dc 

• Max. current : 6 A 

• Power loss : max. 80 W 
(T c = 25 °C) 

• Load regulation 0 - 1 0 0 % , 
max. 0.03 % 

Prices : 
1-9 Fr. 114.- each 
10-49 Fr. 98.- each 
50-99 Fr. 94.- each 
> 100 Fr. 89.- each 

• Stability : 0.1 % / 
1000 hours 

• Temperature 
coefficient : 
< 0.015 % / °C 

• Thermal 
resistance : 
2°C/W 

Type Output voltage 

MR 1 2 to 7 V dc Voltage adjustable by built-in 

MR 2 7 to 33 V dc cermet pot 

MR 3 2 to 7 V dc Externally programmed 

MR 4 7 to 33 V dc voltage 

Dimensions 87 x50 x25mm Weight : 270 g 

Telemeter Electronic AG 
8027 Zurich Tel.01 257872 

Hochleistungsblitzsysteme fur 10 kWs Blitz fur Blasenkammern, 
Photolyse, Fluoreszenzanregung, Photo-St imulat ion und optische 
Pumpsysteme. 

( j ts-Kinematographie bis 1 0 6 B/s zur High-Speed-Analyse von 
Windkanalen, Schlierensystemen, sowie fur Mikrokinematographie 
und Ballistik, Synchronisation mit High-Speed-Kameras. Adapter 
fur Turbulenz- und Strômungsforschung mit trâgheitsfreien 
Wanderfunken fur Grenzschichten, 3-dimensionale Strômung und 
instationare Vorgànge. 

Schnelle Strômung sichtbar gemacht mit 30 kHz 
150 kV Funkengardine. 

Trommelkamera STROBODRUM fur Streak- und Smear-Aufnahmen 
von Spektren und Entladungen. 

I M P U L S P H Y S I K G m b H 
2 Hamburg 56 (Rissen) Sulldorfer Landstr. 400 
Tel . (040) 81 21 51 / FS 02189 514 f f id 
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Schlumberger A LITTLE MOISTURE ? 
20 years ago w e introduced the Electronic Hygrometer. Take 
look at w h a t w e ' r e making n o w ! 

Reads relative humidity or 
d o w n to be low 1 part per 
mil l ion. 

10 year sensor l ife. 

Unique automat ic 
cal ibrat ion. 

N E W M I N I ' H Y G R O M E T E R 
A l i t t le moisture can do a lot of damage, and nobody knows 
that better than plant and process engineers. You see it every 
day—in corroded piping, degraded product qual i ty , ruined 
tools, poor shelf l ife of products and damaged instruments. 
N o w Shaw has prepared a special brochure to help you deal 
w i t h moisture in your plant, and to keep "you on top of 
developments in hygrometry. The brochure discusses moisture 
detect ion, measurement sensitivity, monitor ing in unsafe areas 
and recording and analysis of data. I t has ful l details of most 
types of hygrometers and furnishes appl icat ion informat ion 
together w i t h i l lustrations of several S h a w Hygrometers. 
Send now for your free copy. 

World's largest Hygrometer Sales 
SHAW MOISTURE METERS 
Rawson Road, Westga te , 
Bradford, England. 
Phone: 0274 33582 Te lex : 51598 

The World of 
TITANIUM 

What do you know about Titanium? This versatile 
metal combines strength w i th lightness and economy. 

Titanium has made a wor ld of difference in so many 
industrial applications. 

Shouldn't you be using it ? Find out by contacting 

metallbodio LTD., 
P.O. BOX 296 STEINENTORSTR. 20, CH-4010 BASLE 
TEL. 061 23 89 53 TELEX 62 270 

Agents for 
TITANIUM METAL & ALLOYS LIMITED, 

2 METAL EXCHANGE BLDS., LONDON, E.C.3. 

8 0 4 0 Z u r i c h 1207 G e n è v e 
T e l . 01 52 88 80 T é l . 0 2 2 35 99 50 

M ù n c h e n - W i e n - Paris - M a i l a n d - S t o c k h o l m 
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Procédés 
de soudage 
avec les gaz 
Carba 

Techniques autogènes 
avec i'acétylène-
dissous et l'oxygène 
soudage: tôles minces, 
tubes, métaux non 
ferreux 
brasage, oxycoupage, 
chauffage, redresse
ment, trempe, projection 
et décapage à la flamme. 

Soudage MAG 
avec C 0 2 "S", l'acide 
carbonique de Carba 
avec pureté garantie 
pour: les aciers de 
construction, les aciers' 
chaudière, les tubes, 
les aciers à grain fin-

Soudage MIG 
avec les mélanges 
Carba (Carmig, Carmox, 
Carinox 4, Carbac 30) 
l'argon et l'hélium 
pour: les aciers faible
ment et fortement 
alliés, l'aluminium, 
le cuivre et leurs 
alliages. 

Soudage TIG 
avec l'argon, l'hélium, 
Carinox 3 et Carbac 
pour: l'aluminium et ses 
alliages, les aciers 
inoxydables ç\e toutes 
compositions, les mé
taux cuivreux et à base 
de nickel, le titane et 
d'autres métaux 
spéciaux. 

Techniques Plasma 
Soudage, coupage, 
rechargement par 
projection 
avec Carbac, l'argon 
et d'autres mélanges 
pour tous les métaux 


