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CERN, the European Organization for 
Nuclear Research, was established in 
1954 to provide for collaboration 
among European States in nuclear re­
search of a pure scientific and funda­
mental character, and in research 
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European centre and co-ordinator of 
research, theoretical and experimental, 
in the field of sub-nuclear physics. This 
branch of science is concerned with 
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 
two adjoining Laboratories known as 
CERN Laboratory I and CERN Labo­
ratory II. 

CERN Laboratory I has existed since 
1954. Its experimental programme is 
based on the use of two proton ac­
celerators — a 600 MeV synchro-cyclo­
tron (SC) and a 28 GeV synchrotron 
(PS). Large intersecting storage rings 
(ISR), are fed with protons from the PS 
for experiments with colliding beams. 
Scientists from many European Uni­
versities as well as from CERN itself 
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estimated that some 1500 physicists 
draw research material from 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 
addition, there are about 1000 Fellows 
and Scientific Associates. Twelve Euro­
pean countries contribute, in proportion 
to their net national income, to the 
CERN Laboratory I budget, which totals 
391.1 million Swiss francs in 1974. 

CERN Laboratory II came into being 
in 1971. It is supported by eleven 
countries. A 'super proton synchrotron' 
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400 GeV, is being constructed. CERN 
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Physics at London 
This article was prepared by K. W.J. Barnham, 
I. Halliday and I. Siotis (Imperial College, 
London) 

A conference of outstanding interest—a study 
in rapt attention. 

The XVII Internat ional Conference on 
High Energy Physics was held at the 
Imperial Col lege of Science and 
Techno logy , London , f rom 1-10 Ju ly . 
It d rew together about 8 0 0 physicists 
f rom 40 countr ies. K n o w n af fec t ion­
ately as the Rochester Conference, th is 
biennial event is held in rotat ion in 
Europe, the USA and the USSR. 

CERN COURIER'S rev iew of the 
last Conference held at Chicago in 
1972 (Oct . p. 315) detected 'a feel ing 
of exci tement and ant ic ipa t ion ' and 
closed w i t h the words 'whether th is 
feel ing of exc i tement is just i f ied and 
whe ther someth ing very impor tant 
does come up, w e shou ld k n o w before 
the next Rochester Conference in 
t w o years' t ime' . Since that t ime many 
ideas have been upset and it is clear 
that the fundamenta l discoveries made 
in the past t w o years have more than 
v ind icated the expectat ions at Ch i ­
cago. W i t h many major surprises and 
advances to discuss, the Conference 

proved to be one of the most s t imu ­
lat ing and exci t ing for a long t ime. 

It was pr imari ly the open ing of the 
n e w accelerators and exper imental 
faci l i t ies w h i c h prompted the sense of 
expectancy at Chicago and it is f rom 
these that the major discoveries have 
come. 

The surpr is ing results f rom the ISR 
w h i c h revealed that the total p ro ton -
proton cross sect ion rises w i t h energy 
were f o l l owed by measurements at 
FNAL w h i c h showed that this increase 
w i t h energy is also a property of p ion 
and kaon-p ro ton total cross sect ions. 
The heavy l iquid bubb le chamber 
Gargamelle provided the first ev idence 
for the existence of neutral currents 
and the results were soon conf i rmed 
by t w o counter experiments at F N A L 
Experiments at the Stanford e lec t ron-
posi t ron storage r ing SPEAR prov ided 
another major surprise concern ing 
the w a y in w h i c h hadrons are p ro ­
duced in e lect ron-posi t ron col l is ions. 

The SPEAR results sol id ly conf i rmed 
the earlier Cambr idge bypass measure­
ments w h i c h showed that the cross 
sect ion for e + e~ hadrons stays c o n ­
stat up to the highest energy invest i ­
gated. These last results are in c o m ­
plete cont rad ic t ion to the s imple quark 
model (whether co loured or no t ) 
predict ions. Other ISR surprises such 
as the unexpected ly large numbers of 
hadrons at large transverse momenta 
were conf i rmed by results f rom F N A L 
and were complemented by detai led 
in format ion on the propert ies of i nd i ­
v idual events. Hadrons however are 
not the on ly particles produced at 
large transverse momenta . Experi­
ments f rom the ISR and FNAL reported 
results w h i c h s h o w that electrons and 
muons are produced in rough ly equal 
numbers, about ten thousand t imes 
less f requent ly than pions. Aga in th is 
number is we l l outs ide the range of 
s imple quark model predict ions. A l l 
these unexpected results were c o m ­
plemented by sol id progress in the 
s tudy of weak interact ions and the 
more convent iona l subjects of hadron 
physics such as resonance spectro­
scopy and t w o - b o d y reactions. 

W i t h so much happening so fast it 
is d i f f icu l t to g ive a complete picture 
of the Conference in a short report. 
So let us concentrate on t ry ing 
to answer br ief ly the main quest ions 
physicists w h o were not in London 
must n o w be asking their more fo r t u ­
nate col leagues. The many indiv iduals 
w h o s e w o r k has cont r ibuted to th is 
surge fo rward in the subject w i l l ex­
cuse the fact that reference is made 
on ly to their Laboratory, the ful l list 
of names be ing rather ove rwhe lm­
ing. 

Hadrons from lepton collisions 

Let us start w i t h the SPEAR results. 
The main surprise lies in the fact that 
the cross sect ion for e+ e~ -> hadrons 
is constant w i t h energy for energies 
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The Argonne neutrino experiment using the 
12 foot bubble chamber, filled with either 
hydrogen or deuterium, gives very clear infor­
mation on the existence of neutral currents. 

Neutral current evidence from Argonne: 

1. A neutrino interacts with a proton to give a 
neutron, a positive pion and an outgoing 
neutrino. Only the positive pion is seen since 
the other particles produced in the interaction 
are uncharged. 

2. A neutrino interacts with a proton to give 
an outgoing proton and neutrino plus a neutral 
pion which can be identified via its subse­
quent decay into two gammas at least one 
of which is seen materializing as an electron-
positron pair. 

above 3 GeV. The expected mecha­
nism for this process is one in w h i c h 
the e lect ron-pos i t ron pair annihi late 
into a vir tual t imel ike photon wh i ch 
then materialises into hadrons. Care 
is taken in the experiments to exclude 
cont r ibut ions f rom the compet ing 
process in w h i c h the hadrons are 
produced by p h o t o n - p h o t o n inter­
act ions in a doub le Bremsstrahlung 
diagram. The one photon annihi lat ion 
process can also lead to a f inal state 
consist ing of t w o opposi te ly charged 
muons whose cross sect ion is pre­
d ic ted by QED to fall as the inverse of 
the center of mass energy squared. 
Parton models w h i c h have been so 
successful in descr ib ing the SLAC 
results on deep inelastic lepton scat­
ter ing can then predict the ratio e + e~ 
-> hadrons / e + e~ y+ \JT to be a 
constant equal to the sum of the 
squares of the parton charges. W i th 
quark partons th is constant is 2 / 3 , 
co loured quarks w o u l d give 2 and an 
SU3 octet of quarks w o u l d give 4. 
Experimental ly th is ratio turns out not 
to be a constant and, more surprisingly, 
at the highest energies available it 
reaches a value of 6! 

A second b ig surprise f rom the 
SPEAR results is that single hadron 
energy d ist r ibut ions on ly show the 
type of scal ing expected f rom deep 
inelastic electron scattering for large 
secondary hadron energies. A t lower 
secondary hadron energies the distr i ­
but ions s h o w a behaviour wh i ch is 
very similar to that of hadrons pro­
duced in very h igh energy p ro ton-
proton col l is ions. A th i rd SPEAR 
result appears to have provoked 
intense theoret ical act ivi ty. It was 
observed that as the energy of the 
e + and e~ beams is increased the 
f ract ion of that energy go ing into the 
observed charged particles decreases. 
Hence a large propor t ion of the energy 
must be go ing into neutral particles. 

A l l these results proved to be a 
disaster for the hi therto successful 



New total cross section data from the Fermi 
Lab. (black dots) show a general rise with 
increasing energy for various incident particles 
on protons. Additional proton-proton cross 
section measurements made at the CERN ISR 
lie off the figure to the right (see next figure). 

quark-par ton model . However this is 
clearly not a disaster for physics. 
Experimentalists w o u l d be very upset 
if a new faci l i ty explor ing u n k n o w n 
areas of nature didn't produce unex­
pected results. 

Neutral currents 

Let us n o w turn to neutral currents 
whose birth was consecrated at this 
Conference. The necessity of neutral 
currents or heavy leptons (or bo th ) 
emerged as a result of the at tempts to 
renormalise the theory of weak inter­
act ions so as to cure its d iverg ing high 
energy behaviour. The first evidence 
of neutral current interact ions was the 
observat ion at CERN of events of the 
type + nucleon -> + hadrons in 
the large heavy l iquid bubble chamber 
Gargamelle. It was the absence of a 
charged muon in the f inal state w h i c h 
provided the evidence for the existence 
of neutral currents. A tho rough dis­
cussion of the experimental evidence 
f rom Gargamelle was presented at 
this Conference and at the same t ime 
results were conf i rmed by t w o exper i ­
ments at F N A L The results can be 
presented in terms of the ratio of 
neutral to charged current events 
w h i c h turns out to be about 20 % for 
neutr ino and 40 % for ant ineutr ino 
induced reactions. The next stage w i l l 
obv ious ly be the detai led experimental 
s tudy of their properties. 

N e w conf i rmat ion of the existence 
of neutral currents in weak interact ions 
came f rom Argonne. A n A r g o n n e / 
Concordia Col lege/Purdue Universi ty 
team used the twe lve foo t bubble 
chamber f i l led w i t h hydrogen or deu ­
ter ium to look for t w o types of inter­
act ion 

v + p - ^ v + n + Tu+ 

V + p - > V + p + 7 U ° 

In the first type on ly the posit ive p ion 
is seen emerging f rom the in teract ion; 
in the second type the proton and at 
least one e lect ron-posi t ron pair f rom 

the neutral p ion decay is seen emer­
g ing . 

In 700 000 pictures they have 
twe lve clear examples of neutral 
current interactions. The use of the 
hydrogen chamber has the advan­
tage over the CERN and FNAL infor­
mat ion in being able to ident i fy all the 
produce of some interact ions. The 
team is n o w work ing on interact ions 

v + n - > v + p + 7u~ 

in w h i c h everything about the inter­
act ion can be measured — the neu­
t r ino energy, the momentum transfer, 
the p ro ton /p ion masses and so on . 

Need for charm 

The successful predict ion of neutral 
currents has strengthened theor ists ' 
conf idence in renormalisable models 
and they are n o w predict ing the exist­
ence of a new quantum number, 
charm. It is the experimental absence 
of strangeness — changing neutral 
currents in con junct ion w i t h the need 
to renormalise certain d iverging weak 
interact ion processes involv ing quarks 
w h i c h leads to the necessity of charm. 
Dur ing the next t w o years w e shall 
certainly wi tness an intense exper i ­
mental act iv i ty in the search for 
charmed particles. 

Hadron interaction cross sections 

Turn ing to hadronic interactions many 
results were presented w h i c h w o u l d 

have been though t exci t ing in any 
ordinary year. Total cross sect ion 
measurements for n±, K 1^ p and p on 
proton and deuter ium targets were 
presented by groups f rom FNAL. A l l 
except the pp cross sect ion show a 
rise over the FNAL energy range and 
the pp results interpolate smooth ly be­
tween the Serpukhov and ISR points. 
The pp cross sect ions f latten out w i t h 
increasing energy and thus avoid 
crossing the rising pp points. The very 
basic theorem according to w h i c h 
particle and antipart icle cross sections 
shou ld approach each other as the 
energy is increased is beaut i fu l ly satis­
f ied by the new results. In fact the 
di f ference between the t w o is very 
we l l described by a behaviour 
as predicted by Regge models. On the 
other hand it seems unl ikely that 
data at presently accessible energies 
w i l l be able to dist inguish between 
models predict ing dif ferent funct ional 
dependences for the rise in the cross 
sect ion. As was stressed by the rap­
porteur all available data can be 
f i t ted by a Ins or ( Ins ) 2 rise or even 
a power law in s. Experimental at tempts 
to pin d o w n the mechanism respon­
sible for the rise led to apparent ly 
contradic tory results. Groups f rom the 
ISR and FNAL s tudy ing the pionisa-
t ion and dif fract ive components of 
p ro ton-p ro ton interact ions separately 
c la imed that the cont r ibut ion to the 
total cross sect ion of their respective 
k inemat ic regions cou ld account for 
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Total pp and pp results from the low energy 
data through Serpukhov, the new Fermi Lab. 
results (the black points) and the CERN ISR 
results. 

the rise. W e thus seem to w i tness the 
parts add ing up to more than the w h o l e 
unless of course the t w o observat ions 
are the result of the same mechanism. 

High transverse momentum particles 

Staying w i t h the ISR the f irst results 
f rom Spl i t Field Magne t exper iments 
were presented and inc luded measure­
ments of elastic pp scatter ing at h igh 
m o m e n t u m transfer. The var iat ion w i t h 
energy of the posi t ion of the d ip in the 
cross sect ion first reported at the 
Chicago Conference tends to suppor t 
a s imple picture of geometr ical scal ing 
i.e. the proton behaves like a 'grey 
disk ' w h o s e radius increases w i t h 
energy. 

Some very impor tant results on h igh 
energy t w o - b o d y reactions were pre­
sented by groups w o r k i n g at Serpu­
khov and FNAL. They reported measu­
rements of 7T~p -> 71° n and vrp - > Y ) n 
at momenta up to 1 0 0 GeV/c w h i c h . 

w h e n comb ined w i t h recent precise 
measurements at the CERN PS, lead 
to beaut i fu l ly straight p and A 2 Regge 
trajectories. 

The report on the observat ion of 
unexpected ly large numbers of par­
t ic les at h igh transverse m o m e n t u m 
was one of the h ighl ights of the 
Chicago Conference t w o years ago. 
As has of ten been stressed h igh t rans­
verse momen tum events may be the 
mani festat ion of point l ike const i tuents 
in the pro ton. It is therefore extremely 
impor tant to s tudy in detai l the pro­
perties of subevents, in part icular the 
quan tum numbers of the emerg ing 
part icles, the effect ive mass d is t r ibu­
t ions and the correlat ions among 
them. 

Results f rom the ISR and F N A L 
s h o w very h igh product ion ratios of 
kaons, protons and ant iprotons to 
pions. Thus for example at p ± ~ 6 
GeV/c and E L a b - 4 0 0 GeV they 
f ind K + / T T + ~ 0 . 7 . Another impor tant 

result f rom the ISR concerns the mu l t i ­
p l ic i ty of part icles associated w i t h one 
of large p^. In the hemisphere o p p o ­
site to the large p ± part icle the mu l t i ­
p l ic i ty g rows by a factor of 4 be tween 
p ± ~ 0 . 7 and 3 . 7 GeV/c . This is 
independent of the inc ident energy. 
In the hemisphere towards the large 
Pi part icle t he 'mu l t i p l i c i t y is s t rongly 
energy dependent and at the lower 
energies decreases w i t h increasing 
Pj_. A t the highest energies it be­
comes independent of p ^ A n in t r i ­
gu ing result of the same exper iment 
w a s that t r igger ing on one n° w i t h 
large p ± enormous ly increases the 
chances of f i nd ing nearby another 
7 i ° w i t h a similar p ± . The effective 
mass spect rum of the t w o pions does 
not s h o w any obv ious resonant 
structure. 

The s tudy of large transverse m o ­
men tum phenomena is sti l l at a very 
early stage and , as the rapporteur on 
the subject po in ted out , w e cannot 
yet d raw any real conc lus ions but 
many quest ions have been raised 
w h i c h need fur ther detai led exper i ­
mental s tudy. 

Pointers to the future 

Extrapolat ing fo rward f rom the d isco­
veries of the past t w o years it is not 
t oo opt imis t ic to predict that the 
next t w o w i l l be at least as exc i t ing. 
W e may we l l have seen at this Confer­
ence the first hints of some of the 
f o r t hcoming sensations. A t least 
three results f irst reported at th is 
Conference were received w i t h the 
sort of react ion w h i c h suggests that 
they are g o o d candidates for tomor ­
row 's major story, t h o u g h at present 
all three are, to vary ing degrees, sub­
ject to conf i rmat ion . 

Firstly, the results ment ioned earlier 
f rom a number of FNAL and ISR 
exper iments observ ing single lepton 
produc t ion at large transverse m o ­
menta. Is th is observat ion, and the 

246 



52 n d Session 
of CERN Council 
The Council met on 26, 27 June under the 
Presidency of Professor W. Gentner 

dif f icul t ies of parton models to explain 
it, related to the SPEAR results on 
e + e - _^ hadrons or are w e seeing very 
substant ial p roduct ion of 0 mesons 
w h i c h then decay to lepton pairs? 
This is undoubted ly the f i rmest of the 
three results to be discussed and in 
the next t w o years several exper i ­
mental searches for lepton pair p ro ­
duc t ion at h igh transverse m o m e n t u m 
wi l l be made. 

The second very interest ing result 
was the observat ion at F N A L of t w o 
neutr ino induced react ions w i t h not 
on ly a yr in the f inal state but also a 

Both events occurred at the highest 
neut r ino energies and w e may be o b ­
serving the onset of a n e w process. 

Third ly, another exper iment at F N A L 
s tudy ing deep inelastic muon scat­
ter ing f rom a nuclear target s h o w s 
some weak ind icat ion of a dev ia t ion 
w i t h the scal ing w h i c h w o u l d have 
been expected f rom lower energy 
deep inelastic lepton scat ter ing. The 
b reakdown of scal ing at h igh energies 
w o u l d indicate that some n e w pro­
cess was tak ing place invo lv ing the 
existence of a fundamenta l length . 
However th is is a very d i f f icu l t expe­

r iment to perform needing a t ho rough 
understanding of the systematic errors. 

Three hints then f rom the Confer­
ence w h i c h cou ld lead to an even 
more interest ing Rochester Confer­
ence in t w o years' t ime. H o w w i d e ­
spread was the sense of expectancy 
that the next t w o years w i l l w i tness 
very impor tant discoveries? We l l , one 
rapporteur w e n t on record as be ing 
prepared to bet any physic ist a crate 
of w i n e that by the next Conference 
charmed part icles w i t h masses be low 
12 GeV w i l l have been f o u n d . 

So w e can make one f i rm predic­
t ion for the next Rochester Confer­
ence. There w i l l either be exc i tement 
among physicists at a d iscovery of 
great impor tance or a number of p ro ­
fessional ly despondent bu t inebr iated 
physicists. 

A t the J u n e Counci l Session the 
Directors General presented reports 
of progress at the t w o CERN Labo­
ratories. W. K. Jentschke ment ioned 
some recent physics results f rom the 
28 GeV proton synchrot ron and the 
intersect ing storage rings. As covered 
in the report of the London Confer­
ence, there is further evidence for 
neutral currents f rom the neutr ino 
exper iments w i t h the Gargamelle 
heavy l iqu id bubble chamber. Ano ther 
example of neutr ino-e lect ron scat­
ter ing has been seen and over t w o 
hundred events on nucleons are n o w 
conf i rmed. In add i t ion , an exper iment 
w i t h a pro ton beam into the chamber 
has checked that the est imate of the 
background , w h i c h cou ld result in 
other events being confused w i t h 
neutral current events, is correct. 

Wh i le the existence of neutral cur­
rents is suppor t ing evidence for the 
at tempt to uni fy the interpretat ion of 
weak and electromagnet ic interac­

t ions, a subversive new type of 
interact ion remains the on ly w a y to 
explain the behaviour of the neutral 
kaon. The so-ca l led superweak force 
has been postu lated to account for 
the disrespect of the neutral kaon for 
the symmetry of charge and parity in 
Nature. Since the combined symmetry 
of charge, pari ty and t ime is stil l be­
l ieved to be g o o d , the v io lat ion of 
charge-par i ty impl ies a v io lat ion of 
t ime symmetry to restore the balance. 
The superweak theory makes rather 
precise predict ions as to h o w the 
symmetry of t ime w i l l be broken. 

The network of survey reference points on the 
Laboratory II site is being extended to meet the 
geodetic needs of the accelerator and of its 
North Experimental Area. The work has been 
greatly eased by the use of a geodolite, on loan 
from the Fermi Laboratory, which is a distance 
measuring instrument using a modulated laser 
beam. It is capable of accuracies of one part in a 
million over distances longer than could 
previously be measured in one stage at CERN. 

CERN 420.5.74 

247 



To test assembly and alignment procedures for 
the imminent installation of components in the 
SPS tunnel, a 30 m stretch of machine 
comprising four bending magnets flanked by 
two quadrupoles has been linked up in the 
Laboratory II large assembly hall. 

CERN 269.6.74 

A CERN/Orsay team in 1970 s h o w ­
ed that t ime symmetry v io la t ion does 
occur and this has n o w been con f i rm­
ed in a more precise exper iment by a 
CERN/He ide lberg team. In essence 
w h a t it does is to wa t ch the neutral 
kaons and, after a f ixed t ime, measure 
h o w many convert to ant i -neutra l 
kaons. Taking ant i -neutra l kaons it 
watches, after the same f ixed t ime, h o w 
many convert to neutral kaons. If t ime 
is symmetr ic these shou ld be equal but , 
in fact, the second f igure is about 1 % 
greater than the first. This measure­
ment is in good agreement w i t h the 
predict ion of superweak theory w h i c h 
remains an uncomfor tab le pheno­
menon on the sidelines of our present 
interpretat ion of Nature. 

Ano ther exper iment w h i c h is just 
beg inn ing to take data is the n e w 
version of the g -2 measurement 
a iming to push the accuracy of th is 
key f igure, w h i c h emerges f rom the 
roots of quan tum elect rodynamics. 

sti l l further. Af ter about a week of tests 
w i t h the p ion beam, in ject ing in to a 
storage r ing where muons are p ro­
duced in p ion decay, a f irst a t tempt to 
observe w h a t the muons are do ing 
was made on 15 June . W i t h on ly a 
seven hour run, excel lent clean results 
were obta ined w h i c h already give g - 2 
to the accuracy of the 1 9 6 6 - 6 7 results. 
This promises we l l for being able to 
improve the accuracy considerably 
and thus to penetrate deeper into the 
nature of the electromagnet ic force 
and of the muon . 

L. Van Hove carried the physics 
story much further at the Counc i l 
Session w h e n he rev iewed the ou t ­
come of the last f e w years of research 
to mark the end of his three year term 
as Director of the Theoretical Physics 
Department. Since w e d id a rather 
similar rev iew in our May issue, w e 
w i l l leave th is top ic but may return 
to it in a subsequent issue since it i l l u ­
minated in di f ferent ways our present 

interpretat ion of part icle interact ions. 
The steady progress in the bu i ld ing 

of the 4 0 0 GeV proton synchrot ron 
the SPS, in Laboratory II was reporte 
by J .B . Adams. He emphasized par t i ­
cular ly the w o r k on the machine 
tunne l ( inc lud ing the s h o w i n g of a 
f i lm , di rected by G. Pessis, on tunnel 
cons t ruc t ion ) . A t the t ime of the 
Counc i l Session, ' the mole ' had bored 
its w a y around 9 0 % of the 7 km cir­
cumference of the machine, ma in ta in ­
ing an accuracy of better than 5 cm 
compared to its scheduled pos i t ion. 

Meanwh i l e the l in ing of the raw 
tunne l has begun in the half of the 
r ing no longer used by the mole and 
its spo i l - remov ing /p re l im inary - l i n ing 
entourage. This involves f i l l ing in the 
jo in ts of the prel iminary l in ing, moun t ­
ing steel sheets for water proof ing, 
cast ing a second concrete l in ing, i n ­
jec t ing cement be tween the l in ings 
and laying the tunne l f loor. Over a 
s ixth of the r ing is completed and the 
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Major services to the Laboratory II site are 
nearing completion: 

1. Installation of the 380 kV electrical power 
lines is well advanced over the 40 km linking 
the Laboratory to the European grid at 
Genissiat. The hand is guaranteed to 
release the cable before the lines are powered. 

2. Two 5000 m3 reservoirs are to hold the site 
water supply brought from Lac Leman. One 
of them has already been filled and is distri­
buting water, via the pumping station, to part 
of the site. 

instal lat ion of services (power l ines, 
etc.) has started. The first magnet is 
scheduled to be whee led into the 
tunnel in October. 

Assembly and test ing of magnets is 
under way on a large scale. Over 
100 bending magnets have been 
bui l t , satisfactori ly tested and stacked, 
awa i t ing their descent into the r ing. 
A b o u t f i f ty quadrupoles have been 
del ivered and some of the var ious 
types of correct ion magnets are be­
g inn ing to arrive. A trial assembly of a 
half period (the sequence of magnets 
w h i c h is normal ly repeated around the 
r ing) of the machine has been satis­
factor i ly carried out in the large Assem­
bly hall . 

The high power components of the 
accelerat ing system are n o w being 
bu i l t and the first sect ion of an r.f. 
tank is expected to be del ivered soon. 
There have been problems w i t h the 
125 kW power ampli f iers and the 
ceramic discs in the power t ransmis­
sion lines but they have been cleared CERN 24.4.74 

and both ampli f iers and discs are 
being produced w h i c h meet all the 
requirements. 

Magnets (quadrupoles and bending 
magnets) for the in ject ion beam- l ine 
f rom the PS are on site and the septum 
magnets for the in ject ion system are 
being manufactured. The design of 
the kicker magnets is complete and 
components , such as ferri te b locks, 
vacuum tanks and ceramic feed-
throughs, have been ordered. These 
magnets w i l l be powered by current 
pulses as h igh as 10 kA w i t h very 
short rise and fall t imes and pulse 
durat ions of some microseconds. Spe­
cial pulse fo rming networks w i t h a 
deuter ium thyratron and igni t rons have 
been developed to provide these 
pulses and are being subjected to 
lifetests a iming for their survival over 
as many as 1 0 7 pulses. 

A fu l l -scale prototype of the elec­
trostat ic septum for the eject ion sys­
tem, one of the tr ickiest of the machine 

CERN 182.5.74 
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Personalities in the news: 

1. L. Leprince-Ringuet 
2. K. Johnsen 
3. L. Van Hove 

1. CERN 3497 

components , has been bui l t . It is 3 m 
long w i t h the septum made of a plane 
of stretched 0.15 m m diameter t u n g ­
sten wi res spaced 1.5 m m apart. To 
eject 4 0 0 GeV protons, it is required 
to ho ld a f ie ld gradient of 100 k V / c m 
between the wires and the t i t an ium 
cathode. The proto type achieved 
120 k V / c m w i t h a gap of 17.5 m m 
and a pressure of 1 0 - 6 torr. However , 
lower pressures are desirable so as to 
reduce the number of ions l iberated by 
the beam w h i c h can ini t iate electr ical 
b reakdown and at 10~ 9 torr per fo rm­
ance of the proto type was reduced by 
about a factor of t w o . Studies to o p t i ­
mise operat ing cond i t ions are c o n t i ­
nu ing . 

For the contro l system, three quar­
ters of the 24 computers are del ivered 
and per forming we l l . The f irst part of 
the 'message transfer sys tem' has 
been insta l led; prototypes of the 
C A M A C and mul t ip lexor modules are 
in act ion. A total of 1500 km of cable 
for carry ing contro l s ignals and l ight 
currents have been ordered. Some 
is already being instal led in the A u x i ­
l iary Bu i ld ing by access shaft No 2. 

The layout of beams in the West 
Hall and for the Nor th Area has been 
approved by the Commit tees w h i c h 
oversee the experimental programmes. 
Detai led design of the beams is n o w 
under way . To the West , of part icular 
interest w i l l be the neutr ino faci l i ty 
where bo th w i d e - b a n d and nar row­
band (energy spread) neutr ino beams 

2. CERN 291.2.71 

wi l l be sent to feed an array of detec­
tors inc lud ing the 3.7 m European 
bubb le chamber, the Gargamelle heavy 
l iquid bubb le chamber and electronic 
detectors. To the Nor th , of part icular 
interest w i l l be the muon beam where 
very h igh intensit ies at peak energies 
w i l l be avai lable. 

Everything remains on schedule for 
commiss ion ing the accelerator in the 
second half of 1976. 

Collaboration with ESQ 

The Agreement for scient i f ic and 
technica l co l laborat ion between CERN 
and the European Southern Obser­
vatory has been extended for a fur ther 
three years. The Agreement covers 
part icular ly the help g iven by CERN 
in the const ruct ion of a 3.6 m opt ica l 
te lescope dest ined for the Observatory 
at La Silla in Chile. 

Budgets in coming years 

A t the end of each year the Counc i l 
considers CERN budgets for the 
f o l l o w i n g four years thus mak ing it 
possible, bo th in the Member States 
and in CERN itself, to do long- te rm 
p lann ing w i t h a g o o d understanding 
of the l ikely f inancia l s i tuat ion. In add i ­
t i on , for the bu i ld ing of the SPS a tota l 
budget and a budget prof i le over the 
years of const ruc t ion have been 
agreed. 

These forecast f igures are adjusted 

3. CERN 2734 

t o take account of the movements of 
r aw material prices, salaries, etc. in 
accordance w i t h a 'cost var iat ion 
index' . A prel iminary est imate of the 
index is usual ly presented at the June 
Counci l Session and th is year it is 
com ing ou t in the uncomfor tab ly h igh 
region of 10 %. Th is reflects the rate of 
in f la t ion prevai l ing in Europe and, 
c o m p o u n d e d by currency exchange 
problems, w i l l not make life easy 
dur ing the f inancia l discussions later 
th is year. 

Appointments 

The Counc i l approved the elect ion c 
t w o n e w members of the Scient i f ic 
Pol icy Commi t tee — R.H. Dalitz and 
A. Lagarr igue. They succeed t w o 
members of long s tand ing w h o have 
cont r ibu ted considerably to the deve­
lopment of CERN — L. Lepr ince-
Ringuet, a member of the SPC f rom 
its very f irst meet ing t w e n t y years ago, 
and S.A. Wou thuysen , a member of 
the SPC for the past ten years. 

W i t h i n CERN itself, S. Fubini takes 
over f rom L. Van Hove, w h o has 
comple ted three years as Director of 
the Theoret ical Physics Department, 
and W. Schnel l takes over as Director 
of the Intersect ing Storage Rings 
Depar tment f rom K. Johnsen , w h o is 
t o devote himself to fur ther studies 
on storage r ings. F. Ferger becomes 
Head of the ISR Div is ion for three 
years beg inn ing J u l y 1974. 
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CERN News The trapping efficiencies at various r.f. voltages 
as measured in the Booster for two energy 
spreads of the beam from the Linac. Note how 
the efficiency is higher with a small energy 
spread. Being able to use this higher efficiency 
contributed to the recent Booster intensity 
record. 

Multi-exposure oscillogrammes of a Booster 
bunch produced by trapping a beam from the 
Linac with low energy spread. The lower trace 
has no r.f. phase modulation; the upper trace 
has phase modulation of ± 4°. 

Booster accelerates 
10 1 3 protons per pulse 
Dur ing a machine deve lopment run 
on 18 June , the 800 M e V Booster 
reached an intensity of 1.02 x 1 0 1 3 

protons per pulse for the first t ime. 
This intensi ty was mainta ined for 
several thousand pulses but the acce l ­
erated beam qual i ty was not sui ted 
for transfer to the main synchrot ron 
r ing and more w o r k needs to be done 
to master beam behaviour. Never­
theless it is an encourag ing achieve­
ment to have reached design intensity. 

M a n y ref inements to machine c o m ­
ponents over the past months t oge th ­
er w i t h a very stable Linac beam 
cont r ibu ted to the success and , in 
add i t ion , t w o special tr icks were 
cal led into play. The first t r ick was 
to increase the mu l t i - tu rn in ject ion 
ef f ic iency into the Booster by in ject­
ing into a larger phase space area. 
This was set up by co l laps ing the 
deformat ion of the in ject ion closed 
orbi t , w h i c h is used in mu l t i - tu rn 
in ject ion, faster than usual. It gave 
more accelerated intensi ty but the 
result ing horizontal beam emit tance 
at 8 0 0 MeV was 25 % too large for the 
beam to squeeze th rough the transfer 
l ine and into the PS. 

The second tr ick involves the r.f. 
system. It has been k n o w n for a long 
t ime that , w h e n the protons f rom the 
Linac have a l o w spread in energy 

(obta ined by using a debuncher ) , the 
Booster t rapping eff ic iency is h igh . 
However if th is l o w energy spread is 
comb ined w i t h h igh beam intensi ty, 
the bunches c i rculat ing in the Booster 
become unstable longi tud ina l ly . To 
avoid th is , a larger energy spread is 
usually provided f rom the Linac w h i c h 
lowers the t rapping ef f ic iency to about 
8 0 % but gives much happier bunches. 

Even for lower energy spreads, 
instabi l i t ies take longer to g r o w to 
serious propor t ions than it takes to 
trap the incoming beam into bunches. 
L. Magnan i discovered in a preceding 
run that feeding the r.f. phase loop 
w i t h a signal that shakes the bunches 
at their natural osci l lat ion f requency 
usual ly prevents the instabi l i t ies f rom 
deve lop ing. It is not yet fu l ly k n o w n 
w h y th is tr ick works , but the net 
result is that it makes it possible to 
take lower energy spreads, t rapp ing as 
much as 95 % of the protons a c c u m u ­
lated by mul t i - tu rn in ject ion into the 
four superposed Booster r ings, and to 
accelerate h igh intensit ies to 8 0 0 MeV. 

It is not yet clear w h e n 1 0 1 3 protons 
per pulse can be reached in the PS 
for normal operat ion. However , the 
Linac people are at tempt ing to provide 
an improved beam for future Booster 
deve lopment runs. The Booster people 
are involved in further exper iments to 
invest igate the remaining instabi l i t ies 
and to cure them. The PS people, 
amongst other th ings, are f inal iz ing the 
in ject ion procedure of the Booster 
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beam and expect to exper iment fur ther 
this year w i t h the improved gamma 
transi t ion j u m p (see vo l . 14, page 10) 
and w i t h extra correct ion lenses, all of 
w h i c h need to w o r k we l l to provide 
1 0 1 3 protons per pulse of the required 
qual i ty f rom the PS. 

»  

SPS: Completion 
of the 7 km tunnel 
On 31 J u l y the Robbins machine 
comple ted the j o b of bor ing the SPS 
tunnel — a r ing 6 9 0 0 metres in cir­
cumference and 4.8 metres in diameter 
(see, inter al ia, vo l . 12 , page 124 and 
vo l . 13, page 7 0 ) . The contract for the 
underground works was placed w i t h 
the g roup A C C E L compr is ing Los in-
ger, Prader and Cuenod of Swi tzer­
land ; Soc. GrandsTravauxde Marsei l le 
and Forgal of France. 

It was on 12 March 1973 that the 
'mo le ' w i t h its at tendant train was 
ready 50 metres underground, to start 
bor ing t h rough the layer of molasse it 
was not to leave before comple t ing 
its journey. 

Apar t f rom rest days there were four 
breaks in the w o r k of the machine 
to ta l l ing eleven weeks ou t of the 
sixteen and a half mon ths ' operat ions. 

1) In J u l y 1973 there was a halt 
of t w o weeks , caused by the unex­
pected encounter of pockets of me­
thane in the second sextant, just 
beyond shaft PA2. These pockets 



At precisely 10.32 a.m. on 31 July, the Robbins 
boring machine (the 'mole') reached the end 
of its 7 km circular journey, marking the 
completion of the piercing of the tunnel and of 
a major stage in the construction programme for 
the 400 GeV accelerator on CERN Laboratory II 
site. The photograph shows a group of VIPs 
and journalists present in the tunnel at the final 
breakthrough. On the right, the beam transfer 
tunnel from the PS joins the main ring. 
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s h o w e d up as fissures or crazing, of ten 
qu i te large, w h i c h w h e n exposed gave 
rise to dangerous concent ra t ions of 
gas in the tunne l . The safety services 
took qu ick act ion, and after the sec­
t ion had been adequately vent i la ted 
a permanent detector system w a s 
instal led. Detectors were placed at 
three po in ts : at the head of the 
machine, near the device w h i c h 
placed the pre-cast concrete vaul t 
sect ions and again at the end of the 
t ra in. In add i t ion , mobi le detectors 
kept a check on the methane c o n c e n ­
t rat ion in the tunnel dur ing week-ends . 
This doub le detect ion system was kept 
go ing up to the end of the bor ing 
operat ion. Other safety measures were 
also taken : the capaci ty of the v e n t i ­
lat ion system, for example, was i n ­
creased and a system instal led for 
t rapp ing escaping gas. 

Men t i on shou ld also be made of 
another type of inc ident w h i c h , a l ­
t h o u g h not hal t ing the bor ing opera­

t i on , occasional ly s lowed it up to a 
rate of less than 10 metres per day. 
Regions of f ractured molasse w h i c h 
were encountered intermi t tent ly made 
it necessary to install suppor t ing 
r ings be tween the head of the 'mo le ' 
and the device for p lac ing the vaul t 
sect ions. 

2) In Augus t 1973 there was a 
p lanned pause of four weeks, at shaft 
PA2 to pierce the entrance to the 
Nor th eject ion l ine and concrete the 
wa l l be tween the t w o tunnels. 

3 ) T w o weeks over Christmas and 
the N e w Year. 

4 ) Finally, three weeks at shaft 
PP4 were needed for f i t t ing ou t the 
n e w marshal l ing yard as service oper­
at ions were moved over f rom the 
PGC and for the instal lat ion of the 
three sets of demountab le shut ter ing 
w i t h w h i c h the interior vaul t is fo rmed 
progressively over the three sextants 
already bored. 

The Robbins bor ing machine has 

f in ished its j o b on the SPS w i t h 
commendab le ef f ic iency, bor ing at 
an average rate of about 21 metres per 
day — faster than had been or ig inal ly 
foreseen. By the end of Ju ly , all the 
civ i l engineer ing w o r k had been 
comple ted be tween shafts PA3 and 
PP4, service instal lat ions are already 
go ing in and t l fe f irst magnets are due 
to go d o w n in October. 

NUE Experiment 
Aachen-Padua 
collaboration 
A n e w exper iment a imed at invest igat­
ing neutral leptonic currents was put 
under w a y at the beg inn ing of Ju ly . 
This exper iment, w h i c h gets its name 
f rom a comb ina t ion of N U (neutr ino) 
and E (e lec t ron) , cont inues the series 
of studies w i t h the Gargamelle heavy 
l iqu id bubb le chamber, but makes 
use of an array of spark chambers. 

The exper iment is being done by an 
Aachen /Padua col laborat ion and is 
main ly directed at invest igat ing neu­
t r ino scatter ing of the type 

^ + e- - * + e~ 
and measurement of the cross sect ion 
of th is react ion. The results w i l l extend 
the research made w i t h Gargamelle, 
w h i c h led to impor tant developments 
in our understanding of weak inter­
act ions (see vo l . 13, page 2 9 1 ) . The 
exper iment, w h i c h was approved last 
October, has been set up at great 
speed w i t h the help of the CERN 
technical services. 

A l igh t - t igh t and dus t -p roo f bu i l d ­
ing was erected beh ind Gargamelle 
a long the l ine of the neutr ino beam. 
Temperature in the bu i ld ing is kept 
constant in order to avoid air move­
ment and d is tor t ion of the spark 
chambers. 

The equ ipment consists of 150 
a lumin ium th i ck -wa l l ed opt ical spark 
chambers. Together they fo rm a 7 m 
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View of the equipment for the NUE experiment Example of a neutrino event photographed with 
which has started on the study of leptonic the equipment of the NUE experiment. The 
neutral currents. The body of the detector in the long track of the muon can be easily seen, 
centre of the photograph is 7 m long and 
consists of 150 spark chambers. The two mirrors, 
each of over 15 m2, reflect the track images to 
a camera, which has already taken over 
36 000 pictures. 

l ong detector w i t h a useful w e i g h t of 
20 tons — tw i ce that of the Garga­
melle detect ion uni t w i t h heavy f reon 
f i l l ing . Each chamber is in the fo rm 
of a 4 cm th ick modu le w e i g h i n g 
2 3 0 kg and w i t h an area of 2 x 2 m 2 . 
One modu le consists of three plates, 
w i t h a potent ia l d i f ference of 8 kV 
appl ied between the midd le plate and 
the outer plates. The inert gas used is 
a mixture of hel ium and neon (Neoga l ) 
c i rcu lat ing in a closed system incor­
porat ing pur i f icat ion plant. 

The f lash f rom the sparks is ref lected 
in to the camera by t w o mirrors. Each 
mirror, some 15 m 2 in area, consists of 
an assembly of e i gh ta l um in i um honey­
c o m b supports covered w i t h a th in 
layer of a lumin ium-coa ted mylar. The 
t w o images obta ined are projected on 
to the same f i lm exposure by t w o lenses 
moun ted side by side. 

Tr igger ing of the chambers is not 
select ive accord ing to the type of 
event w a n t e d , as is usual ly the case 
w i t h spark chambers, but takes place 
automat ica l ly after the neutr ino beam 
passes t h rough , at each pulse of the 
CERN proton synchro t ron. The idea 
beh ind th is is to 'see every th ing ' 
as the part icular events invest igated 
are so rare (1 /10000 neutr ino events ) , 
no risk must be taken of m iss ing them. 

Apar t f rom its substant ia l useful 
w e i g h t w h i c h enables a h igh number 
of neutr ino events to be ob ta ined , the 
equ ipment has the advantage of g iv ing 
very clear images in the sense that the 
detector is 'bare' and no th ing in the 
v ic in i ty can create secondary events. 

This exper iment, in w h i c h 36 0 0 0 
photographs were taken at the beg in ­
n ing of Ju ly , w i l l provide al together a 
mi l l ion photographs. A m o n g s t these it 
shou ld be possible to f i nd about a 
dozen neutral leptonic current events 
— a s igni f icant add i t ion to the t w o 
such candidates so far recorded in 
Gargamel le (see vo l . 14, page 167, and 
vo l . 13, page 2 1 2 ) . 
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Under the title of 'Sweden at CERN' an 
exhibition of Swedish equipment from eight 
companies, in association with a series of 
lectures, took place from 10 to 14 June. The 
photograph was taken during a reception on 
12 June and features, left to right, J. Nilsson 
(Director of the Swedish Council for Atomic 
Research), G. Engblom (Director of the Swedish 
Export Council), J.B. Adams (Director General 
of CERN Laboratory II), S. Nilsson (Swedish 
Ambassador at Berne), and W.K. Jentschke 
(Director General of CERN Laboratory I). 

Photograph of a magnet constructed at CERN 
for SIN, the Swiss Institute for Nuclear Research 
at Villigen. It is one of two compensation 
magnets being built for separated, pure pion 
beams of momentum up to 550 MeV/c. The 
magnet is 300 mm long with an aperture of 
313 mm. The bending force is 0.067 T.m at 
250 A, corresponding to a deflection of the 
order of 36.5 milliradians at 550 MeV/c. 

Record luminosity in ISR 
In recent deve lopments on the ISR 
dur ing w h i c h studies have been made 
of the in terdependence of the pres­
sure in the system and the max imum 
current that can be stacked, a l um ino ­
si ty of 1.04 x 1 0 3 1 cm~ 2 s~ 1 has been 
achieved. Luminos i ty is the parameter 
w h i c h w h e n mul t ip l ied by the pro­
t o n - p r o t o n cross sect ion gives the 
rate of interact ion and is as a result the 
determin ing number as to the rate at 
w h i c h the physics research can go on . 
This n e w h igh f igure was obta ined 
w i t h a current of 22 A in each of the 
t w o r ings and w i t h an effect ive beam 
height of 4 .75 m m . The luminos i ty is 
propor t iona l to the product of the 
beam currents and inversely propor­
t ional to the effect ive height. 

S ince the ISR have been put into 
operat ion the intensi ty of the beams 
w h i c h are usable for physics has been 
steadi ly increased and physics runs 
have been made w i t h luminosi t ies of 
5 x 1 0 3 0 cm~ 2 s " 1 . It has been appre­
ciated for some t ime that the deter­
m in ing factor in the max imum current 
w h i c h cou ld be stacked is the qua l ­
i ty of the vacuum. As th is has been 
steadi ly improved w i t h mean pres­
sures n o w about 10~ 1 1 torr and sensi­
t ive zones one by one sorted out , the 
quest ion of instabi l i t ies is becoming of 
comparab le impor tance. Finding 
appropr iate w o r k i n g l ines w i t h the 
proper compensat ion for the space 
charge Q shif t has a lways been a pre­
occupa t ion but the ul t imate l imit to 
beam intensi ty was set by the run ­
away rise in pressure that occurred 
at certain spots as the current bui l t up. 
N o w it is a bi t of bo th . 

Rather as an o f f - shoo t to the drive 
for higher luminosi t ies is the drive for 
higher currents as such, but it is w o r t h 
no t ing that currents of 27.4 A have 
been stocked in r ing 2 and of 26.7 A in 
r ing 1 . The beams were not of a qual i ty 
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Site of the new Linac. On the left, a 
retainment wall, necessary because of the 
slope of the site. 
On the right, the building of the present Linac 
which will have to stand up to the requirements 
of CERN's major installations for another good 
three years. Early in 1978, the new machine 
is scheduled to take over. 

as regards l i fe- t ime and background 
sui table for physics exper iments but 
the famous br ick wa l l of the past (used 
to describe the barrier to higher in ten­
sit ies) has turned ou t to be more of 
a movable part i t ion in steady retreat. 

Still the old Linac 
A l t h o u g h the days of the o ld Linac 
are numbered n o w that a n e w 'p ro ton 
factory ' is being bui l t (vo l . 13, p. 332 ) 
it cont inues to supp ly a beam w h o s e 
characterist ics have great ly changed 
since the Linac was commiss ioned in 
1959 and must do so unt i l 1977 . 

Five years ago the a im was set to 
increase the length and intensi ty of the 
ou tpu t pulses to g ive 100 m A for 
100 [is in a beam whose d imens ions in 
the hor izontal , vert ical and long i tud ina l 
phase-planes were closely def ined. 

Remember ing that the or ig inal 
design target was 10 m A for 10 [is it 
w i l l be understood that p rov id ing a 
beam of h igh qual i ty w i t h the required 
rel iabi l i ty is not easy, part icular ly as the 
Booster is far more exact ing in its 
demands than the PS. It is necessary to 
mainta in w i t h precision a desired 
qual i ty not on ly f rom pulse to pulse but 
also th roughou t the increased pulse 
length, all the more so w h e n studies are 
being made of the behaviour of the 
f o l l o w i n g machine, ie., the Booster. 
In addi t ion it was requested to sw i t ch 
qu ick ly — even f rom one pulse to the 
next — f rom feeding the Booster to 
feed ing the PS direct w h i c h again 
helped to expose the l imi tat ions of the 
o ld machine. 

This is w h y a programme of short 
term improvements was put in hand at 
the same t ime as a long term so lu t ion 
was prepared, namely to bu i ld a n e w 
Linac. The decis ion was taken to relax 
a number of speci f icat ions, e.g., to 
reduce the intensi ty requirement to 
50 mA, and to reconstruct a number of 
components . 
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To improve the rel iabi l i ty, the r.f. 
system has been considerably m o d i ­
f i ed : the risk of f lash-over has been 
e l iminated by replacing the f lex ib le 
coaxial cables w i t h r igid l ines and 
f i t t ing the r.f. ampli f iers w i t h improved 
ou tpu t coup l ing loops and lines of 
adjustable length. The master osci l lator 
and the first stages of ampl i f ica t ion 
have also been replaced wh i l s t a set 
of c irculators w i l l be put in short ly 
w h i c h shou ld reduce coup l ing be­
tween cavit ies. Stabi l i ty has been 
improved by stabi l is ing the modula tor 
h igh vo l tage supply and tr igger and by 
replacing the coup l ing loops be tween 
the cavit ies. 

In the pre-accelerator a n e w system 
for stabi l is ing the high tension has 
also been added. To help s tar t -up and 
adjustments dur ing operat ion the c o n ­
t ro l room instrumentat ion has been 
improved, part icularly for the measure­
ment of the phase of the accelerat­
ing cavit ies. Further w o r k is under 

w a y on the computer acquis i t ion of an 
addi t ional set of important parameters. 

These var ious modi f icat ions have 
made it possible to furn ish 5 * 1 0 1 2 PPP 
to recent neutr ino experiments and to 
run a g o o d number of exper iments on 
the Booster. To understand better the 
l imits to its capabi l i t ies a beam not on ly 
more intense but more dense is 
required. For th is a buncher ( w h i c h 
compresses the bunches in l ong i ­
tud ina l phase space) has been rebui l t 
and put in be tween the pre-accelerator 
and the Linac. W i t h it in use 85 
m A have been achieved recently and 
the Booster has been able to acceler­
ate over 1 0 1 3 ppp to 800 MeV. 

If one w a n t e d to push further the 
performance of the o ld Linac there 
are many more th ings that w o u l d 
require serious face- l i f ts : replacement 
of the tanks and the entire vacuum 
system, fur ther rebui ld ing, of the r.f. 
and the cont ro l systems, bu i ld ing of 
the l o w energy beam transport. Since 
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The Academy of Sciences, Paris has just awarded 
its Grand Prix in the mathematical and physical 
sciences to Andre Martin, of the Theoretical 
Studies Division at CERN, for his research on 
strong interactions between particles at the 
upper limit of very high energies. It will be 
remembered that, less than a year ago, Martin 
received an honorary doctorate from the 
University of Lausanne for his work (see 
vol. 13, page 372). 

(Photo '24 Hemes') 

Interval during an augmented session of the 
CERN-Serpukhov collaboration Scientific 
Committee. Left to right in the front rows: 
Messrs. A. Serov (State Committee), I.G. Morosov 
(Vice-Minister for Atomic Energy), V.S. Kaftanov 
(ITER) and V. Dzhelepov (Dubna). 

the const ruct ion of a n e w Linac has 
been undertaken, investments in the 
o ld machine w i l l be restricted to 
maintenance as soon as the p ro ­
gramme spel led ou t above is f in ished. 

CERN-Serpukhov 
collaboration: 
from 70 to 4 0 0 GeV 
Dur ing the past six years, physicists 
f rom CERN and its Member States, and 
f rom the Soviet Un ion , f o rm ing jo in t 
teams, per formed electronic and 
bubb le chamber exper iments at the 
Serpukhov accelerator (see vo l . 12, 
p. 1 7 2 ) . The Agreement s igned in 
1967 between the State Commi t tee 
for A t o m i c Energy, M o s c o w , and 
CERN, cleared the w a y for research 
w i t h the highest energy protons 
avai lable in Europe: those accelerated 
to 70 GeV by the Serpukhov acce l ­
erator. 

But protons of 4 0 0 GeV w i l l soon 
be avai lable at CERN, and the ISR 
already attract many invest igators 
interested in the highest avai lable 
centre of mass energies. In order to 
exchange notes on past exper ience 
and fu ture plans, the J o i n t Scient i f ic 
Commi t tee of the CERN-Serpukhov 
co l laborat ion held an enlarged session 
in Geneva on J u l y 15 -19 . 

It was agreed that the Soviet de le­
gat ion inc lude act ive physicists not 

on ly f rom Serpukhov, but also f rom 
all other inst i tutes of the Soviet Un ion 
engaged in research in h igh energy 
physics. The Jo in t Inst i tute for Nuclear 
Research (Dubna ) sent a delegat ion 
headed by Professor Dzhelepov. The 
leader of the Soviet delegat ion was 
Mr. Morosov , V ice-Min is ter of the 
State Commit tee. 

The scient i f ic discussions inc luded 
a rev iew of the present state of the 
SPS machine by J .B . Adams, a descr ip­
t ion of the beams and exper imental 
areas by G. Br iant i , and presentat ions 
of the preparat ions for the SPS exper i ­
ments by P. Lehmann, and of the ISR 
exper iments by H. Schopper. The 
proposals for 4 0 0 GeV exper iments 
w i t h inc ident muons, and neutr inos, 
the preparat ions of exper iments w i t h 
BEBC and w i t h the Omega spect ro­
meter were discussed in more detai l . 
The Soviet delegat ion presented, 
amongst others, recent technical deve l ­
opments on mul t ichannel Cherenkov 

counters and on h igh energy y detec­
tors (see vo l . 14, p. 83 ) n o w in use 
at Serpukhov. Informal discussions 
and visits of the CERN laboratories 
comple ted the exchange of in fo rma­
t i on . 

It is hoped that these scient i f ic 
d iscussions w i l l cont r ibute to the 
incept ion and* deve lopment of n e w 
forms of co l laborat ion. 

Summer students 
Summer courses for s tudents are offer­
ed each year at CERN. In response to 
circulars sent ou t at the end of 1973 
to Universit ies and Inst i tutes of Tech­
no logy in all the Member States, some 
540 appl icat ions were received th is 
year by the Fel lows and Associates 
Service f rom students of physics, data 
hand l ing , mathemat ics, electronics, 
electr ic i ty and mechanics. Choos ing 
among so many was di f f icul t , but 

151.7.74 

256 



Around the Laboratories 

f ina l ly over 150 students were selected 
and al located to the scient i f ic and 
technical Divis ions of Laboratories I 
and I I , the latter receiving students 
for the f irst t ime. 

Their part ic ipat ion in the w o r k of 
one of the exper imental physics, 
appl ied physics, data hand l ing or 
accelerator groups or of the technica l 
or health physics services shou ld 
provide h igh ly sat isfactory t ra in ing for 
these students. 

A longs ide th is act iv i ty a series of 
61 lectures has been organized on the 
physics of elementary part icles, acce l ­
erators, detect ion systems and data 
handl ing. There are t w o basic courses, 
one on FORTRAN and one as an 
in t roduct ion to part icle physics. The 
first, g iven by Mrs. Burkhardt and Miss 
Kurjo, takes as its start ing po in t th is 
year the Universi ty of B i rmingham 
v ideo- tape system; the second, g iven 
by Professors Got t f r ied, Telegdi and 
Weisskopf, w i l l be the subject of a 
book due to appear in about a year's 
t ime. 

The value over the years of these 
courses, g iv ing students the oppor ­
tun i t y of a close ins ight in to the w o r k 
be ing done at CERN, is we l l i l lustrated 
by the fact that a considerable number 
of Fel lows and staff members of the 
Organizat ion are in fact former summer 
students. 

Documenta t ion for these courses is 
sent each year to more than 3 0 0 U n i ­
versities and Technical Inst i tutes in the 
Member States. If any teacher or 
s tudent reader of the COURIER wishes 
to obta in the documenta t ion for the 
1975 summer courses, he shou ld 
app ly in January either to his inst i tute, 
or by letter to the Fel lows and 
Associates Service, Personnel D iv i ­
s ion , CERN, 1211 Geneva 23 . It 
shou ld be noted that the deadl ine for 
enro lment is 1 March 1975 , and that 
the documenta t ion w i l l be avai lable 
f rom 1 January. 

DESY 
Dedication of DORIS 
After four years of p lann ing and c o n ­
st ruct ion and several months of test-
runn ing , DORIS, the doub le storage 
rings at DESY was ready for the ded i ­
cat ion ceremony. This t ook place on 
June 18 th . T y p i c a l ' Hamburg weather 
d id not dampen the enthusiasm of the 
physic ists w h o came f rom the var ious 
laboratories where electrons hit pos i ­
t rons or where other particles are made 
to co l l ide together so that w e can look 
for structures in particles. 

In his we l come address. Prof. 
Herw ig Schopper thanked the outs ide 
physicists for their helpful interest and 
the staff of DORIS for their i nven­
t ive co-opera t ion . Secretary of State 
Hans-Hi lger Haunschi ld and Burger-
meister Prof. Dieter Biallas f rom the 
governments of Bonn and Hamburg , 
asked the physicists at DESY to re-

View of the double storage rings at the point, 
where positrons coming from DESY-Synchrotron 
are injected into the upper ring. 

(Photo DESY) 

gard DORIS and possible future ex­
tensions as an incent ive to mainta in 
the same h igh standards of research 
that had been achieved over the past 
ten years. 

Chairman of the Scient i f ic Counc i l 
of DESY Prof. Wo l fgang Paul, t ouched 
on the nat ional co-opera t ion between 
DESY and 5II those laboratories w i t h i n 
the Federal Republ ic of Germany 
w o r k i n g in the f ie ld of h igh energy 
physics. Prof. Wi l l iba ld Jentschke of 
CERN, v is i t ing his o ld laboratory, 
emphasized the necessity for bo th 
electron and proton machines. Finally, 
Prof. V ic tor Weisskopf explained to 
the audience of some six hundred par t i ­
c ipants, assembled in the centre of the 
storage r ings where they were all the 
t ime sur rounded by stored electron 
and posi t ron beams, w h y w e are 
searching for the ' In f in i te ly Smal l ' . 

In the January issue (page 13) start­
up experience and future plans for 
the machine were reported. Here w e 
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Part of the equipment used to inject a polarized 
electron beam into the linear accelerator at 
Stanford. The system, developed at Yale 
University, is known as PEGGY. It uses 
the photo-ionization of a beam of lithium-6 
atoms. In the unit with the triangular shaped 
upper section is the ultra-violet lamp pulsed 
180 times per second. Its controls are in the 
box of electronics on the left. Behind the 
triangle is a polarization reversal coil. Nearer 
the camera is the beam measuring equipment. 

(Photo SLAC) 

wi l l g ive a brief status report on the 
progress w h i c h has been made dur ing 
the past f e w months. 

On the technical side, the f inal 
comp lement of magnet power sup ­
plies has been instal led, so that the 
energy of DORIS can n o w be i n ­
creased to 3.5 GeV. ^The vacuum 
system has been comple ted , i nc lud ing 
the instal lat ion of heat ing jackets, and 
after bak ing out , the gas desorpt ion 
rate has been reduced by rough ly a 
factor of 10. O w i n g to technica l d i f f i ­
cul t ies the beam posi t ion moni to r 
system is not yet operat ional . 

Mach ine studies were per formed 
main ly at t w o energies, 1.5 GeV and 
2 GeV. It was f ound that the measured 
and the theoret ical ly predicted t rans­
verse acceptances of DORIS agree to 
w i t h i n a factor t w o . The deviat ion can 
be expla ined by c losed orb i t d istor­
t ions. For electrons an in ject ion e f f i ­
c iency of 60 % was reached, and for 
posi t rons 25 %. The di f ference results 
f rom the fact that the beam emi t tance 
and the energy spread f rom the in jec­
tor, the DESY-Synchro t ron , is larger 
for posi t rons than for electrons. These 
values are val id on ly for in ject ion w i t h ­
ou t the mul t ipo le correct ion magnets 
in operat ion. Use of sextupoles reduces 
the in ject ion ef f ic iency drast ical ly, 
whereas the oc tupo les have on ly a 
smal l in f luence. The prob lem of ma­
ch ine non- l inear i t ies is be ing s tud ied. 

M a x i m u m stored currents so far 
are 7 5 0 m A for electrons and 160 m A 
for posi trons. A l t h o u g h the same 
forces drive both beams into instabi l i ty , 
it is bel ieved that the electron currents 
are larger because ions in the electron 
r ing prov ide some Landau-damp ing . 
On the other hand ions cause w i d e n i n g 
of the beam and careful ad just ing of 
the clear ing electrode vol tages is 
necessary to avoid loss of part icles. 

The luminos i ty has been measured 
to be 2 x 1 0 2 9 cm~ 2 s~1 w i t h currents 
of 3 0 0 m A for electrons a nd 100 m A for 
posi trons. This value is in agreement 

w i t h calculat ions based on measured 
beam currents and dimensions. Beam-
beam forces cou ld be ident i f ied dur ing 
th is exper iment but at these current 
levels are far f rom being destruct ive. 

Higher values for the luminos i ty can 
be reached by stor ing more current or 
by s tor ing the same current in fewer 
bunches i.e. increasing the par t ic leden-
si ty per bunch . By mod i fy ing the Linac 
injector to the DESY-Synchro t ron it 
was possible to produce short bunch 
trains so as to f i l l on ly four adjacent 
buckets in DORIS out of the 4 8 0 avai l ­
able. In an alternative scheme w h i c h 
has been tr ied sucessful ly but has not 
yet been studied in great detai l one ou t 
of every four buckets is f i l led. W i t h the 
short train mode the peak bunch cur­
rent is l imi ted to about 0.3 m A / b u n c h , 
but after compensat ing the machine 's 
natural hor izontal and vert ical ch ro -
mat ic i ty ( that is variat ion in Q value 
w i t h momen tum) a l imit of about 
2 m A / b u n c h was reached. Careful 

measurements of peak bunch current 
threshold versus oc tupo le strength 
lead us, to conc lude, together w i t h 
the above observat ion, that the l imit 
of 0.3 m A / b u n c h is g iven by the 
Head-Tai l -Ef fect . This is the name 
used to describe the inf luence of the 
head of a bunch on the ta i l , causing it 
to w igg le , w h i c h of itself w o u l d not be 
impor tant , but for the fact that some 
t ime later the particles in the head and 
tail have changed places so the effect 
is ampl i f ied and instabi l i ty results. 

The 2 m A / b u n c h l imit w i t h sex tu­
poles in the short train mode and the 
current l imi t w h e n all 4 8 0 buckets are 
f i l led, are probably caused by coherent 
osci l lat ions of the beam exci ted by 
spur ious r.f. modes in the cavit ies and 
probably in the vacuum chamber. One 
can combat these osci l lat ions by in t ro­
duc ing Landau-damp ing and by de­
coup l ing the mot ion of s ingle bunches, 
bo th in the transversal and longi tud inal 
d imens ion , but at present the gains 
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Aerial view of the group of buildings housing 
the 800 MeV proton linear accelerator, LAMPF. 
The injector end is nearest the camera and 
the protons are accelerated along the mesa in 
the direction of the Jemez mountains to the 
experimental areas. 

(Photo Los Alamos) 

achieved in this manner are not h igh 
enough . For this reason a programme 
of locat ing, ident i fy ing and damp ing 
the modes w h i c h cause these single 
beam instabi l i t ies has been started. 
This programme has already been suc­
cessful in so far as several r.f. cavi ty 
modes have been measured, and w e 
are hopefu l that after f in ish ing this 
programme, larger currents can be 
stored and higher luminosi t ies 
achieved. 

First experiments w i l l start in early 
au tumn. DASP, a large equ ipment of 
doub le arm spectrometers, and 
PLUTO, a superconduct ive coi l w i t h 
4 ^-detectors , are in the process of 
start ing work . 

STANFORD 
SLED, PEGGY and 
Computers 
A novel w a y of increasing the peak 
energy of their electrons has been 
cooked up at the Stanford Linear 
Accelerator Center. The system is 
k n o w n as SLED (for SLAC Energy 
Doubler) and was presented in a 
paper at the Stanford Accelerator 
Conference by P.B. Wi l son , G. Loew, 
D. Farkas and H. Hogg . 

The essential idea is to insert m ic ro­
wave networks be tween the power ing 
klystrons and the accelerator. The net­
works , w h i c h have h igh Q resonant 
cavit ies, hang on to the power dur ing 
most of the pulse f rom the klystrons 
and then pass it to the accelerator 
w i t h i n a shorter t ime. Thus more power 
is c rowded into a shorter pulse. The 
effect on the accelerated electrons is 
to increase their peak energy at the 
expense of the pulse length. 

For exper iments where more energy 
is impor tant and where the pulse 
length is not crucial , SLED offers an 
attract ive alternative to previous 
schemes such as the Recirculat ing 

Linear Accelerator described in vo l . 13, 
page 10. Not least among its a t t r a c ­
t ions is its much lower price (about 
$ 5 mi l l ion for the networks, machine 
and swi tchyard modi f icat ions and new 
ins t rumentat ion) . 

If the who le accelerator is c o n ­
verted to the SLED scheme a peak 
energy of close to 50 GeV is an t ic i ­
pated. This w o u l d almost doub le the 
energy of 26 GeV w h i c h w i l l become 
available w h e n new 30 M W kly­

strons are instal led. The pulse length 
w o u l d drop f rom 1.6 ^s to 0.3 \LS and 
the pulse repet i t ion rate w o u l d drop 
f rom 3 6 0 to 180 per second, the duty 
cycle thus being reduced by an 
order of magni tude. The average 
current w o u l d be reduced to 13 f^A 
( f rom 4 0 y*A) but w i t h i n the short 
pulse w o u l d be increased to 220 m A 
( f rom 70 m A ) . By pulse shaping, the 
energy spread of the emerging beam 
cou ld be kept to 0.5 %. 
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No decis ion has yet been taken on 
whe ther to implement SLED but p ro­
to type networks are n o w being tested 
and it is in tended soon to install one 
or t w o units on the accelerator itself 
for exper imental studies of their effect 
on the electron beam. 

A team at Yale Universi ty (V.W. 
Hughes, R.L Long, M.S. Lubel l , 
M . Posner and W. Raith) has been 
exper iment ing w i t h pho to - ion iza t ion 
of alkali a toms to s tudy the basic p ro­
cesses involved and to produce a 
polarized beam of electrons sui table 
for in ject ing into h igh energy acceler­
ators. Their w o r k has resulted in a 
polarized electron source k n o w n as 
PEGGY w h i c h is n o w on the Stanford 
linear accelerator. 

The polarized beam w i l l be used in 
a scatter ing exper iment on to a po la ­
rized proton target. K n o w i n g the spin 
d i rect ions of the incoming electrons 
and the target protons w i l l make it 
possible to pul l more in format ion 
f rom the data of the exper iment. The 
di f ferent predict ions of var ious models 
of the proton 'st ructure can be checked 
by these measurements. The pro ton 
target operates at 1 °K w i t h a 5 T 
magnet ic f ie ld and has g iven 70 % 
polar izat ion of protons in butano l in 
pro to type fo rm. W i t h the electron 
beam it is hoped to achieve 9 0 % 
polar izat ion w i t h intensit ies of over 
1 0 9 electrons per pulse and a pulse 
repet i t ion rate of 180 per second. 

The exper iments at Yale reached 
about 60 % electron polar izat ion w i t h 
5 x 1 0 8 electrons per pulse f rom a 
l i th ium 6 atomic beam. The t ime 
avai lable for the tests was l imi ted and 
the ul traviolet lamp used in the p h o t o -
ionizat ion process was operated at 
on ly 1 pulse per second. However a 
lamp has been wo rk i ng in independent 
tests at the design f igure of 180 pulses 
per second. 

PEGGY is n o w instal led on the 
accelerator and is being tested. The 
electron beam polar izat ion at the 

in ject ion,energy of 70 keV is measured 
by M o t t scatter ing and, to conf i rm 
that no appreciable depolar izat ion 
occurs dur ing accelerat ion, the Mol ler 
scatter ing method ( w h i c h does not 
involve using the polarized pro ton 
target) w i l l be used for fur ther 
measurements at about 10 GeV. 

SLAC's compu t i ng power has been 
stepped up w i t h the addi t ion of t w o 
I B M 3 7 0 / 1 6 8 s . They have jo ined the 
3 6 0 / 9 1 w h i c h has been in act ion 
since 1968 and has become sa tu ­
rated, part icular ly o w i n g to the n e w 
f l ood of data f rom experiments at the 
storage r ing SPEAR and that to come 
f rom the Large Aperture So leno id 
Spectrometer, LASS (itself capable of 
churn ing ou t 200 000 bytes per 
second) . The three computers have a 
tota l memory bank of 8 mi l l ion bytes. 
They are l inked on- l ine to exper iments 
and operate round the c lock, seven 
days a week. 

USA report on future 
projects 
A 'Subpanel on N e w Faci l i t ies' has 
fo rwarded recommendat ions to the 
H igh Energy Physics Adv isory Panel 
(HEPAP) concern ing the fu ture requ i ­
rements of part icle physics in the USA. 
The subpanel was chaired by 
V.F. Weisskopf and, after s tudy ing the 
prob lemsfor a week, it has urged H EPAP 
to t ransmit its recommendat ions to 
the A t o m i c Energy Commiss ion so 
that appropr iate decisions can be 
taken in t ime for the budgets of Fiscal 
Year 1976 (beg inn ing Ju l y 1 9 7 5 ) . 

The report draws at tent ion to the 
fact that by FY 1976, eight years w i l l 
have elapsed since the previous b ig 
project ( the 200 GeV proton synchro ­
t ron at the Fermi Nat ional Accelerator 
Laboratory) was author ized and that 
the t ime is r ipe, part icularly in v i e w of 

the present r ichness of the f ie ld, for 
n e w steps to sustain the success of 
US h igh energy physics. 

Three recommendat ions have been 
made: 
1 . Author iza t ion in FY 76 of a 15 GeV 
e lec t ron-pos i t ron co l l id ing beam fac i ­
l i ty (PEP) . It is fel t that PEP is ready 
for const ruc t ion on the basis of the 
exist ing design report w h i c h is f o u n d ­
ed largely on proven techno logy. 
To inc lude provis ions for p ro ton -
electron col l is ions in a later deve lop­
ment w o u l d not add s igni f icant ly to 
the cost of the e lect ron-pos i t ron pro­
ject . PEP w o u l d make possible a 
logical extension of the experimental 
programme of the SPEAR storage r ing 
w h i c h has recent ly added astonishing 
n e w in format ion to our know ledge of 
part icle behaviour. The PEP design 
aims for a higher luminos i ty ( 1 0 3 2 

c m _ 2 s ~ 1 ) than has so far been achieved. 
The machine w o u l d be bui l t by a 
jo in t Berkeley-Stanford team and be­
come a nat ional h igh energy physics 
faci l i ty. The cost estimate is $ 53 mi l l ion 
(at 1974 prices) w i t h $ 20 mi l l ion to 
equ ip the experimental programme 
and $ 4 mi l l ion per year for operat ion 

2. Provision of about $ 3.5 mi l l ion in 
FY 76 to establ ish procedures for the 
bu i ld ing of superconduct ing magnets 
on an industr ial scale for a p ro ton -
proton co l l id ing beam faci l i ty ( ISA-
BELLE). The aim is to f o l l o w up th is 
proto type magnet stage qu ick ly w i t h 
a request for const ruct ion of ISA-
BELLE w i t h proton energies of at least 
200 GeV and a design luminosi ty 
of 1 0 3 3 c m - 2 s~ \ The report further 
points out that the USA has at present 
no faci l i ty in the extremely important 
f ie ld of p ro ton -p ro ton co l l id ing beam 
physics. The project requires a major 
step in the appl icat ion of supercon­
duct ive systems w h i c h w o u l d be l ikely 
to have w i d e impact on other areas 
of science and techno logy. A design 
s tudy has been prepared at Brook-
haven. The techno log ica l problems 
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are more d i f f icu l t than in the PEP pro­
ject and, in particular, it takes t ime to 
advance f rom laboratory prototypes 
to industr ial prototypes of super­
conduc t ing magnets. It is for this 
reason that one or t w o years more 
w o r k in advance of author izat ion are 
recommended. The present cost est i ­
mate is $ 127 mi l l ion at 1974 prices. 
3. Provision of funds to suppor t an 
accelerator deve lopment programme 
at. the Fermi Nat ional Accelerator 
Laboratory w i t h the long term aim of 
an accelerator and /o r co l l id ing beam 
systems in the energy region of 
1000 GeV and above. A n accelerator 
prov id ing h igh energy beams to b o m ­
bard a f ixed target has advantages over 
co l l id ing beam systems bo th in inter­
act ion rates and in variety of secon­
dary part icle beams. The panel cons i ­
dered the constuc t ion of an accelerator 
in the f e w TeV range as the chal lenge 
for the Fermi Laboratory in the future 
(10 to 15 years f rom n o w ) and there­
fore recommended suppor t for the 
energy doubler and other steps t o ­
wards achiev ing such energies. If no 
technica l advances are f o u n d to 
reduce the cost of a machine to g ive 
energies of several thousand GeV an 
internat ional approach migh t be advis­
able, as an expansion of the current 
co-opera t ion in h igh energy physics, 
either as a USA-European effort or on 
an even w ider scale w i t h the inc lus ion 
of the Soviet Un ion and /o r other 
countr ies. 

The Subpanel mainta ins that the 
three recommendat ions can be imp le­
mented over the next ten years wh i l e 
sti l l keeping the h igh energy physics 
budget for operat ions and equ ipment 
near $ 200 mi l l ion (1974 pr ices). In 
l ine w i t h the st rong feel ing of the USA 
h igh energy physics commun i t y , the 
recommendat ions also take account 
of the desirabi l i ty of susta in ing three 
s t rong research centres d is t r ibuted 
geographical ly across the country . 
W i t h these new projects — PEP on the 

West Coast, TeV machine in the M i d 
West and ISABELLE on the East 
Coast — diversity of physics, style and 
intel lectual input can be sustained. 

LAMPF 
Recent operation 
figures 
The 8 0 0 MeV proton linear acceler­
ator, L A M P F , at Los A lamos was 
operated at a peak current of 10 m A 
in June . W i t h a pulse length of 
160 {is there was no sign of problems 
f rom beam break-up. The average 
current was over 90 [iA at a du ty 
cycle of 2 % and these f igures were 
l imi ted on ly by the use of a temporary 
beam stop. 

Beam losses in the Alvarez type 
sect ion (accelerat ing to 100 MeV) 
are not a crit ical problem and can 

be accepted in h igh current operat ion. 
A b o u t 2 % of the beam is lost in 
accelerat ion f rom 100 to 240 MeV 
w i t h the s ide-coup led cavi ty tanks 
and about a further 1 % in 2 4 0 to 
8 0 0 MeV accelerat ion also is s i de -cou ­
pled cavi ty tanks. More than 90 % of 
the in jected beam reached ful l energy 
w i t h i n a mQmentum spread of 0.1 to 
0.2 %. The particles of lower energy, 
w h i c h are not in correct phase for fu l l 
accelerat ion, can be absorbed if neces­
sary in a co l l imator near the first bend 
in the beam swi tchyard at the ou tpu t 
end of the machine. 

L A M P F is in rout ine operat ion for 
physics accelerat ing currents in the 
5 to 10 [iA range w i t h a du ty cycle of 
5 % and these f igures are l ikely to be 
held unt i l the exper imental areas can 
take more. As many as six indepen­
dent exper iments take data. W e shall 
be return ing to news f rom Los A lamos 
w i t h a detai led report in a f e w mon ths ' 
t ime. 
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Security depends on C C T V 

KEPCO INFORMATION 4 
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 S u p p l y ? 

-WAA-

,REFERENCE 
( input ) 

E / 

PROPORTIONING ^ V O L T A G E 
RESISTORS ^ f FEEDBACK 

vAAA 

L0AD< 

Power Operational Amplifier/Power Supply 

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

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

supply is a servo amp. 

B i p o l a r O p e r a t i o n a l P o w e r S u p p l y 

+ 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 
+ 7 2 V t o - 7 2 V @ 5 . 0 a m p s 

Please ask for detailed documentat ion 

All the world's a hadron 
David Horn and 
Fredrik Zachariasen 

Hadron Physics 
at Very High Energies 

Covers the rapidly developing field of 
very high energy hadron physics. It re­
views in some detail the experimental 
results on elementary particle scatter­
ing and production recently obtained at 
the two new very high energy facilities, 
the Intersecting Storage Rings at 
CERN, and at the National Accelerator 
Laboratory, at Batavia, as well as data 
from older accelerators such as the one 
at Serpukhov. The phenomenological 
interpretation of these data in terms of 
the Regge pole picture are outlined and 
discussed. Attempts at a more funda­
mental theoretical understanding of 
these processes are also described, 
with the major emphasis on field theo­
retic and multiperipheral models. These 
models are described in some detail, 
and both their successes and shortcom­
ings are pointed out. Other theoretical 
ideas, encompassed in pictures of 
elementary particles as droplets, in 
statistical descriptions of high energy 
production processes, and in fireball 
descriptions of production, are men­
tioned more briefly. 

1973, xvi, 378 pp.; 
hardbd, ISBN 0 - 8 0 5 - 3 4 4 0 2 - 0 , $17.50; 
paperbd, ISBN 0 - 8 0 5 - 3 4 4 0 3 - 9 , $9.50 

R. P. Feynman 

Photon-Hadron Interactions 

"This new volume of lecture notes will 
receive close attention from physicists. 
Its scope is actually 'Partons and/or 
Q u a r k s in E lemen ta ry Par t ic les 
Physics,' rather wider than its title might 
suggest. Feynman was stimulated to 
give these lectures by his attendance at 
the International Symposium on Elec­
tron and Photon Interactions, 1971, an^ 
they have been published 'with 
thought that other people might be in­
terested.' In fact, the volume gives the 
most complete discussion available in 
print of Feynman's ideas underlying his 
'parton model' approach to hadronic in­
teractions (hadron=elementary particle 
with strong nuclear interactions)." 

—Nature Physical Science 

1972, xvi, 282 pp.; 
hardbd, ISBN 0 - 8 0 5 - 3 2 5 1 0 - 7 , $16.00; 
paperbd, ISBN 0 -805 -32511 - 5 , $7.95 

Descriptive literature on following titles 
available from publisher: 

Paul H. Frampton, Dual Resonance 
Models 

R. B. Neal (ed.), The Stanford Two-Mile 
Accelerator 

D. E. Parks etal . , Slow Neutron Scatter­
ing and Thermalization 

E. Persico, Principles of Particle Ac­
celerators 

C. O. Smith, Nuclear Reactor Materials 

Books are available from your local technical bookseller or from 

Addison-Wesley Publishing Company 
Advanced Book Program West End House De Lairessestraat 90 
Reading, MA 01867, USA 11 Hills Place Amsterdam 1007 

London W1R 2LR, England The Netherlands 
Kontron Electronic AG 
Bernerstrasse 169,8048 Zurich, Telefon 01 62 82 82, Telex 57439 



And on EEVvidicons,isocons, 
intensifiers and pyro-electric tubes. 

Reliable operation - hour after hour, 
year after year - is essential for closed 
circuit cameras. You're more likely to 
get this kind of consistent reliability 
from the camera tube experts: EEV. 

EEV vidicons cover all TV 
pick-up applications, in mono 
or colour, for most cameras -
in magnetically focussed and 
electrostatically focussed 
types (separate or integral 
mesh) with a range of 
photo surfaces. Special 
rugged types are 
available to with­

stand shock or vibration. 
For special applications at low 

light levels, or for detecting 
radiation outside the normal 

range of vision, EEV offers 
isocons, intensifiers and pyro-

electric tubes. 
The EEV camera tube range is 

wide and growing. Every tube 
incorporates the benefits of EEV 

experience: good picture geometry 
and resolution with long life expectation. 

Write for type lists; or if you have a 
specific requirement, call Camera Tube 

Sales at Chelmsford. 

EE Vand M-OV know how. 
E N G L I S H ELECTRIC VALVE CO LTD, Che lmsfo rd , Essex, Eng land CM1 2QU.Te l : 0245 61777.Te lex : 99103 . Grams: Ene lec t i co Che lms fo rd . & & C I 

bTi 
High Field Superconductor 

VACRYFLUX 
5001 

Single core conductors for magnets of high homogeneity. 
Multifilament conductors with circular or rectangular 

cross-section containing 60 to 3721 twisted supercon­
ducting filaments with smallest diameters of 10|i( photogr.) 

for dynamic application. 
Fully transposed braids for pulsed D.C. magnets and 

superconducting machines. 
Cryostatically stabilized high current superconducting 

composites for big magnets with high stored energy. 

VAO. 
V A C U U M S C H M E L Z E 

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 
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Ein 
b r e i t e s 

Programm zurLOsung Ihres Registrier-
-Pnoblemes 

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. 

[333GOERZ 

264 
GOERZ ELECTRO Ges.m.b.H. • A-1101 Wien • Postfach 204 • Telex01-3161 

Telefon(0222)643666 



c a m a c 

crate 
interface 

for PDP 11 

Two most powerful features of UN I BUS 
extended to the CAMAC modules: 

-DIRECT CAMAC REGISTER 
ADDRESSING : 371 addresses per crate 

-FAST INTERRUPT HANDLING: 
8 interrupt vectors can be4 individually 
masked 

Moreover: 

-UP TO 11 CRATES IN A CAMAC SYSTEM 

-EXPANDED ADDRESSING FACILITY 
2944 addresses for one crate in 
an 11-crate system or for two crates 
in a 6-crate system 

-DIRECT MEMORY ACCESS 
WITH ATC 081 BOARD 

-SHORTENED UNIBUS CYCLE DURING 
DATIP PHASES 

-FAST Q TEST in the case of block 
transfers or Camac Dataless instructions 

CAMAC POP M . 

;3 # .•en i t 

Q 

CM': 

S A I P 

Schlumberger 

FOR MORE INFORMATION PLEASE CONTACT : 
SAIP/SCHLUMBERGER : BP 47 -92222 Bagneux (France) 
Tel. : (1) 655.22.11 - Telex: SAIPEX 25075 F 



B I C C 

Products 
for Nuclear 
Research 
BICC are the wor ld 's largest 
cablemakers and offer a w i d e range 
of products for nuclear research, a 
f e w of w h i c h are s h o w n here. 
Specialist engineers f rom our 
Brussels off ice are always ready to 
visit you and discuss problems of 
design and instal lat ion. 
Enquiries to our Brussels off ice 
please. 

Mineral Insulated 
Cables 
Include a range of w i r ing cables for use 
in high radiat ion, high temperature and 
corrosive areas, available w i t h 
a lumin ium, copper or stainless steel 
sheath. 

Control/Supply Cables 
Cables w i t h thermoplastic, elastomeric, 
f ibre, tape and mineral insulation are 
available to suit a w ide range of 
operating temperatures and w i t h a variety 
of finishes. 

Electronics and Telecommunications Cables 

A wide range of radio frequency 
coaxial, miniature mult iway, 
computer interface, multicore and 
tr i -axial tv camera, tv distr ibution 
and associated cables for total 
electronics and telecommunicat ions 
installations and cabinet w i r i n g . 

Ml Thermocouples 
and Thermocouple 
Cables 

A comprehensive range of mineral 
insulated thermocouple and extension 
cable are available, as wel l as a 
comprehensive range of PVC and glass/ 
si l icon extens ion/compensat ing cables. 

Crosslinked Polythene 
and EPR Power Cables 
A comprehensive range of crosslinked and 
EPR cables are manufactured for power 
distr ibut ion. 

Energy Storage 
Capacitors 
Designed to meet most applicat ions in the 
f ield of nuclear research. 

Magnet Wires 
High temperature glass insulated 
w i n d i n g wires and strips. 

Cables for High 
Temperature 
Applications 
High temperature glass insulated cables. 
PVC, Kynar & Tefzel insulated connect ing 
wires. 

Enamelled w i n d i n g wires and 
strips. 

A complete electrical and mechanical 
engineering service covering design, 
procurement, instal lat ion, project 
management and maintenance is offered 
by Balfour Kilpatrick Installations Ltd. 
(BKI) a member of the BICC Group. 

B I C C M A R K E T I N G O R G A N I S A T I O N FOR E U R O P E : B I C A L S A , 2 4 RUE DU L O M B A R D , B-1000, BRUSSELS, B E L G I U M . T e l : BRUSSELS (010 32 2) 138232 
BRITISH INSULATED C A L L E N D E R ' S C A B L E S LIMITED: Group Head Office. P.O. Box No. 5, 21 Bloomsbury Street. London WC1B 3QN Te l : 01-637 1 300 Telegrams: Bicalbest London Telex 



Research and industry need vacuum pumps of still better 
performance. LEYBOLD-HERAEUS produce standard series 
of ultra-high vacuum pumps, satisfying the most exacting 
requirements: 

The new generation of LEYBOLD-HERAEUS Triode Type 
Sputter Ion Pumps exhibits new brill iant features: 
• Continuous operation at 3 • 10~ 5 torr means no hazard 

for the tr iode system 
• Full tr iode lifetime in cont inuous operat ion: 30,000 hours 

at 1 - 1 0 - 6 torr and 3,000 hours at 1 - 1 0 - 5 torr. -
Further increase of life span by 50 per cent due to 
novel design feature (patent appl ied for) 

• Constant pumping speed even at 3 • 10~ 5 torr -
no argon treatment necessary 

. . . and in addit ion many other advantages: 
• High pumping speed for air, reactive gases and noble 

gases 
• High stability for noble gases - no memory effect 
• Reliable start at 10-2 torr 
• Low ultimate pressure 
• Minimum magnetic stray f ield 
• Complete pump bakeable to 350 °C 

Q L E Y B O L D - H E R A E U S 
D 5000 Koln 51 • Postfach 510760 

I n f o r m a t i o n C o u p o n 

to be sent to LEYBOLD-HERAEUS Dept. ZV 3 
D 5000 Koln 51 • Postfach 51 0760 

• Please let me/us have information about sputter 
ion pumps 

• Please let me/us have information about ultra-high 
vacuum systems 

Name  

Company  

Address 

W i d e B a n d , P r e c i s i o n 

CURRENT 
MONITOR 

With a Pearson current mon i to r and an 
osci l loscope, you can measure pulse or 
ac currents f r o m mi l l iamperes to kilo-
amperes, in any conductor or beam of 
charged part icles, at any voltage level up 
t o a mi l l ion vol ts , at f requencies up to 
35 MHz or down to 1 Hz. 

The moni to r is physical ly isolated f r o m 
the c i rcui t . It is a current t rans former 
capable of highly precise measurement 
of pulse ampl i tude and waveshape. The 
one shown above, fo r example, offers 
pulse-ampl i tude accuracy of + 1 % , —0% 
(typical of all Pearson current mon i to rs ) , 
20 nanosecond rise t i m e , and droop of 
o n l y 0 . 5 % per m i l l i s e c o n d . Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish t o measure current 
in a conductor , a k lystron, or a particle 
accelerator, i t 's likely tha t one of our 
o f f - the -she l f models ( ranging f r o m y2" 
to 1 0 3 / 4 " ID) wil l do the job . Contact us 
and we wil l send you engineering data. 

PEARSON ELECTRONICS INC 
4007 T ranspo r t St., Palo A l to , Ca l i fo rn ia 94303 

Te lephone (415) 326-7285 
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LEMO SELF-LOCKING 

FORM A SOLID BOND. 
S S ^ r on 

Our p r o d u c t i o n p r o g r a m m e 

C o n n e c t o r s , u n i p o l e ( 1 - H 5 0 A ) . Connec to rs , coaxia l ( 5 0 - 6 0 - 7 5 - 1 0 0 ! } ) . C o n n e c t o r s , 
b iax ia l a n d t r iaxa l . Connec to rs , h i gh vo l tage ( 2 - 5 - 8 - 1 0 - 1 5 - 3 0 KV.DC) . C o n n e c t o r s , 
m u l t i - c o a x i a l , m u l t i p l e con tac t s , m u l t i p l e h igh vo l tage . Connec to rs , c o m b i n e d , h i gh a n d 
l o w vo l t age . Connec to r s , c o m b i n e d , coax ia l and s igna l . C o n n e c t o r s , c o m b i n e d spec ia l . 
Connec to r s , f o r t h e r m o - c o u p l e s . A d a p t o r s to c o n n e c t o r s t y p e : B N C - U H F - C - N - C O N H E X -
P E T - S u h n e r - G . Radio , e tc . 

I n t e r n a t i o n a l c o n n e c t i o n s : 

G e r m a n y : L E M O S A G m b H . W e r n h e r v o n Braun Strasse 16. D-8011 P u t z b r u n n . E n g l a n d : 
LEMO U.K. L td . 6, S o u t h St reet . W o r t h i n g , Sussex. A u s t r i a : L E M O S A G m b H . Pos t fach 
7 0 3 . A-1011 W i e n . B e l g i u m : Ets. Clof is Sp r l . 5 3 9 , S t e e n w e g Brusse l . B - 1 9 0 0 Over i jse . 
D e n m a r k 4 : K. Kamuk A / S . B redebove j 31 . D K - 2 8 0 0 Lyngby . U n i t e d S t a t e s : L E M O 
USA, INC. 2015 S e c o n d Street . Berkeley, Cal i fo rn ia 9 4 7 1 0 . F i n l a n d : Oy Chester A B . 
U u d e n m a a n k a t u 2 3 A. S F - 0 0 1 2 0 Hels ink i 12. F r a n c e : J u p i t e r S.A. C o n s t r u c t i o n s e lec-
t r i ques . 104, rue Gar iba ld i . F - 9 4 Sa in t -Mau r . H o l l a n d : Geveke . E lek t ron ica en A u t o ­
ma t i c NV. P.O. Box 6 5 2 . A m s t e r d a m . I t a l y : LEMO Ital ia S.R.L. 10, via Ca lzecch i . 
1 -20133 M i l ano . N o r w a y : Henaco A / S . P.O. Box Oke rn . Oslo 5. S w e d e n : A B D.J. 
S to rk . H u m b l e g a t a n 3 2 . Box 37 . S - 1 7 2 2 1 S u n d b y b e r g 1. 

E lec t ro techn ique 
Tel. (021) 7 1 1 3 4 1 Telex 2 4 6 8 3 1110 M o r g e s (Swi tze r land) 
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New IGC magnet 
breaks the 
150 kG barrier 

An IGC superconductive magnet has decisively penetrated the 
long-standing 150 kG barrier for commercial superconducting 
solenoids. Built for the Mullard Cryogenic Laboratory of the 
Clarendon Laboratory, Oxford, England, the new magnet pro­
duces 158 kG'at 4.2 K and 165 kG at 3.0 K. This record perform­
ance was made possible by IGC's modular approach to magnet 
design, combined with the superior properties of IGC's stabil­
ized Nb3Sn conductor. 

Unique in its characteristics, the new magnet has an outer 
diameter of only 231 mm and weighs only 66 kilograms. It is 
also extremely stable, performing to 150 kG in less than 30 min­
utes on its first run, and in less than 10 minutes on subsequent 
runs. 

From a mechanical stress standpoint, the new magnet was 
designed to perform to 165 kG. As the inset graph shows, how­
ever, the results suggest that IGC Nb3Sn magnets may be 
capable of fields in the range of 170 kG at temperatures near 
the helium X point (2.18 K). 

Superconductive magnet performance to fields above 
180 kG at 4.2 K may also be made possible by this major ad­
vance. Such magnets will use V3Ga superconductor (now avail­
able through IGC) in the regions of the winding space where 
the field is greater than 150 kG. 

This is one more reason to consider IGC, whatever your 
requirements—superconducting materials, ultrahigh field mag­
nets, or complete turnkey systems. Rely on the one company 
with across-the-board capability . . . Intermagnetics General 
Corporation. For more information, write or call: Paul Swartz, 
Vice President of Marketing and Sales, Charles Industrial Park, 
Guilderland, New York 12084. Telephone: (518) 456-5456. 
TWX No. 710-441-8238. 

IITEIIIHIETIOi 
NEW KARNER ROAD 

C O R P O R A T I O N 

GUILDERLAND, N.Y. 12084 
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Quench Field at 4.2K 158 kiloGauss 
Quench Field at 3.0K 165 kiloGauss 
Clear Bore Diameter 25.7 mm 
Outer Diameter 231 mm 
Length 262 mm 
Operating Current at 150 kG 126 Amperes 
Field Homogeneity at 150 kG 3 x 10~4 in a 5 mm DSV 
Time to 150 kG (Virgin Run) Under 30 minutes 
Time to 150 kG Under 10 minutes 

(Subsequent Run) 
Weight 66 kilograms 
Average Current Density in 15,500 A/cm 2 

Winding Space at 165 kG 

C E N T R A L F I E L D A T " Q U E N C H ' 
V E R S U S M A G N E T T E M P E R A T U R E 



Fiche de laboratoire 

c 
• S 

0) 
CM 
10 
CO 

La fiche 354279 constitue I'element de ' 
connexion ideal entre fiches-bananes e t . 
lames a souder, chevilles wire-wrap, fils ( 
etc. Le type 354 280 sert d'element en 
serie pour deux fiches 354279 ou est | 
soude directement a un cable de rac-
cordement. Un contact elastique est ob- I 
tenu en plusieurs points, d'ou une faible ^ 
resistance de passage! i 

Ericsson 
Composants Ueberlandstrasse 436 

8061 Zurich, telephone 01/41 6606 

M O N O F L A S H 
der vielseitige Mikrosekundenblitz mit der grossen 
Lichtleistung. Bis 55 Ws/Bl i tz . Ansteuerbar uber 
Ruhekontakt, Arbeitskontakt und pos. Impuls. Ein-
gebauter Retarder, elliptischer und Parabolreflektor. 
Halogenlampe zur Einstellung, Monitorausgang. 
Mehrere Gerate konnen in Reihe geschaltet und 
nacheinander mit verschiedenen Intervallen ge-
ziindet werden. 
Fiir Einzelbildaufnahmen schneller Vorgange in 
Forschung und Wissenschaft, Ballistik, Wind Tunnel 
Untersuchungen, Kavitationsforschung, Bruch- und 
Zerreisvorgange etc. 

Bitte fordern Sie Unterlagen an bei 

MONOFLASH Mikrosekundenblitzlampe 

I M P U L S P H Y S I K G m b H 

2 H a m b u r g 56 ( R i s s e n ) S i i l l d o r f e r L a n d s t r . 4 0 0 
T e l . ( 0 4 0 ) 81 21 51 / F S 0 2 1 8 9 5 1 4 f f i d 

Ultra GG 
LE TARAUD 
SPECIAL 
POUR FONTE, 
A RENDEME 
SUPERIEUR 

105 Ultra 
LE TARAUD 

UNIVERSEL 

131 Ultra 
f LE TARAUD 

SPECIAL 
POUR TROUS 
BORGNES 
A RENDEMENT 
SUPERIEUR 

U L T R A j 
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NOTRE PROGRAMME ULTRA 
EST UNE SPECIALITE 

DE TOUTE PREMIERE CLASSE 
ET SIGNIFIE POUR VOUS: 
MEILLEUR RENDEMENT! 

AVEC CES QUATRE TYPES ULTRA 
VOUS RESOUDREZ 

TOUS VOS PROBLEMES 
DE TARAUDAGE. 

C h a r l e s ( T l a n i g l e y + C i e ^ 
2 5 7 2 SUTZ - SUISSE TEL. 0 3 2 - 7 1 1 5 1 TELEX 3 4 4 5 1 I 



• N E T 

Un groupe de niveau europeen 
dans 
a prestation de services 

Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Prestations de main-d'ceuvre 
Manutentions 

Office nouveau du nettoyage ONET 
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 

tel. (91) 732850 
tel. ( f ) 208 15 57 
tel. 25 7888 
tel. (50) 454641 
tel. (50) 41 1207 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, La Hague, 
de I'OMS, de I'ONU et de I'UIT a Geneve. 

The tapered slabbing and reaming drill is 
economical and very useful 

DRILLFILE 
s p e c i a l d r i l l 

for the economica l moun t i ng of car aerials and car 
radios, car cal l ing units as we l l as te lecommunica t ion 
devices D R I L L F I L E is recommended by leading f i rms 
all over the w o r l d . In its measurements D R I L L F I L E 
accommodates all requirements. 

TIPSWITOOL 
1564 D O M D I D I E R / S w i t z e r l a n d 

Entreprise de peinture 
Suisse 
Moyen-Orient 
Espagne-ltalie 
Afrique du Nord 
He de la Reunion 
Belgique 
C.E.R.N.- GENEVE 

P r e z i o s o Internat ional S . A . 

Siege social : 
15, avenue Victor Hugo 
7 5 - P A R I S 16 e 

Direction administrative : 
B.P. N° 2 
SAINT-CLAIR DU RHONE 
38 370 Les Roches de Condrieu 
Tel. (74) 85 53 07 

85 52 28 
Telex: 9 0 4 0 4 F 
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L O W C O S T 
CAMAC 

N E W BHT 231 

NON-INDICATING 
BRANCH TERMINATOR 
EX. STOCK 950.00 F.S. 

C U T S Y S T E M C O S T 

INSTRUMENTATION 
EMPTY MODULES 
BRANCH HIGHWAY CABLES 

S E M R A B E I M N E Y 
(ELECTRONICS LTD.) 
BRICKFIELD LANE, 
CHANDLERS FORD, EASTLEIGH 
HAMPSHIRE, UK, S05 3 DP 
TEL (04215) 61147 & 5477 

'4X 

K S K j K - l i i i l s . . . . . 

MINIATUR- NETZMODULE 

Preis-Reduktion 
S C I - N e t z g e r a t e 
mit Netztransformator, 
kurzschlufcsicher, 
ab Lager lieferbar 

Preise: 
exkl. WUST, 30 Tage netto, 
10 Tage 2 % 
Mengenrabatt ab 5 Stuck 

Fur Op. A m p . ± 15 V : 
Modell P2.15. 24 K 

P2.15. 60 K 
P2. 15.100 K 
P2.15. 200 K 
P2.15. 300 K 

Fur 5 V L o g i k : 
Modell P1.5. 250 K 

P1.5. 500 K 
P1. 5.1000 K 

25 mA 
60 mA 

100 mA 
200 mA 
300 mA 

250 mA 
500 mA 

1000 mA 

Fr./Stk. (1—4) 

90.— 
138.— 
170.— 
237.— 
345.— 

128.— 
160.— 
215.— 

Andere Spannungen und Leistungen auf Anfrage. 

T e l e m e t e r E l e c t r o n i c A G 
8027 Z u r i c h Te l . 01 2 5 7 8 7 2 

The Wor ld of 
TITANIUM 

What do you know about Titanium? This versatile 
metal combines strength wi 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 l t d . , 
20, CH-4010 BASLE 

TELEX 62 270 
P.O. BOX 296 STEINENTORSTR. 
TEL. 061 23 89 53 

Agents for 
TITANIUM METAL & ALLOYS LIMITED, 

2 METAL EXCHANGE BLDS., LONDON, E.C.3. 
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S c h l u m b e r g e r 
LEYBOLD-HERAEUS 

Pompes rotatives 
a palettes 

P o m p e s -tr ivac®-S et - t r i v a c - D 

B o n v i d e l im i te avec o u s a n s lest d 'a i r 

Deb i t e l eve m e m e d a n s les basses p r e s s i o n s 

F o n c t i o n n e m e n t s i l e n c i e u x e t e x e m p t d e v i b r a t i o n s 

R a c c o r d e m e n t pa r b r i d e s P N E U R O P 

G r a n d e r o b u s t e s s e , m e m e en s e r v i c e c o n t i n u 

F i l t r age d ' h u i l e en c o n t i n u 

V a n n e d e s e c u r i t e i n c o r p o r e e 

P r o g r a m m e d ' a c c e s s o i r e s t r es c o m p l e t 

LEYBOLD-HERAEUS AG 
O e r l i k o n e r s t r a s s e 88, T e l e p h o n e 01 46 58 43 

8057 ZURICH 

Centralisation 
automatique 
des donnees 

• — n 

mm . mm @ I I 

* m 
mm* 

par exemple le systeme Compact 33 
pour pressions, contraintes, 

temperatures, forces, 
tensions, etc. 

Le Compact 33 est le dernier-
ne de notre famil le de Data 
Logger. Son extreme f lex ib i l i ty 
permet son instal lat ion la ou 
jusqu' ici seuls des systemes sur 
mesure et couteux pouvaient etre 
installes. 

jusqu'a 1000 voies 
niveaux de commutation jusqu'a 1 (iV 
jusqu'a 100 programmes individuels 
possibility d'utilisation simultanee sur deux experiences 
affichage des mesures et des commandes 
possibility de sauts de voies 
avec sorties directes en unites physiques 

Demandez a nos nombreux cl ients 
qui ut i l isent nos systemes DTU et 
Computer Logger, lis vous conf i rme-
ront a quel point nos systemes sont 
fiables et confortables. 

8040 Z u r i c h 1207 G e n e v e 
T e l . 01 5 2 8 8 8 0 T e l . 022 3 5 9 9 5 0 
M u n c h e n - W i e n - P a r i s - M a i l a n d - S t o c k h o l m 
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Commercial 
uranium.., 

just another metal? 
Twice as dense as lead, 

becoming increasingly com­
petitive in price, and readily . 
available-BNFL commercial 
uranium could be just the other 
metal you've been looking for. 

Currently in use for a wide 
range of radiological shielding 
and non destructive testing 
applications, balance weights 
for aircraft, colouring compounds 
for glass and ceramics and as a 

constituent of catalysts for the 
gas industry, BNFL commercial 
uranium is demonstrably a 
versatile material of great 
potential value to industry. 

For twenty years BNFL 
have been fabricating commer­
cial uranium-casting, machin­

ing, rolling, forging, extruding. 
All this expertise has been 

written into a Fact File on the 
metal, its properties, its handling 
and its applications. Every 
designer should have a c o p y -
send for yours today. 

BNFL British Nuclear Fuels Limited 
Risley, Warrington, WA3 6AS 
Telephone: Warrington 35953 

BNF5JFB] 
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This 
is the 
"Do (almost) 
Everything" 
Camac 
Counter 

ONE OF THE 2500 A V A I L A B L E 

HOKE VALVES 

316 SS 

OR BRASS 

- 4 0 ° C TO 600°F 

HIGH 

V A C U U M 

TO 1000 PSIG 

HOKE BELLOWS SEALED VALVES 
(4100 SERIES) 

M A T K E M I AG 
4106 Therwi l 
Erlenstrasse 27 
Telefon 061 / 73 48 22 
Telex 62 440 

ll3f 

The Dual Preset Counter /T imer , 1006 

can be used fo r : 

- preset count / 'preset t ime jobs 
in nuclear c o u n t i n g 

- sequent ia l t ime p r o g r a m m i n g 
— m a x i m u m value superv is ion 
- para l le i - to -ser ia l convers ion 

(pulse tra in generator ) 
— «gate» s ignal genera t ion 
— f requency d iv is ion 

JUST A FEW OF THE FEATURES 

OF THE 1006 ARE: 

- 2 x 1 6 bits of buf fered content 
- in termedia te readout possib i l i ty 

- s imple da isy -cha in ing 
- one-s tep re - load ing by an external 

pulse or by a Camac c o m m a n d 
- inputs and outputs opt iona l ly at 

NIM or TTL- level 
- ou tput can be ve toed 

l l l l l l l l 
l l l l l l l 

I I 

i l l 

mimSI 

11 *1SI 

VIDAR INFORMATION 

Mesurer,surveiller, commander 
grace a VIDAR 5600 
VIDAR 5600 sert a la surveillance de nombreuses valeurs 
limites et a la commande ou a la quit tance d'alarmes lors 
de depassement de valeurs de consigne. Aucune pro-
grammation n'est necessaire. 

• Mesurer de 1 0 . . . 1000 
canaux 

• Surveillance jusqu'a 550 
paires de valeurs de con­
signe 

• Commande de depasse­
ment de valeurs 

Service simple 
Pas de software! 

information 262 

K o n t r o n E l e c t r o n i c A G 
Hardstrasse 235 8031 Zurich Telefon 051 44 56 90 Telex 52115 
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SEMTECH 

SEMTECH "METOXILITE" 
RADIATION RESISTANT SILICON RECTIFIERS 

-m-

REVERSE RECOVERY TIME 
100-300V/1A=0.3(is 
400V /1A= 1.0 [ is 

1AMP25°C/N0 HEAT SINK 

PIV TO 400 VOLTS 

MONOLITHIC NON-CAVITY CONSTRUCTION 

FUSED METAL OXIDE HERMETIC SEAL 

SUPERIOR THERMAL SHOCK RESISTANCE 

LOW THERMAL IMPEDANCE 

LOW REVERSE LEAKAGE 

HIGH TEMPERATURE 
LINEAR POSITION TRANSDUCER 

M O D E L 5 1 7 5 H I G H T E M P E R A T U R E 
LINEAR POSITION TRANSMITTER 

mmm^msJm I I 1 — • • • M M M I I L L I L B 1 1 «•«• 

S P E C I F I C A T I O N S 

Standard Ranges . . . 1.0, 2.0, 4.0 and 6.0 inches Power Rating 1.0 w a t t / i n c h @ 38°C 
. . . • ̂  ™ 0.1 w a t t / i n c h @ 260°C 
Linearity ± 0 . 5 % (4 ) 

Resistance 1000, 2000 and 5 0 0 0 ohms ± 5 % Std. Operat ing Temperature — 5 4 ° to + 260°C 

Repeatabi l i ty ± 0 . 1 % Shaft Ac tua t ion Force 1 lb. max imum 

Insulat ion Resistance 50 megohms Life Full Scale 1.000.000 cycles 

B o u r n s ( S c h w e i z ) A . G . , 

T e l . 0 4 2 / 2 3 2 2 4 2 

B a a r e r s t r a s s e 8 6 3 0 1 Z u g 

T e l e x 7 8 7 2 2 
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20UTREG 
SPEC 154 

N 
p u t ; 
t h e i r 

w i t h 
SIR * » 

t h e n e w >̂  
D u a l 1 6 b i t O u t p u t R e g i s t e r 

2 OR SQ51 
T h i s h i g h - e f f i c i 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 e x e c u t e 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 
c o n n e c t e d 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 unusua l v e r s a t i l i t y of the 2051 l i e s 
in the two p l u g g a b l e ou tpu t s t a g e s , w h i c h 
p r o v i d e s y s t e m s 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 c h a n g i n g module ass ignmen t in 
a f e w s e c o n d s . 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 . 

P r i c e : S . F r s . 1 , 6 5 0 . 0 0 
CIF S W I T Z E R L A N D 

E L E C T F O N I Q U E 
31 , Av. E r n e s t P ic te t 1211 G E N E V E 13 S U I S S E C a s e pos ta le 3 3 T e l . ( 0 2 2 ) 4 4 2 9 4 0 Telex 2 3 3 5 9 C H 

S E N E L E K T R O N I K A G Z U R I C H Tel. (01) S B 5 1 0 3 Telex 5 S 2 5 7 C H 

S E N E L E K T R O N I K G m b H H A M B U R G , G e r m a n y Tel. 0 4 1 0 3 S 2 S 2 Telex 2 1 8 3 5 4 B D 



/ t o n d o r d helium l iquefierv 
• Capacity 10-1 5 litres/hour 

—easily uprated to 30 litres/hour. 
• Reliable, automatic and safe 

operation wi th minimum 
maintenance. 

• No liquid nitrogen pre-cooling. 
• Vibration-free and virtually silent 

coldbox. 
• Demountable panels provide 

maximum accessibility. 
• Optional built-in automatic 

purification system. 

TurBOCool liquefiers incorporate the highly 
successful gas-bearing turbo-expander systems 
developed by BOC. These silent running machines, 
unlike the reciprocating engines used in most other 
liquefiers on the markettoday, are free from mechanical 
wear and formal maintenance and representthe 
ultimate in reliability. 
Forfurther information please contact: 

The British Oxygen Company Limited, 
CRS Division, 
Deer Park Road, London SW1 9 3UF. 
Telephone: 01-542 6677 
Telex 263490. 

BOC 



• Compact packaging — 12 channels per 
single-width module means fewer crates, 
smaller systems, less gate fan-out. 

• Wel l -contro l led pedestal — Advanced 
hydrid circuit f ront end eliminates 
peak shifts and /o r constant cal ibrat ion. 

• Excellent input impedance match — 
minimizes possibil i ty of d ig i t iz ing input 
reflections. 

• 10-bit resolution — one part in 1024. 

• Widest dynamic range —4 times the range 
of 8-bit ADC's allows broader spectra, 
better accuracy, s impl i f ied setup. 

• High sensitivity — 0.25 picocoulomb 
per count. 

• No feedthrough — Up to 1,000-fold overloads 
are rejected by fast gate, e l iminat ing 
spurious data due to out-of- t ime chamber 
f ir ings, noise, etc. 

• Uni form sensitivity throughout gate 
interval — Negl igible modulat ion of measure­
ment w i th posit ion of signal w i th in gate. 

• Wel l -vent i lated module — Low component 
count, less than one-f i f th of compet ing 
designs, permits free circulat ion of air for 
cooler, more rel iable, longer-lasting 
operat ion. 

• Fast clear input — Enables fast rejection 
of unwanted data w i th in 2 lis w i thout any 
dataway operat ion. 

• DC test input — DC level at front-panel 
connector (or patch pins on dataway) 
injects proport ional amount of charge into 
all ADC's simultaneously. 

• Full LAM functions. 

• High dig i t iz ing speed — wi thout sacrifice 
in differential l inearity. 

• LAM and Q suppression — eliminates 
readout of empty modules. 

ANAIOO 

ADC's by 
the dozen 
The new Model 2249: 
12 ADC's in a single 
compact CAMAC module 

LRS has m o r e e x p e r i e n c e w i t h fas t -pu lse A D C ' s than 
any o t h e r m a n u f a c t u r e r in t h e w o r l d . The M o d e l 2248 
8 -channe l A D C is t h e s tandard at v i r t u a l l y al l pa r t i c l e 
acce lera tors . . . a n d t h o u s a n d s o f channe ls are 
a l ready in use in e x p e r i m e n t s . 

A l l th is e x p e r i e n c e has been e m b o d i e d in o u r 
newes t A D C , t he 1 2 - c h a n n e l , 1 0 - b i t Model 2249, t o 
m a k e i t t he m o s t versa t i le a n d re l i ab le A D C ava i lab le . 
T h e n e w 2249 is d e s i g n e d spec i f i ca l l y f o r use in t h e 
m o s t d e m a n d i n g a p p l i c a t i o n s — a p p l i c a t i o n s such as 
pa r t i c l e i n d e n t i f i c a t i o n us ing dE /dx c o u n t e r s . . . r e c o r d ­
i ng x- ray , n e u t r o n , o r reco i l p r o t o n energ ies us ing 
lead glass o r o t h e r t o ta l ene rgy a b s o r p t i o n coun te rs 
. . . i m p r o v i n g t i m e r e s o l u t i o n by c o r r e c t i n g f o r s l e w i n g 
d u e t o var iances in c o u n t e r o u t p u t a m p l i t u d e s . . . and 
d e b u g g i n g o r m o n i t o r i n g p r o p o r t i o n a l o r d r i f t chambe rs . 

For f u r t h e r i n f o r m a t i o n , cal l o r w r i t e 
Raymond Chevalley, T e c h n i c a l D i r e c t o r , LeCroy Research 
Systems SA, G e n e v a , o r y o u r loca l LRS Sales O f f i c e . 

L R S 
L e C r o y R e s e a r c h S y s t e m s S A 
81, Avenue Louis Casai • 1216 Cointrin-Geneva • Switzerland 
Phone: (022) 34 39 23 Telex: 28230 

L e C R O Y R E S E A R C H S Y S T E M S C O R P O R A T I O N 

126 North Route 303 West Nyack, N. Y. 10994 
Phone: 914/358-7900 • TWX: 710-575-2629 • Cable: LERESCO 

S A L E S R E P R E S E N T A T I V E S I N : 

S W I T Z E R L A N D G E R M A N Y 

LeCroy Research Sys tems S .A . Camberra Elektronik G m b H . 
81, A v e n u e Louis-CasaT Gele i ts t rasse 10 

1216 Co in t r in -Geneva 6000 Frank fu r t /Ma in 70 
Swi tzer land W e s t Germany 
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Do you 
vtarti \om-cost 
found hdkari* 

CfTVs new Model A204 Vellum Liquet ler/Refrigerator was 

designed tor the laboratory that has always wanted a reliable 

\n-house supply of liquid, but fe l t that helium llquetlers w e r e 

too e x p e n s i v e . 

The M o d e l ^204 is compact and simple to Install and operate. 

Most Importantly it is an economical Investment tor the research 

center with a growing need for liquid helium or continuous cool­

ing ot superconducting magnets. 

Write or ca l I C T i - C R Y O G E N I C S today for c o m p l e t e data on the 

n e w e c o n o m i c a l h e l i u m l i q u e f i e r t h a t a n y labora to ry c a n a f fo rd . 

Er-Cryogenics 
a Division of Cryogenic Technology, inc. 

Kelvin PARK 

\NA\THAM, MASSACHUSETTS 02T54 

(617) 890-9400 

In Europe: 
CTi-CRYOGENICS AG 

Glattalstrasse 18 
CH8052 Zurich, Switzerland 

it 
now 

a 
4 A A I . 

^ 8 0 

file:///om-cost
file:///n-house
file:///Na/tham

