


CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for col laboration 
among European States in nuclear re­
search of a pure scientific and funda­
mental character, and in research 
essentially related thereto'. It acts as a 
European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned w i th 
the fundamental questions of the basic 
laws governing the structure of matter. 
The Organization has its seat at Meyrin 
near Geneva in Switzerland. There are 
t w o adjoining Laboratories known as 
CERN Laboratory I and CERN Labo­
ratory I I . 

CERN Laboratory I has existed since 
1954. Its experimental programme is 
based on the use of t w o proton ac­
celerators — a 600 MeV synchro-cyc lo­
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage rings 
( ISR), are fed w i th protons from the PS 
for experiments w i th col l iding beams. 
Scientists from many European Un i ­
versities as wel l as from CERN itself 
take part in the experiments and it is 
estimated that some 1500 physicists 
draw research material f rom CERN. 

The CERN Laboratory I site covers 
about 80 hectares almost equally 
divided on either side of the frontier 
between France and Switzerland. The 
staff totals about 3100 people and, in 
addi t ion, there are about 1100 Fellows 
and Scie itific Associates. Twelve Euro­
pean countries contr ibute, in proport ion 
to their net national income, to the 
CERN Laboratory I budget, wh ich totals 
382.9 mil l ion Swiss francs in 1973. 

CERN Laboratory II came into being 
in 1 9 7 1 . It is supported by eleven 
countries. A 'super proton synchrotron' 
(SPS), capable of a peak energy of 
400 GeV, is being constructed. CERN 
Laboratory II also spans the Franco-
Swiss frontier w i th 412 hectares in France 
and 68 hectares in Switzerland. Its bud ­
get for 1973 is 188 mil l ion Swiss francs 
and the staff w i l l total about 370 
people by the end of the year. 

CERN COURIER is published monthly 
in English and French edit ions. It is 
distr ibuted free to CERN employees 
and others interested in sub-nuclear 
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50th Session of CERN Council 
The Council met on 20,21 June under 
the Presidency of Professor W. Gentner 

Some physics from 
the CERN machines 

The Director General of CERN Labo­
ratory I, Professor W.K. Jentschke, 
reported on some of the h igh l ights in 
the physics programme at the CERN 
accelerators. 

The Intersecting Storage Rings, w i t h 
the very h igh energy particle col l is ions 
w h i c h they make possible, cont inue 
to provide complete ly new, fascinat ing 
in format ion on particle behaviour. 
Results publ ished since the last C o u n ­
cil meet ing inc lude the measurements 
on the total cross-sect ion for the 
p ro ton-p ro ton interact ion (see March 
issue, page 67) w h i c h , against general 
expectat ion, revealed that the inter­
act ion probabi l i ty at h igh energies 
g rows w i t h increasing energy. The 
region of inf luence of the proton 
g rows as its energy increases and this 
is a new insight into the nature of the 
st rong force govern ing the proton 
behaviour. 

A second surprising result, w h i c h 
has been reported to Counci l before 
(see January issue, page 3 ) , concerned 
the number of particles w h i c h bounce 
ou t at very w ide angles f rom the near 
head-on col l is ions in the ISR. A b o u t 
one in a hundred mi l l ion col l is ions 
results in particles emerging w i t h h igh 
transverse momen tum (over 4 GeV /c ) . 
This is about ten thousand t imes 
higher than was expected f rom w h a t 
had been seen at lower energies. It 
impl ies that, whereas a proton co l l i d ­
ing w i t h a proton normal ly results in 
the t w o particles brushing th rough one 
another w i t h comparat ively modest 
effects, occasional ly someth ing hard 
runs into someth ing hard and particles 
can then f ly off in any d i rect ion. Do ing 
the sums reveals that the phenomena 
observed are probing the structure of 
the proton at the level of less than 
5 X 1 0 - 1 5 cm. 

A popular interpretat ion is that such 
col l is ions are occurr ing between mas­

sive, po in t - l i ke 'partons' — hypothe­
t ical const i tuents of the proton. If th is 
is so, a h igh transverse momen tum 
particle emerging on one side of the 
co l l id ing beams should usually be 
associated w i t h another jet of particles, 
further produce of the col l is ion, emerg­
ing in the opposi te d i rect ion. The 
latest results are qual i tat ively in agree­
ment w i t h this picture. High transverse 
momen tum particles do have these 
other particles in associat ion w i t h 
them. The more massive kaons and 
nucleons are more c o m m o n than 
usual in ratio to pions and both jets 
are predominant ly posit ive in total 
charge — these properties are pre­
dicted by the par ton-par ton col l is ion 
model . 

Another recent result is the obser­
vat ion of very massive resonances. A t 
lower energies resonances up to about 
t w o proton masses are we l l k n o w n ; 
the resonance subsequent ly decays 
into a nuc leon and a f ew pions. It was 

expected that similar phenomena 
w o u l d be seen at the ISR but not ou t 
to as far as a resonance of twe lve 
proton masses such as has n o w been 
seen. The product ion and decay of 
this massive particle w i l l obv iously be 
studied further. 

A t the 28 GeV proton synchrot ron 
the days of the 'exploratory ' exper iment 
are largely over and have been 
succeeded by the days of the 'h igh 
stat ist ics' exper iment s tudy ing already 
k n o w n phenomena in great detai l . 
One such exper iment has n o w as­
sembled a wel ter of detail on inter­
act ions be tween pions. 

The rofe of the p ion is fundamenta l 
in s t rong interact ions; it is by the 

The general trend of cross-sections for differents 
interactions between particles as the energy 
increases. The probability of the proton-proton 
interaction taking place (as studied at the high 
energies available with the Intersecting Storage 
Rings) increases as the energy goes higher, 
contrary to expectation. 

211 



The 'candidate' for antineutrino-electron 
scattering recorded on film from the Gargameile 
heavy liquid bubble chamber. An antineutrino 
entering the chamber from the left scatters an 
electron producing the track apparently starting 
by itself and travelling across the photograph. 

exchange of pions that the st rong 
force is t ransmit ted f rom one place to 
another. But sort ing out h o w pions 
interact among themselves is a d i f f icu l t 
task. W i th their short l i fet ime (around 
2><10- 8 s) they cannot readily be 
isolated and brought in to interact ion 
in the clean w a y of the p ro ton -p ro ton 
col l is ions in the ISR. Nevertheless, 
it is possible to produce a beam of 
p ions f rom a target hit by h igh energy 
protons and these p ions can be 
directed onto another target. 

Careful analysis of w h a t happens in 
this second target can d is t inguish the 
effect of the interact ion be tween an 
incoming pion and a V i r tua l ' p ion 
associated w i t h a nuc leon in the 
target. For example a negat ive p ion 
brushing against a proton can be 
t hough t of as brushing against a 
neutron l inked w i t h a posi t ive p ion . 
The t w o pions can emerge together 
leaving the neutron. 

S tudy ing this at the PS has y ie lded 

n e w in format ion on the p ion ex­
change process and on the p ion -p ion 
interact ion in the energy range 600 to 
1900 MeV. In particular it adds fresh 
evidence for the existence of the rho 
pr ime meson (of mass 1600 MeV) 
w h i c h has already been spot ted in a 
four p ion decay mode at electron 
machines (see March issue page 7 8 ) . 

The hot top ic in the PS programme 
is the search for signs of e lect ron-
neutr ino scatter ing in the heavy l iqu id 
bubb le chamber Gargameile. Such 
events are predicted by theories w h i c h 
cou ld uni fy the interpretat ion of weak 
and electromagnet ic interact ions and 
thus be of very great importance in 
br ing ing together aspects of our 
understanding of Nature w h i c h up 
to n o w have been kept in separate 
compar tments . 

Since the December Counci l meet­
ing one candidate for such an event 
has been picked out f rom the 800 0 0 0 
photographs taken last year. The 

search is being cont inued in further 
exper iments w i t h Gargameile. 

The 600 MeV synchro-cyc lo t ron 
f in ished operat ion on a high note 
prior to its long s h u t d o w n for imple­
mentat ion of the improvement pro­
gramme. A f iendishly d i f f icul t exper i ­
ment has started to try to measure 
transi t ions in a muonic hel ium a tom 
(where a negat ive muon has come 
under the inf luence of the posit ive 
nuc leus) . Jus t before the s h u t d o w n it 
looked as if t ransit ions were being 
seen and that the adventurous exper i ­
ment w o u l d bear f ru i t after al l . 

The aim is to carry out yet another 
very ref ined test of the laws of q u a n ­
t u m electrodynamics w h i c h have so 
far held g o o d over an enormous range 
of study. They predict very small 
correct ions to the classical Cou lomb 
force. In part icular e lect ron-posi t ron 
pairs appear ing and annih i lat ing in the 
v ic in i ty of a charge causes w h a t is 
k n o w n as ' vacuum polar izat ion' and 
s l ight ly alters the energy levels in an 
a tom. W i th a muon ic a tom the muon 
lives much closer to the nucleus in a 
region of more intense electric f ie ld and 
the effect on the energy levels is more 
p ronounced . It looks as if t ransi t ions 
be tween levels can be measured and 
QED put under the microscope again. 

Budget problems in Laboratory I 

In December of last year, the Counci l 
vo ted on budgets for coming years in 
accordance w i t h w h a t is k n o w n as 
the Bannier procedure. This involved 
approv ing the budget for 1973, a f i rm 
est imate for 1974 and a provisional 
determinat ion for 1975. Normal ly a 
provis ional determinat ion for 1976 
w o u l d also have been approved but 
it was postponed unt i l the June 1973 
session to g ive t ime for a further look 
at the long term impl icat ions of vo t ing 
the proposed f igure. 

To understand where di f f icul t ies 
have arisen it is necessary to go back 
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The mole appears again. The head of the Robbins 
boring machine, which set off from straight 
section 1 of the SPS in February, emerged 
1.2 km round the ring at the gallery of straight 
section 2 on 14 June within 3 cm of its 
scheduled position — to the joy of the machine 
builders who can now be more confident that 
they are not building a separated orbit cyclotron. 

a f e w years to the t ime w h e n the SPS 
project in Laboratory II was author ized. 
Laboratory I became part of the 
package deal in g iv ing the go-ahead 
to bu i ld the new machine a longside 
the exist ing Laboratory. The budgets 
w h i c h had been discussed for the 
years w h e n all the improved faci l i t ies 
w o u l d be in act ion at Laboratory I 
were cut back to reduce the extra 
expendi ture fa l l ing on the Member 
States w i t h the const ruct ion of the 
SPS. 

A t the same t ime there was concern 
to ensure suff ic ient explo i ta t ion of the 
improved faci l i t ies to just i fy the c o n ­
siderable investment they had i n ­
vo lved . Therefore a series of budget 
f igures for Laboratory I dur ing the 
const ruc t ion years of the PS were 
d rawn up and agreed in discussions 
w i t h the Counci l ( t hough each annual 
budget is not def in i t ive unt i l formal ly 
vo ted by the Counci l the preceding 
December) . This is of ten referred to 
as the 'gent lemen's agreement ' . 

W i t h o u t loosing their c la im to be 
gent lemen, several delegat ions have 
had to call for reduct ions in the an t i c i ­
pated f igures. Soar ing inf lat ion in Eu­
rope has had its inevi table effect on the 
CERN expendi ture ( w h i c h moves each 
year w i t h a 'cost var iat ion index ' ) and 
the f igures n o w look much higher. 
W h e n nat ional science budgets do 
not move so f a s t the size of the 
con t r ibu t ion to CERN can have c o m ­
pl icated internal repercussions. 

CERN has carried ou t a long and 
detai led programme and budget re­
v i e w and the latest in format ion on th is 
w a s presented at the Counc i l meet ing . 
In add i t ion to the cuts ment ioned 
above. Laboratory I has to f i nd a 
substant ia l amount of money to 
prepare for physics at the SPS ( the 
equ ipp ing of beam- l ines and exper i ­
mental areas), so much so that a 
def ic i t of about 70 mi l l ion Swiss 
f rancs appeared in the sums for the 
four years 1974 to 1977 . 

The kni fe was brought to bear on 
Laboratory I. Adminis t rat ive services 
were reduced severely, staff numbers 
were held d o w n , technical deve lop­
ment (other than in preparat ion for 
SPS physics or, to a modest extent, for 
the ISR) was s topped. The physics 
programme was cut back by reducing 
bubb le chamber ou tpu t , runn ing t ime 
of the ISR, explo i ta t ion of the West 
exper imental area and use of h igh 
intensi ty Booster beams. Do ing the 
sums after these cuts indicates a 
def ic i t of 57 M S F over the four years. 
The f inancia l d i f f icu l ty is not evenly 
spread over the years but g rows f rom 
early years, w h e n effort is main ly on 
des ign, towards the end, as the bil ls 
for equ ipment arrive. To avoid a peak 
appear ing in the budgets, money is 
be ing set aside in a Special Fund 
(19 M S F in 1973) to be used for 
preparat ions for SPS physics. But 
there sti l l remains a lot of money to 
be f o u n d . 

The programme was then studied 
again. Several sect ions were left 
un touched — preparations for SPS 
physics ( w h i c h impl ies CERN's fu ture 
research), the ISR physics ( w h i c h is 
un ique in the w o r l d and g iv ing 
fascinat ing results) and the synchro­
cyc lo t ron ( w h i c h for comparat ive ly 
l i t t le out lay provides research material 
for a large number of physicists w h o , 
certainly unt i l the s tar t -up of the S IN 
accelerator at V i l l igen, have no equ i ­
valent machine in Europe). 

This leaves the proton synchrot ron 
and the proposed cuts are — to close 
the Nor th exper imental Hall and to 
close the Sou th Hal l , to close d o w n 
the heavy l iqu id bubble chamber 
Gargamel le ( t hough it may have a 
fu ture at the SPS) , to close the S o u t h -
East Area w h e n the g -2 exper iment 
is complete , to go s lower on bu i ld ing 
up the computer faci l i t ies. If th is does 
not prove to be enough , then the 
SC, ISR and SPS experimental 
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programmes w i l l have to come under 
the axe also. 

W i th the realization that the CERN 
physics programme w i l l inevi tably 
have to be reduced even w i t h the 
'gent lemen's agreement ' f igures, 
CERN urged the Counci l to approve 
the provisional determinat ion for 1976 
(379.2 MSF at 1973 prices). However, 
to a l low stil l more t ime for discussion 
the decision was postponed unt i l 
December. 

Progress in the construction of the SPS 

The Director General of CERN Labo­
ratory I I , Dr. J .B. Adams, reviewed 
events in the construct ion of the new 
accelerator. The most obv ious devel ­
opments are stil l in the domain of 
civ i l engineering but machine c o m p o ­
nents are beginning to arrive on the 
site and the emphasis w i l l shift in the 
next f ew months. 

The huge assembly hall has been 

CERN 440.5.73 

made ready to receive components , 
about half of it being given over to 
assembly and test ing areas for the 
hundreds of magnets. One of the 
off ice and laboratory blocks is fu l ly 
occupied and a second b lock is 
almost ready. (The move of the Labo­
ratory staff to their permanent quarters 
was completed in July. ) A th i rd 
block, w h i c h contains services such 
as a bank, post-of f ice, e t c . , is sched­
uled for complet ion later this year. 

Meanwh i le , deep underground, the 
mole has been seen again. The large 
bor ing machine broke through into the 
gallery f rom access shaft 2 on 14 June . 
The length of tunnel bored out f rom 
shaft 1 was 1.2 km and it was very 
grat i fy ing to see that the survey and 
a l ignment techniques were work ing 
so we l l that the mole emerged w i th in 
3 cm of its scheduled posi t ion. 

The bor ing of the tunnel is behind 
schedule ( though not out of l ine w i t h 
the overall machine construct ion pro-

Bending magnet coils for the SPS which have 
arrived at CERN. These first coils are being 
severely tested before the magnet production and 
testing chain gets fully underway later this 
year. 

gramme). Operat ion of the mole and 
its tunne l l in ing and spoil removal 
train has been re-scheduled and other 
measures taken for excavating the 
long straight sections so as to speed 
the complet ion of the tunnel . Bor ing is 
go ing faster n o w and a max imum rate 
of 30 m a day has been achieved. 

Prototype half-cores for the main 
magnets have arrived f rom the manu ­
facturers. The first coils for the t w o 
types of bending magnet have also 
been manufactured and are being 
submi t ted to r igorous tests involv ing 
thousands of thermal cycles and h igh 
vol tage tests after immersion in water. 
The f irst product ion magnet has been 
assembled and the measurement rou ­
t ines using computer control have 
been checked out. The first of the 
quadrupole magnets w i l l f o l l ow soon. 

T w o cell 's wo r th of the travel l ing 
wave structure to be used in the r.f. 
accelerating cavities have comfor tab ly 
exceeded their design requirements in 
the laboratory. Tests are also under 
w a y on units for the inject ion and 
eject ion systems. The ejection systems 
in particular involve some of the 
tr ickiest components of the machine. 
Development wo rk on electrostatic 
septum magnets has gone we l l and 
construct ion techniques for produc ing 
a long w i re septum are n o w f ixed. A 
fu l l length prototype (3 m long) is 
being made. 

The first three of the 24 computers 
w h i c h w i l l be used in the machine c o n ­
trol system have arrived at CERN and 
are performing we l l in their first tests. 
The p lanning of the experimental areas 
is we l l advanced and hasof course been 
greatly inf luenced by the various dis­
cussions involv ing the high energy 
physicists w h o w i l l be using the 
accelerator. 

Decisions affecting the SPS 

When the plans to construct the SPS 
were laid before Counci l for decision 
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several years ago, they had several 
op t ions bui l t into them w h i c h cou ld be 
taken up accord ing to h o w technica l 
deve lopments and const ruc t ion pro­
gress evolved. In part icular there w a s 
the possibi l i ty of incorporat ing super­
conduc t i ng magnets in the main r ing 
of the machine. The stage has n o w 
been reached where the decis ions c o n ­
cern ing these opt ions have to be taken. 

The first magnet contracts for the 
SPS were placed for convent iona l 
magnets but on ly ha l f -a- r ing 's w o r t h 
were ordered. These w o u l d have been 
d is t r ibuted around the r ing accord ing 
to the 'miss ing magnet ' scheme (see 
vo l . 10, page 109) and w o u l d have 
held a beam accelerated to 2 0 0 GeV. 
M e a n w h i l e the GESSS col laborat ion 
( invo lv ing Karlsruhe, Saclay and R u ­
ther ford) at tacked the problems asso­
ciated w i t h pulsed superconduc t ing 
magnets. Had these problems all been 
resolved, superconduct ing magnets 
cou ld have been fed in to the empty 
spaces of the r ing to cater for a beam 
accelerated as h igh as 5 0 0 GeV. 

The s i tuat ion w i t h regard to pulsed 
superconduc t ing magnets w a s s u m ­
marized in the Apr i l issue, page 117. 
Essentially, they have been s h o w n to 
be technica l ly feasible but there has 
not yet been t ime to check h o w repro-
duc ib ly magnets can be manufactured 
and h o w reliable they are in l ong- te rm 
operat ion (see later in th is issue for 
news of Brookhaven's w o r k on these 
prob lems) . A lso costs and t imescales 
are tentat ive because industry has not 
yet been able to get its teeth into mass 
p roduc ing such magnets. As an exam­
ple of the cost estimates — a magnet 
of 8 cm aperture cou ld be about 
62 0 0 0 Swiss francs per metre ( m a g ­
net about 48 000 , plus refrigerator 
14 0 0 0 ) . The t imescale th rough to 
commiss ion ing a superconduc t ing 
accelerator is est imated as 10 years 
f rom n o w . These f igures are clearly 
outs ide the l imits of the ' 3 0 0 GeV 
programme' approved by the Counc i l . 

Incorporat ion of superconduct ing 
magnets in the missing magnet latt ice 
was also seen as a route to considera­
bly higher energies at a later stage. 
A subsequent subst i tu t ion of the 
half r ing's w o r t h of convent iona l m a g ­
nets by superconduct ing magnets 
w o u l d g ive a machine of 1000 GeV 
potent ia l . However the GESSS c o m ­
mittee also looked at this possibi l i ty 
and conc luded that if the physics 
interest and the f inancial c l imate ever 
opened the door to 1000 GeV, the 
missing magnet latt ice was not the 
best, or cheapest, route. (This also 
was detai led in the Apr i l issue.) 

It is proposed therefore to shy away 
f rom the incorporat ion of super­
conduc t i ng magnets in the SPS main 
r ing and to complete the machine w i t h 
convent iona l magnets. W i th in the p ro­
v is ions of the programme author ized 
by the Counc i l , it is possible to pur­
chase and install enough magnets to 
f i l l the r ing. This gives the machine the 
capabi l i ty of reaching 4 0 0 GeV. 

Finally, it is proposed to f o l l o w 
w h a t is k n o w n as 'Schedule C in 
const ruc t ing and commiss ion ing the 
mach ine. In l ine w i t h the var ious 
opt ions and energy stages, several 
schedules have been on the table. 
Schedule C involves instal lat ion of all 
the magnets before commiss ion ing so 
that the machine w i l l have 4 0 0 GeV 
potent ia l f r om first operat ion. Acceler­
ated pro ton beams w i l l be fed to the 
West exper imental areas by the end 
of 1976 and the Nor th exper imental 
area by early 1978. 

These proposals were approved by 
the Counc i l . 

Schooling of CERN children 

The progress of the consul tat ions bet­
w e e n the French author i t ies and 
CERN concern ing the schoo l ing of 
ch i ldren of CERN personnel was 
reported to Counc i l . As descr ibed in 
the M a y issue (page 146) a Co l lo ­

q u i u m was held at Sevres to discuss 
the pedagogica l structure of a schoo l ­
ing system adapted to the needs of 
bo th the French famil ies of the region 
and the CERN commun i t y . 

The ou tcome of the Co l loqu ium 
was considered to be very sat isfactory 
by the Counc i l and several de lega­
t ions declared the in tent ion of their 
educat ional author i t ies to part ic ipate 
in the schools . Some countr ies, h o w ­
ever, have formal di f f icul t ies in f i nd ing 
a mechanism whereby teachers cou ld 
be sent to the schools and admin is ­
trat ive measures to get around these 
di f f icul t ies remain to be f o u n d . M a n y 
other administrat ive aspects of the 
schools are not yet clear. 

The French government was asked 
to make k n o w n its programme for 
imp lement ing the system. A t the same 
t ime CERN w a s asked to provide infor­
mat ion on the numbers of chi ldren 
l ikely to f requent the schools. A sur­
vey of all parents w i t h chi ldren of 
schoo l age has been conduc ted w i t h i n 
CERN and has revealed vir tual ly una­
n imous suppor t for the type of schoo l ­
ing system w h i c h is proposed. The 
results of th is survey w i l l be used to 
provide the French authori t ies w i t h 
numbers for the chi ldren w h o may go 
to the schools f rom September of th is 
year or in later years w h e n the system 
is really on its feet. 

The Counc i l expressed its s t rong 
suppor t for the w o r k w h i c h is be ing 
done to try to f i nd a good so lu t ion for 
the schoo l ing of chi ldren of CERN 
personnel . 

Staff Rules and Regulations 

The Counci l approved a variety of 
changes to the Staff Rules and Regu­
lat ions w h i c h , in effect, spell ou t the 
cond i t ions under w h i c h people w o r k 
at CERN. Mos t of them are of purely 
internal relevance but some themes 
have been incorporated w h i c h merit 
w ide r a t tent ion. 
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There is more equal i ty in the treat­
ment of all members of the personnel 
irrespective of their grade w i t h i n CERN 
or sex. Thus all grades are n o w accord­
ed the same annual leave. Marr ied 
men and w o m e n have equal r ight to 
var ious a l lowances and grants. Cer­
tain wel fare provisions have been 
improved — such as increased con t r i ­
but ions to school ing expenses, longer 
materni ty leave, help for handicapped 
personnel. There are also n e w prov i ­
sions concern ing occupat ional t ra in ­
ing , health and safety. 

Mos t of the revised Staff Rules and 
Regulat ions came into force on 1 Ju ly . 
They are the ou tcome of a lot of care­
fu l t hough t and effort by a Work ing 
Group, set up by the Finance C o m ­
mittee, w h i c h consisted of represen­
tatives of the Member States of the 
CERN Admin is t ra t ion and of the 
Staff Associat ion. 

New appointments 

A. Bohr and G.H. Stafford have been 
elected as members of the Scient i f ic 
Pol icy Commit tee for three years. 
The Counci l appointed D. Amat i as 
Leader of the Theory Div is ion for 
three years as f rom 1 Ju l y succeeding 
B. Zumino. A lso to take effect f rom 
1 Ju l y for three years are three 
reappointments — G.R. Mac leod as 
Leader of the Data Handl ing Div is ion, 
C. Tieche as Leader of the Finance 
Divis ion and G. Ul lmann as Leader of 
the Personnel Div is ion. 

The Council relaxed on the evening of 20 June 
and celebrated the twentieth Anniversary of the 
founding of CERN. The Convention establishing 
CERN was signed in Paris on 1 July 1953. 

1. Sir Ben Lockspeiser, the first President of the 
CERN Council, came to CERN for the occasion 
and is seen here speaking at the dinner with 
two of his successors. Professor W. Gentner 
(the present President) and Professor E. Amaldi, 
pn his left. 

/. (CERN 305.6.73) 
1 

3. (CERN 339.6.73) 

The opportunity was also taken to pay tribute 
to three distinguished Council members who 
from now on will not be so intimately involved 
in the affairs of CERN: 

2. Professor J.K. Bog gild of Denmark (with 
another former Council President, G. W. Funke 
on his right); 

3. Professor F. Perrin of France (with the % 

Director General of CERN Laboratory If, 
Dr. J.B. Adams, on his left); 

4. Sir Brian Flowers of the United Kingdom 
(with Professor Bog gild on his right). 

2. (CERN 320.6.73) 

4. (CERN 311.6.73) 
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CERN News The delegation of physicists from China 
photographed during their visit to CERN. 

1. During a lecture on the ISR. Professor Chang 
Wen-Yu, Deputy Director of the Institute of 
Atomic Energy at the Chinese Academy of 
Sciences in Peking, who led the delegation can 
be seen in the middle of the front row. 

2. At the Split Field Magnet. L. Resegotti is 
describing the magnet system installed at 
intersection region 1-4 of the Intersecting 
Storage Rings. 

A visit from China 
A delegat ion of scientists f rom the 
People's Republ ic of China, inc lud ing 
twe lve specialists in part icle physics, 
v is i ted the CERN Laboratories f rom 
26 J u n e to 3 Ju ly . The Group was led 
by Professor Chang W e n - Y u , Deputy 
Director of the Inst i tute of A tom ic 
Energy at the Chinese Academy of 
Sciences in Peking. He was no st ran­
ger to CERN since he at tended the 
Internat ional Conference on H igh 
Energy Physics in 1958. 

The scientists were we l comed by 
members of the CERN Directorate and 
embarked on an intensive e ight day 
tour dur ing w h i c h they s h o w e d a keen 
interest in the var ious large instal la­
t ions and discussed at length w i t h the 
leaders of the physics teams and w i t h 
the machine designers. They heard 
a series of lectures on the CERN 
accelerators and anci l lary equ ipment . 

Before coming to CERN, the Ch i ­
nese delegat ion had vis i ted several 
research centres in Amer ica inc lud ing 
Brookhaven, Batavia and Stanford. 
The reason for this tour was to gather 
in format ion on the particle physics 
Laboratories w i t h a v iew to discussing 
a s imi larXaboratory in China. A cosmic 
ray Observatory has already been bui l t 
near Kun M i n g (Yun Nan prov ince) . 

A t the farewel l party held in honour 
of the Chinese visitors, the possibi l i ty 
of closer co-operat ion be tween Euro­
pean and Chinese research workers 
in part icle physics was discussed. 
Th roughou t the visit there was a very 
open and f ru i t fu l exchange of v iews. 

Books on CERN 
Mrs. Margaret G o w i n g , Professor of 
the History of Science at Oxford U n i ­
versity, is preparing the g r o u n d w o r k 
for a book on the history of CERN. She 
has already talked w i t h a number of 
those w h o were party to the set t ing up 

the Organizat ion in the early 1950s. 
To provide a direct l ink w i t h the 

evo lu t ion of CERN, f rom its beg in ­
nings and th rough the various stages 
of its development , L. Kowarski , for­
mer CERN Director w h o retired in 
1972, is serving as consul tant to the 
author. Amongs t other th ings he w i l l 
help w i t h the preparation of a f i le on 
the 'prehistory ' of CERN and w i t h the 
chapter on the implementat ion of the 
scient i f ic programme. 

Mrs. G o w i n g is w e l l - k n o w n for her 
history of nuclear energy in Great Br i ­
ta in, a publ icat ion running to several 
vo lumes the last t w o of w h i c h are due 
to appear on the bookstal ls short ly. 

Ano ther book on CERN's activi t ies 
is also being prepared. It w i l l describe 
the SPS project w h i c h began in 1971 
and w i l l con t inue th rough unt i l 1979. 

Maur ice Goldsmi th is compi l ing 
this book and is making regular visits 
to the site to gather in format ion as the 
project progresses. Mr. Goldsmi th is 

(CERN 453.6.73) 

the Director of the Science Pol icy 
Foundat ion in London. 

Storm hits CERN 
Late in the af ternoon of 12 June a 
freak storm hit the Geneva region and 
caused serious f l ood ing . A c loudburst 
fasting an abnormal ly long t ime (over 
an hour) swep t d o w n on the CERN 
Laboratories and left f l ood damage 
amoun t ing to mi l l ions of Swiss francs 
in its wake . 

Preceded by a v io lent w i n d of 
nearly 50 miles an hour, the storm 
began w i t h hail w h i c h fel l for f i f teen 
minutes. The effect of this comb ina ­
t ion was to choke the drains w i t h 
hai lstones and leaves so that they 
were no longer able to cope w i t h the 
subsequent torrent of rain. Hardly a 
bu i ld ing or instal lat ion, surface or 
underground, w e n t unscathed but 
three areas in particular were hit very 
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The sad results of the storm on 12 June: 

1. In the building of the Track Chambers 
Division exposed bubble chamber film stored 
in the basement was damaged by mud and 
water. Boxes of film are seen here stacked in 
the open air while their usual home was 
cleaned. It will be difficult to save much of the 
film. 

2. In the Main Building the flooding was 
spectacular but did not cause as severe damage 
as elsewhere. Nevertheless this indoor swimming 
pool in the basement illustrates how the 
unusual volume of water which fell during the 
freak storm far exceeded the ability of the 
drainage system to cope with it. 

hard: the instal lat ions of Nuclear 
Physics Div is ion, of Track Chambers 
Div is ion and of Health Physics Group. 

The NP Divis ion suffered its main 
damage to the equipment in Hall 1-1 
of the Intersecting Storage Rings and 
in Laboratory 3. Water and mud 
inundated Hall 1-1 to a depth of a 
metre and the delicate equipment 
there — mainly electronic counters and 
spark chambers — can be considered 
a wr i te-of f . The basement of Lab. 3 
was in similar shape w i t h var ious 
other i tems of equipment for the most 
part destroyed — spark chambers, 
vacuum pumps, detectors, recorders, 
stabil ized power supplies and the l ike. 

A wave of water passing d o w n the 
road f rom the ISR penetrated the 
electr ici ty substat ion and thence by 
underground tunnels reached the 
basements of Laboratory 13, where 
there was a large quant i ty of electronic 
and mechanical apparatus be longing 
to the TC Divis ion — counters, scalers, 
power suppl ies, spares for measure­
ment tables, etc. Valuable technical 
documents , as we l l as the a i r - con­
d i t ion ing units were almost tota l ly 
destroyed. In addi t ion many reels of 
unexposed f i lm were completely sub­
merged, together w i t h 400 km of f i lm 
w h i c h had been exposed and devel ­
oped and was in the process of being 
scanned; part of f i lm may be recover­
able but the possibi l i ty of d istor t ion of 
the emuls ion makes this a faint hope. 
In the case of f i lm f rom experiments 
performed several years ago it w i l l be 
extremely d i f f icu l t to recreate the 
same condi t ions if the f i lm is lost. 

The 2 m hydrogen bubble chamber 
was the scene of much act ivi ty. The 
operat ing crew took quick act ion 
w h e n , r ight at the beginn ing of the 
storm, water was seen inf i l t rat ing 
under the chamber bu i ld ing in the 
tunnels housing the 10 kA power 
suppl ies and the power, moni tor ing 
and safety lines of the entire instal la­
t ion . It was possible to cut the magnet 
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A programme of lectures has been arranged as 
usual for the Summer students. In the 
photograph V.F. We/'sskopf (former Director 
General of CERN who is also a summer visitor) 
continues discussion after one of his, by now 
traditional, introductory lectures on high energy 
physics. 

power supply before the water actual ly 
rose (it rapidly reached a height of 
1.4 m) . The refrigeration plant had to 
be shut d o w n and water was also 
threatening the pumps prov id ing the 
vacuum w h i c h isolates the chamber 
thermical ly. It was therefore decided 
to evacuate the l iqu id hydrogen f rom 
the chamber. The muddy water was 
by then no longer coming f rom the 
surface but was we l l i ng up f rom the 
drains — as was the case in most of 
the f looded areas of the site. 

The entire staff of the 2 m chamber 
was on duty for 48 hours, carrying out 
safety precautions manual ly, clearing 
some t w o cubic metres of mud and 
c leaning up the vital c ircui ts in the 
tunnels. The necessary repairs have 
meant a considerable interrupt ion in 
the bubble chamber's experimental 
programme. Gargamelle, the heavy 
l iqu id chamber, and the large European 
bubb le chamber (BEBC) were f o r t u ­
nately on ly s l ight ly affected. 

The most serious damage in the 
bu i ld ing of the Health Physics Group 
was the complete destruct ion of the 
l o w level count ing laboratory. The 
laboratory is in the basement to reduce 
the inf luence of environmental radia­
t ion and its specialized equ ipment is 
a total wr i te-of f . 

Every bu i ld ing suffered in some 
w a y or other. The new computer 
centre was inundated by mud cover ing 
a large area conta in ing the converter 
units and power suppl ies of the 
CDC 7600 computer and its satell i te 
machines. There was also damage to 
the l inac, the booster and the PS 
itself. The total bil l is sti l l being worked 
ou t by insurance experts w h o have 
no easy task in f ront of them. 

Vacation courses 
As in previous years, dur ing the season 
w h e n many CERN employees are off 
on hol iday, vacat ion students have 

arrived to f o l l ow a t w o to four months ' 
course. 

Circulars on the programme for 
these courses, w h i c h have been held 
for eleven years now, are sent out at 
the end of every year by the Fel lows 
and Associates Service to the Univer­
sities in all the Member States. S tu ­
dents reading physics, electrical and 
electronic engineer ing, mathematics 
and informat ion science at these Un i ­
versities and Technical Colleges are 
invi ted to submit their appl icat ions 
before the fo l l ow ing March. 

A di f f icu l t choice then has to be 
made f rom among the appl icants, 
tak ing into account their interests and 
the available places. CERN defrays 
travel l ing and board and lodg ing ex­
penses. 

There were some 350 appl icants 
this year, of w h o m 148 were invi ted 
to f o l l o w the courses. They are distr i ­
buted over the various scienti f ic and 
technical Divisions — jo in ing groups 
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work ing on experimental and appl ied 
physics, data handl ing, accelerators, 
technical services or Health Physics. 
Taking part as they do in the dai ly 
w o r k of the groups, the students 
should be able to obtain a useful sup­
plement to their educat ion f rom the 
people they meet and wo rk w i t h . As 
we l l as their w o r k in the groups, the 
students are offered a series of f i f ty -
three lectures on elementary particle 
physics, accelerators, detectors and 
computer science through w h i c h 
they can become famil iar w i t h the 
various facets of particle physics 
research. 

Booster struggles with 
instabilities 
Commiss ion ing of the 800 MeV 
Booster is at an intensive 'machine 
physics ' stage where the behaviour of 
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7. Internment of the 'old' 600 MeV synchro­
cyclotron on 7 June. The last day of operation 
of the machine which has been in action at CERN 
since 1957 was suitably mourned by those who 
had operated and used it. 

2. The machine will rise again from the ashes in 
about a year's time after extensive modifications 
to improve its performance. It is shown here 
being dismantled and the old vacuum chamber 
can be seen with its big window where the 
Dee electrode was introduced. 

3. The rotary condenser, key element of the 
synchro-cyclotron improvement programme, is 
now at CERN. It is photographed here mounted 
on its rails in the test area. 

the proton beams in the machine is 
being closely studied in order to master 
the acceleration of intense, good qua­
l ity beams to the design energy. The 
Booster consists of four synchrotron 
rings, stacked vertically one above the 
other, w h i c h receive a 50 MeV beam 
f rom the linac and feed it at 800 MeV 
to the main ring of the proton syn­
chrotron. This higher inject ion energy 
should enable the PS ult imately to 
accelerate beams of 1 0 1 3 protons per 
pulse. 

By the end of last year the Booster 
had been taken through its paces 
suff ic ient ly far as to reach most of the 
design requirements. A beam of in ten­
sity 2.55 x 1 0 1 2 was accelerated to 
800 MeV in one ring and protons 
were fed to the PS. However beam 
qual i ty was poor and it was not pos­
sible to wo rk on this problem in a 
systematic way because the qual i ty 
and reliabil ity of the input beam f rom 
the linac was not good and because 
the Booster itself had the usual 
teething troubles and had not got its 
fu l l range of beam moni tor ing equ ip­
ment. 

This si tuat ion has n o w been greatly 
improved — the linac is provid ing 
excellent, stable beams (w i th intensity 
reduced to 50 mA) and the Booster 
is better equipped and operat ing 
reliably. The attack on beam qual i ty 
is being mounted in earnest. 

Beam instabil it ies have been de­
tected. One is a longi tudinal instabi­
l i ty w i t h coherent oscil lat ions of the 
protons in each bunch so that the 
bunch oscil lates in phase and length. 
However the mot ions of the f ive 
bunches are not in synchronism. 
Reducing intensity and increasing 
energy spread removed the osci l la­
t ions. Coherent transverse instabil it ies 
(possibly resistive wal l instabil i t ies) 
are seen w h e n a beam is left coast ing 
for a long t ime. However those that 
have been observed are very s low 
effects and should not be troublesome 
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Around 
the 
Laboratories 

in normal accelerat ion cond i t ions w i t h 
a bunched beam. 

More di f f icu l t are the incoherent 
transverse instabil i t ies causing b l o w ­
up dur ing accelerat ion of the beam. It 
occurs in t w o stages. There is fast 
b l o w - u p w h i c h takes place in the 
f irst mi l l isecond of the accelerat ion 
cycle f o l l owed by a much s lower one 
last ing several hundred mi l l iseconds. 
Var ious cures (such as mov ing the 
w o r k i n g point around and app ly ing 
var ious correct ion f ields) have been 
tr ied w i t h o u t success and the reason 
for the b l o w - u p remains obscure. 

Further studies, helped by more 
inst rumentat ion such as the I on i za t i on 
beam scanner', w i l l be carried ou t 
dur ing the summer months to p in 
d o w n the or igins of the instabi l i t ies 
and then to counteract them. 

Preliminary results 
of schooling survey 
As ment ioned in the report of the 
Counc i l meet ing in this issue, a survey 
was conduc ted at CERN in J u n e to 
obta in the reactions of parents to the 
proposed schoo l ing system in France 
for chi ldren of CERN personnel . In 
Apr i l of this year the out l ine of a 
pedagogical structure for the system 
was wo rked out in co l laborat ion w i t h 
the French authori t ies and represent i-
t ives of the local schools at a co l lo ­
q u i u m held in Sevres (see M a y issue, 
page 146 ) . A l t h o u g h the recommen­
dat ions f rom Sevres have not yet been 
formal ly approved by the Ministr ies of 
Educat ion in France and the Member 
States, they were put before CERN 
parents so as to gauge the extent of 
suppor t and to determine the number 
of chi ldren w h o migh t at tend the 
schools . 

The survey was necessarily ten ta­
t ive at th is stage since the recommen­
dat ions have not yet been put in to 

effect. Nevertheless the response was 
favourable to a surprising degree. First 
of al l , a l though the survey had to be 
carried ou t very quick ly , 940 replies 
were received. Of these, 90 % ex­
pressed the op in ion that the proposed 
schoo l ing system represents a real 
advance in the educat ional cond i t ions 
avai lable to CERN chi ldren. M a n y 
replies expressed appreciat ion of the 
mul t i -na t iona l nature of the venture 
and of the parallel concern to help 
integrat ion into the local commun i t y . 

Parents were also asked whether 
they w o u l d send their chi ldren to the 
schools. From replies concern ing 1840 
ch i ldren, 1170 were in the aff i rmative. 
The replies were obv ious ly cond i ­
t ioned by the need to see the Sevres 
recommendat ions being implemented 
in the spir i t in w h i c h they were 
formula ted and by concern over local 
problems such as transport. As many 
as 3 5 0 chi ldren were put d o w n as 
potent ia l pupi ls for 1973 school year 
and a fur ther 200 for 1974. 

The prel iminary in format ion extrac­
ted f rom the survey has been for­
warded to the French authori t ies and 
the other Member States. It shows that 
the concern of the CERN personnel 
for the educat ion of their ch i ldren, 
in the unusual env i ronment in w h i c h 
they f i nd themselves, remains as 
s t rong as ever. The internat ional ly 
or iented system emerging f rom the 
Sevres co l l oqu ium is almost unan i ­
mous ly considered as a step fo rward 
and the potent ia l demand for places in 
the schools is h igh. 

STANFORD 
Superconducting 
surgery 
The L o w Temperature Materials Re­
search g roup at Stanford has deve l ­
oped a small superconduct ing magnet 
for use in medical surgery. It has been 
appl ied successful ly in the treatment of 
cancer tumors and other appl icat ions 
are foreseen. 

The deve lopment began w h e n a 
neurosurgeon of Universi ty Col lege 
Los Angeles, R.W. Rand, was brought 
in to contact w i t h the SLAC group 
( ini t ia l ly led by H. Brechna and n o w 
by S.J. St. Lorant) by a SLAC 
technic ian W.R. Schulz. The idea was 
to use the more power fu l f ie lds 
avai lable f rom superconduct ing m a g ­
nets to avoid some major di f f icul t ies 
in the t reatment of brain aneurisms. 

Aneur isms are weakened sect ions 
of b lood vessel wa l l w h i c h can 
ba l loon, rupture and cause serious 
hemorrhage. The previous techn ique 
used in the t reatment of brain aneu­
risms invo lved in ject ing a col lo idal 
so lu t ion of i ron and using bar magnets 
( inserted in small holes dri l led in the 
skul l ) to ho ld the iron so lut ion near 
the b lood vessel wal ls . The t iny iron 
particles serve as centres for b lood 
c lo t t ing and thus permanent ly p lug 
the weakened area. It was an expensive 
and d i f f icu l t operat ion requir ing sev­
eral days of intensive care afterwards. 
A lso most people can do w i t h o u t extra 
holes in the head. 

A superconduct ing magnet cou ld 
dispense w i t h holes in the head but 
no appropr iate magnet existed. The 
exist ing magnets, w i t h their n i t rogen 
and hel ium refrigeration systems, 
vacuum tanks, etc, were far too 
cumbersome for such use and the 
d i f f icu l t task of des ign ing and const ­
ruct ing a s imple, manoeuvrable m a g ­
net took several years. Finally a 
magnet, about 20 cm long and 15 cm 
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The special superconducting magnet, developed 
at Stanford, being used in a 'knifeless operation' 
for the treatment of a malignant tumour of the 
tongue. The magnet, positioned near the 
patient's cheek, holds ferrosilicone in position 
until it sets to block off the blood supply to the 
tumour. The operation was completely 
successful. 

diameter was produced using n i o b u m -
t in superconductor and an iron core. 
It is cooled on ly by l iqu id he l ium, 
l inked to a hel ium reservoir by a 
vacuum insulated 'umbi l ica l cord ' . 
The magnet can produce a peak f ie ld 
of 1 T and gives a f ie ld of 0.2 T at a 
depth of 10 cm in the body w h i c h is 
adequate for the required types of 
t reatment. 

In the meant ime, Rand had c o n ­
f i rmed, in associat ion w i t h a plastic 
surgeon, that s i l icone loaded w i t h 
iron can replace the co l lo ida l suspen­
sion of iron and can w o r k much more 
eff ic ient ly. Si l icone is not u n k n o w n to 
w o m a n k i n d as a bust booster. It sets 
qu ick ly to f leshy const i tuency and 
thus removes the need for long in ten­
sive care after the operat ion. Ferro­
si l icone has since been used success­
fu l l y in the treatment of aneur ism. 

Dr. Rand had a further idea that the 
sealing property of ferrosi l icone cou ld 
be used to cut off the supply of b lood 
f rom cancer tumours. This can be done 
w i t h o u t damage to the rest of the body 
if the site of the tumour has its ind iv i ­
dual b lood supply. Tests w i t h animals 
wo rked we l l and the techn ique has 
been appl ied several t imes using the 
SLAC superconduct ing magnet to 
ho ld the ferrosi l icone in place and 
prevent it dr i f t ing to other parts of the 
body before it sets. 

In the first cl inical t r ia l , a mal ignant 
tumour of the tongue was removed by 
in ject ing ferrosi l icone and ho ld ing 
it w i t h the magnet so as to b lock off 
the b lood supply to the tumorous part 
of the tongue. After half an hour the 
ferrosi l icone had sol id i f ied and the 
tumour began to atrophy. W i th in a f e w 
weeks it was complete ly removed. 
Similar operat ions have been per­
fo rmed on a tumour of the adrenal 
g land and for a type of brain tumour 
w i t h promis ing results in bo th cases. 

Further improvements to the type 
of magnet can be foreseen — part i ­
cular ly a further reduct ion in size and 

a shor tening of the t ime needed to 
coo l it to superconduct ing temperature 
(presently about three hours) — so 
that it can be used w i t h greater ease in 
hospital condi t ions. Unfor tunate ly no 
resources are available to pursue the 
development . Appl ica t ions are feasible 
in the treatment of a w i d e range of 
cancer tumours (k idney, thyro id , lung , 
liver, e tc . ) , in spleen removal and in 
the t reatment of aneurism. 

SPEAR detector coming into action 

Meanwh i l e , back in the Laboratory, 
the e lect ron-posi t ron storage ring 
SPEAR (see vo l . 1 1 , page 279) has 
sett led to rather steady performance. 
A typ ica l operat ing cycle sees the 
accumula t ion of 25 m A beams of bo th 
electrons and positrons in the r ing 
in jected at an energy of 1.5 kV f rom 
the electron linear accelerator. The 
energy is raised by the r.f. system in 
the r ing to 2.6 GeV and the beams are 

then brought in to col l is ion in the t w o 
long straight sect ions. This f i l l ing and 
accelerat ion process takes about half 
an hour. 

The init ial luminosi ty is usual ly 
about 4 x 1 0 3 0 c m - 2 s~1. After t w o to 
three hours, the luminosi ty fal ls to 
about 1 x 1 0 3 0 , the beams are dumped 
and the in ject ion process starts again. 

The large mul t ipurpose magnet ic 
detector instal led at one of the col l is ion 
regions ( the West pit) is being tested. 
It consists of a large solenoid magnet 
enclos ing sixteen cyl indrical w i re spark 
chambers, w i t h over 100 000 wires, 
and scint i l la t ion counters sur rounding 
the interact ion region (extending ou t 
over a radius of about 1.5 m) and 
further shower detectors outs ide the 
magnet. The w h o l e assembly is about 
4.5 m long . 

The detector magnet ic f ie ld was 
measured and proved to be h ighly 
un i form. It had no adverse effect on 
the operat ion of the magnetostr ict ive 

222 



The multipurpose detector installed at one of the 
two collision regions of the electron-positron 
storage ring, SPEAR, at Stanford. It comprises 
a solenoid magnet, within which can be seen 
cylindrical wire chambers and trigger 
scintillation counters. Shower counters give the 
octagonal shape outside the magnet. Inset is a 
photograph of the tracks associated with a 
particle interaction which has been recorded in 
the detector and recomposed via an on-line 
computer. 

(Photo SLAC) 

readout system w h e n the 0.4 T f ie ld 
was sw i t ched on ( in fact the system 
worked more ef f ic ient ly) . A lso there 
was very l i tt le d isturbance of the 
orb i t ing beams due to the magnet ic 
f ie ld . It proved comparat ive ly easy 
to d is t inguish the desired part icle 
interact ions f rom the background 
events dur ing tests w i t h an electron 
beam but much higher background 
was encountered w i t h posi t rons. This 
has not yet been studied and corrected. 

The detector w i l l be used ini t ial ly 
in a survey exper iment s tudy ing 
e lect ron-pos i t ron annih i la t ion into 
many particles over the centre of mass 
energy range f rom 2 to 5 GeV. 

In the other interact ion reg ion, 
e lect ron-pos i t ron annih i la t ion into t w o 
gammas and the Compton react ion 
g iv ing an electron, a posi t ron and a 
gamma are under s tudy using sod ium-
iod ide detectors and mu l t iw i re pro­
por t ional chambers in a spectrometer. 
A synchrot ron radiat ion faci l i ty is also 
being added in the north por t ion of the 
r ing. 

BROOKHAVEN 
Superconducting 
dipoles tested 
The programme of w o r k at Brookhaven 
to produce pulsed superconduc t ing 
magnets has reached the stage where 
a series of tests have been carried ou t 
on t w o ' ident ica l ' magnets. Several 
di f ferences were, in fact , fed into the 
second magnet to be bui l t so the w o r d 
ident ical correct ly appears in inverted 
commas. Mos t of the results were very 
encourag ing but a f e w puzzl ing dif fer­
ences in the behaviour of the respective 
magnets were observed and are being 
s tud ied again. 

Some of the important design para­
meters of the t w o magnets are as 
f o l l o w s : Peak f ie ld 4 T, peak current 
3.5 kA (27 k A / c m 2 current dens i ty ) . 

stored energy at peak f ie ld 60 k J , 
magnet aperture 8 cm (inner diameter 
of d ipo le w ind ings — correct ion coi ls 
of diameter 7.7 cm sit inside th is ) , 
magnet length 92 cm, outside diameter 
of iron core 30 cm. The magnets are 
k n o w n as ISA-1 and ISA-2 , d raw ing 
their init ials f rom ' Intersect ing Storage 
Accelerators ' , the Brookhaven 200 
GeV co l l id ing beam project, ISABELLE, 
w h i c h requires the used of pulsed 
superconduct ing magnets. 

ISA-1 was powered for the first 
t ime in March . A t the f irst at tempt it 
reached short sample current of 3.6 kA 
corresponding to a f ield of 4.1 T. 
Subsequent quenches revealed a l i t t le 
' t ra in ing ' tak ing the magnet into the 
resistive region to a f ield of 4.4 T in the 
magnet aperture at a current of 3.9 kA 
(30 k A / c m 2 in the magnet co i l ) . The 
magnet stayed at this performance 
dur ing the subsequent tests and was 
pulsed at di f ferent rates d o w n to a rise 
t ime of 15 s. 

ISA-2 was bui l t using different size 
wedges ho ld ing the coi ls (due to a 
problem arising unintent ia l ly dur ing 
the const ruct ion) and, combined w i t h 
the dif ferential contract ion of the 
epoxy components , this is a source of 
most of the observed systematic error. 
A lso, poorer conductor had to be used 
to bui ld the coi ls w h i c h again d id not 
help to y ield an identical magnet. 
Nevertheless w h e n tests on ISA-2 
began at the end of May the same 
behaviour as w i t h ISA-1 was expe­
r ienced. The magnet w e n t straight to 
short sample current, 3.26 kA and a 
f ie ld of 3.8 T. Subsequent quenches 
trained the magnet to 3.65 kA and 
4.15 T. 

There was good agreement in other 
aspects of performance — for example, 
the sextupole f ie ld compared w i t h the 
d ipo le f ie ld for both magnets agree to 
a f e w parts in 10 4 . The unexplained 
dif ferences came in the measurement 
of the residual f ields after the magnets 
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Cross-section of an ISA pulsed superconducting 
magnet Two magnets of this type, 30 cm 
across and almost 1 m long, have been built 
and tested at Brookhaven. Both reached short 
sample performance the first time they were 
powered. 

ISA magnets ready for testing. ISA-2 is 
installed on the vertical stand, ISA-1 is in the 
centre and lying horizontal is a third core made 
of vitrenamal low carbon steel which will be 
used later and compared with the M-36 steel 
used in the two others. 

(Photo Brookhaven) 

had been cycled to 4 T. The dipoel 
remanent f ields were 6.9 gauss in 
ISA-1 and 0.1 gauss in ISA-2 , the 
quadrupole f ields were 1.3 and 3.2 
gauss, the sextupole f ields were 
22.5 and 14.6 gauss. There may be 
some dynamic effect since the ISA-1 
measurements fo l l owed immediately 
on tu rn ing the magnet off whereas 
ISA-2 was measured 12 hours after 
tu rn ing off. This w i l l be looked at again 
dur ing a long term test. 

The aim of the long term test is to 
check reliabil i ty over the sort of life 
t ime required of magnets for ISA-
BELLE. If the storage rings have a life 
over 10 years and are f i l led tw ice a day 
the magnets w i l l be called upon to 
sustain of least 1 0 4 cycles. This w i l l be 
simulated by puls ing w i t h 5 minute 
cycles for t w o months and runn ing 
them d.c. dur ing the n ight as required 
for long storage t imes. 

It was ment ioned in the June issue 
that the 33 GeV Al ternat ing Gradient 
Synchrot ron at Brookhaven has acce­
lerated a proton beam of record 
intensity. A n intensity of over 9><10 1 2 

protons per pulse has been reached 
put t ing the AGS comfor tably ahead of 
all other proton synchrotrons. 

Component rel iabi l i ty had improved 
considerably and the machine team 
were able to tune the 200 MeV linac 
and the synchrot ron ring w i t h greater 
precision than in previous runs. The 
most encouraging result was that even 
at 9><10 1 2 there was no sign of any 
effects w h i c h cou ld l imit the ul t imate 
intensity and, w h e n the qual i ty of the 
beam f rom the l inac is t id ied up sti l l 
more, it is expected that the 1 0 1 3 

barrier w i l l fa l l . 

Another machine physics achieve­
ment in May was to operate a new 
eject ion system. The system uses the 
shaving technique (similar to the 
' con t inuous transfer' method devel -
opped at CERN for eject ing beam f rom 
the PS to feed the SPS — see vo l . 12, 
page 203 ) . 

The AGS orb i t ing beam is g iven a 
rapid def lect ion by ful l aperture kicker 
magnets to take it across a very th in 
septum (0.25 mm) powered w i t h a 
200 [LS, 3 kA peak, half s inusoidal 
current waveform. The power supply 
can provide a variety of waveforms so 
that the fu l l aperture kickers can 
respond to many requirements of the 
eject ion system. Operat ion and contro l 
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Celebrating successful performance of the new 
ejection system at Brookhaven. It uses the 
'shaving' technique similar to that tested at the 
CERN PS ready for ejection towards the SPS. 
Ejected beams of 4* 1012 protons per pulse 
crowned over two years of design and 
development of the ejection system at the AGS. 

(Photo Brookhaven) 

of all power suppl ies is via a PDP 
10 contro l computer. This septum 
bends the protons across another 
th icker septum (2 m m ) , operat ing w i t h 
a 1 ms, 21 kA half s inusoidal current 
wave fo rm, and they are there bent ou t 
of the r ing. A n electrostatic septum 
(0.05 mm) to give f ields of over 
100 kV per cm has also been developed 
to precede the first magnet ic septum 
reducing beam losses further. 

Tests began using an eject ion mode 
in w h i c h a f ract ion of the A G S beam 
was sent to an external target to pro­
duce secondary particles for exper i ­
ments in the 80 inch hydrogen bubble 
chamber. The duty cycle of the r.f. 
separators in this beam- l ine requires 
a part icle pulse of 1.5 pis. Using the 
shav ing technique a f ract ion of seven 
A G S bunches was t r immed f rom the 
accelerated beam. This required the 
kickers to be powered for 2.4 {is w i t h 
5 kA peak. It was conf i rmed that the 
shaving technique works we l l also 

w i t h the accelerated beam debunched. 
Another mode of ejection is sched­

uled for sending the fu l l accelerated 
beam to the 7 foo t bubble chamber, 
w h i c h is being reassembled in the 
North Area, for neutr ino experiments. 
The kicker is then powered w i t h a 
0.75 (xs rise t ime and a 3 ^s, 8 kA f lat 
top . The beam was ejected over 
2.9 [xs and an ejected intensity of 
4 * 1 0 1 2 protons per pulse has been 
recorded. 

DARESBURY 
Integrated computer 
network 

The demands for data col lect ion and 
compu t ing in high energy physics are 
large scale and often complex (see 
last issue, page 181) . Though there 
are many themes in common , each 

Observing the beam in the main ring of the 
accelerator at NAL, Batavia in July. An 
ionization beam scanner (IBS) is picking out 
the horizontal profile of the orbiting beam during 
the acceleration cycle (horizontal scale: one 
division is one centimetre in the vacuum tube). 
Fine structure is seen in the profile since only 
one set of bunches from the Booster were fed in 
and the rest of the ring was left empty. 
On 8 August a new intensity record of 
5.22x 1012 was achieved at 300 GeV and this 
was with the operating conditions not at 
their best 
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Schematic diagram of the integrated computer 
network at Daresbury. Ail 'local' computers 
(connected with individual experiments, 
accelerator control, film analysis, etc.) are 
linked to the large central computer at the 
Laboratory. 

Laboratory has tended to have its o w n 
indiv idual response to these demands. 
Daresbury is one of those w h i c h has 
gone for a completely integrated c o m ­
puter network where all the computers 
tap into a large central computer (an 
I B M 3 7 0 / 1 6 5 in Daresbury's case). 
The information is d rawn f rom a talk 
by B. Zacharov at the Frascati Instru­
mentat ion Conference. 

An important reason for adopt ing 
this phi losophy was to avoid bu i ld ing 

up extensive local comput ing systems, 
each special to a particular experiment 
and thus usually expensive in terms 
of equipment and of man hours for 
the development of the system. A n 
addit ional saving, w i t h all the Labo­
ratory computers l inked together, 
comes f rom the abil i ty to pump data 
direct ly into the main computer so 
that the stage of local data col lect ion 
on tape, wh i ch is later wheeled to the 
central computer, is not necessary. 

This is more economical and more 
reliable. 

Common access to the central 
computer brings other advantages 
also. It can make stored data available 
to all experiments and when several 
experiments require access to the same 
informat ion there is no necessity to 
dupl icate the data. It is also possible 
to provide more facil i t ies to the ind i ­
v idual user; since these facil i t ies are 
not unique to the individual user, they 
can be more extensive than it w o u l d 
be reasonable to provide for a series 
of different local systems. 

The network at Daresbury is shown 
schematical ly in the diagram. It can 
cope w i t h many users simultaneously 
w i t hou t interference between them. It 
has aimed to keep d o w n the c o m ­
plexi ty of local computers and to 
minimize the amount of associated 
sof tware development. There is no 
local data storage. Users communicate 
w i t h h igh level language modules and 
are unaware of the manoeuvres w i th in 
the network w h i c h connect them to 
the central computer. Processed data 
is fed back to the local stations ( in 
graphical form if required). 

The main properties of the central 
computer were listed in the March 
issue. The local stations are brought 
in via twe lve high speed l inks (up to 
12 bits per \is) wh i ch are mult ip lexed 
by a ' f ront end ' computer ( I B M 
1802) . The number of l inks cou ld be 
stepped up by adding another f ront 
end machine. One or t w o small c o m ­
puters sit at each local stat ion and 
they are of many types (PDP, A R G U S , 
I B M , etc.) . C A M A C units (see vo l . 8, 
page 314) are used throughout , 
br inging invaluable benefits of m o d u ­
larity and standardization. 

The network at Daresbury has been 
in operat ion for f ive years and, except 
for some initial diff icult ies f o l l ow ing 
the instal lat ion of the new central 
computer, the fault t ime on the w h o l e 
network f rom any cause is about 

I B M 1801 
N I N A A C C E L E R A T O R 

C O N T R O L 

C O U N T E R 
E X P E R I M E N T S 

termina l computers ; 
D D P - 5 1 6 P D P - 8 
A R G U S 400 H-316 
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Photographs of cosmic ray tracks taken in the 
1.5 m streamer chamber at Argonne; the 
chamber was being tested with a helium filling. 
The top photograph was with the chamber filled 
with pure helium when a voltage gradient of 
27 kV per cm was need to achieve good tracks. 
The lower photograph was with the addition of 
0.2 % isobutane which made it possible to 
reduce the voltage gradient to 25.2 kV per cm 
but gave poorer quality tracks. 

4 hours per month (about 0 . 5 % d o w n 
t ime) . W i th so many users leaning on 
an integrated system, rel iabi l i ty is 
obv ious ly a vital feature and, if neces­
sary, other computer abi l i t ies must be 
sacri f ied for this. 

A t the Frascati Conference there 
was discussion as to whether such a 
system cou ld be extended to cope 
w i t h the comput ing needs of a much 
larger Laboratory. There are worr ies 
concern ing reliabil i ty, avai labi l i ty ( g i ­
ven a larger number of users) and the 
dangers of users s tepping on one 
anothers computat ional toes. Never­
theless a Daresbury type ne twork 
seems capable of extension w i t h o u t 
in t roduc ing new features and has 
demonstrated its abil i t ies impressively. 

ARGONNE 
ZGS accelerates 
polarized protons 
On 11 J u l y the Zero Gradient Syn ­
chrot ron at A rgonne became the 
wor ld ' s f irst accelerator to g ive a po ­
larized proton beam of GeV energies. 
The f irst polarized beams were taken 
to 3 GeV and a f e w days later the 
energy c l imbed to 6 GeV. The measur­
ed polarizat ion was about 5 0 %. 

Work towards polarized beams at 
the ZGS began about t w o years ago 
in the Accelerator Div is ion led by R.L. 
Mar t in . A n experimental team f rom 
Argonne , M ich igan and St. Louis, led 
by A . D . Krisch, has also been involved 
and w i l l be the first to use the polarized 
beam. A polarized proton source arriv­
ed f rom N e w Zealand in May and tests 
began w h e n the ZGS started up again 
in Ju l y after a long s h u t d o w n . 

The first experiment w i l l also use a 
polarized proton target thus speci fy ing 
the spin condi t ions of the interact ing 
particles more complete ly than has 
ever been possible before at h igh 
energies. Some prel iminary data has 

already been taken at 3 .5 GeV/c and 
the 'ser ious' run to measure total 
cross-sect ions is scheduled in October. 
(More on polarized beams next month.) 

The ZGS has been running very 
reliably s ince the instal lat ion of the 
new t i tan ium vacuum chamber (see 
vo l . 1 2 , page 3 3 2 ) . No spectacular 
gain in peak accelerated intensity 
resulted (peak intensity stands at 
3 . 6 3 x 1 0 1 2 protons per pulse and 
2 . 5 x 1 0 1 2 can be turned on rapidly 
even after a long shu tdown) but there 
have been great benefits in tun ing 
f lex ib i l i ty and in the improved beam 
diagnost ic systems. 

Pole face w ind ings in the new 
chamber are designed to enable 
s imul taneous s low eject ion into the 
t w o ejected beam-l ines at the accele­
rator. Before this is accompl ished it 
w i l l be necessary to move t w o sextu-
poles in the machine and, to avoid 
breaking into the experimental sche­

dule, th is is planned for the beg inn ing 
of next year. A lso some at tent ion is 
needed to the ' r ipple ' f rom the magnet 
power supply w h i c h damages the 
beam dur ing eject ion. It is hoped to 
clear this by next Ju ly . 

Tests of the booster, w h i c h accel ­
erates negat ive hydrogen ions (see 
vo l . 9 , page 2 3 9 ) , are cont inu ing and 
look encourag ing. Ions have been 
accelerated to 2 0 0 MeV and ejected 
f rom the booster w i t h about 9 0 % 
eff ic iency. Another run is scheduled for 
October and w i l l involve a new 3 0 Hz 
ion source. Work remains to be done 
on the in ject ion system f rom the 
booster to the ZGS where a rather 
sophist icated kicker magnet is being 
designed. Operat ion of the ZGS fed 
by the booster is planned in a year's 
t ime. Meanwh i l e 'Phase I I ' of the 
booster programme — the design of a 
5 0 0 MeV r ing for ZGS inject ion — has 
started. 

The physics programme is hamper-
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ed, as in almost all the Laboratories in 
the USA, by budget cuts. A rgonne is 
at $ 1 4 . 4 mi l l ion for the present f iscal 
year (started on 1 Ju l y ) w h i c h is a cut 
of $ 1.3 mi l l ion. Lengthy machine shut ­
downs , k n o w n sardonical ly as f iscal 
shu tdowns , are inevitable. Dur ing the 
next twe lve months the operat ing 
programme is — six months of running 
w i t h convent ional beams, t w o months 
w i t h the new polarized beam and 
one month w i t h a neutr ino beam to 
the 1 2 foo t bubble chamber. The ma­
chine w i l l be off for three months. 

The 1 2 foot chamber has had some 
very successful runs in recent months. 
A b o u t 2 6 0 0 0 0 pictures, w i t h proton 

beams of 7 , 8 .7 and 11 GeV/c, were 
taken for Tohuko University w i t h the 
chamber double pulsing for most of 
the experiment. Another neutr ino run 
w i t h the chamber f i l led w i t h deuter ium 
gathered 3 2 5 0 0 0 pictures (br ing ing 
the total in deuter ium to 6 5 0 0 0 0 out 
of a scheduled mi l l ion) . A lso, the first 
physics run w i t h a beam-l ine incorpo­
rating r.f. separators gave 3 5 0 0 0 pic­
tures w i t h 6 .5 GeV/c negative kaons 
into the chamber. 

Streamer chamber runs with helium 

The 1.5 m Streamer Chamber Facil i ty 
at Argonne successful ly completed 

feasibi l i ty tests in May w i t h the cham­
ber f i l led w i t h pure hel ium gas. The 
tests were prompted by a proposal by 
groups f rom Strasbourg and Orsay to 
study coherent product ion off hel ium 
using 9 GeV/c protons. 

Prior to the tests there was concern 
that the high vol tage pulsing system 
w o u l d not be adequate to achieve 
streamers in hel ium using the present 
chamber ( 1 . 5 x 1 . 0 x 0 . 6 m 3 ) . The 
system consists of a 34 -s tage Marx 
generator and a cont inuous ly variable-
length Blumlein l ine. Under normal 
operat ing condi t ions, w i t h a 9 0 % 
n e o n - 1 0 % hel ium gas mixture, the 
chamber is pulsed at approximately 
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7 0 0 kV for 10 ns to achieve streamers 
1 cm in length. 

The problem is to achieve suf f ic ient 
br ightness and densi ty w h e n pure 
hel ium is used and this has been solved 
by increasing the vo l tage ampl i tude 
by 17 % and the pulse length by 40 %. 
W i t h o u t a var iable- length Blumle in 
l ine, the pulse required w o u l d probably 
have been close to 1 M V and a c h a m ­
ber w i t h gaps smaller than the present 
3 0 cm w o u l d have been required to 
achieve the higher f ie ld in the sensit ive 
vo lume. 

Tracks have been recorded (see 
photographs) w i t h the chamber f i l led 
w i t h pure hel ium and w i t h he l ium sup­

plemented by 0 . 2 % isobutane (C4H10) . 
The small concentrat ion of hydrocar­
bon lowered the necessary operat ing 
vol tage by 7 % but the streamers be­
came more dif fuse. There was no mag­
netic f ield used, w h e n the pho to ­
graphs were taken, to help br ighten 
the streamers and retard electron 
d i f fus ion. This makes the Argonne 
I l l inois chamber the largest operat ional 
hel ium streamer chamber. It w i l l be a 
considerable asset in the experiments 
at the ZGS w h i c h are s tudy ing interac­
t ions in he l ium. 

The chamber is n o w being used for 
a Universi ty of I l l inois exper iment 
s tudy ing baryon exchange in the 

react ion 7 r+p ->nX° (180° ) a t 8 G e V / c . 
The tr igger is pr imari ly the detect ion 
of the emerging h igh momen tum neu­
t ron in a set of heavy plate spark cham­
bers located downst ream of the strea­
mer chamber. This w i l l be fo l l owed by 
an exper iment searching for exot ic 
resonances in the reaction i u + p - > n X + + 

(180° ) at 8 GeV/c again by the I l l inois 
g roup and a s tudy of 7 t -p->KJ KJn at 
6 GeV/c by a Universi ty of Notre Dame 
group. 
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N U C L E A R S T R U C T U R E T H E O R Y 
J.M. IRVINE, University of Manchester 
The entire field of nuclear structure theory is surveyed 
at a level that will appeal primarily to experimentalists, 
but postgraduate students of theoretical nuclear physics 
will also find this monograph a useful reference work. 
The text examines the experimental phenomena that 
nuclear structure theories must explain before going on 
to a detailed consideration of the many models and 
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Part 4 : The technology of nuclear structure theory; 
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F I E L D T H E O R Y 
I.T. TODOROV, Institute for Advanced Study, Princeton 
The progress made in the study of the analytical 
properties of the scattering amplitude in understanding 
elementary particle interactions is reviewed through the 
majorization technique of Feynman diagrams and the 
Symanzik theorem. 
CONTENTS: The quadratic form of a Feynman diagram; 
majorization of Feynman diagrams; derivation of 
spectral representations and dispersion relations; the 
surface of singularities of a Feynman diagram; What 
else can we learn from a box diagram? 
168 pages £3.75 £10.50 hard cover 

R E L A T I V I S T I C P O I N T D Y N A M I C S 
H.ARZELIES, Rabat, Morocco 
A thorough relativistic treatment of the dynamics of 
particles of constant and varying proper mass, and of 
colliding particles is given. Electromagnetic theory is 
developed as a special case of the force transformation. 
The preface and notes at the end of each chapter provides 
enlightening reading on the historical and philosophical 
development of the theory. 
CONTENTS: (abbrev) The dynamics of particles with 
constant proper mass: fundamental equations; relativistic 
decomposition of force; analysis of the concepts of 
force and mass; the relativistic reconstruction of electro-
magnetism; the dynamics of particles of variable proper 
mass; fundamental postulates and general theorems; 
relativistic rockets; collision theory; elastic collisions 
between two corpuscles; inelastic collisions (nuclear 
reactions); Appendix; Indices. 
416 pages £8.50 £27.00 hard cover 

N O T E S O N E L E M E N T A R Y P A R T I C L E 
P H Y S I C S 
H. MUIRHEAD, University of Liverpool 
Essentially a postgraduate textbook for a course on 
elementary particle physics, but it will also serve as a 
quick and easy reference work on the basic equation 
of elementary particle physics. 
CONTENTS: Preface; terminology; transition ampli­
tudes and probabilities; relativistic wave equations and 
fields; the interaction amplitude; electromagnetic 
interactions; weak interactions; strong interactions. 
264 pages £4.95 £13.75 hard cover 

FORTHCOMING T ITLES 
Soloviev: THE THEORY OF COMPLEX NUCLEI 
Novozhilov: INTRODUCTION TO THE THEORY 

OF ELEMENTARY PARTICLES 

L E C T U R E S I N S C A T T E R I N G T H E O R Y 
A.G. SITENKO, Academy of Sciences of the Ukranian 
SSR 
These lectures give an account of the principle of the 
non-relativistic theory of potential scattering, the 
discussion being based on the concept of the scattering 
matrix. The properties of the scattering matrix and its 
applications to scattering theory are treated in detail. 
CONTENTS: Quantum mechanical description and 
representations; the scattering matrix and transition 
probability in stationary scattering theory; wave 
function of a particle in an external field; the optical 
theorem; time reversal and reciprocity theorem; 
analytical properties of the scattering matrix; cspersion 
relations; complex angular momenta; separable repres­
entation of the scattering amplitude; scattering in a 
three particle system; scattering of particles with spin. 
269 pages £5.00 £13.50 hard cover 

A S H O R T E R C O U R S E O F T H E O R E T I C A L 
P H Y S I C S V o l u m e 1 M E C H A N I C S A N D 
E L E C T R O D Y N A M I C S 
L.D. LANDAU (deceased) and E.M. LIFSHITZ, 
USSR Academy of Sciences 
A specially designed text book on theoretical physics 
for postgraduate students and final year undergraduates. 
CONTENTS: PARTI: Mechanics; the equations of 
motion; conservation laws; integration of the equations 
of motion; collisions between particles; small oscillations; 
motion of a rigid body; the canonical equations; the 
principle of relativity; relativistic mechanics. 
PART 2: Electrodynamics; charges in electromagnetic 
fields; the electromagnetic field equations; constant 
electromagnetic fields; electromagnetic waves; 
radiation of electromagnetic waves. 
280 pages £3.00 £9.00 hard cover 

A M E T H O D O F S T U D Y I N G M O D E L 
H A M I L T O N I A N S 
N.N. BOGOLYUBOV, USSR Academy of Sciences 
Model Hamiltonians which allow exact solutions in the 
thermodynamic limit as the volume becomes infinite are 
studied in detail. Particular attention is paid to the use 
of such model Hamiltonians. A very wide range of 
researchers from applied mathematicians to quantum 
and theoretical physicists will find this a very useful 
work. 
CONTENTS: Proof of the asymptotic relations for the 
many-time correlation functions; construction of a 
proof of the generalised asymptotic for many-time 
correlation averages; correlation functions for systems 
with four fermion negative interaction; model systems 
with positive and negative interaction components. 
184 pages £5.00 £15.00 hard cover 

C O N C I S E D I C T I O N A R Y O F P H Y S I C S 
J. THEWLIS, formerly ofAERE Harwell 
Definitions of over 4,500 terms in physics and many 
related subjects are provided. These definitions are 
written at research level for use by research scientists 
requiring precise but short definitions of terms in 
disciplines other than their own. 
376 pages £5.50 £16.50 hard cover 

Pergamon books are available f rom your usual bookseller. 
For further details wri te to Pergamon Press Ltd, , 
Headington Hill Hall, Oxford OX3 0BW or to Pergamon 
Press Inc., Maxwell House, Fairview Park, Elmsford, 
New York 10523 
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Ein 
breites 

Programm zur LOsung 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 
Zusatzen und Zubehor. 

QUHGOERZ 
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The Switching Regulator 
Power Supply 

G e n e r a l 
*AI I units w i l l operate f rom 196 to 264V A C 

4 5 - 4 4 0 Hz. 115V and three-phase 
versions are also available. 

* Eff iciency is better than 65%. 
* O u t p u t levels are retained for 20mS 

after mains failure. 
* O u t p u t r ipple is 10mV rms. 
*Conduc ted and radiated RF interference 

to M I L specif icat ions. 

688 Ser ies 
* 5 0 0 Watts ou tput (5V, 100A) for 

voltages between 3 volts and 30 vol ts. 
*Size 1 3 9 m m x 120mm x 4 2 4 m m 

( 5 - 5 " x 4 - 7 6 " x 16 -79 " ) . 
*We igh t 7-3 Kg (16 lbs.). 
^Constant current overload characteristic. 
^Special faci l i ty for operat ing at either 

115V A C or 230V AC by l ink change. 

655 Ser ies 
* 2 5 Wat ts ou tpu t (5V, 5A ) . 
*Size 55 -9mm x 78*7mm x 114mm 

( 2 - 2 " x 3 - 1 " x 4 - 5 " ) . 
* W e i g h t 0-68 Kg (1-5 lbs.). 
*Overvol tage and overload protect ion. 
^Designed for circuit card mount ing . 

6 5 0 Ser ies 
* 5 0 wat ts ou tpu t (5V, 10A) for vol tages 

between 3 vol ts and 30 volts. 
*Size 6-4cm x 12-4cm x 19-8cm 

( 2 - 5 " x 4 - 8 8 " x 7 -8 " ) . 
*We igh t 1-5 Kg (3-5 lbs). 
*TTL command for remote ON-OFF for 

sequencing. 
^Constant current overload 

characteristics for parallel ing. 

600 Ser ies 
* 1 0 0 wat ts ou tpu t (5V, 20A) for 

vol tages between 3 vol ts and 30 vol ts. 
*Size 8-3cm x 16-6cm x 19-1 cm 

( 3 - 2 5 " x 6 -5 " x 7 -5 " ) . 
*We igh t 2-7 Kg (6 lbs). 
*S ing le or doub le ou tpu t voltages. 

6 2 0 Ser ies 
* 1 0 0 wat ts ou tpu t w i t h three vol tage rails 

(5V, 12A, ± 15V, 1A) . 
*Size 8-3cm x 16-6cm x 19-1 cm 

( 3 - 2 5 " x 6 -5 " x 7 -5 " ) . 
*We igh t 2-7 Kg (6 lbs). 
*Overvo l tage and overcurrent protect ion 

on all outputs. 

6 6 0 Ser ies 
* 3 0 0 wat ts ou tpu t (5V, 60A) for vol tages 

between 3 vol ts and 30 volts. 
*Size 14-3cm x 12-4cm x 35cm 

( 5 - 6 2 " x 4 - 8 8 " x 1 4 0 8 " ) . 
* W e i g h t 6 - 8 Kg (15 lbs). 
^Constant current overload characteristic 

for paral lel ing. 
*TTL command for remote ON-OFF for 

sequencing. 
*Fast transient load response for dr iv ing 

memories. 
^Operates over special ly w ide mains banc 

of 176 to 264V AC. No 115V version 

662 Ser ies 
* 2 5 0 Wat ts ou tpu t (5V, 50A) for voltage* 

between 3 vol ts and 30 volts. 
*Size 9 2 m m x 120mm x 323mm 

( 3 - 6 3 " x 4 - 7 6 " x 1 2 - 7 9 " ) . 
*We igh t 4-55 Kg (10 lbs.). 
^Constant current overload characteristic. 
*Specia l faci l i ty for operat ing at either 

115V A C or 230V A C by l ink change. 

Industr ievertretungen - Junkho lz 333 - C H - 8 9 6 8 Mutschel len Tel. 057 5 46 55 







A new surface analysis method 
for the uppermost 
monolayer region... 

...is the static secondary ion mass spectrometry 
(SIMS), used in an ion macroprobe under UHV 
condition.The ultra high vacuum system UTS202 
designed for this method is pumped down by a 
turbo-molecular pump and is bakeable at temper­
atures up to 400°C.The vacuum 
chamber is specially designed to 
facilitate the simple combination 
of SIMS with AES (Auger-Electron 
Spectrometry). 
Other features: 
• high surface sensitivity 
• direct detection of chemical 

compounds 
• detection of all elements, includ­

ing hydrogen 
• separation of isotopes 
• only negligible surface 

L B K 800 003 PE D N 1 6 2 8 

changes result from the analysis process 
• limits of resolution: < 10~6 of a monolayer 

or<c10" 1 4g for many elements and compounds. 
Basic possibilities: 
• surface analysis in the monolayer region 

• observation of surface reactions 
• analysis of inner boundary films 

and plotting concentration pro­
files of thin films 

• bulk analysis. 

Fields of application: 
Research, development and pro­
duction control in: 
Chemistry, Metallurgy, Semi-con­
ductor and thin film technology, 
Vacuum technology, Surface tech­
nology. 
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A transducers 
family. 

National Semiconductor Corp 

LX1601A/LX1602A/LX1603A, LX1701A/LX1702A/LX1703A absolute 
LX1601G/LX1602G/LX1603G/LX1604G, LX1701G/LX1702G/LX1703G/LX1704G gage 
LX1601D/LX1602D/LX1603D/LX1604D differential 
pressure transducers 0—30psi 

features 
• Field i n t e r c h a n g e a b i l i t y - b y using computer ized 

laser t r i m all uni ts meet one guaranteed char­
acterist ic curve. 

• Accu racy—max imum ca l ib ra t ion error band of 
±1 .5% o f span 

• Temperature compensated—transducer tem­
perature effects of fset by computer i zed laser 
t r i m m i n g 

• F lex ib i l i t y—ar i thmet i c f unc t i ons , d ig i ta l f o rma t 
and mu l t i p l ex ing are easily at ta inable because 
of the single ended op amp con f igura t ion 

• I npu t overvoltage and o u t p u t short c i rcu i t 
p ro tec t i on 

4 4 5 0 Sissach Tel. 0 6 1 / 9 8 2 2 0 2 • Low mass, no mov ing parts, good f requency 
1 2 0 4 Geneve Tel. 0 2 2 / 2 4 8 6 2 0 response 

•NET 

Un g r o u p e de n i v e a u e u r o p e e n 
d a n s 
la p res ta t ion de s e r v i c e s 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Prestations de main-d'oeuvre 
Manutentions 

Office nouveau du nettoyage ONET 
tel. (91) 73 2850 
tel. (1) 20815 57 
tel. 25 7888 
tel. (50) 454641 
tel. (50) 41 1207 

13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01 -SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis-X e 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Geneve 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
du CEN a Grenoble, de I'OMS, de I'ONU et de I'UIT a Geneve. 
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Huber + Suhner have the answers to all connector and cable 
problems in the entire field of RF-communications. For instance: 

Nickel containing surfaces 
cause losses at very high 
frequencies and are thus re­
stricted in their applications Silver discolours easily 

through chemical influences 
and shows quickly signs of 
wear. 

SUCOPLATE® has the shiny 
appearance of fine satin-
finished steel, not affected by 
chemicals, free of discolou-
rings, oxide and other cor­
rosive layers. It is highly 
scratch resistant with optimum 
high frequency transmission 
characteristics. 

Sucoplate f o r 
RF-Connectors 

banishes Silver and Nickel 
t o the O ld I ron ! 

RF-connectors should transmit every signal with negligible RF-losses, they ought to be 
price-right and appear always neat and gleamig despite corrosive influences. Silver manages one thing, 

Nickel the other, SUCOPLATE® achieves both: 

^^^B -connectors wi th SUCO-
^^^L PLATE® f inish meet all re-
H qu i rements of MIL-C-39012. 

SUCOPLATE® combines high conduc t i ­
vity w i th minimal RF-losses: the conduc­
t ivi ty exceeds up to mult i - fo ld the values 
of n ickel and is comparab le to perfor­
mances achieved by galvanical ly appl ied 
si lver layers. With a relative permeabi l i ty 
[ i r o f l , SUCOPLATE® is non-magnet ic 
and does not cause losses even at high 
f requencies. 
The pleasing appearance is maintained 
even in an agressive industr ial atmo­
sphere : unl ike silver, SUCOPLATE® does 
not d iscolour , there is no bui ld up in 
ox ide and other corros ive layers as is 
usually the case in nickel conta in ing sur­
faces — not even at high temperatures 
and in excessive humidity. Not surpr i ­
singly, SUCOPLATE® has passed all 

internat ional ly normed salt spray tests 
wi th f ly ing co lours ! 
The hardness of SUCOPLATE® is doub le 
that of si lver: its resistance to scratch 
and wear more than ten-folds the life ex­
pectancy compared to a s i lverplated con ­
nector. SUCOPLATE® is readily so l -
derable and is avai lable in the ent i re 
range of SUHNER RF-connectors. 

H U B E R + S U H N E R A G 
Werk Herisau 
Kabel- , Kautschuk-, Kunststof f -Werke 
CH-9100 Herisau. Tel . 071/53 15 15 
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nos (omposants 
ont le sens du dialogue 

56 DVP 

nous sommes les spedalisfes 
pour la physique nudeaire 

Ma is moi, XP 2020, I N 0 de deve loppemen t 
PM 2106), dernier ne des photomul t ip l icateurs rap ides 
R.T.C. je bene f i ce des avan tages du 5 6 DVP et des 
XP 1 0 2 0 - X P 1021. 

[ 'uti l isation d e la photocathode D du 5 6 DVP 
dans une structure rapide a 12 etages, issue des 
XP 1020 - XP 1021 permet d 'obten i r les per formances 
suivantes : 

• Impulsion a n o d i q u e pour un photoe lec t ron : 
- t e m p s d e montee : 1,3 ns typ. 
- l a r g e u r a mi-hauteur : 1,8 ns typ . 

- e c a r t t ype de la distr ibut ion du temps de transit : 
0,3 ns typ . 

• Ecart t ype du spectre de co inc idences promptes 
7 - 7 d u 6 0 C o :<T= 100 ps 

Ces per formances sont en tout po in t superieures 
a celles des XP 1020 - XP 1021 malgre I 'abandon du 
connecteur Coax ia l r endan ta ins i le b r o c h a g e c o m p a ­
t ible avec celui des photomul t ip l icateurs d e la famil le 
5 6 DVP. 

Nos Composants ont le sens du d ia logue . 
Interrogez-nous. 

R.T.C. LA RADIOTECHNIQUE-COMPELEC -130 , av. Ledru-Rollin - 75540 Paris Cedex 11 - tel . : 357.69.30 
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T h e h i g h - e n e r g y - p h y s i c s c o m ­
mun i t y is d e v e l o p i n g a s t r o n g 
p r e f e r e n c e fo r s u p e r c o n d u c t ­
ing magne ts . T h e s e c o m p a r a ­
t i ve ly l i gh t -we igh t , h i g h - f i e l d -
s t r eng th dev i ces a re be ing 
used mo re w i d e l y in c o n j u n c ­
t i on w i t h pa r t i c l e a c c e l e r a t o r s 
as the s ta te of t h e ar t a d ­
vances bo th in s u p e r c o n d u c t ­
ing mate r ia l s a n d in re l iab le 
c o o l i n g sys tems . 

S o m e t i m e s t h e r e is no rea­
s o n a b l e a l te rna t i ve . 

In late 1969, r e q u i r e m e n t s 
w e r e set f o r t h fo r s u p e r c o n ­
d u c t i n g m a g n e t s t o be i nco r ­
p o r a t e d in a s e c o n d a r y b e a m 
l ine of t he 6 G e V B e v a t r o n at 
t he L a w r e n c e B e r k e l e y L a b o ­
ra to ry of t he Un ive rs i t y of C a l ­
i fo rn ia . T h e in i t ia l b e a m l ine 
t r anspo r t s 2 t o 4 G e V / C p i -
m inus mesons f r o m the ma in 
a c c e l e r a t o r r ing t o t he e x p e r i ­
men ta l a rea . La ter t he fu l l 
po ten t ia l of t he s u p e r c o n d u c t ­
ing magne t s w i l l be u t i l i zed in 
a b e a m l ine t r a n s p o r t i n g heavy 
ions f r o m the B e v a t r o n . T h e s e 
b e a m l ines o f fer an exce l l en t 
o p p o r t u n i t y t o es tab l i sh t h e 
p r a c t i c a b i l i t y of s u p e r c o n d u c t ­
ing magne t s fo r b e n d i n g and 
f o c u s i n g p a r t i c l e b e a m s i n 
an ac tua l e x p e r i m e n t a l - a r e a 
env i r onmen t . 

By m id -1972 , t he Be rke ley 
g r o u p had d e s i g n e d , f a b r i ­
c a t e d , a n d tes ted bo th t he 
b e n d i n g d i p o l e and the f o c u s ­
ing q u a d r u p o l e doub le t supe r ­
c o n d u c t i n g magne ts . . . e a c h 
w i t h a 20 c m bo re and w i t h 
respec t i ve f i e ld s t r eng ths of 4 
tes la a n d 25 t e s l a / m e t e r . By 
the S p r i n g of 1973, t he m a g ­
nets w e r e c l o s e - c o u p l e d t o a 
CTi M o d e l 1400 He l i um Re­
f r i ge ra to r , ins ta l led in p l a c e at 
t he B e v a t r o n , and o p e r a t e d 
s u c c e s s f u l l y as an i n teg ra ted 
c r y o g e n i c sys tem. 

A s i n o t h e r i n s t a l l a t i o n s 
t h r o u g h o u t t h e w o r l d , t h e 
M o d e l 1400 p r o v e d its ve r sa ­
t i l i t y a n d capab i l i t y . T h e M o d e l 
1400 at B e r k e l e y has dua l d e ­
l i very t u b e s f o r l i qu id h e l i u m , 
one c o n n e c t i n g d i rec t l y in to 
e a c h m a g n e t d e w a r . T h e 
M o d e l 1400 c a n hand le t he 
m i n i m u m r e q u i r e m e n t fo r 13 
l i te rs per hou r p r o d u c t i o n in 
s t e a d y - s t a t e m a g n e t o p e r a ­
t i o n , a n d has a m p l e excess 
c a p a c i t y . Its re l i ab i l i t y is s u c h 
tha t no s t a n d - b y is r e q u i r e d . 

T h e m a g n e t sys tem a n d its 
c o o l i n g p lan t w i l l go in to ope r ­
a t i on la ter in 1973 on a f u l l -
s ca l e b e a m - l i n e e x p e r i m e n t . 

T h e M o d e l 1400 w a s d e ­
s i g n e d w i t h s u p e r c o n d u c t i n g 
sys tems in m i n d . It w i l l run fo r 
w e e k s b e t w e e n s i m p l e , r o u ­
t i ne m a i n t e n a n c e pe r i ods . It 
c a n p r o d u c e f r o m 5 t o 40 l i ters 
pe r hou r of l i qu i d h e l i u m , 20 
t o 100 w a t t s of r e f r i ge ra t i on 
at 4 .5°K, 100 t o 350 wa t t s of 
c o o l i n g at 2 0 ° K , a n d c a n be 
m o d i f i e d fo r h y d r o g e n or neon 
l i q u e f a c t i o n . 

W r i t e o r ca l l CTi t o d a y for 
fu l l de ta i l s o n t h e ve rsa t i l e and 
re l i ab le M o d e l 1400 sys tems . 
A l so , ask fo r o u r b r o c h u r e on 
C o l d . 
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