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CERN, the European Organization for 
Nuclear Research, was established in 
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among European States in nuclear re­
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ratory I I . 
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Recent advances in particle physics 

L. Van Hove 
Professor Léon Van Hove has been 
awarded the Max Planck gold medal 
by the German Physical Society 
(Deutsche Physikalische Gesell-
schaft) 'for his important contri­
butions to the foundations of 
statistical mechanics, his works in 
quantum field theory and his 
substantial investigations in the 
theory of elementary particles, in 
particular for the description of 
many particle reactions at high 
energy.' The presentation was made 
at the Annual Meeting of the 
Society in Nurnberg on 25 September. 
This article is a condensed version of 
a talk given by Van Hove to the 
CERN Council at the end of his 
three year mandate as Director of 
the Theoretical Physics Department 

Very impor tant results ob ta ined in 
h igh energy physics in the last three 
to four years have p ro found ly af fect­
ed our concept ion of even such basic 
not ions as the internal structure of the 
pro ton and neut ron, t w o of the three 
part icles ou t of w h i c h ordinary matter 
is composed. Our know ledge of the 
e lect ron, the th i rd of these part icles, 
is much more advanced and has 
changed l i t t le in recent years. 

I w i l l a t tempt to sketch w h a t 
w e have learned f rom recent exper i ­

ments carried out on p ro ton -p ro ton 
col l is ions (at the Intersecting Storage 
Rings of CERN and at the Amer ican 
4 0 0 GeV synchrot ron of the Fermi 
Nat ional Accelerator Laboratory) , on 
neut r ino-pro ton and neutron col l is ions 
(main ly Gargamelle heavy l iqu id 
bubble chamber experiments at CERN) 
and on e lec t ron-pro ton and e lec t ron-
neutron col l is ions (main ly at the 
20 GeV electron accelerator of the 
Stanford Linear Accelerator Center) . 
It is remarkable that a rather uni f ied 
picture of proton and neutron st ruc­
ture begins to emerge f rom all these 
exper iments and, a l though many as­
pects are sti l l beyond our under­
s tand ing, th is picture reveals some 
fo rm of basic s impl ic i ty . 

Classes of proton-proton collisions at 
high energies 

In a p ro ton -p ro ton col l is ion, t w o 
protons f l y towards each other and 
interact by the strong interact ion, 
after w h i c h one of var ious th ings can 
happen. In the simplest case of 
elastic scat ter ing, just t w o protons f ly 
ou t after the col l is ion and they have 
the same energy, E, as the inc ident 
protons. In all other cases ( inelast ic 
col l is ions) n e w particles are created. 

A t the very h igh energies avai lable 
at the ISR and the FermiLab, these 
inelastic col l is ions reveal str ik ing pro­
perties w h i c h were not clearly recog­
nizable at lower energies and w h i c h 

lend themselves to s imple phenome-
nolog ica l interpretat ion. The inelastic 
col l is ions neat ly separate into t w o 
main classes. In the first class, cal led 
di f f ract ive d issociat ion, either of the 
t w o inc ident protons gets exci ted into 
an ob ject composed of a f e w part ic les; 
th is g roup or cluster of particles is 
usual ly composed of a nuc léon (p ro ­
t on or neut ron) and of a f e w mesons 
all f l y ing rough ly in the same general 
d i rect ion and carry ing in total about 
the energy E. The other proton f l ies 
ou t a lone in the oppos i te d i rect ion also 
carry ing about the energy E. 

In the second and main class of ine­
lastic col l is ions, cal led non-d i f f rac-
t ive, the protons come out in opposi te 
d i rect ions, exci ted or not, and w i t h 
s t rongly reduced amounts of energy, 
E' and E" w h i c h are on average equal 
to about half of the energy E of the i n ­
c ident p ro tons) . In add i t ion , a cons i ­
derable number of other part icles, 
most ly mesons of lower energy, come 
out . They s h o w qui te remarkable 
correlat ions w h i c h suggest that they 
s o m e h o w come out in clusters of three 
to four mesons each and there is ev i ­
dence that the clusters are f requent ly 
neutral ( the tota l electric charge of a 
cluster is f requent ly zero). These c lus­
ters, the average number of w h i c h 
may be itself a round three of four per 
co l l is ion, are cal led central clusters to 
d is t ingu ish them f rom the protonic 
clusters occur r ing w h e n an inc ident 
pro ton gets exci ted in the col l is ion. 
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Electron-nucleon and neutrino- c leons, mesons, etc., w h i c h were pos- no col l is ions are said to be of charged 
nucléon collisions tu lated in 1964 as a very s imple but current type and the abnormal ones 

amazingly successful model for the of neutral current type. Electron c o l -
By s tudy ing col l is ions of h igh energy classif icat ion of all hadrons (of all par- l isions are also of neutral current 
electrons on nucléons w e can obta in t i des w h i c h partake in the st rong type. The exper imental f ind ings about 
in format ion on the d is t r ibut ion of elec- in teract ion) . the neutr ino col l is ions of neutral cur-
tr ic charge inside the nuc léon. S im i - The result ing picture of deep inelas- rent t ype , coup led w i t h impor tant 
larly, col l is ions of h igh energy neu - t ic electron and.neutr ino col l is ions on deve lopments in quan tum f ie ld theory, 
t r inos on nucléons give in format ion nucléons is sketched above. \x\ bo th have raised l ively hopes for a possible 
on the d is t r ibut ion inside the nuc léon cases, one and on ly one quark is hit in theoret ical un i f icat ion of e lec t romag-
of w h a t can be cal led the weak charge the col l is ion and by its recoil it heavi ly netic and weak interact ions. It should 
(a quant i ty cont ro l l ing h o w the weak excites the nuc léon. It does not escape be stressed, however , that the d isco-
interact ion acts on the nuc léon, just however, ( this is the big mystery about very of the n e w type of neutr ino 
as the electric charge contro ls h o w quarks) and the exci ted nucléon sepa- interact ion is of great scient i f ic impor-
the electromagnet ic in teract ion, i.e. rates into many particles. W e believe tance in itself, qu i te irrespective of 
the electric and magnet ic forces, act these to be in general a nuc léon and w h a t its f inal theoret ical interpreta-
on the nuc léon) . many mesons but the very impor tant t ion turns ou t to be. 

Recent electron exper iments at exper imental quest ion of w h a t they To return to the consequences of 
S L A G and neutr ino exper iments w i t h are and h o w they share the recoil the SLAC and CERN experiments for 
the Gargamelle bubble chamber at energy has hardly been invest igated the internal structure of the pro ton 
CERN have concentrated on deep up to now . and neutron — not on ly d id they s h o w 
inelastic col l is ions, meaning col l is ions In the neutr ino case, the col l is ion that the charges are mainly concen -
where the nucléon gets very heavi ly converts the neutr ino into another par- t rated on three small grains, w h i c h can 
exc i ted. In such col l is ions, w e can t i d e , w h i c h is an electr ical ly charged be ident i f ied w i t h quarks, but their de-
measure the texture of the d is t r ibut ion lepton — elect ron, pos i t ron, negat ive ta i led interpretat ion leads to a deter-
of charges inside the nuc léon at very or posi t ive muon — depend ing on the mina t ion of the f ract ion, x, of the 
short distances ( in space- t ime) . nature of the incident neutr ino. This nuc léon energy, E, w h i c h is carried by 

The results of the exper iments are is the normal case. As is by n o w we l l a s ingle quark. This quant i ty is f o u n d 
qui te remarkable. In a first approx ima- k n o w n , g o o d evidence for an abnor- to have an interest ing d is t r ibut ion 
t i on , it appears that the electr ic and mal type of neutr ino col l is ion has been w i t h mean value of about 1/6, so 
weak charges of the nuc léon are f ound in the Gargamelle exper iment that the energy f ract ion carried by 
concentrated on three small grains, and, more recently, at the FermiLab the three quarks is about a half (three 
These grains have a radius w h i c h is at and Argonne . In these abnormal co l l i - t imes 1 /6 ) . This result, w h i c h came as 
most about one- ten th of the nuc léon sions, the neutr ino does not convert a surprise, means that the nucléon 
radius. Their charges and spin appear into a charged lepton. It is bel ieved conta ins more than the three quarks 
to have the same values as those of the (a l though not checked exper imen- and that the addi t ional stuff w h i c h car-
celebrated quarks. These are the ta l ly) that it remains a neutr ino. In the ries the remain ing half of the energy 
conceptua l bu i ld ing b locks of n u - physicist 's te rmino logy, normal neut r i - must be essential ly neutral (w i t hou t 
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Professor Léon Van Hove, left, receiving the 
Max Planck gold medal from Dr. Otto Koch, 
President of the German Physical Society. 

(Photo Peter Vrbata) 

electr ic or weak charges). The name 
of 'g lue ' is of ten used for th is add i ­
t ional stuff because it is bel ieved to be 
associated w i t h a very s t rong f ie ld 
w h i c h w o u l d be responsible for b i n d ­
ing or ' g l u ing ' the quarks together 
inside the nuc léon. 

The surpr is ingly large amoun t o f 
g lue as neutral componen t in the 
nuc léon is probably related to the fact 
that the quarks are very s t rongly b o u n d 
inside the nuc léon, so s t rongly that 
all at tempts to extract them have fa i led 
so far. It is therefore unl ike ly that 
quarks cou ld be similar to ord inary 
particles. A further and very st r ik ing 
result in th is d i rect ion has come out 
of the research programme of elec­
t ron-pos i t ron storage rings (Frascati , 
Cambr idge and S L A C ) . A t the higher 
energies, the cross-sect ion for ann ih i ­
lat ion of an electron and a pos i t ron 
w i t h product ion of s t rongly interact ing 
particles (main ly mesons) takes values 
w h i c h are much larger than w h a t is 
calculated if quarks are treated as 
charged particles w i t h o u t s t rong inter­
act ion. Here also ' the very s t rong b i n d ­
ing forces w h i c h prevent quarks f rom 
get t ing away f rom each other must 
deeply affect the physical s i tuat ion. In 
these annih i la t ion exper iments, as we l l 
as in the deep inelastic col l is ion expe­
r iments ment ioned earlier, one can 
look fo rward w i t h the greatest interest 
to the detai led s tudy of the mu l t i -
part icle system coming ou t of the 
process. 

More about proton-proton collisions 

It is natural to ask whether the recent ly 
d iscovered internal structure proper­
t ies of protons and neutrons have any­
th ing to do w i t h the processes tak ing 
place w h e n h igh energy nucléons 
col l ide w i t h each other. The answer 
seems to be posit ive in the sense 
that interest ing, t hough sti l l spec­
ulat ive, connect ions can be estab­
l ished for the main non-d i f f rac t ive 

class of inelastic p ro ton-p ro ton co l l i ­
sions. The other classes are then au to ­
mat ical ly l inked also to structure p ro­
perties s ince they can be regarded 
as s h a d o w effects. 

In its s implest fo rm, the picture is 
the f o l l o w i n g . In a non-d i f f rac t ive 
p ro ton -p ro ton col l is ion, the quarks 
of each inc ident proton f l y ' t h r o u g h 
w i t h their o w n f ract ion of inc ident 
energy, and they give rise to the ou t ­
go ing protons (exci ted or no t ) . The 
g lue conta ined in the incident protons 
converts in to the central clusters where 
it then decays into the particles f inal ly 
observed (most ly mesons) . There are 
t w o attract ive features of this picture. 
Firstly, the property of the g lue being 
most ly neutral is reflected in the fact 
that the tota l charge of the central 
clusters seems to be dominant ly zero. 
Secondly , the property that the quarks 
inside a pro ton of h igh energy, E, carry 
on average about half of its energy is 
ref lected in the fact, that the protonic 
energies E', E" are on average one 
half of E. 

Ano ther phenomenon discovered 
at ISR is that , as w e go to higher ener­
gies, p ro ton-p ro ton col l is ions produce 
a small but rapidly increasing number 
of h igh energy particles f l y ing off 
s ideways. (S ideways means that these 
part icles f ly off in direct ions very dif fer­
ent f rom the direct ion of f l ight of the 
inc ident protons.) This so-cal led large 
transverse momen tum phenomenon is 
one of the most interesting unders tudy. 

T w o types of explanat ion have been 
proposed. The phenomenon cou ld 
result f rom occasional processes 
where quarks of the t w o inc ident 
protons col l ide w i t h each other, or 
perhaps are interchanged w i t h each 
other, p roduc ing a strong s ideways 
def lect ion ( the latter property cou ld 
natural ly result f rom the small size of 
the quarks) . Al ternat ively the pheno­
menon cou ld result f rom occasional 
p roduc t ion of an except ional ly mas­
sive cluster, the decay of w h i c h w o u l d 
natural ly g ive rise to energetic particles 
f l y ing off s ideways. The careful s tudy 
of the large transverse momen tum 
phenomenon may we l l become an 
impor tant source of progress for a 
better understanding of internal proton 
structure. 

Final ly w e ment ion the f ind ing that 
total cross-sect ions of protons and 
mesons on protons s h o w an increase 
as the inc ident energy becomes suf f i ­
c ient ly h igh ( this was first f ound at 
Serpukhov for posi t ive kaon-p ro ton , 
then at the ISR for p ro ton-p ro ton and 
at the Fermi Lab for other cases as 
w e l l ) . M a n y possible causes can be 
invoked for exp la in ing this pheno­
menon. Progress in f ind ing the correct 
exp lanat ion w i l l probably require very 
g o o d know ledge of h o w the var ious 
propert ies of inelastic col l is ions vary 
w i t h energy. It is therefore not surpris­
ing that th is class of problems has 
become central in the act iv i ty of 
exper imental ists and theorists alike. 
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CERN News Final touches to the central region of SC2, the 
revamped 600 MeV synchro-cyclotron, before it 
was buttoned up for the start of commissioning. 
Protons were accelerated for the first time at 
the end of September and machine performance 
during these initial tests looked good. 

Synchro-cyclotron 
has protons again 
On 1 October the refurbished CERN 
synchro-cyc lo t ron ( n o w k n o w n as 
SC2) accelerated protons to the ful l 
energy of 6 0 0 MeV in a very successful 
start to its recommiss ion ing. 

The SC was the first of CERN's 
machines, g iv ing protons in 1957. By 
the early 1970's it had been overtaken, 
in terms of proton beam intensity, by 
several comparable machines in its 
energy range and had to conf ron t the 
advent of the 'meson factor ies 7 at Los 
A lamos, Vancouver and Vi l l igen. To 
revitalize the experimental programme, 
by making higher intensi ty and better 
qua l i ty beams available, a series of 
improvements were p lanned for the 
accelerator. These have been carried 
ou t dur ing the past year. 

The improvements have inc luded 
replacement of the open arc ion source 
by a hooded arc type, replacement of 
the heavi ly irradiated magnet coi ls, 
instal lat ion of a new vacuum chamber 
hous ing the accelerat ing system, i n ­
stal lat ion of a new extract ion system 
and , part icularly, replacement of the 
radiof requency system based on the 
famous tun ing fork modulator by a 
system based on a rotary condenser 
capable of prov id ing higher vol tages at 
an increased pulsed repet i t ion rate. 
( M o r e detai l on the improvement 
p rogramme can be f ound in vo l . 13, 
page 35.) 

Reassembly was comple ted in m i d -
September and accelerat ion tests be­
gan on the n ight of 2 9 - 3 0 September. 
Very qu ick ly , protons were detected ou t 
to a radius of 30 cm where a the rmo­
coup le probe was located. This was 
comfor t number one because it meant 
that the central region of the machine, 
w h i c h can be a d i f f icu l t source of 
t roub le , was behaving as predicted at 
least as far as cou ld be gathered in the 
f irst crude measurements. 

On 1 October, it was decided to go 
for accelerat ion out to the fu l l radius 
of the machine. This was mov ing into 
less we l l k n o w n territory. The central 
region geometry had been checked in 
pract ice using a central region mode l ; 
f rom there to fu l l radius, the machine 
was the product of calculat ion. H o w ­
ever, the beam spiralled out to fu l l 
radius w i t h o u t any problem. This 
cou ld be seen on t w o detectors 
(scint i l lators and ion chambers) ou t in 
the SC hall and by wa tch ing the 
signal corresponding to the vol tage 
on the Dee w h i c h d ipped a l i t t le 
because of beam loading for as long 
as the beam survived. Comfor t number 
t w o . 

There has, of course, to be at least 
one story about someth ing w h i c h d id 
not go as expected. In SC2 commis ­
s ion ing, it concerned the the rmo­
coup le probe w h i c h was pushed into 
the machine aperture on a long can t i ­
lever arm so that it sat in the median 
plane at the 30 cm radius pos i t ion . 
As it was w i t h d r a w n to w a t c h the 
beam at greater radi i , the signal 
disappeared despite the other t w o 
detectors and the Dee vol tage saying 
that all was we l l . This led to much 
head scratching unt i l the l ight dawned . 

The force of gravi ty is not h igh ly 
regarded at h igh energy physics 
Laboratories because it seems to have 
very l itt le effect on the behaviour of 
indiv idual particles. It does, h o w ­
ever, have considerable effect on a 
long arm in close prox imi ty to Mother 
Earth. The arm b o w e d over to put the 
probe in the correct posi t ion at 30 cm 
radius but as the arm was shortened 
the probe l i f ted above the median 
plane and was no longer hit by protons. 
Alert men d raw in format ion even 
f rom the unexpected — the absence 
of the probe signal at larger radii said 
that the vert ical spread of the beam 
was less than 1 cm as had been 
hoped ! 

For the tests, the r.f. was pulsed at 

just one s ixteenth of the design 
repet i t ion rate so as to avoid u n ­
necessary irradiat ion of the machine 
before the beam was brought fu l ly 
under cont ro l . Af ter some jugg l i ng 
w i t h source pos i t ion , the the rmo­
couple (back at 30 cm) indicated that 
it was receiv ing a 0.6 \iA beam. Do ing 
the sums, th is indicates that, already, 
the 10 [iA design current is w i t h i n 
easy reach w h e n the r.f. is go ing fu l l 
blast. Comfor t number three. 

Af ter th is successful s tar t -up comes 
the painstaking process of opt imizat ion. 
The machine people w i l l be p lay ing 
w i t h source pos i t ion , wo rk i ng up the 
r.f. system, match ing the f requency 
programme to the magnet ic f ie ld 
parameters, b r ing ing on the extract ion 
system ( w h i c h has to be very eff ic ient 
in v i e w of the h igh intensit ies) and 
op t im iz ing beam qual i ty. Also some 
th ings w i l l need further at tent ion — 
for example, the Dee is leaky and the 
r.f. rel iabi l i ty and servicibi l i ty is a 
wor ry . Nevertheless, it is intended to 
launch the exper imental programme 
again before the end of the year. 

Autumn Study 
on storage rings 
The first t w o weeks of October have 
seen storage r ing people f rom acceler­
ator Laboratories th roughou t the w o r l d 
at CERN to s tudy the fundamenta l 
problems of very h igh energy p ro ton -
proton co l l id ing beam machines. 

CERN obv ious ly has a responsibi l i ty 
to ant ic ipate the possible future needs 
of h igh energy physics research in 
Europe and to s tudy the potent ial 
abi l i t ies of accelerator and storage 
r ing systems to meet these needs. 
W i t h the remarkable success of the 
ISR under our belts, it is natural that 
p ro ton -p ro ton co l l id ing beams f igure 
prominent ly in th is th ink ing about the 
future. A ' Long Term Development ' 
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branch has been set up in the ISR 
Department and they have been tak ing 
a f irst look at w h a t cou ld be done. 

M a n y ideas have received a t tent ion. 
For example, one possibi l i ty is to 
uproot the present ISR and replace 
them w i t h superconduct ing r ings to 
store beams of about 100 GeV. This is 
not being pursued further, for the 
t ime be ing, since the advance in 
energy is not suf f ic ient ly attract ive 
and the ISR tunne l w o u l d not house 
the r ings comfor tab ly . Ano ther pos­
s ib i l i ty is to have accelerator /storage 
r ings like the ISABELLE project at 
Brookhaven where in ject ion at some 
hundreds of GeV w o u l d be f o l l o w e d 
by accelerat ion to say 1000 GeV. 
However , w i t h the imminent avai lab i ­
l i ty of 4 0 0 GeV protons f rom the S PS, 
w o r k has concentrated on 4 0 0 GeV 
p ro ton -p ro ton storage rings. 

It is obv ious ly recognized that h igh 
f ie ld superconduct ing magnets cou ld 
condense the size of the project 
considerably and there are pract ical 
and theoret ical steps being taken to 
advance the advent of such magnets. 
On the practical side, superconduc t ing 
magnets are being bui l t for instal lat ion 
in a h igh luminos i ty ( l o w beta) 
intersect ion of the exist ing ISR so as 
to examine their per formance under 
the str ingent cond i t ions of an operat ­
ing machine. On the theoret ical side, 
the features of a machine based on 
magnets capable of 4 T f ie lds have 
been considered. 

Nevertheless it is 4 0 0 GeV storage 
rings based on the use of conven ­
t ional magnets w h i c h have received 
most at tent ion so far. This has enabled 
the s tudy g roup to get their teeth into 
the problems of higher energy ma­
chines based on techno logy that is 
t ho rough ly k n o w n . The s tudy has 
indicated that there is no apparent 
reason w h y luminosit ies of 1 0 3 3 per 
square cent imetre per second shou ld 
not be achieved. 

Related quest ions such as the stor­
ing of ant iprotons, deuterons and 
polarized protons or the stor ing of 
electrons or positrons in a separate 
r ing, so as to extend the physics 
programme that the project cou ld 
accommodate , have been considered 
but not in much detai l up to now. In 
part icular it is felt that other centres 
have more fami l iar i ty w i t h handl ing 
electron beams and e lect ron-pos i t ron 
physics shou ld be left in their hands. 
If the interest in e lec t ron-pro ton 
physics cont inues to g row , the ques­
t ion of whether to br ing electrons 
to a proton machine or protons to an 
electron machine w i l l have to be 
conf ron ted. 

The ' A u t u m n Study ' b rought ex­
pertise f rom other Laboratories to 
bear on the w o r k that has begun at 
CERN. This enabled the assumpt ions 
and prel iminary conclus ions to be 
checked independent ly at a very early 
stage. The discussions were concerned 
w i t h the basic features of h igh energy 
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storage r ings and not w i t h detai led 
technica l desine. It is l ikely to be a 
long t ime before, if the physics interest 
is sustained, a project emerges f rom 
the studies. 

CERN on film 
Inside CERN — Dévoiler l ' inaccessible 
— Grosse Masch inen fur kleinste 
Tei lçhen — Centro europeo della 
f isica del le part icel le — are the t i t les 
w h i c h have been given to a n e w 
20 minute f i lm in colour on CERN 
w h i c h has been made in Engl ish, 
French, German and Italian edi t ions, 
byTa t t oo i s t Internat ional of London. 

A i m e d part icular ly at the vis i tor to 
a h igh energy physics laboratory, no ta­
bly CERN, w h o has no know ledge of 
the w a y in w h i c h the research is 
carried ou t but w h o nevertheless has 
an interest in f i nd ing out , the f i lm 
adopts a direct descript ive approach. 

In the beg inn ing it recognizes the 
problem posed by the inaccessibi l i ty 
not on ly of the subject itself but of 
many of the machines because of f ire 
precaut ions, h igh vol tages, h igh mag ­
netic f ields as we l l as radiat ion, and 
so concentrates on those areas w h i c h 
remain for the most part enclosed in 
concrete. A short an imat ion sequence 
int roduces the audience to the essen­
tial steps in a part icle physics exper­
iment and then takes it in turn th rough 
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the SC, the various stages of ac­
celerat ion in the CERN PS, the ISR 
w h i c h is f o l l owed by a look at BEBC, 
Omega and Erasme. 

The scene then moves to the c o n ­
st ruct ion w o r k on the SPS and includes 
a dramat ic sequence w h e n the mole 
bursts th rough into one of the long 
straight sect ions previously excavated 
by convent iona l techniques. This later 
part of the f i lm w i l l be brought up to 
date as the w o r k on const ruc t ing the 
SPS proceeds and instal lat ion of the 
main elements in the tunne l gets under 
way . 

As befits a research establ ishment, 
the f i lm itself has an exper imental 
e lement : that of using a laser beam 
as a visual pointer in ind icat ing the 
detai ls of the machines the c o m m e n ­
tary is descr ib ing. There are stil l 
d i f f icul t ies to be overcome in using 
th is techn ique but it seems clear that 
th is is not the last t ime it w i l l be seen 
on c inema screens. 

CERN 107.10.74 

A l imi ted number of copies have 
been pr inted in each of the four 
languages and may be bor rowed f rom 
the PIO, CERN. A n y universi ty or 
laboratory w h i c h w o u l d be suf f ic ient ly 
interested to have a copy permanent ly 
may purchase one f rom CERN at pr int 
cost price. 

Commissioning 
the 380 kV line 
The first on - l oad tests of the 3 8 0 kV 
l ine connec t ing the EDF (Electr ici té 
de France) power stat ion at Génissiat 
to CERN Laboratory II took place on 
4 October. The tests checked var ious 
parameters such as impedance, earth 
circui ts, interference w i t h the Post 
Off ice system, etc. The l ine br ings 
power to feed the 4 0 0 GeV SPS. 
T w o giant transformers, w h i c h arrived 
at CERN in J u n e and Augus t , are 

A delegation of the Norwegian press visited 
CERN from 15-17 October. They were received 
by the two Directors General, W.K. Jentschke 
at Lab. I and J.B. Adams at Lab. II. 
The journalists had a lengthy tour of the CERN 
installations accompanied by CERN experts; 
the photograph shows them in 1-2 of the ISR 
with their compatriot K. Johnsen, former 
Director of the ISR department. 

ready to receive the power and f rom 
the end of October they w i l l come 
progressively in to act ion to supp ly the 
SPS instal lat ions at 18 kV. 

The design s tudy for the SPS tack­
led the prob lem of l ink ing the EDF 
mains, w h i c h is the on ly local system 
capable of cop ing w i t h the high f l uc ­
tua t ing power load, w i t h Laboratory I I . 
It became clear that t w o cond i t ions 
had to be satisf ied so that the mains 
cou ld take the SPS pulses w i t h o u t 
t roub lesome d is turbance: 
a) the power cycle of the accelerator 
had to be l imi ted w i t h regard to m in i ­
m u m cycle t ime and instantaneous 
peak power 
b) to carry the h igh power , a h igh 
vo l tage ( 3 8 0 kV) l ine had to be bui l t 
be tween Laboratory II and Génissiat, 
the nearest po in t to the site (33 km 
away ) . 

N o w the l ink is completed and 
almost ready for act ion. 

The transporter carrying the second large 
transformer for Laboratory II passes through the 
Meyrin customs post. The transformer sits at 
the end of the 380 kV line from the EDF power 
station at Génissiat which begins supplying 
power to Laboratory II at the end of October. It 
was built by Hawker-Siddeley and shipped 
directly to Basle via Rotterdam and the Rhine. 
The 220 ton transporter and load came by road 
from Basle via a devious route avoiding tunnels, 
bridges, hairpin bends and steep hills. During 
the journey the base of the transformer sat only 
7 cm above the road surface. 
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Experimental Programme 
at the PS and ISR 

The CERN proton synchrot ron (PS) 

cont inues to be the cornerstone of the 

exper imental programme of Labo­

ratory I. The tasks it is cal led upon to 

fu l f i l are many and var ied. It has not 

on ly to supp ly protons and secondary 

part icles for the exper iments around 

the machine bu ta l so to f i l l the Intersect­

ing Storage Rings ( ISR) w i t h particles. 

A t the same t ime it is be ing adapted 

for use as an injector for the S PS. 

Depend ing on the type of 

exper iment concerned, the beam char­

acteristics may vary considerably e.g. 

type of beam (pr imary or secondary) , 

pulse length , intensity and energy, and 

transverse beam dimensions. 

In order to satisfy these var ious 

requirements, a series of extract ion 

systems has been set up around the 

r ing. The accelerated beam is used in 

three ways : a) on internal targets to 

produce secondary beams; b) fast 

ejected pr imari ly for beams to bubb le 

chambers; c) s l ow ejected p roduc ing 

long beam pulses for counter exper­

iments. Beams are fed to four exper­

imental halls. 

East Hall 

T w o . e j e c t i o n systems supp ly beams 

for the exper iments in th is exper­

imental hal l . A fast e ject ion system in 

straight sect ion 58 suppl ies a pr imary 

pro ton beam- l ine e6 w h i c h can be 

di rected to any of three di f ferent 

targets in order to supp ly part icles to 

the 2 m bubb le chamber via three 

beam- l ines — u5 is an r.f. separated 

beam supp ly ing the particles of the 

h ighest energy (e.g. 16 GeV/c pos­

it ive kaons) ; m6 and k8 are beams 

electrostat ical ly separated for lower 

energies. 

A s l ow eject ion system, f rom 

straight sect ion 62 , gives the pr imary 

pro ton beam e9 w h i c h is d iv ided into 

three branches, w i t h one target on 

each branch. Five secondary beams 

emerge f rom these. 

The exper iments in the hall are as 

f o l l ows : 

2m bubble chamber is very act ive w i t h 

about ten teams tak ing photographs 

since the beg inn ing of 1974. A m o n g 

the exper iments are those w h i c h use 

p ion or kaon beams w i t h the highest 

available energy (16 GeV/c) to s tudy 

interact ion mechanisms, di f f ract ive 

d issociat ion, quasi t w o body react ions, 

the d is t r ibut ion of particles in h igh 

mul t ip l i c i t y interact ions, the p roduc­

t ion of resonances and their var ious 

decay modes, reactions w i t h quan tum 

number exchange. Other teams have 

been w o r k i n g at lower energies s tudy­

ing , for example, reactions w i t h hyper-

charge exchange. The number of p h o ­

tographs taken since the beg in ­

n ing of the year is almost 3 mi l l ion 

w i t h a variety of inc ident beams 

K°L, K~, T u - , 7 u + , p, p. 

Turn ing to electronic exper iments: 

S 129 is an Orsay/Ecole Po ly tech­

n ique/St rasbourg col laborat ion s tudy­

ing elastic scatter ing and the p roduc­

t ion of resonances in hyperon-pro ton 

interact ions w i t h a special ly ta i lored 

hyperon beam incident on a hydrogen 

target. The aim is f irst ly to measure 

the dif ferential cross-sect ion for S~p 

interact ions for momen tum transfers 

between 0.065 and 0.45 ( G e V / c ) 2 and , 

secondly, to s tudy the di f f ract ive 

product ion of Y* resonances similar 

to the N* resonances observed in pp 

interact ions. There are fo rward and 

backward detectors around the tar­

get. The backward detector consists 

of mu l t iw i re proport ional chambers 

( 3 0 0 0 wires) and 32 scint i l lators to 

measure the angle and m o m e n t u m 

of the recoil protons. A DISC counter, 

located in f ront of the target, serves 

to measure the incident hyperon. The 

fo rward detector consists of a magnet 

and t w o 1.7 m streamer chambers. 

To comple te the instal lat ion there is a 

neutron detector consist ing of opt ical 

chambers interleaved w i t h th ick plates. 

We are aware that, for some of our readers, it is 
useful to have, from time to time, a run-through 
of the current research at CERN. Covering the 
whole programme in this way, it is not possible 
to give the full story of each experiment. 
They are listed here according to the Experimental 
Hall in which they are located. 

This impressive detect ion system 

enables measurements to be made of 

the di rect ions and momenta of the Y* 

decay products. It is expected that 

6 0 0 0 elastic events and about 100 Y* 

events have been recorded. 

S 130 is a Col lège de France/ 

Padua col laborat ion to s tudy the 

react ion K[ + p -> K| + p to veri fy 

h igh energy exchange theories. The 

inc ident beam consists of neutral 

part icles, the main d i f f icu l ty is to 

avoid record ing other interact ions 

such as those caused by the large 

number of neutrons. 

The instal lat ion consists of a detec­

tor for fo rward ejected particles and a 

detector for part icles ejected at a 

w i d e angle. The fo rward detector is a 

spectrometer consist ing of the 'Venus ' 

magnet (on loan f rom Saclay) , m a g ­

netostr ict ive spark chambers and a 

muon detector. It is used to ident i fy 

characterist ic Ks decay into t w o pions. 

The muon detector serves to measure 

the muons f rom K£ decay (about 30 % 

of the decays go this w a y ) and 

provides an accurate means for meas­

ur ing inc ident beam intensity. The 

w i d e angle detector consists of m a g ­

netostr ict ive spark chambers and is 

used for recoil p ro ton detect ion. 

The cross-sect ion of the interac­

t ion of interest is smal l . Data is 

acquired at the rate of about t w o to 

three events per PS pulse but on ly a 

small percentage relate to the inter­

ac t i on ; the rest relate to cal ibrat ion 

and background . 

A team f rom Freiburg im Breisgau also 

works on th is beam test ing a spectro­

meter to detect backward-e jec ted 

pions in the react ion K°L p A ° n+. 

S 136 is a C E R N / M u n i c h col laborat ion 

to s tudy the product ion of resonances 

w h i c h decay into t w o pions in the 

7T- p - * 7T+ 7T- n interact ion. They use 

a polar ized butano l target surrounded 

by a counter array w h i c h el iminates 
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events other than those in w h i c h a 
neutron is produced. The detect ion 
system is a spectrometer consis t ing of 
an analyzing m a g n e t spark chambers 
and t w o large gas Cherenkov c o u n ­
ters. The spectrometer is used for 
s tudy ing the mechanisms of p, f, g and 
A 2 meson product ion and the states 
in w h i c h these resonances are p ro­
duced accord ing to the angular d is t r i ­
but ions of the pion pairs. This exper i ­
ment w i l l gather h igh statist ics since 
20 mi l l ion tr iggers are p lanned to be 
recorded. 

P 17 is a C le rmon t -Fe r rand /Lyon / 
Strasbourg col laborat ion to s tudy 
coherent scat ter ing, in w h i c h the f o l ­
l o w i n g reactions are examined : 
p + 4 H e -> p + 4 H e 
p + 4 H e -> N* + 4 H e 
p + 4 H e - > X + 4 H e 
p + 4 H e - > X + 3 He . 

The detect ion of recoil he l ium par­
t ic les f rom elastic and inelastic reac­

t ions is performed by means of a te le­
scope w i t h four semi -conduc to r de ­
tectors. The telescope explores the 
angular region between 70 and 88 
degrees in 0.25 degree steps. This 
recoil techn ique using a gas target 
enables w o r k to be carried out s imu l ­
taneously at a focal po int of the 
beam w i t h o u t d is turb ing the exper i ­
ments downs t ream. By means of the 
elastic events, in format ion can be 
obta ined on the inc ident par t ic le / 
nuc léon interact ions, on the structure 
of the scatter ing nucleus and on cor­
relations be tween nucléons. Further­
more, the events provide a means of 
test ing the Glauber model w h i c h is 
used to interpret hadron-nuc leus inter­
act ions at h igh energies and small 
scatter ing angles. 

100 0 0 0 elastic events have been 
recorded, as we l l as 100 0 0 0 inelastic 
events w i t h N* product ion and 
100 0 0 0 events w i t h target nucleus 
d issociat ion. 

P 21 is a Lyon /Warsaw col laborat ion 
for s tudy ing the exci ted states of 
4 H e and 4 H hypemuc le i . It uses a 
beam of negat ive kaons absorbed by 
a l i th ium target leading to the pro­
duc t ion of a hypernucleus in w h i c h 
a lambda part icle combines for a short 
t ime w i t h protons and neutrons. It is 
then possible to s tudy exci ted states 
of such nuclei by direct observat ion 
of the radiat ion they emit as they are 
de-exc i ted . In a previous exper iment, 
a He ide lberg /Warsaw team observed 
t w o de-exc i ta t ion lines of hypemuc le i 
at 1.09 MeV and 1.42 MeV but the 
parent nucleus was not ident i f ied 
( 4 H or 4 H e ) . The present exper iment 
aims to ident i fy the or igin of the lines 
by observ ing the co inc idence between 
the emission of a gamma and a p ion 
f rom lambda dis integrat ion. For the 
4 H decay it is expected that in 50 % 
of the cases a 53 MeV negative pion 
w i l l by emi t ted. 

The gamma is detected in a sod ium 

338 



Schematic layout of the beam-lines and experi­
ments around the CERN proton synchrotron. 
The experimental areas are indicated as E — 
East Hall, SE-South East Area, S — South Hall 
and W — West Hall. 

The concrete Jungle of the East Hall. The camera 
is looking out over the rn6 beam-line where 
electrostatic separators can be seen. They sift 
out comparatively low momentum particles for 
the 2 m bubble chamber. On the left is the hut 
which serves as local control room for the 
electronic experiment number S130 on neutral 
kaon-proton interactions. 

Iodide crystal and the d i rect ion and 
m o m e n t u m of the p ion is measured in 
a telescope of sc int i l la t ion counters. 

South-East Area 

This experimental area is used for neu ­
t r ino experiments and for the g -2 
exper iment. It receives a fast ejected 
beam f rom straight sect ion 74 on to a 
target. For the g-2 exper imen t pions are 
directed to the muon storage r ing. For 
t he .neu t r i no experiments, p ions and 
kaons are focused and aimed at the 
Gargamelle heavy l iquid bubb le c h a m ­
ber. They are a l lowed to travel a su f f i ­
c ient distance to ensure that the major­
i ty decay, leaving a beam of muons 
and neutr inos (or ant ineut r inos) . This 
beam then passes into an iron shield 
w h i c h stops all particles except the 
neutr inos (or ant ineut r inos) . 

Gargamelle: T w o neutr ino exper i ­
ments are under way . The first, by 
the Aachen / Brussels / CERN / 
Ecole Poly technique / M i lan / Orsay / 
Universi ty Col lege of London team, 
uses the chamber f i l led w i t h f reon to 
s tudy neutral current events invo lv ing 
elastic scatter ing of a neutr ino by an 
electron. T w o such events have been 
seen so far. 

The second exper iment, by an 
Aachen /Brusse ls /CERN/Eco le Poly-
techn ique / Padua / Orsay for n e u ­
t r inos and Ba r i /Be rgen /M i l an /S t ras -
bourg /Tu r in /Un ive rs i t y Col lege L o n ­
don team for ant ineutr inos, uses the 
chamber f i l led w i t h propane to deter­
mine the relat ionships be tween the 
neut ron and proton cross-sect ions 
for charged current events and to 
s tudy certain neutral current events. 
The exper iment is also des igned to 
t rack d o w n neutral current events i n ­
vo lv ing elastic scatter ing of neutr inos 
on protons. A b o u t a mi l l ion pho to ­
graphs remain to be taken w i t h Garga­
melle before it is transferred to the 
West Area to be fed w i t h beams f rom 
the SPS. 

5 3 7 , is a CERN/Daresbury /Ma inz 
col laborat ion measuring the a n o m ­
alous magnet ic moment of the muon 
w i t h an accuracy 10 ppm. A 14 m 
diameter muon storage r ing is f i l led 
w i t h p ions w h i c h decay into muons 
some of w h i c h are stored orb i t ing the 
r ing of magnets. The muons are h igh ly 
polarized and it is the precession of 
their spin axis in the magnet ic f ie ld 
w h i c h is measured. 

T w e n t y counters are pos i t ioned 

around the r ing to measure the 
energy of the electrons emerging w h e n 
the muons themselves decay. The 
energy is related to the spin axis direc­
t ion and accurate know ledge of the 
energy and the magnet ic f ie ld enables 
the muon magnet ic moment to be 
calculated. Its value is a very impor­
tant test of 4he theory of quan tum 
elect rodynamics. 

T 230 is an Aachen / P a d u a co l la-
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borat ion invest igat ing leptonic neu ­
tral currents via neut r ino-e lect ron 
elastic scatter ing. The exper iment is 
instal led in the neutr ino beam beh ind 
Gargamelle. The detect ion system 
consists of a bank of 150 opt ical 
spark chambers 7 m long w i t h th ick 
a lumin ium plates. Sparks in the wake 
of charged particles are ref lected t o ­
wards a camera by t w o mirrors each 
having a surface area of about 15 m 2 . 
Approx imate ly 1 mi l l ion photographs 
w i l l be taken. 

South Hall 

T w o internal targets (01 and 08) in the 
PS r ing supply secondary beams 
alternately to the electronic exper­
iments in th is area. 

5 131 is a s tudy by a Geneva team 
of strange resonances (K*) w h i c h 
decay into a neutral kaon and a p ion 
in reactions of the type K 4 1 p-> p K*±. 
Other reactions induced by p ions, 
protons and ant iprotons are also 
s tudied w h e n they lead to decays of 
the same topo logy . The detect ion 
system consists of mul t iw i re propor­
t ional chambers and scint i l lators in a 
w i d e aperture array g iv ing a h igh n u m ­
ber of recordable events. The exper­
iment is carried out on- l ine w i t h t w o 
I B M 1800 and PDP 1 1 / 4 5 computers 
w h i c h record the data at a rate of 2 3 0 
events per PS pulse. The exper iment 
w i l l provide a means of con f i rm ing 
or mod i fy ing certain measurements 
made on the resonances and of explor­
ing the mass region f rom 1.5 to 2.2 
GeV where litt le in format ion exists up 
to now. 

S 134 is a CERN/ETH Z u r i c h / 
Hels ink i / Imper ia l Col lege L o n d o n / 
Sou thampton col laborat ion using a 
frozen spin polarized target for meas­
ur ing all P, A and R spin parameters in 
the reaction T T - p -> K° A ° w i t h an 
inc ident p ion beam of 5 GeV/c . The 

purpose is to make complete measure­
ments of the reaction ampl i tude and to 
s tudy lambda decay into a proton and 
p ion w h i c h emits the proton prefer­
ent ial ly in the direct ion of the lambda 
spin. 

The detect ion system consists of 
the target (described in the September 
issue, page 293) w i t h t w o semi ­
conduc tor counters in the cryostat 
enabl ing the beam to be def ined on to 
the target. A n ant ico inc idence system 
consist ing of scint i l lat ion counters and 
tan ta lum plates el iminates all events 
inc lud ing a charged particle or gamma. 
Spark chambers fo l l owed by sc in t i l ­
lat ion counters are then required 
to detect at least one particle in order 
to tr igger the photograph ing of the 
event. 

S 135 is a Strasbourg/Tur in co l la­
borat ion s tudy ing form factors of the 
pro ton in the t ime- l ike region using 
the p p ^ e + e~ reaction. The exper­
iment uses a separated ant ip ro ton 
beam of 9 0 0 MeV/c . In order to obta in 
the proton fo rm factor in the t ime- l ike 
region, the ant iproton must be at rest 
w h e n it is annihi lated w i t h a pro ton. 
Consequent ly , a moderator is placed 
in f ront of the 50 cm hydrogen target 
to ensure that ant iprotons are s topped 
in the target. 

The electron detector sur rounding 
the target has about 4 TT acceptance. 
It consists of scint i l lators, spark cham­
bers and moderators to reveal the 
shower produced by an electron. The 
di rect ion of the electrons is deter­
mined by w i d e gap spark chambers. 

The exper iment also provides a 
means of s tudy ing the product ion of 
p' mesons w i t h masses be low 1700 
MeV. Their decay into e lec t ron-pos i ­
t ron pairs w i l l ident i fy the mesons 
unambiguous ly . 

P 11 is a h igh resolut ion spectroscopy 
exper iment, carried out by a team f rom 
Heidelberg, s tudy ing hypernuclei in 

the K~ + A -> A + 7T- react ion. The 
spectrometer is in t w o parts — the first 
analyses the kaon momen tum and the 
other the p ion momen tum. The target 
is located between and different nuclei 
are used (bery l l ium, carbon, oxygen, 
sulphur, a lumin ium, and b ismuth) . 

Drif t chambers and scint i l lators are 
placed at each and of the spectrometer 
and around the target so that the t ime-
o f - f l i gh t can be measured, as we l l as 
the angle and coordinates of kaons 
and pions. W i t h the aid of these 
measurements it is then possible to 
calculate the energy states of the 
hypernucle i w i t h an accuracy of up to 
1 MeV. N e w energy states have a l ­
ready been observed in the case of 
bery l l ium, carbon and oxygen. 

P 7 is a Kar ls ruhe/Stockholm exper­
iment on exot ic atoms w i t h negat ive 
kaons, ant iprotons or negative sigmas 
in orb i t a round nucle i . The equ ipment 
includes moderators to stop the par­
t icles in the target (hydrogen, he l ium, 
n i t rogen, oxygen , sulphur, etc.) and 
a te lescope of plastic scint i l lators plus 
t w o Cherenkov counters w h i c h make 
it possible to pin d o w n coinc idences 
between a s topped particle and emer­
g ing X rays detected by semi ­
conductors . 

W h e n one of the incoming negative 
particles is in orb i t around the nucleus 
it usual ly begins in a h igh energy orbi t 
and fal ls t h rough energy states emi t ­
t ing X rays. The X ray energies give 
impor tant in format ion on the part icle 
invo lved and, as the particle orbi ts 
become en tw ined w i t h the nucleus, 
on the nucleus itself. In format ion can 
be gathered on the d is t r ibut ion of 
particles at the nuclear surface, on the 
part icle correlat ions in the nucleus, on 
the st rong interact ion between the par­
t ic le and a nuc léon , etc... A n interesting 
feature of the exper iment is to be able 
to extract in format ion f rom zero energy 
systems w h i c h is not possible in the 
normal scat ter ing experiments. 
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The Omega spectrometer in the West Hall. 
The 'igloo' on top of the superconducting 
magnet houses the Plumbicon cameras which 
receive the signals of charged particle track 
positions from the optical spark chambers 
placed in the large aperture. In the foreground 
is the large Cherenkov counter which covers 
the whole solid angle downstream of the 
magnet aperture. 

West Hall 

The West Hall receives beam a long the 

transfer l ine towards the ISR w h i c h is 

def lected towards the Hal l . It has t w o 

general purpose exper imental se t -ups : 

the Omega spectrometer and the 

3.7 m European bubb le chamber, 

BEBC. The chamber w i l l resume its 

exper imental programme at the be­

g inn ing of next year. 

The Omega spectrometer consists 

of a w i d e aperture superconduc t ing 

magnet in w h i c h have been instal led 

a hydrogen target and a series of o p t i ­

cal spark chambers. The chambers are 

moni tored by P lumbicon cameras and 

spark posi t ions are recorded on m a g ­

netic tape. The detect ion systems 

can select part icular types of react ion 

and consequent ly the system can 

col lect data on relatively rare processes 

at a faster rate than is possible w i t h a 

bubb le chamber. A t the same t ime the 

system can ident i fy particles by means 

of a large Cherenkov counter w h i c h 

covers the entire hor izontal aperture 

at the rear of the magnet. Several exper­

iments can be set up s imul taneously. 

Wh i le one team is co l lec t ing data via 

an on- l ine EMR 6130 computer , 

others can test t r igger ing systems w i t h 

their o w n min i -computers (PDP 11) . 

Six teams are co l lect ing data. 

S 112 is a B i rm ingham/Ru the r fo rd / 

Tel Av iv /Wes t f i e ld Col lege exper iment 

s tudy ing the product ion of neutral 

mesons in the react ion T T - p -> X°n at 

12 GeV/c using s l ow neutron tr iggers. 

The t ime of f l ight and di rect ion of the 

neutron def ine the mass of the X°. The 

range of masses explored extends f rom 

0.8 to 2.3 G e V / c 2 and three mi l l ion 

tr iggers have already been recorded. 

Dur ing a further run the team w i l l 

w o r k at 15 GeV/c thus increasing the 

range of explored masses to 

2.6 GeV/c 2 . 

S 114 is a CERN/ETH/Fre ibu rg im 

Bre isgau/Kar lsruhe/Saclay g roup s tu ­

dy ing baryonic exchange w i t h pro­

duc t ion of a backward emit ted lambda 

in the ^ p -> A°X react ion. Tr igger­

ing is via the proton f rom lambda 

decay. The exper iment can also mea­

sure lambda polar izat ion. The g roup 

w i l l col lect further data on the 

7T+ p -> A ° X + + at 12 GeV/c to look 

for exot ic mesons produced by ba-

ryon exchange. 

S 117 is a CERN/Co l lège de France/ 

Ecole Poly technique/Orsay exper i ­

ment s tudy ing baryon exchange pro­

cesses in the - ^ p X ± in teract ion. 

This exper iment detects fast fo rward 

emit ted kaons. A fast proton may o r ig i ­

nate f rom the decay of a hyperon or 

f rom an N*, w i t h the result that the 

exper iment can s tudy a w i d e range of 

interact ions. 

S 133 is a CERN/Sac lay exper iment 

for the precise determinat ion of the 

scatter ing lengths and phase shif ts 
of 7T+ T U - and T U + 7 I + . The n ± p -> TT+ ^ n 

interact ions are studied at 3.2 GeV/c 

w i t h a t r igger ing system designed to 

accept t w o p ion events at a small aper­

ture angle. The group w i l l col lect fur­

ther data at about 5 GeV/c. 

S 138 is a B i rm ingham/G lasgow c o l ­

laborat ion using a 10 GeV/c posit ive 

kaon beam to s tudy the interact ion 

w i t h hydrogen. A n example of an 

interact ion studied is K+p -> K+ n+ 7 i - p 

in w h i c h the Cherenkov counter 

helps to remove the kinematic a m ­

bigui t ies w h i c h are large in bubble 

chambers. H igh statistics w i l l be 

obta ined for these interact ions. 

5 139 is a B a r i / B o n n / C E R N / D a r e s -

b u r y / G l a s g o w / L i v e r p o o l / M i l a n / P u r ­

due /V ienna col laborat ion to s tudy 

rare meson decay w i t h an inc ident 

beam of negat ive pions. Tr igger ing is 

in i t iated by kaons and ant iprotons. 

The main interest of the exper iment is 

meson decay into K K -K and pp T T . 
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The installation in intersection I-1 for detecting 
the photons and electrons produced at wide 
angles relative to the direction of the incident 
proton beams. On each side of the intersection 
region may be seen wire chambers, an 
analysing magnet, lead-glass counters and 
scintillators. 

Experiments at the ISR 
The Intersect ing Storage Rings have 
made it possible to observe almost 
head-on col l is ions be tween protons 
up to an energy equivalent to that of 
2 0 0 0 GeV protons str ik ing a f ixed 
target. A w i d e f ie ld of h igh energy 
physics research has been opened up 
and the exper imental programme is 
n o w in fu l l cry. 

A m o n g the range of exper iments 
already carried out at the ISR, the 
measurements made of the tota l p ro ­
t on -p ro ton cross-sect ion struck the 
first notes of surprise (see vo l . 1 1 , 
page 185) . Since then several exper i ­
ments have been made on elastic scat­
te r ing , cont r ibu t ing essential infor­
mat ion for our understanding of the 
nature of the proton w h e n looked at 
as a who le . The ISR provide an 
excel lent oppor tun i ty for s tudy ing 
h igh ly inelastic p ro ton-p ro ton scatter­
ing , and many exper iments are supp ly ­
ing n e w data on the nature of these 
interact ions and the modes of for­
mat ion of new particles. 

W i t h the high energy avai lable in 
the centre of mass in a p ro ton -p ro ton 
interact ion, the ISR are the best 
avai lable means for research into 
heavy particles. Hence the exper i ­
ments directed towards the ident i f ica­
t ion of the intermediate boson , 
magnet ic monopoles , quarks, etc. — 
if of course any of these can exist as 
independent enti t ies. 

Let us n o w take a turn around the 
machine, s topp ing at each exper i ­
mental area. 

Intersection 1 

R 105: A CERN/Co lumb ia /Rocke-
fel ler/Saclay team has s tud ied the 
produc t ion of neutral p ions of h igh 
transverse momen tum coming f rom 
inelastic p ro ton-p ro ton scatter ing. It 
has also looked . for the intermediate 
boson , the hypothet ica l intermediary 

in the weak interact ion. The equ ip ­
ment includes t w o analysing magnets 
arranged at 90° on either side of the 
intersect ion b icone, plus w i re c h a m ­
bers, scint i l lators and lead-glass c o u n ­
ters. This instal lat ion makes up a 
w i d e aperture pho ton and electron 
detector wh ich-cap tu res the part icles 
emi t ted at w i d e angles relative to the 
d i rect ion of the proton beams. The 
neutral p ions are detected th rough the 
gamma rays w h i c h they emit on 
decaying w h i l e the intermediate boson, 
if the ISR are able to l iberate it, cou ld 
be detected by its mode of decay into 
electrons. 

So far, the elusive intermediate 
boson has not been observed, but the 
prel iminary results demonstrate the 
existence of a con t inuous d is t r ibut ion 
of electrons produced in the 
p + p -> e ± + anyth ing reaction w i t h 
transverse momenta f rom 1.5 GeV/c to 
about 4 GeV/c . The rate of p roduc t ion 
of these electrons is about 10~ 4 t imes 
that of p ions at the same angles and 
momenta . Similar results relat ing to 
the produc t ion of electrons have also 
been f o u n d at the Fermilab where 
also muons have been detected at a 
comparable rate. The or ig in of the 
electrons has not yet been expla ined, 
but the most popular hypothesis just 
n o w is that they come f rom the decay 
of vector mesons like 

R 106: A Bo logna/CERN/Saclay/ 
Rome team has carried out research 
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in to magnet ic monopo les look ing for 
the nor th or south poles. The equ ip ­
ment used for th is exper iment is in 
comple te contrast to the other assem­
blies as it consists s imply of a dozen 
plastic f i lm detectors stacked together 
as closely as possible on either side of 
the intersect ion region. Magnet ic m o ­
nopoles, it is t hough t , w o u l d on 
passing th rough these f i lms, leave 
small holes beh ind , w h i c h w o u l d be 
visible after deve lopment th rough a 
microscope. 

R 107: This exper iment is being set 
up by a Brookhaven/Rome/Ade lph i 
g roup, w h i c h w i l l examine events 
where several gamma rays are pro­
duced . These 'mu l t i - gamma ' events 
may, for instance, be the result of the 
annih i la t ion of a pair of monopoles. 

The equ ipment comprises lead-
glass counters, w i re propor t ional 
chambers and scint i l lators. The lead-
glass counters, w h i c h tend to ye l l ow 
under the effect of pro longed irradi­
a t ion , can be removed on rails by 
remote cont ro l f rom the intersect ion 
region dur ing the periods w h e n data 
are not be ing taken. 

This exper iment w i l l start at the end 
of November. 

Intersection 2 

R 205: Here w e have a Daresbury/ 
L iverpool / Ruther ford team s tudy ing 
the particles p roduced in the central 
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Intersection 1-2: at the centre, is a barrel-shaped 
hodoscope surrounding the intersection region. 
On the left is the spectrometer which is 
capable of swinging between an angle of 30 
and 90°, flanked by two spherical Cherenkov 
counters. 

region. This team is using a 70 ton 

spectrometer capable of p ivo t ing on its 

arms between 30° and 90° and consis t ­

ing of an analysing m a g n e t spark 

chambers, scint i l lators and t w o spher i ­

cal Cherenkov counters. A barrel-

shaped hodoscope, made up of 120 

scint i l lators and supp lemented by 

t w e n t y other end scint i l lators, sur­

rounds the intersect ion region. This 

instal lat ion makes it possible to s tudy 

the correlat ions associated w i t h the 

product ion of a h igh transverse m o ­

men tum part icle. The exper iment w i l l 

be comple ted at the end of Decem­

ber. 

R 206: This is a CERN/Nether -

lands/Lancaster /Manchester co l l abo­

rat ion on the s tudy of the p roduc t ion of 

part icles at small angles be tween 30 

and 200 mrad, using a 30 metre long 

spectrometer. The detector inc ludes 

t w o special septum magnets th rough 

each of w h i c h passes a current of up 

to 20 kA. The magnets are used to 

separate f rom the ISR beam charged 

particles produced at small angles. 

Thereafter there are t w o threshold 

Cherenkov counters, t w o addi t ional 

bend ing magnets and a 6 metre long 

Cherenkov counter. This team is also 

using the hodoscope ment ioned in 

connec t ion w i t h the exper iment at 

R 205 and is look ing into the s ingle 

di f f ract ive dissociat ion process in 

w h i c h a proton in the g round state is 

scattered at a small angle, wh i l e the 
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other pro ton is h igh ly exci ted (up to 

10 GeV/c ) and generates a jet of 

particles a long the general l ine of 

the exci ted pro ton. 

The team is also engaged in 

check ing the Feynman scale invar­

iance law for transverse momenta 

be l ow 2 GeV/c . 

Intersect/on 4 

The Spl i t Field Magnet , a piece of 

general purpose equipment , has been 

instal led in this intersect ion region. 

The magnet ic f ields of 1.14 T, w h i c h 

are in oppos i te direct ions in the t w o 

halves of the 9 0 0 ton magnet , cause 

the particles scattered or produced in 

the intersect ing region to bend away 

f rom the c i rculat ing beams into the 

sur round ing detectors. The useful 

vo lume for detect ion, about 30 m 3 , is 

f i l led w i t h mul t iw i re propor t ional 

chambers arranged so as to fo rm t w o 

fo rward detectors around the d o w n ­

stream arm of each beam and a central 

detector w h i c h records the secondary 

products emerging at a w i d e angle. 

This mul t ipurpose detector, w h i c h is 

arranged so as to record all the 

charged particles produced in an 

interact ion and to reconstruct thei r 

trajectories, is therefore especial ly 

sui table for the s tudy of part icle 

correlat ions, mul t ip l ic i t ies, di f f ract ive 

d issociat ion as we l l as for the search 

for new particles. Various teams make 

use of the data col lected, analysing 

the in format ion stored in a computer in 

their o w n way . 

R 401: Here, a CERN/Orsay/ 

Hamburg/V ienna col laborat ion is i n ­

vest igat ing the proton f ragmentat ion 

products in interact ions in w h i c h a 

s ingle pro ton is exci ted, the other 

be ing s imp ly scattered in its g round 

state. 

R 411: A Pavia/Princeton co l labo­

rat ion is s tudy ing the proton f ragmen­

ta t ion products in interact ions where 

the t w o protons are exci ted, br ing ing 

about the product ion of t w o opposi te 

jets of part icles in the general d i rect ion 

of the inc ident beams. 

R 406: A CERN/Bo logna co l labo­

rat ion is look ing for new particles and , 

in part icular, quarks, the detector 

be ing able to d is t inguish particles 

carry ing f ract ional charge. 

R 407/408: A CERN/Col lège de 

France/Heidelberg/Karlsruhe co l labo­

rat ion is s tudy ing the two -pa r t i c l e 

correlat ions. 

Intersection 6 

R 603: A s ing le-arm magnet ic spec­

t rometer w i t h an azimuth acceptance 

of a lmost 2 TT is the central feature of 

an Aachen /CERN/UCLA col labora­

t i on . This piece of equ ipment , t r i g ­

gered by sc int i l la t ion counters and 

f i t ted w i t h a doub le septum analysing 

magnet (on either side of r ing 1 ) , 

mu l t iw i re propor t ional chambers and 

Cherenkov counters, is designed for 

research into inelastic processes. The 

team is co l lec t ing data on A++ 

produc t ion and on the product ion of 

unstable part ic les: N*, A ° , K°. The 

exper iment w i l l later give w a y to a 

n e w exper iment on w i d e angle elas­

t ic scat ter ing, due to start next spr ing. 
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Intersection 7 

R 701: This exper iment is be ing 
conduc ted by a CERN/Aachen /He i -
d e l b e r g / M u n i c h co l laborat ion and 
uses the large streamer chambers, 
descr ibed in our February issue on 
page 44 . These chambers cover 95 % 
of the sol id angle about the intersec­
t ion region and make it possible to 
d isplay almost all the particles p ro­
duced dur ing an interact ion. Lead 
ox ide plates are inserted close to the 
wal ls of the chamber so as to s h o w up 
the gamma rays produced by neutral 
p ion decays, by w a y of comp le t ing the 
assembly. The type of event sought 
can be selected by a set of t r igger ing 
hodoscopes. 

The equ ipment is eminent ly sui table 
for the s tudy of mul t ip l ic i t ies and 
correlat ions, help ing to g ive us a 
clear picture of the var ious col l is ion 
processes. 

Ano ther method of t r igger ing is 
prov ided by an assembly of s i x ty -one 
tota l absorpt ion Cherenkov counters 
of the lead-glass type, fac i l i ta t ing the 
s tudy of part icle correlat ions in an 
event where a h igh transverse 
m o m e n t u m TT° is p roduced. 

The intersect ion is to be used for 
machine deve lopment w i t h a v i e w to 
bu i ld ing a l o w 6' sect ion. The pur­
pose is to reduce the vert ical d i m e n ­
sions of the t w o beams so as to o b ­
ta in a t w o f o l d increase in l um ino ­
sity. 

Intersection 8 

R 801 : A P isa/Stony Brook g roup is 
using a large hodoscope almost 
entirely sur round ing the intersect ion 
region to make precise measurements 
of the tota l cross-sect ion of h igh 
energy p ro ton -p ro ton interact ions. To 
th is end, the group is measuring the 
over-al l number of interact ions wh i l e , 
s imul taneously , in R 802 measure­
ments are being made of the smal l -
angle elastic scatter ing rate. The to ta l 
cross-sect ion is deduced f rom these 
t w o measurements. 

The P isa/Stony Brook group is also 
s tudy ing correlat ions between charged 
secondary particles and correlat ions 
associated w i t h the emission of h igh 
transverse momen tum photons de ­
tected w i t h the aid of lead-glass 
Cherenkov counters. 

In col laborat ion w i t h the R 8 0 2 and 
R 803 groups, studies are also being 
made of the correlat ions associated 
w i t h negat ive particles and neutrons 
produced at 0° and charged particles 
produced at 90°. 

R 802: Here, a CERN/Rome co l labo­
rat ion is w o r k i n g on the product ion of 
negative or neutral particles emerg ing 
at angles close to 0°. For th is exper i ­
ment, one of the ISR magnets has 
been replaced by a reversed-yoke type 
and modi f ica t ions have been made to 
another magnet to a l low a special 
vacuum tank to be f i t ted. The spect ro-

Installation of experiment R802 in intersection 1-8. 
At the centre are the four Cherenkov counters 
forming the final stage of the spectrometer 
fitted on a system of rails on which it can be 
moved. At the bottom left is the neutron 
counter arranged at 0° in relation to the 
downstream proton beam. In the background 
may be seen the experimental arrangement for 
experiment R801. 

meter used comprises three independ­
ent movable parts w h i c h can be c o n ­
t ro l led by an on - l i ne computer , so 
that the desired posi t ion can be p i n ­
po in ted to w i t h i n less than 0.2 m m . 
It consists of w i re chambers, sc in t i l ­
lators, a septum magnet and large 
Cherenkov counters. The instal lat ion 
is supp lemented by a neutron counter 
arranged on the 0° l ine. 

This team has worked together 
w i t h the R 801 exper imental g roup on 
the tota l cross-sect ion measurements, 
on correlat ion studies and on ver i fy ing 
the Feynman scale invariance laws, 
the dynamic mechanisms of hadron 
reactions. A search has also been 
made for quarks at 0°. 

R 803: This is a Uni ted K i n g d o m / 
Scand inav ia /M IT col laborat ion on the 
s tudy of part icles produced at 90° w i t h 
l o w transverse momenta. The instal ­
lat ion comprises a small s ing le-arm 
spectrometer consis t ing of an analys­
ing magnet , w i re chambers and t w o 
scint i l la t ion telescopes. 

The team is mak ing a special s tudy 
of the behaviour of the pp dif ferential 
cross-sect ion w h e n particles l ike 
kaons, p ions and protons are pro­
duced w i t h transverse momenta w h i c h 
become very low. 

Ano the r type of s tudy is the c o m ­
parison be tween the product ion of 
charged and neutral pions. It is also 
possible, w i t h th is instal lat ion, to 
invest igate the product ion of photons 
and part icles w h i c h decay into t w o 
oppos i te ly charged particles. 

Together w i t h the R 801 exper iment 
g roup , th is team is also s tudy ing the 
correlat ions associated w i t h a part icle 
produced at 90°. 
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Around the Laboratories 

ARGONNE 
Present machine 
and experimental 
programmes 
The h igh energy physics programme 
at the A rgonne Nat ional Laboratory 
has been under f inancia l pressure for 
several years now . As at other USA 
Laboratories budgets have been fa l l ing 
for the past f ive years, in add i t ion to 
the effects of in f la t ion. Nevertheless 
A rgonne is succeeding in tu rn ing on 
someth ing special in order to sustain 
the v i ta l i ty of its research programme. 

The programme cont inues to be 
a very active one and if anyone 
chooses the cr i ter ion of the ratio of 
publ ished papers per invested dollar, 
A rgonne w o u l d even come out on top . 
There are about 3 0 0 users and about 
half of them are act ive in the Labora­
tory research programme at any one 
t ime. Nevertheless, the present budget 
is some 30 % be low the f igure w h i c h 
w o u l d make i t 'possible to operate h igh 
energy physics research at the Labo­
ratory somewhere near o p t i m u m . 

In f iscal year 1975, w h i c h began on 
1 Ju ly , the budget is $ 13.8 mi l l ion 
and this impl ies that the 12.5 GeV 
Zero Gradient Synchro t ron , ZGS, on 
w h i c h the research programme is 
based, can on ly be operated for six or 
seven months in the year. This t ime 
w i l l probably be d iv ided into one or 
t w o months of runn ing for neutr ino 
exper iments in the 12 foo t bubb le 
chamber, t w o months for 12.5 GeV 
physics, one month for 10 GeV phy­
sics and t w o months for exper iments 
w i t h polarized proton beams. 

A t present, it is the polarized pro ton 
beams at GeV energies, part icular ly, 
w h i c h are the 'someth ing specia l ' that 
A rgonne is able to provide. It is 
possible to s tudy part icle interact ions 
k n o w i n g the spin of the i ncoming pro­
ton and, w h e n polarized targets are 

also used, the spin of the target par­
t ic le. This gives unique handles to 
grasp some aspects of w h a t is go ing 
on in the interact ions. 

In 1972 , the ZGS had a major 
refurbishing w i t h the instal lat ion of a 
t i tan ium vacuum chamber to replace 
the or ig inal epoxy chamber. The n e w 
chamber makes it possible to incor­
porate pole face w ind ings to g ive 
addi t ional contro l of the accelerated 
beam and added abil i t ies in terms of 
the beam eject ion systems. Though 
the fu l l design potent ia l of the 
refurbished machine has not yet been 
reached, the performance has been 
progressively improved since 1973. 
The peak intensity, at 3.8 x 1 0 1 2 p ro ­
tons per pulse, is over 25 % up on the 
previous value and the machine has 
operated for more than a year at 2.5 
x 1 0 1 2 average. Rel iabi l i ty has been 
as g o o d as ever (91 % in 1 9 7 3 ) . 
Ejected beam eff iciencies have not 
been as h igh as ant ic ipated. Using a 
t w o th i rds resonance, it was possible 
to eject s imul taneously d o w n t w o 
di f ferent channels and eff ic iencies up 
to 50 % were achieved on s l o w 
eject ion (more d i f f icu l t f rom a zero 
gradient machine than f rom an alter­
nat ing gradient machine) . However , 
beam cont ro l was poor and there was , 
at t imes, a lot of structure on the 
ejected beam. Work on the eject ion 
system is con t inu ing . 

Recent developments have inc luded 
bu i ld ing a separate preinjector for 
polarized protons. A t present the 
source can provide an average of 
8 \iA w i t h 73 % polar izat ion (this is 
already much better than the init ial 
plans for 4 piA w i t h 6 5 % polar izat ion) . 
A peak of 12 {iA has been reached and 
it is bel ieved that as h igh as 50 [iA 
cou ld be feasible. Up to 1 0 9 polarized 
protons are fed on to the targets in 
the exper imental areas (better cont ro l 
of the eject ion systems shou ld take 
th is h igher) . So far, peak energy has 
been held at 6 GeV, main ly for 

f inancia l reasons, but the exper imen-
tors have f o u n d qui te enough to keep 
them busy at these energies. It shou ld 
not be d i f f icu l t w h e n the requirement 
arises, to take polarized protons to the 
fu l l mach ine energy of 12.5 GeV 
since no machine resonances as 
t roub lesome as those already c o n ­
quered are -expected above 6 GeV. 
Full energy polarized protons are 
planed for FY 1976. 

Ano ther foreseen improvement is to 
br ing beam into another straight sec­
t ion of the ZGS r ing for in ject ion. This 
w i l l enable negat ive hydrogen ions to 
be fed in w h i c h should increase the 
in jected intensi ty since st r ipp ing the 
negat ive ions in the r ing itself to give 
protons, sl ides around the restr ict ion 
on h o w much beam of a g iven emi t -
tance can be taken into an accelerator 
of a f ixed acceptance. W i th normal 
pro ton beams at present, 35 m A are 
fed to the r ing dur ing 100 pis w i t h the 
f ie ld r is ing at 1.8 T /s result ing in an 
average capture ef f ic iency of 30 %. 
It is in tended to feed in the negat ive 
ions dur ing 4 0 0 [is w i t h the f ie ld 
r ising at 0.5 T /s w i t h an ef f ic iency of 
about 85 %. Only 2 mA of negat ive 
ions w i l l be needed f rom the l inac to 
equal the present in ject ion perfor­
mance w i t h protons. Al ready 2 m A 
have been taken th rough the l inac 
and, s ince then , the ou tpu t perfor­
mance of the negat ive hydrogen ion 
source has been doub led . 

A negat ive hydrogen ion source is 
n o w regular ly on tap and this w i l l aid 
another mach ine improvement w h i c h 
has been go ing s low ly over the past 
f e w years because of lack of m a n ­
power and of regular oppor tun i t ies 
for test ing. This is the booster pro­
g ramme designed to increase ZGS 
intensi ty by increasing the in ject ion 
energy into the r ing above the 50 MeV 
avai lable f rom the present l inac. Tests 
began using a prototype 2 0 0 MeV 
booster, previously the 2 GeV elec­
t ron synchro t ron at Cornel l , fed w i t h 
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negat ive ions. Unfor tunate ly it was 
never possible up to n o w to carry ou t 
tests w h e n the ZGS was runn ing w i t h 
protons and this has delayed booster 
deve lopment considerably. A f e w t imes 
1 0 1 1 protons have been accelerated in 
th is booster but several t imes higher 
than this are needed for the ZGS r ing. 

It has, however, prov ided excel lent 
experience of the potent ia l of nega­
t ive ion in ject ion and, based on th is 
experience, a 5 0 0 MeV machine, 
cal led booster I I , has n o w been de ­
s igned and funded . The magnet 
steel and copper is on order and it is 
hoped that it w i l l be in act ion for the 
ZGS in 1976. 

Very interest ing byproducts of the 
booster programme inc lude the pro ton 
radiography reported in the September 
issue (page 3 0 3 ) . 

Ano ther is the use of p ro ton beams 
of several hundred MeV to generate 
pulsed h igh f luxes of thermal and 
epi thermal neutrons. Tests were car­
ried out p lough ing the 2 0 0 M e V 
beam into heavy element targets 
sur rounded by a moderator. Pulsed 
neutron f luxes four t imes those of the 
input proton intensit ies were recorded, 
to the del ight of sol id state physicists. 
It is in tended therefore to bu i ld Z ING 
(ZGS Intense Neutron Generator) in 
associat ion w i t h the new booster to 
g ive even more cop ious neutron 
pulses at the rate of 30 Hz for sol id 
state research. 

To conc lude the story on the acce l ­

erator, a long term project is the deve l ­
opment of superconduct ing magnets 
in tended for use in a 'stretcher r ing ' . 
The idea is to pass the fu l l energy 
ZGS beams into a r ing of supercon­
duc t ing magnets where they w o u l d be 
stored and cou ld then be d rawn off 
to the experiments at leisure (see J u n e 
issue, page 2 0 4 ) . The Supercon­
duc t ing Stretcher Ring, SSR, requires 
3 T bend ing magnets (dipoles) and 
2.25 T / c m quadrupoles. These are 
comparat ive ly modest f ields for super­
conduc t i ng magnets and in addi t ion 
the magnets need not be pulsed. The 
requirements are, therefore, less s t r in­
gent than those being pursued by most 
superconduc t ing synchrot ron aspi ­
rants. So far, ten dipoles and f ive qua­
drupoles have been w o u n d ; this is 
enough for f ive SSR modules of 
w h i c h 48 are needed for a fu l l r ing. 
T w o dipoles and a quadrupole have 
been bui l t into a module cryostat for 
tests; s imple magnet const ruct ion 
techniques have been developed at 
the Laboratory so that the coi ls for a 
fu l l modu le can n o w be w o u n d w i t h i n 
four weeks. 

Dipole performance usually reaches 
about 3.4 T w i t h some t ra in ing. Wire 
of 1 mm diameter, w i t h 4 0 0 n iob ium 
t i tan ium superconduct ing f i laments 
24 [im diameter in a copper matr ix, 
is w o u n d in a coi l w i t h d is t r ibuted 
ends capable of g iv ing f ie ld un i fo rm i ­
ties ( inc lud ing the ends) at the 1 in 
1 0 3 level over 7 5 % of the aperture. 

It is in tended to complete and test f ive 
modules by the middle of next year. 
Fund ing for the SSR has, however, not 
yet been accepted into the budgets ; 
it is est imated that about $ 5 mi l l ion 
w o u l d be needed inc lud ing $ 2 mi l l ion 
for the r ing itself. 

Three elements of the present p ro­
gramme of exper iments merit par t i ­
cular ment ion — the polarized proton 
exper iments, the 12 foo t bubble 
chamber and the Effective Mass Spec­
trometer. The physics interest in using 
polarized beams cont inues to g row. 
Some exper iments are bu i ld ing up more 
statist ics to check, or make more pre­
cise, the very interest ing data w h i c h 
has emerged f rom the w o r k so far. 
There are exper iments on cross-sec­
t ions w i t h polarized beams, on polar i ­
zat ion effects in inelastic scat ter ing, 
on measur ing the polar izat ion of the 
recoil p ro ton and on parity checks w i t h 
long i tud ina l ly and transversely po la­
rized protons on a variety of nuclei . 

Polarized proton beams have also 
been sent to the Effective Mass Spec­
t rometer and to the 12 foo t bubb le 
chamber. The very f ru i t fu l physics pro­
gramme of the 12 foo t bubble c h a m ­
ber cont inues in fu l l v igour. Unt i l the 
advent of the 15 foo t chamber at the 
FermiLab and BEBC at CERN, the 
12 foo t held pride of place as the 
wor ld ' s largest vo lume chamber for 
many years and was the pioneer of the 
n e w generat ion of b ig bubble c h a m ­
bers. It has operated w i t h remarkable 
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The layout of the Argonne Zero Gradient 
Synchrotron and its experimental halls. The 
article describes the present operation and 
development of the accelerator and covers some 
items in the experimental programme. 

A superconducting quadrupole such as is being 
built for model tests with a view to a super­
conducting stretcher ring at Argonne. Note the 
simplicity of the construction techniques which 
have been developed. This is an important 
aspect of the project since costs have to be 
kept very low. 

rel iabi l i ty and its large superconduc t ­
ing m a g n e t prov id ing 1.8 T in the 
chamber vo lume, again a pioneer of its 
type, has been complete ly t rouble- f ree. 
Recent act iv i ty w i t h the chamber has 
been as f o l l ows : 

A polarized proton run was c o n ­
c luded in May. There was then a very 
successful test run w i t h a hyd rogen-
neon mixture (34 % neon) in fur ther 
preparat ion for exper iments w i t h a 
track sensit ive target instal led. The 
aim of the TST scheme (as descr ibed 
many t imes before, see for example 
vo l . 13 page 377) is to comb ine the 
s impl ic i ty of hydrogen as a target 
l iqu id w i t h the part icle ident i f icat ion 
abil i t ies of a heavier l iqu id such as the 
mixture. It is in tended to begin expe­
r iments w i t h a hydrogen target vo lume 
instal led w i t h i n the chamber f i l led 
w i t h hydrogen-neon mixture early 
next year. A high pressure dewar for 
the neon is n o w being instal led at 
Argonne. 

The TST experiments are a co l la ­
borat ion between physicists f rom 
Argonne , CERN (where the idea or i ­
g ina ted) , Japan ( f rom where the neon 
is being suppl ied) and Rutherford 
(where most experience w i t h these 
targets exists). Four exper iments have 
been approved — runs w i t h 12 GeV 
protons, 8 GeV negative p ions, s top­
p ing ant iprotons, 6 GeV posi t ive pions. 
3 and 5.7 GeV ant iproton and 12 GeV 
polarized proton runs have also been 
proposed. 

Af ter the hydrogen-neon mixture 
tests, the chamber was refi l led w i t h 
deuter ium and had a t w o week run 
w i t h neutr inos in Ju ly . This w a s i n t e n d -
ed to be the last of a series of runs 
tak ing 1.5 mi l l ion pictures for neu ­
t r ino physics. The beam has been 
equ ipped w i t h a t w o horn focus ing 
system to point the pions and kaons 
towards the chamber before they 
decay into neutr inos. Unfor tunate ly , a 
leak developed on the omega shaped 
expansion be l lows in the chamber and 

on ly a por t ion of the pictures were 
taken. The seal has been rewelded in 
place and the chamber is due back in 
November for a second instalment of 
a 1 mi l l ion picture exper iment w i t h 
6.5 GeV negative kaons f rom an r.f. 
separated beam for a h igh statist ics 
s tudy of meson and hyperon reso­
nance product ion and decay. A 
3 0 0 0 0 0 picture exper iment w i l l use 
s topped ant iprotons f rom a new elec­
trostat ic separated beam. The neu ­
t r ino exper iment w i l l resume in 
December. 

The Effective Mass Spectrometer 
is a mul t ipurpose detect ion system 
capable of easy adapt ion to a c c o m ­
modate dif ferent target geometr ies 
and t r igger ing signals. It is bui l t a round 
a large aperture magnet w i t h arrays of 
magnetostr ic t ive spark chambers de­
tec t ing the fo rward g o i n g particles. 
Four threshold Cherenkov counters 
ident i fy the incoming beam particles 
( w h i c h can have a momen tum up to 

6 G e V / c ) . Var ious detector arrays 
can sur round the target, g iv ing dif fer­
ent t r iggers, and there are wi re planes 
before, inside and beyond the magnet 
aperture w i t h scint i l la t ion counters for 
t r igger ing and , f inal ly, a large Cheren­
kov counter. The system is on - l i ne to 
a EMR 6 0 5 0 computer . 

S ince it came into act ion for physics 
towards the end of 1 9 7 1 , the EMS has 
catered for th i r teen experiments. For 
example, over 4 0 0 0 0 0 events of 
negat ive p ion -p ro ton interact ions g iv ­
ing t w o pions and a neutron are being 
analysed for a rich crop of in format ion 
inc lud ing omega-rho interference, p ion -
p ion scat ter ing, etc... Data was also 
taken w i t h posit ive pions interact ing 
w i t h neutrons in a deuter ium target 
and compared w i t h the negat ive 
p i on -p ro ton . This gives a beaut i fu l 
demonst ra t ion of In ter ference 7 be­
t w e e n the omega and rho part icles.We 
are used to l ight waves and even di f ­
f racted electron beams interfer ing so 
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Schematic view of a layout for an experiment 
with the Effective Mass Spectrometer. The 
detection system can be completed by a large 
Cherenkov counter following the K5 chambers. 

The spectrometer itself. Beam approaches from 
the left. The large aperture bending magnet is in 
the centre of the photograph and the 
downstream chambers are easily distinguished 
on the right. The Cherenkov was not in use in 
the experiment under way and has been rolled 
back out of the picture. 

(Photos Argonne) 

that their ampl i tudes reinforce or d i ­
minish one another. Exactly this effect 
in the t w o p ion decays of the omega 
and rho are seen by the EMS. In the 
negat ive p ion -p ro ton case the amp l i ­
tudes add to g ive a sharpened peak 
on t op of the b u m p s h o w i n g the t w o 
p ion mass d is t r ibu t ion. In the posit ive 
p ion -neu t ron »case the ampl i tudes 
subtract and g ive a depression at the 
t op of the bump . 

Recent ly the polarized proton beam 
was used w i t h the EMS to gather data 
on the interact ion g iv ing a pro ton, a 
neutron and a posit ive p ion w i t h 
know ledge of the spin of the inc ident 
p ro ton . A n ind icat ion of the power of 
the system is that t w o hundred t h o u ­
sand g o o d events were col lected in 
the first f e w days of spectrometer 
operat ion. 

Other exper iments at the ZGS 
inc lude a s tudy of the beta decay of 
hyperons. The lambda decay has a l ­
ready been examined and the sigma 
minus is n o w being tackled using a 
spectrometer w i t h mu l t iw i re propor­
t ional chamber and spark chambers in 
a large aperture magnet. Other exper i ­
ments have examined the possibi l i ty 
that polarized protons may also enter 
th is p icture as a source of polarized 
hyperons. Ano the r detect ion system 
is a large streamer chamber where , 
in add i t ion to convent ional streamer 
chamber exper iments, interact ions 
g iv ing a coherent recoil hel ium nucleus 
w i l l be s tud ied. 

It w i l l be obv ious f rom this report 
that the Laboratory is susta in ing an 
interest ing research programme. It 
is supp ly ing exper imental possibi l i t ies 
not avai lable elsewhere and has long 
term plans to improve further the 
research potent ia l . It also has bo th 
eyes open to the appl icat ions of par­
t ic le beams in other f ields. The ques­
t ion is the avai labi l i ty of money for 
adequate f und ing of the var ious c o m ­
pet ing h igh energy physics pro­
grammes in the USA. 
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Another cross-sectional view of the niobium-tin 
conductor which has given such hopeful results 
at Rutherford. This time the magnification is 
80 times and shows a complete conductor 
cross-section with 5143 filaments, about 5 jum 
in diameter, of niobium-tin (in circular groups) 
within a bronze matrix. There are also 
24 hexagonaily shaped regions of pure copper 
to help curb instabilities and to take the brunt of 
quench effects. 

RUTHERFORD 
Let's hear it for 
niobium-tin 
Very promis ing results w i t h n i o b i u m -
t in superconductor were obta ined by 
the Ruther fo rd /Harwe l l team in Sep­
tember. W i t h a 3 0 m m bore so lenoid 
of f i lamentary n iob ium- t i n they reach­
ed a magnet ic f ie ld of 12.25 T in 
very good agreement w i t h the 'short 
sample ' test. 

Learning h o w to handle n i o b i u m -
t in is one of the b ig chal lenges of 
the techno logy of superconductors . 
The rewards w o u l d be great. First 
of al l , it can take very h igh current 
densit ies (around 2 0 0 0 A / m m 2 c o m ­
pared w i t h around 8 0 0 A / m m 2 for 
the more c o m m o n n iob ium- t i t an ium) 
g iv ing higher magnet ic f ields (say 10 T 
compared w i t h 4.5 T) w i t h o u t losing 
its superconduct ing property. Second ­
ly, it can provide higher f ields wh i l e 
operat ing at higher temperatures. It 
can thus be used in magnets w i t h a 
greater margin of temperature stabi l i ty 
rather than operat ing on the hairy 
edge of temperature stabi l i ty as is 
of ten the case for n iob ium- t i t an ium. 

T h e problem is that n iob ium- t i n is 
a very brit t le material and there is no 
obv ious w a y of bu i ld ing coi ls incor­
porat ing f ine f i laments such as are 
needed for pulsed superconduc t ing 
magnets. Strains of much less than 
1 % are suf f ic ient to break n i o b i u m -
t in f i laments. The tr ick that a f e w 
groups are t ry ing ( i nc lud ing , for 
example, the Brookhaven team of 
W . B . Sampson w i t h the help of 
metal lurgist M. Suenaga) is to arrive at 
n iob ium- t i n by a sol id state route after 
having fo rmed the magnet. 

In the method used by the Har­
we l l /Ru the r fo rd people (J .P. Charles-
w o r t h , V.W. Edwards, D.C. Larbales-
tier, J.A. Lee, P.E. Madsen, C.A. Scot t , 
M .N . Wi lson) the conduc to r begins 
life as a composi te of n iob ium rods in 

a copper - t in bronze. By normal mecha­
nical d raw ing techniques this is reduc­
ed to w i re size. It is insulated w i t h 
glass f ibre braid and w o u n d on a 
stainless steel former in the required 
magnet coi l conf igurat ion. The coi l is 
then popped in a vacuum furnace and 
cooked at around 700°C. A react ion 
process takes place and t in dif fuses 
f rom the bronze into the n iob ium 
fo rming a layer of n iob ium- t in al loy 
at the interface. In this w a y n i o b i u m -
t in in f i lamentary form is produced in 
required coi l conf igurat ions. 

W i th the h igh current densit ies 
offered by n iob ium- t i n , care has to be 
taken to protect the magnet w h e n a 
quench occurs ( the superconductor 
go ing normal ) . This has been done by 
incorporat ing regions of h igh pur i ty 
copper (protected by an inert barrier 
to l imit contaminat ion w h e n the c o n ­
ductor is cooked) into the conductor . 
The copper helps take away heat and 
is a l o w resistance shunt w h e n the 
coi l quenches. 

Using these ideas, a series of 
coi ls have been produced. The latest 
one is a solenoid w h i c h has about 1 kg 
of n iob ium- t i n superconductor w i t h 
the parameters indicated in the pho to ­
graph capt ion. It gave a f ie ld of close 
to 10 T, w h e n powered by itself, 
w h i c h c l imbed to 12.25 T in a back­
g round f ie ld of 6.5 T f rom a n i o b i u m -
t i tan ium coi l . 

There is sti l l a lot of research to 
be done to opt imise the techn ique and 

to become conv inced that the me­
t h o d gives magnets w h i c h w i l l sur­
v ive the r igours of accelerator env i ron­
ments. Nevertheless, it does look 
as if the ' w i n d and react' t r ick works . 
The next moves are to bu i ld larger 
magnets bo th of so lenoid and of 
'saddle ' (such as are used in bend ing 
magnets) conf igurat ions. The results 
w i l l be of great interest. 

LOS ALAMOS 
LAMPF preparing for 
second assault 
In a similar w a y to the FermiLab hav ing 
the first crack at a new energy range for 
h igh energy physics experiments, the 
Cl in ton P. Anderson Los A lamos 
Meson Physics Facil i ty has the first 
crack at a n e w range of nuclear phy­
sics exper iments. The advantage of 
their 8 0 0 MeV proton linear acceler­
ator, L A M P F , is predominant ly in the 
intensi ty of the particle beams it can 
furn ish for the s tudy of nuclear pheno­
mena. It has recently been jo ined as 
a 'meson factory ' by the cyc lo t ron of 
the Swiss Inst i tute for Nuclear 
Research (see September issue, page 
301) and the Canadian T R I U M F 
cyc lo t ron ( June issue, page 215) is 
not far beh ind . L A M P F is, however , 
already hav ing a first look and is pre­
par ing for a 'great s h u t d o w n ' in w h i c h 
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the accelerator w i l l be t id ied up ready 
for the second assault w i t h sti l l h igher 
intensit ies. The great s h u t d o w n is 
scheduled to begin at the end of th is 
year w i t h the exper imental programme 
open ing up again around J u n e 1975. 

The machine has been descr ibed in 
detai l in our pages before (vo l . 8, 
page 132 ) . Its major features are — 
t w i n preinjectors so that protons and 
negat ive hydrogen ions can be acce l ­
erated at the same t ime ; a 100 MeV 
Alvarez type l inac; subsequent acce l ­
erat ion to 8 0 0 MeV in a Los A lamos -
invented side coup led cavi ty l inac; 
sw i tchyard d iv id ing accelerated par­
t ic les into a variety of exper imental 
areas. The first fu l l energy beam was 
achieved in June 1972 and w e begin 
th is report of the present status of 
L A M P F w i t h a review of the machine 
performance, problems and plans. 

The average accelerated current is 
abou t 10 {iA w i t h a du ty factor of 
5 %. It is fed to about six exper iments 
s imul taneously and as many as nine 
beam-l ines cou ld be fed at the same 
t ime. (Eventual ly as many as twe lve 
beam-l ines cou ld be in act ion at the 
same t ime — thanks to savings on the 
accelerator i tself, the exper imental areas 
have some four t imes their ini t ial 
design potent ial .) Rel iabi l i ty has been 
erratic dur ing the past year w i t h an 
overal l average of about 65 %. Despite 
these l imi tat ions in performance, the 
exper imental targets can already be 
fed w i t h beam at an intensi ty a factor 
of a hundred higher than has been 
avai lable before f rom the cyc lo t rons 
normal ly used for nuclear physics. The 
u l t imate a im is for beams of 1 m A 
(900 [iA of protons, 100 \iA of nega­
t ive hydrogen ions) to be accelerated 
w i t h a du ty factor of 6 -12 % and th is 
is ten thousand t imes beyond pre-
meson factory intensit ies. 

The major problems w h i c h are h o l d ­
ing back the c l imb to higher currents 
are imprecise machine a l ignment , 
d i f f icul t ies in achiev ing o p t i m u m sett­

ings for. the r.f. ampl i tude and phase 
and the inabi l i ty, as yet, to handle 
much higher intensit ies in the exper i ­
mental areas. They are all to receive 
at tent ion dur ing the great s h u t d o w n . 

The 100 MeV linac sect ion w i l l be 
complete ly real igned. It appears that 
the init ial pos i t ion ing wen t adrift in 
using laser a l ignment techniques over 
distances w h i c h were suf f ic ient ly long 
for refractive index effects to produce 
fau l ty readings. Both opt ical and 
magnet ic techniques w i l l be used in 
the real ignment and, prior to the side 
coup led l inac sect ion, further magnets 
w i l l be set so that the emerging 100 
MeV beam is correct ly aimed a long the 
axis of 8 0 0 MeV sect ion w h i c h is 
s l ight ly offset vert ical ly w i t h respect 
to the first sect ion. This is no hindrance 
to t ransmi t t ing. the ful l beam once the 
match ing has been achieved. The 
real ignment is, however, vital to enable 
posit ive and negative beams to be 
accelerated at the same t ime. 

The second d i f f icu l ty has been to 
achieve and maintain near o p t i m u m 
sett ings of the phase and ampl i tude 
of the r.f. accelerat ing vol tage expe­
r ienced by the particles as they travel 
d o w n the l inac. This is obv ious ly no 
easy task since, in a sense, there is an 
in ject ion problem at each modu le 
a long the machine where the acceler­
at ing kick has to be given at just the 
r ight t ime and w i t h just the r ight 
strength to reach the next stat ion w h e n 
that is correct ly l ined up for its kick. 
Ach iev ing the correct r.f. sett ings has 
proved to be a hard task requir ing 
pat ient adjustments wo rk i ng progres­
sively a long the machine. 

Even th is is a successive approx ima­
t ion approach since osci l lat ions i n ­
duced in the beam by an incorrect 
sett ing may on ly become obv ious 
several modules later leading to much 
gnash ing of teeth. In add i t ion , it has 
not proved possible, for reasons u n ­
k n o w n , to achieve good sett ings and 
then to re-establ ish them by pressing 

a memory bu t ton on the next run. 
One source of error, w h i c h has t h r o w n 
the sett ings some w a y f rom the theo ­
retical predict ions, is that the length of 
the modules is as much as 2.5 m m 
(in 18 m) away f rom speci f icat ion. 
Precise modu le length was not ex­
pected to be so important . 

Dur ing the "great s h u t d o w n more 
beam mon i to r ing instrumentat ion w i l l 
be instal led to help the machine sett ing 
prob lem. Computer contro l has been 
an invaluable help (or, to quote the 
machine special ists, 'We w o u l d be 
dead w i t h o u t i t ' ) . Consider ing that 
L A M P F pioneered complete computer 
cont ro l of an accelerator, this is a 
f ine achievement. The computer ma­
kes it possible to set about three 
hundred of the crucial operat ing 
parameters (and some six hundred 
others of less importance) in a f e w 
minutes. It can also do a lot of 'number 
c runch ing ' on - l i ne and greatly eases 
the t ra in ing of machine operators. 
There is sti l l room for improvement in 
the computer programs and, as more 
effort can be turned on to this, the 
con t r ibu t ion of the computer to ma­
chine operat ion w i l l increase. 

A consequence of the a l ignment 
and set t ing di f f icul t ies is that about 1 % 
of the part icles are spi l led out of the 
beam as it travels th rough the l inac. 
Mos t of these particles cont inue 
th rough the machine and emerge in 
an uncont ro l led fashion into the 
beam swi tchyard region. Up to n o w 
the result ing induced radioact iv i ty has 
not been very t roublesome but, unt i l 
the spil l is reduced to a lower per­
centage, it is not useful to push for 
much higher intensit ies. As an exam­
ple of w h a t can happen, mis-steer ing a 
10piA beam for a short t ime brought 
the surface of a f lange to a radiat ion 
level of 2 0 0 rad. 

Mos t exper iments have been c o n ­
tent w i t h the 10 ptA beam dur ing 
this f irst per iod of machine operat ion 
but the heat is n o w on to take the 
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intensi ty higher rather than to bu i ld up 
more hours w i t h the exist ing in ten­
sity. Hence the great s h u t d o w n dur ing 
w h i c h L A M P F is expected to be 
brought into shape to accelerate 
100 fxA beams w i t h , possibly, a shot 
at sti l l h igher intensit ies if all goes 
we l l . A t the same t ime, it w i l l be 
necessary to rebui ld much of the 
exper imental areas to cope w i t h the 
extra particles and steel and concrete 
shie ld ing w i l l abound . . 

W e can n o w move on to the 
exper imental programme at L A M P F 
where the variety of the research is 
much greater than at h igh energy 
physics Laboratories. On the one 
hand, this is a natural consequence of 
the energy range under invest igat ion 
— it is an energy range w h i c h was the 
'h igh energy' physics of the previous 
generat ion of accelerators. This u n ­
covered the gross features of nuclear 
behaviour and it is for the most part 
the detai led behaviour w h i c h the me­
son factor ies w i l l n o w reveal wh i l e 
h igh energy physics moves on to 
explore the ind iv idual part icles of the 
nucleus. Know ing features of nuclear 
behaviour, and having exper ience of 
th is energy range, enables us to 
exp lo i t the nucleus in a variety of ways 
such as is not yet possible w i t h par­
t ic les around the highest energy 
synchrotrons. 

On the other hand, the var iety of 
the research programme is a ref lect ion 
of the concern of the L A M P F Director, 

L. Rosen, w h o has consistent ly sought 
for ways of using w h a t is pr inc ipal ly 
a 'pure research' instrument to attack 
some of the present and near fu ture 
problems of society at large. Thus the 
programme includes nuclear physics, 
part icle physics, sol id state physics, 
a tomic physics, nuclear chemistry, 
isotope product ion and radiotherapy. 

A t the moment the avai lable beams 
are a l o w to med ium energy p ion beam 
of h igh qual i ty w h i c h can send par­
t icles to t w o exper imental set ups, a 
med ium energy p ion beam also feeding 
t w o stat ions, a muon beam of h igh 
qual i ty also feeding t w o stat ions (a 
l o w qual i ty p ion arm is being added) , 
a h igh ly monochromat ic neutron beam 
derived f rom sending the proton beam 
on to a deuter ium target, a nuclear 
chemistry beam where f ragments f rom 
nuclear reactions in th in targets can 
be measured by t ime of f l ight , a pro ton 
beam, an irradiat ion beam for isotope 
p roduc t ion , a l o w energy p ion beam 
for b iomedica l studies and a neutr ino 
beam ( feeding three exper iments) 
der ived f rom the stop at the end of the 
beam. 

Nuclear and part icle physics exper i ­
ments inc lude studies of p ion total 
cross-sect ions (Los A l a m o s / M o n ­
tana /Wash ing ton ) , p ion induced d e u -
teron dis integrat ion (Los A l a m o s / 
North Caro l ina/V i rg in ia) , fo rward 
elastic scatter ing of p ions on var ious 
nuclei (R i ce -Hous ton ) , beta decay of 
the p ion (Los A lamos /Temp le ) , s tu -

Servicing heavily irradiated components is a 
major problem at the meson factories. LAMPF's 
answer is Merrimac. It rolls across the top of 
concrete shielding to the 'hot' zone which needs 
attention, carrying a 200 ton shielded box on its 
gantry. The box is lowered hydraulically 
through the opened up shielding and work can 
be carried out using a manipulator and a 5 ton 
hoist. The whole assembly can be controlled 
remotely using a duplicate control box (seen 
hanging from the ladder). Aircraft buffs may 
recognize the B52 undercarriage, 

dies of neut ron spectra f rom protons 
on deuterons w h i c h y ie lded the exce l ­
lent neutron beam (Los A l a m o s / N e w 
Mex i co /Texas ) , muon ium format ion 
in nob le gases ( H e i d e l b e r g / W y o m i n g / 
Yale) w h i c h is con t inu ing by a s tudy 
of the hyperf ine structure of m u o n i u m 
(Yale) , mu mesic X rays (Cal Tech /Los 
A lamos /Ya te ) , studies of h igh ly exci t ­
ed nuclear states (Carneg ie -Me l lon ) , 
test of pari ty conservat ion in p ro ton -
pro ton scatter ing ( I l l ino is /Los A la ­
mos) studies of neutr ino scatter ing 
(UCI ) of lepton conservat ion in neu ­
t r ino interact ions (Yale) of neutr ino 
detect ion using tetrachloroethylene 
to check the abi l i ty to detect neutr inos 
as used in the underground solar neu ­
t r ino exper iment (Brookhaven) , etc... 

In the not t oo distant fu ture, it is 
ant ic ipated that the bulk of the nuclear 
physics research programme w i l l be 
taken over by t w o monster spect ro­
meters — HRS (H igh Resolut ion 
Spectrometer) and EPICS (Energetic 
Pion Channel and Spectrometers) . 
HRS w i l l be capable of accept ing, on 
to its target, protons of energy f rom 
3 0 0 to 8 0 0 MeV. It w i l l be fed by the 
negat ive hydrogen ion beam str ipped 
to protons (enabl ing the beam emi t -
tance to be tai lored) w h i c h are steered 
to the target, the beam being tw is ted 
th rough 90° before reaching the ver t i ­
cal ly moun ted spectrometer. The 
beam- l ine is complete to this po in t 
where it enters the large domed bu i l d ­
ing w h i c h houses HRS. 

The spectrometer w i l l have three 
large magnets — quadrupole, d ipo le, 
d ipo le — w i t h a mean radius of curva­
ture of 3.5 m. They w i l l make it possible 
to analyse protons up to 8 0 0 MeV w i t h 
1.4 T in the magnets, deuterons of 
8 0 0 MeV w i t h 1.8 T and t r i tons of 
635 M e V w i t h 1.9 T. The hoped for 
energy resolut ion is a f e w t imes 10~ 5 

( p i n -po in t i ng energy to better than 
30 keV in 8 0 0 M e V ) . This is better than 
has been achieved before — the 
nearest rival being on the Saturne 
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accelerator at Saclay (see vo l . 12 
page 134) . Very precise measurements 
w i l l then be possible on the incoming 
proton and one ou tgo ing part icle 
after the target. The possibi l i ty of also 
ca tch ing a second ou tgo ing part icle 
has been left open and there is room 
for an addi t ional spectrometer at some 
later stage. 

A t the present t ime, HRS is in the 
painstaking phase of magnet sh im­
ming . This is, of course, crucial since 
it dictates the resolut ion w h i c h w i l l 
u l t imately be possible f rom the spec­
trometer. Enough money to c o n c e n ­
trate on br ing ing HRS into act ion has 
been made available for the first t ime 
this f iscal year and it is in tended to 
have const ruct ion comple te by the 
midd le of 1975. A long series of expe­
r iments have been proposed. 

EPICS is an all s ing ing , all danc ing 
fac i l i ty for exper iments w i t h p ions 
such as has never been bui l t before. A 
comparable system is designed for the 
S IN cyc lo t ron in Vi l l igen. The aim is 
for good energy resolut ion (better 
than 50 keV) and good angular reso­
lu t ion (better than 10 mrad) . The 
incoming p ion beam w i l l be of h igh 
intensi ty, so that it w i l l be possible to 
invest igate interact ions w i t h l o w inter­
act ion probabi l i t ies, and can be of a 
w i d e range of energies ( f rom 50 to 
3 0 0 M e V ) . T h e beam- l ine incorporates 
a separator to prevent protons con ta ­
mina t ing the p ion beam on to the 
target. 

Const ruct ion is proceeding in 
phases. I tem 1 is the pion beam- l ine 
w h i c h is expected to be complete by 
the middle of 1975. Item 2 is a l o w 
momen tum spectrometer capable of 
handl ing up to 670 MeV/c . A physics 
programme, w i t h EPICS in this phase, 
w i l l then be possible. I tem 3 is an 
addi t ional h igh momen tum spect ro­
meter capable of handl ing up to 1000 
M e V / c w h i c h w i l l extend the init ial 
physics programme and make it pos­
sible to measure t w o particles emer­
g ing f rom the target. As w i t h HRS, a 
long series of experiments is already 
envisaged. 

For the nuclear chemistry pro­
gramme a large number of target irra­
diat ions have been carried out , aver­
ag ing about f i f ty (and many of those 
mult i target irradiations) in a three 
months ' per iod. For the isotope p roduc­
t ion programme, the first sh ipment of a 
radioact ive isotope was made at the 
beg inn ing of August . 120 microcur ies 
of s t ront ium 82 , produced by bombard ­
ing a mo lybdenum target w i t h 8 0 0 
MeV protons, was del ivered to a 
Denver hospital for cl inical studies. 
The s t ront ium isotope has a hal f - l i fe 
of 25 days and decays to rub id ium 82 
w i t h a hal f - l i fe of 75 s; it is the rub i ­
d i um isotope w h i c h w i l l l be used in 
the hospital s ince its short life l imits 
the radiat ion exposure of pat ients. 
L A M P F w i l l become an isotope 
factory as we l l as a meson factory 
prov id ing large quant i t ies of radio-

Inside the biomedical facility at LAMPF. It 
receives pion beams for radiological research 
and for the treatment of cancer. The first 
clinical radiation is tentatively scheduled for 
October. 

(Photos Los Alamos) 

isotopes for d iagnost ics and treat­
ment. 

For the b iomedica l programme the 
beam- l ine t un ing started in May. 
W i t h present machine operat ing char­
acterist ics, p ions at the dose rate of 
about 5 rad per minute are available. 

The propert ies of the p ion beam 
have been careful ly s tudied and 
dos imetry measurements taken ready 
for the f irst pat ient irradiat ion w h i c h 
has been tentat ive ly scheduled for 
October. 

The purposes of the b iomedical 
fac i l i ty are to support a cl in ical 
programme for cancer t reatment and 
to carry ou t basic radiological research. 
The f ie ld of rad io logy has opened w i d e 
beyond the t radi t ional X ray irradiations 
w i t h the n e w possibi l i t ies of p roduc ing , 
f rom accelerators, contro l led beams of 
heavy ions, protons, neutrons and 
pions. Each part icle type has part icular 
i rradiat ion characterist ics in its favour 
( f rom amongst relative b io logical e f f i ­
c iency, oxygen enhancement ratio, 
depth dose, e tc . . ) and cl inical ex­
perience is needed to select the type 
or types w h i c h are l ikely to become 
standard hospi tal faci l i t ies. L A M P F 
w i l l be one of the first in the 
f ie ld . 

The L A M P F Users Group, w h o 
have interests in this broad exper i ­
mental p rogramme, has over a thous ­
and members. Of these about a 
hundred on average w i l l be at Los 
A lamos par t ic ipat ing in experiments 
at any one t ime. The Users Group 
has taken a very active part in the 
evo lu t ion of the project and cont inues 
to have input to the L A M P F Director 
via a Technica l Adv isory Panel and via 
members of the Programme Adv isory 
Commi t tee. L A M P F is a nat ional 
research faci l i ty and t w o thirds of the 
exper imentors are f rom outs ide Los 
A lamos itself. There is also st rong 
internat ional par t ic ipat ion (about 
12 %) w h i c h may we l l g r o w stronger 
as exchanges get under w a y w h e n SIN 
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and TRI U M F also become fu l ly operat­
ing meson factories. 

Before leaving Los A lamos, ment ion 
shou ld be made of some of the 
Laboratory 's w o r k in supercon­
duct iv i ty . W e reported in the Sep­
tember issue that the Fermi Lab intends 
to bu i ld and operate superconduc t ing 
energy transfer and energy storage 
systems. Los A lamos has research 
and deve lopment programmes in both 
f ields. 

The latest advance in the w o r k on 
the transmission of electr ical power 
is to deposi t a layer of n iob ium 
germanide (Nb 3 Ge) on a metal l ic 
substrate, the superconduc t ing layer 
being suf f ic ient ly th ick to carry h igh 
currents. The s igni f icance of th is 
achievement is that it conf i rms that 
n iob ium germanide retains its super­
conduc t i ng property in bulk (previous 
th in f i lm tests were made at Wes t i ng -
house and Bell Laborator ies). N iob ium 
germanide goes superconduc t ing at 
about 22 K and thus the much 
cheaper and more abundant l iqu id 
hydrogen (ât 20 K) rather than 
l iqu id hel ium (at 4 K) cou ld be used 
for coo l ing the cable. Dur ing tests at 
17 K a sample at Los A lamos carried 
currents equivalent to 60 k A / c m 2 

w i t h o u t loss. 

The interest in large supercon­
duc t ing coi ls as energy stores began 
at Los A lamos about e ighteen months 
ago w i t h the same l o a d level l ing ' 
aims for the power industry, that were 
descr ibed last mon th , in v iew. Pro­
gressively larger coi ls are be ing bui l t 
— n o w in the 100 kJ to 1 M J energy 
storage range using n iob ium- t i t an ium 
superconductor on a copper /copper 
nickel substrate. The possib i l i ty of 
using superf lu id he l ium for forced 
f l o w coo l ing , as in the CERN Omega 
spectrometer magnet , is be ing inves­
t igated so as to push the operat ing 
temperature d o w n to 1.8 K. U l t i ­
mately, power networks w i l l need 
stores in the 1 0 1 4 J range but stores of 

about 10 M W h cou ld already be very 
useful to cope w i t h small scale power 
f luc tuat ions that a generator cannot 
easily f o l l o w because of its response 
t ime. This appl icat ion is be ing kept 
in m ind in p lanning the next steps at 
Los A lamos. 

BERKELEY/STANFORD 
PEP Summer Study 
A PEP Summer Study (sponsored by 
the Lawrence Berkeley Laboratory, 
the Stanford Linear Accelerator Centre 
and the Associated Users of Western 
High Energy Accelerators) was held 
f rom 5 to 30 Augus t at Berkeley. The 
first week was a mul t i -par t ic ipant 
jamboree to mul l over the n e w range 
of physics that w o u l d befcome avai l ­
able w i t h the const ruct ion of the 
15 GeV elect ron-posi t ron co l l id ing 
beam faci l i ty cal led PEP. The S tudy 
was then at tended by 192 h igh energy 
physicists in an atmosphere of keen 
interest s t imulated not on ly by the 
at t ract ion of the proposed research 
but also by the enthusiasm of the 
many y o u n g physicists w h o took part 
in the discussions. 

For the f o l l ow ing three weeks, s ixty 
physicists ( inc lud ing ten f rom Europe) 
stayed to get to grips in more detai l 
w i t h some of new ideas. The goals 
were to def ine the types of physics 
exper iments w h i c h cou ld be done 
w i t h th is machine, to speci fy para­
meters of the exper imental systems, 
and to determine w h a t logist ic suppor t 
w o u l d be necessary to conduc t such 
exper iments. 

The physics that cou ld be at tacked 
at PEP was examined by twe lve sub ­
groups. In the ( in tent ional ) absence 
of d i rect ive, they discussed creative 
approaches to the general categories of 
tota l and inclusive hadronic cross-
sect ions, t w o photon processes, tests 
of the val id i ty of quan tum elect rody­

namics d o w n to distances of 10~ 1 6 cm, 
searches for heavy lepton and W boson 
pair p roduc t ion , use of polarized 
beams and searches for asymmetr ies 
in part icle p roduct ion due to interfer­
ence effects be tween weak and elec­
t romagnet ic interact ions. 

Particular at tent ion was g iven to 
spec i fy ing ar variety of detectors, i nc lu ­
d ing toro idal magnets, superconduct ­
ing magnets, gamma ray detectors, 
streamer chambers, calorimeters and 
other ingenious devices. They varied 
in w e i g h t f rom 10 to 13 0 0 0 tons, 
incorporat ing f rom 20 to 1200 c o u n ­
ters! A l l recommended systems f i t into 
a 20 m intersect ion region and many 
into a 10 m intersect ion region. 

Reports on many of these top ics 
w i l l emerge in some 35 papers to be 
inc luded in the PEP Summer S tudy 
proceedings, w h i c h w i l l probably be 
avai lable about m id -November . This 
intensive effort is f i rm ing up the 
project w h i c h it is hoped w i l l be g iven 
the green l ight in the President's budget 
for Fiscal Year 1976. 

DUBNA 
Synthesis of element 
106 
Work on p roduc ing the heavy element 
106 has been go ing on for several 
years at Berkeley, Dubna and Oak-
r idge. The Dubna experiments were 
led by G.N. Flerov and since the spr ing 
of th is year a radical ly dif ferent me thod , 
proposed by Yu.Ts. Oganesyan has 
been used, and is g iv ing very interest ing 
results. 

The t radi t ional method of p rodu ­
c ing n e w heavy elements consists of 
expos ing targets of the heaviest 
avai lable elements (such as p lu to ­
n ium or ca l i forn ium) to accelerated 
mul t ip ly charged ions. The relatively 
h igh exc i ta t ion energies of the c o m -
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pound nuclei produced in such co l l i ­
s ions give on ly very small cross-sec­
t ions for the required reactions. A d is­
advantage of the method is that there 
is a h igh background f rom the f ission 
of the target material and f rom the 
spontaneously fissile uranium to ca l i ­
f o rn ium isomers w h i c h are also pro­
duced. Thus the decay chain of a new 
element is of ten d i f f icu l t to unravel 
f rom many other decay chains in 
act ion. 

The new techn ique aims to avoid 
the h igh background by using stable 
'mag ic ' nucle i , lead or b ismuth , as 
targets and bombard ing them w i t h 
accelerated ions of mass greater than 
4 0 atomic units. The use of lead or 
b ismuth instead of h igh ly fissile ele­
ments considerably simpl i f ies the ex­
periments, el iminates background and 
makes it possible to use a h igh sensit iv­
ity, rapid method of detect ing new n u ­
clei by spontaneous f iss ion. These ad ­
vantages were clearly evident in the 
exper iments carried out at the beg in ­
n ing of this year on the synthesis of 
t w o new isotopes of e lement 104 
using lead bombarded by t i tan ium. 

A vital cont r ibu t ion to this w o r k has 
been the abi l i ty to accelerate heavy 
ions. T i tan ium ions (and also chro­
m ium and vanad ium ions) were acce l ­
erated for the first t ime ever w i t h 
intensit ies of 2 x 1 0 1 1 ion /s . A power ­
fu l ion source, of or ig inal cons t ruc t ion , 
makes it possible to use the w o r k i n g 
material in the sol id phase and thus to 

obta in mul t ip ly charged ions of pract i ­
cal ly all the elements in the periodic 
table. 

The results considerably change 
ideas concern ing the stabi l i ty of heavy 
nuclei w i t h regard to spontaneous 
f ission. A marked increase in stabi l i ty 
takes place (by a factor between 1 0 6 

and 10 1 2 ) w h e n nuclei have a number 
of neutrons, N, in the ne ighbourhood 
of 152. This is true even for ca l i forn ium, 
fe rmium and nobel ium isotopes. This 
is pract ical ly non-ex is tent however 
for e lement 104 isotopes and their 
hal f - l ives increase smooth ly w h e n 
go ing f rom N = 152 to N = 156. This 
may be due to regularit ies in the varia­
t ion of the f ine structure of the f ission 
potent ia l barrier w h e n the number of 
protons or neutrons varies by a f e w 
units. 

The new method of synthesis seems 
to be h igh ly eff icient. The reactions Pb 
( 4 0 Ar, 2n) 102 and Pb ( 5 0 T i , 2n) 104 
were s h o w n to have approx imate ly 
equal cross-sect ions. Chromium ions 
were then accelerated and the react ion 
Pb ( 5 4 Cr, xn) 106 was studied. In the 
2 0 8 , 2 0 7 P b + 5 4 C r r e a c t j o n s a spontane-
ously fissile isotope w i t h a hal f - l i fe of 
7.5 [is was detec ted; in the react ion 
w i t h 2 0 6 Pb the yield of this isotope 
sharply decreased (by a factor of more 
than f ive) . The cont r ibut ions of reac­
t ions w i t h emission of protons or 
alphas were studied theoret ical ly and 
exper imental ly. It was s h o w n that the 
y ie ld of spontaneously fissile isotopes 

The Swiss Institute for Nuclear Research (SIN) 
was inaugurated in a ceremony on 4 October. 
The Laboratory and its research facilities were 
officially opened by Bundesrat H. Hurlimann, 
seen in the photograph addressing an invited 
audience and SIN staff in the main experimental 
hall. Other speakers were C. Seippel, President 
of the SIN construction commission, J. P. Blaser, 
Director of SIN and W.K. Jentschke, Director of 
CERN Laboratory I. 

(Photo SIN) 

of elements 104 and 105 was neg l i ­
g ib le at the ion energies used. On the 
basis of the results and the n e w ideas 
concern ing the classif icat ion of pe­
r iods of spontaneous f iss ion, it is 
conc luded that the effect observed is 
due to the decay of element 106 in its 
uneven 2 5 9 1 06 isotope fo rm w h i c h is 
p roduced in the reactions w i t h the 
emission of t w o or three neutrons. 

Experiments are n o w being carried 
out on the synthesis of other isotopes 
of e lement 106. It is hoped that 
the n e w method w i l l also be suc­
cessful ly in the synthesis of heavier 
elements (108 , 110) for w h i c h it w i l l 
be necessary to use accelerated ions 
of the iron 58 and nickel 64 type. 

BERKELEY 
More on element 106 
It is appropr iate to report at the same 
t ime as the news of element 106 w o r k 
at Dubna that the element p roduc ing 
factory at the Lawrence Berkeley 
Laboratory also cont inues to turn them 
out . Using the t radi t ional method at 
the SuperHi lac (see June issue, page 
213) they accelerated oxygen 18 ions 
to manufacture an isotope of element 
106 by bombard ing a cal i forn ium 249 
target. A. Ghiorso and G. Seaborg 
announced the news on 9 September. 

The isotope was seen, w i t h a l i fe­
t ime of 0.9 s, via its alpha decay 
(9.06 MeV) to element 104 w h i c h 
fur ther decayed by alpha emission 
(8.8 MeV) to nobe l ium. 

The exper iment depended greatly 
on the pur i ty of the special ca l i forn ium 
target prepared by K. Hulet and 
R. Lougheed. A toms of 106 bounce 
ou t of the target and are swept by a 
f l o w of gas on to the rim of a whee l 
w h i c h revolves them in f ront of detec­
tors where the alpha decays are 
measured. 
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jrijiOP-05 
INSTRUMENTATION OPERATIONAL AMPLIFIER SERIES 
FEATURES: 
M Low Noise 0.6/xV p-p Max. - 0 . 1 to 10Hz 

• Low Drift vs. Temp 0.5/iV/°C Max 
Low Drift vs. Time 

Low Bias Current 

Low V o s 

High CMRR 

High PSRR 

High Gain 

High R i n Diff 

High R i n CM 

High Slew Rate 

Internally Compensated 

Easy to Use 

Easy Offset Nulling 

Fits 725, 108A and 741 Sockets 

Completely Free of "Popcorn" Noise 

2.5/iV/Month Typ 

2.0nA Max 

0.15mV Max 

114dB Min 

100dBMin 

300,000 Min 

30Mft Min 

200GŒ Typ 

0.25V/jusec Typ 

Stable to 500pF Load 

Fully Protected 

Single 20k£2 Pot 
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jra.OP-07 
ULTRA-LOW OFFSET VOLTAGE OP AMP SERIES 
FEATURES: 

BOURNS (Schweiz) AG 
Tel. 042 23 22 42 

Baarerstrasse 8 6301 Zug 
Telex 78 722 

355 

m Ultra-Low Vos 10JUV 

m Ultra-Low Vos Drift 0.2mV/°C 

m Ultra-Stable vs. Time 0.2/iV/Month 

m Ultra-Low Noise 0.35juVp-p 

•i No External Components Required 

m Replaces Chopper amps at Lower Cost 

m True Differential Input CMRR-126dB 

m High Common Mode Input Range ±14.0V 

m Wide Supply Voltage Range ±3V to ±18V 

m Fits 725. 108A/308A. 741 Sockets 

PMI... LEADERS IN LIN EARS! 



Five new low-cost 
lab computer systems 
with a big heart. 
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P o w e r f u l l o w - c o s t s y s t e m s . That's 
Digitals DECLAB-11/10 system family. Five 
generous hardware/software packages 
designated A through E. Priced from only 
S.Fr. 48.000 (S.Fr. 44.000") to S.Fr. 
119.000 (S.Fr. 107.000"). Capable of han­
dling the research jobs you're likely to 
encounter without having to develop ad­
ditional programs. And fully compatible 
so they'll expand as your needs grow. 

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

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

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

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

Dig i ta l . Gets t o t h e heart of your 
n e e d s . 

r — — — — — — — — — — — — — — — I 

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

Name 

Position 

Company 

Address 

Telephone 

I Digital Equipment Corporation | 
I International (Europe), | 
• 81, route de l'Aire, i 
• CH-1211 Geneva 26, c i J Tel. (022) 42 79 50. <3 j 
L _ _ — — — _ — - I 

Offices in Reading, London, B i rmingham, Bristol, Manchester, 
Edinburgh, Mun ich , Berlin, Cologne, Frankfurt, Hambourg , 
Hannover, Stuttgart, Vienna, S tockho lm, Oslo, Copenhagen, 
Helsinki, Paris, Grenoble, Utrecht, Brussels, Geneva, Zur ich, 
Mi lan, Turin. 

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

* Special pr ice for nonprof i t -or iented educat iona l , medical 
and research inst i tut ions. 
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EEV's double first. 

Perforateur de bandes et de cartes 
modèle 34 pour a p p l i c a t i o n s indus t r ie l l es à e x i g e n c e s a c c r u e s 

• v i t e s s e max. d e perforat ion 4 0 ou 7 0 c /sec 

• per fore d e s b a n d e s et des car tes , 

5—8 c a n a u x 

• l ivrable en é l é m e n t modula i re , 

en rack 1 9 " ou en modè le d e tab le 

• f o r m e et construct ion c o m p a c t e s 

• M T B F ext raord ina i re 

• peut aussi ê t re fourni a v e c : 
contrôle d e pari té 

spéci f icat ions T T S 
é lec t ron ique d e c o m m a n d e 

(par ex . pour P D P - 8 , PDP-11) 

Ericsson 
D a t a P e r i p h e r a l s 

Le modèle 34 a remporté 
le Prix Danois de Design 

pour sa forme compacte, 
sa construction ration­

nelle et son efficacité de 
fonctionnement. 

GNT AUTOMATIC A/S 
Ueberlandstrasse 436 
8 0 6 1 Zur ich, téléphone 01/41 6 6 0 6 
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Thyratron CX1171B. 
> 
co 
CD 

When you have an inverse voltage 
problem then you have an interest 
in EEV's double-ended thyratron. 

Conventionally, the thyratron 
has been a triggered unidirectional 
switch. EEV has now designed, 
constructed and successfully run 
new triggered hydrogen thyratrons 
capable of conducting in both 

directions without affecting the 
hold off voltage. 

These new double-ended tubes 
are available in both 3in. and 4%in. 
ceramic bodies - 2,3 or 4 gaps. 

Can we discuss our ideas and 
your problems with you? Please 
contact our hydrogen thyratron 
engineers at Chelmsford. 

EE Vand M- OV know how 
T H E M-O VALVE CO LTD, Hammersmi th , London, England W6 7PE.Tel: 01-603 3431 .Telex: 234356 .Grams: Thermion ic London. ^ 

E N G L I S H ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel : 0245 61 777.Telex: 99103. Grams: Ene lec t ico Chelmsford . 
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Schlumberger 

Enregistrez sans 
problèmes... 

...avec des 
oscillographes pour 
inscription directe 

Ampl i f i ca teurs enf ichables suppr imant 
t ou t p rob lème d 'adapta t ion 
Galvanomètres de 100 H z . . . 10 kHz 
1 . . . 8 ou 1 . . . 2 4 voies 
Entrées isolées haute impédance 
Sensibi l i tés d 'entrées réglables 
Protect ion cont re surcharges, marqueurs 
d 'événements , c o m m a n d e à d is tance, 
adaptateurs haute tens ion 
App l i ca t ions : Mesure de tempéra tu res , 
pressions, forces, courants , v ibrat ions, etc. 

Appe lez-nous et nous vous mont re rons 
à quel po int c'est s imple 

LASER CHRONOLITE 
UND 
HOLOGRAPHIE-LASER 

ein im Q-swi tch-Betr ieb arbeitender Rubin-lmpulslaser, der 

zwei in kurzen Zeitabstanden aufeinanderfolgende Laser-

Lichtimpulse abgibt. Der Zeitabstand ist im Bereich von 1 ms 

bis 10 fxs stufenlos variabel und kann au fWunsch nach oben 

und nach unten erweitert werden. 

Die Halbwertsbreite des Laserimpulses liegt bei 20 ns. Wel len-

lange 694 nm. Koharenzlàngen von m e h r a l s l m sind erreich-

bar. Die Impulsenergie von 50 mWs reicht aus, um in Reflek-

t ionsholographie eine 1 3 x 1 8 cm Photoplatte zu belichten und 

Objëkte von 10 bis 20 cm Durchmesser auszuleuchten. 

Bitte fordern Sie Unterlagen an bei 

I M P U L S P H Y S I K G m b H 
2 Hamburg 56 (Rissen) Sùlldorfer Landstr. 400 
Tel . (040) 81 21 51 / FS 02189 514 ff ïd 

The tapered slabbing and reaming drill is 
economical and very useful 

D R I L L F I L E 
s p e c i a l d r i l l 

for the economica l m o u n t i n g of car aerials and car 

radios, car cal l ing uni ts as we l l as te lecommunica t ion 

devices DRILLFILE is recommended by leading f i rms 

all over the w o r l d . In its measurements DRILLFILE 
accommodates all requirements. 

TIPSWITOOL 
1564 DOMDIDIER/Switzerland 

8 0 4 0 Z u r i c h 1207 G e n è v e 
T e l . 01 5 2 8 8 8 0 T é l . 0 2 2 3 5 9 9 50 

M ù n c h e n - W i e n - Par is - M a i l a n d - S t o c k h o l m 
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DELTATRON /\ H V P O W E R S U P P L I E S 

5 0 k V - 1 . 5 M V 

Model M1000-2A : 1000 kV, 2 mA 

F O R OUR 

T W E N T Y P A G E 

C A T A L O G 
Model L500-1.3C : 500 kV, 1.3 mA 

A P P L I C A T I O N S 

Electron and positive ion accelerator, ion implanters, x-ray 
generators, high voltage studies, electron microscopes and 
microprobes, lasers, isotope separators, insulation testing. 

In two years, we have sold more than a hundred dc power 
supplies with voltages from 100 kV to 1.5 MV, which are 
setting new standards of precision. Consider the perfor­
mance of the ultra stable 150 kV unit: 

Model S350-1A ; 350 kV, 1 mA 

Deltatron Model L150-2C 

Voltage: 
Current: 
Regulation: 
Ripple: 
Temperature Coefficient: 
Response Time: 
Stored Energy: 
Dimensions: 

0 - 150 kV 
2 mA 
0.001% line and load 
0.001% peak-to-peak 
25 ppm/°C 
<200 microseconds 
5J 
19" high x 12.75" diameter 

Model S130-1A 

A 

Other features include built-in surge limiting resistors, 
overcurrent relay, zero start and customer interlocks, volt­
age control by ten-turn potentiometer or 0 - 10 V dc external 
signal, connection for digital voltmeter, polarity reversal, 
and plenty more. 

Not all applications need such high stability, and others 
require more current; for these uses we have series S and 
series M units. Whatever your needs for dc high voltage may 
be, please contact us. 

D E L T A R A Y C O R P O R A T I O N • South Bedford Street, Bur l i ng ton , Mass. 01803 • 617-273-1513 
A SUBSIDIARY OF HIGH VOLTAGE ENGINEERING CORPORATION 

S W I T Z E R L A N D 

F r i t z Weber 
In der Rehweid 8 
8122 Pfa f fhausen-Zur ich 

T e l . 01-85 44 44 

GERMANY, T H E N E T H E R L A N D S , 
B E L G I U M , DENMARK, 
NORWAY,SWEDEN 

High Vo l tage Engineer ing (Europa) 
Amsterdamseweg 61 
Amersfoor t , The Nether lands 

T e l . (03490) 19741 
TWX #84447275 

F R A N C E 

Radian 
B P 410 
94152 Par is Rungis 

T e l . 686.34.28 
Cable : MESTRA, Par is 

U.K. 

Har t ley Measurements L t d 
HML House, London Rd. 
Har t ley Wintney 
Hampshire RG 27 8RT 

T e l . (025-126) 3126 
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Prestwick Circuits Limited 
Mosshill Industrial Estate Ayr Scot land 

M a n u f a c t u r e r s of Quality Through H o l e 

Plated Pr in ted Circui t Boards. 

Pro to types 3 . W e e k s . 

P roduct ion 1 4 / l 6 . W e e k s Telex. 7 7 9 5 8 3 . 
Telephone. Dalrymple. 432 

(STD. 0 2 9 2 5 6 4 3 2 ) 

KEPCO INFORMATION 
When is a Power Supply Not a 
Power Supply? 

i t 

•WAA-

I . REFERENCE 
( i n p u t ) 

PROPORTIONING ^ V O L T A G E 
R E S I S T O R S — F FEEDBACK 

>AAA 

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. 

Bipolar Operational Power Supply 
+ 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 documentation 

T h e W o r l d o f 
T I T A N I U M 

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

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

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

METALLBODIO ltd., 
P.O. BOX 296 STEINENTORSTR. 20, C H - 4 0 1 0 BASLE 
T E L 061 23 89 53 TELEX 62 270 

Agents for 
T I T A N I U M METAL & ALLOYS LIMITED, 

2 METAL EXCHANGE BLDS., L O N D O N , E.C.3. K o n t r o n E l e c t r o n i c A G 
Bernerstrasse 169.8048 Zurich, Telefon 01 62 82 82, Telex 57439 
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POP 
11 

Crate 

Interface 

Unibus 

Extender 

^ 2 0 0 m 

Unibus 

Extender 

Crate 

Interface 

NPR 

Controller 

Core 

Memory 

CPU 

Entreprise de peinture 

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

C.E.R.N. - GENÈVE 

Prézioso International S.A. 

Siège social : 

15, avenue Victor Hugo 
7 5 - P A R I S 1 6 e 

Direction administrative : 

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

Tél. (74) 85 53 07 
85 52 28 

Té lex : 9 0 4 0 4 F 

X-Y, ,~Y 6 , T R E C O R D E R 

The X-axis is common, but up to six events can be recorded on the 
Y-axis ( Y i ~ Y6). A self-contained time base provides for eleven selecta­
ble paper feed speeds obtained from pulsed drive. 
Paper feed pulse input can be synchronized to an externally supplied 
signal, as a means of changing the recording paper speed. Start and 
stop operations can be controlled remotely. 
SPECIF ICATIONS: 
CHART SIZE 250mm 
SENSITIVITY 11 step 5, 10, 50, 100, 500 mV, 1, 5, 10, 50, 100, 500V. 
INPUT IMPEDANCE 4MO 
RESPONSE 1.8 Sec. (X-axis), 1 Sec. (Y-axis) 
ACCURACY ± 0 . 4 % (X-axis), ± 0 . 3 % (Y-axis) 
RESOLUTION ±0.15% (X-axis), ± 0 . 1 % (Y-axis) 
CHART FEEDING SPEED 

(IN CASE T-Y RECORD) 600, 300, 100, 50, 20mm/min. hr 10 ranges 
ACCURACY (OF CHART FEED)... ± 1 % 
PHYSICAL DIMENSIONS 550 (L) x515 (W) x183 (H) 23 kg 
POWER SUPPLY AC 115V 50 or other voltage available 80W 

5-5-2, YUTENJI, MEGUR0-KU, TOKYO, JAPAN. 

RIKENTA AG. MOTORENSTRASSE 21- CH 8005 ZURICH TELEPHON 01/44.29.90 
TELEX 57932 
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Reliability 
. . .built into every 

instrument we make. 
Beta Gas Monitors Particle & Photon Detection 
TRITON systems monitor tritium, argon-41, carbon-14, 
chlorine-36, fluorine-18, krypton-85, radon-222 
sulfur-35, xenon-133, xenon-135, and gamma 
radiation. Features: 0.5 micron absolute 
filters, electrostatic precipitators, positive 
displacement pumps, gamma compensation 
to 5mR/hour . 
TRITON 955B — Highest sensitivity sys­
tem: 10/iCi/M 3 full scale for tritium. 
Highest sensitivity as a gamma area moni­
tor: 0.05 m R / H R full scale. Particu­
larly useful for industrial and reactor 
monitoring, as an analytical tool, and 
for H 3 and C 1 4 tracer work generally. 
TRITON 1055B for portability — A 
lightweight (less than 20 lbs.) battery-
operated monitor whose size belies 
its sensitivity (50/zCi/M 3, full scale). Fea­
tures rechargeable nickel-cadmium bat­
teries. The 1055 can be operated (and its 
batteries recharged) on standard 
line current. Has recorder output. 
TRITON 1125 — Mil-spec quality. 
Portable, rugged, rainproof. 
lOO/xCi/M3 full scale for H 3 . 
TRITON Calibrator (CL-1) 
and Remote Alarm (RA-1) — 
A calibrator (with enough tritium gas for 1000 or more cali­
brations) and a remote alarm (with both visual and audible 
systems) are also available. 
RADON SYSTEM for low-level analysis of radon samples 
from human respiration, mine, or water supply effluents, air. 
Includes Radon Concentrator (RCTS-2) which purifies, 
concentrates, and transfers samples to Radon Counter (LAC-2), 
Its scintillations produced by Radon gas are counted by 
photomultiplier in Radon Analyzer (LLRC-2) 
NEW! 1 3 3 Xe MONITOR (MODEL 133). Protects lab person­
nel from accidental exposure to 1 3 3 Xe radiation. Reads 0.1 to 
10 MPC of 1 3 3 Xe. Features large panel meter, audible and 
visual alarms, and a recorder output. This low-cost monitor 
provides reliable, unattended operation. 

Focused Mesh Multiplier Model MM-1 For use in mass spectrometers, 
electron and ion velocity analyzers, X-ray and vacuum U.V. 

spectrometers, and neutral particle experi­
ments. Detects electrons, ions, protons, 

UV, X-ray photons, energetic neutral 
atoms and molecules. Guaranteed deliv­

ered gain. Typical electron gain: 10 6 at 
2.5 kv., 10 7 at 3 kv . /10 8 at 3.5 kv. Gain is 

stable with count rates in excess of 10 6 

per second. N o ion feedback or spurious 
pulses. Non-magnetic. Low noise: less 

than 1 count/minute at 10 7 gain. Ultra 
high vacuum operation: bake-
able to 350°C. Rugged. Flight 

proven in many rocket launches. 
Size: 1.25" high, 2" diameter. 

Model MM-2 Similar characteris­
tics as MM-1 but only half the 

diameter ( 1 " ) . 
Preamplifier-Amplifier-Discrimina­

tor (Model PAD) Rugged. Minia­
ture. Charge sensitive input. 

Risetime: 3 nsec. Adjustable 
discriminator: 20:1 range. 

P A D - 1 : lowest power con­
sumption. Pulse count rates to 10 5 / 

second. PAD-2: for pulse count rates to lOVsecond. 
Regulated High Voltage Power Supply (Model HV-4R). All 

solid state. Output: 500v to 6.1 kv. Low noise: less than 300 
microvolts RMS. Low drift: less than 0.01%/hour , 0 .02%/day. 

Lightweight. Rack mounted. 

BACTEC ® 

Bacterial Detection Systems 
BACTEC Model 225, fully automatic; BACTEC Model 301, 
semi-automatic. For bacterial detection in clinical samples of 

blood, urine, spinal, synovial, and pleural fluids. And for 
sterility testing of pharmaceuticals, foods, drugs, radioisotopes 

and other products. 
BACTEC Model R301. For research use as a radiometric 

Warburg apparatus for chemical, biochemical, or biological 
reactions and procedures in which a radioactive gas is released. 

Johnston 
Laboratories, Inc. 
3 Industry Lane, Cockeysville, Maryland 21030, USA 
Phone: (301) 666-9500 Cable: " JOHNLAB" 

'Patented: U.S. No. 3,676,679 
Other U.S. and foreign patents pending. 
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Where all your attention has to be given to the process 
itself-there you will find the 

PFEIFFERTURBO 

As, for instance, in combination wi th this high 
vacuum coating plant BA511 and many other 
units for which easy handling and simple opera­
t ion are absolute requirements. 
Of course, the PFEIFFERTURBO 
offers even more; its vibration-
free running, high compression 
ratio for hydrogen and other 
volatile gases, its easy servicing, 
low operating cost, high reliabi­
lity, wide working range at cons­
tant pumping speed,.. . there is 
still much more in it that is deci­
sive! It is not for nothing that 

PFEIFFER is the leading manufacturer of turbo-
molecular pumps. 
Do you know already the PFEIFFER TURBO? The 

TPU 200 or the TPU 400? W e 
shall be pleased to provide you 
wi th technically important infor­
mation on these pumps.Your post 
card wi th the catch word PFEIF­
FER TURBO" wi l l do. By return 
mail you wi l l receive detailed 
iterature. 

PM 800 005 PE 7308 

BALZERS-owned Sales Companies i n : 0 

Zu r i ch (CH) , Frankfur t /M (D ) , W i e n (A) , 
Kungsbacka (S), Berkhamsted (GB), 
Santa Ana (USA), Meudon (F), Mi lano (I) 

ARTHUR PFEIFFER V A K U U M T E C H N I K GMBH 
Postfach 
D-6330 Wetz lar 
A company of the BALZERS-Group 
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LEIUIO SELF-LOCKING 

FORM A SOLID BOND. 

Our production programme 

Connectors, unipole (14-150 A). Connectors, coaxial (50-60-75-100U) . Connectors, 
biaxial and triaxal. Connectors, high voltage ( 2 - 5 - 8 - 1 0 - 1 5 - 3 0 KV.DC). Connectors, 
multi-coaxial, multiple contacts, multiple high voltage. Connectors, combined, high and 
low voltage. Connectors, combined, coaxial and signal. Connectors, combined special. 
Connectors, for thermo-couples. Adaptors to connectors type: BNC-UHF-C - N -CONHEX-
PET-Suhner-G. Radio, etc. 

International connections : 

Germany: LEMOSA GmbH. Wern her von Braun Strasse16. D-8011 Putzbrunn. England: 
LEMO U.K. Ltd. 6, South Street. Worthing, Sussex. Austr ia : LEMOSA GmbH. Postfach 
703. A-1011 Wien. Be lg ium: Ets. Clofis Sprl. 539, Steenweg B russe I. B-1900 Overijse. 
Denmark*: K. Kamuk A / S . Bredebovej. 31. DK-2800 Lyngby. Uni ted S ta tes : LEMO 
USA, INC. 2015 Second Street. Berkeley, California 94710. F in land: Oy Chester AB. 
Uudenmaankatu 23 A. SF-00120 Helsinki 12. France: Jupiter S.A. Constructions élec­
triques. 104, rue Garibaldi. F-94 Saint-Maur. Hol land: Geveke. Elektronica en Auto­
mate NV. P.O. Box 652. Amsterdam. I ta ly : LEMO Italia S.R.L. 10, via Calzecchi. 
1-20133 Milano. N o r w a y : Henaco A /S . P.O. Box Okern. Oslo 5. S w e d e n : AB D.J. 
Stork. Humblegatan 32. Box 37. S-17221 Sundbyberg 1. 
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HOKE GYROLOK 
FLARELESS 

TUBE FITTINGS 

0 

1/16" TO 1 " O.D. / 3 M M TO 12 M M 
HIGH V A C U U M — PRESSURE — 

TEMPERATURE — CRYOGENICS... 

DISTRIBUTOR FOR SWITZERLAND 

MATKEMI AG 

4106 Therwi l 

Erlenstrasse 27 

Telefon 061 / 73 48 22 

Telex 62 440 

LEYBOLD-HERAEUS 

Q 
P o m p e s ro ta t i ves 

à pa le t t es 

Pompes -tr ivac®-S et - tr îvac-D 

Bon vide limite avec ou sans lest d'air 

Débit é levé m ê m e dans les basses pressions 

Fonct ionnement si lencieux et exempt de vibrations 

Raccordement par brides P N E U R O P 

Grande robustesse, m ê m e en service continu 

Filtrage d'huile en continu 

Vanne de sécuri té incorporée 

Programme d'accessoires très complet 

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

8057 ZURICH 
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SI VOUS A V E Z BESOIN D'UN COMMUTA­
TEUR R O T A T I F POUR I M P L A N T A T I O N 

DIRECTE SUR C A R T E DE C I . - C A P A B L E 
DE FAIRE CE QUE FONT TOUS LES AUTRES 

COMMUTATEURS ROTATIFS - AVEC, CEPEN­
DANT, L A P E T I T E DIFFERENCE QU'IL LE 
F A I T MIEUX, (ELECTRIQUEMENT 
ET MECANIQUEMENT) CAR 
SES CARACTERISTIQUES 
DE F I A B I L I T E ET 
DE DUREE DE VIE 
SONT NETTEMENT 
SUPERIEURES. . . . 

. . . .VOUS DEVRIEZ 
EXAMINER DE 
PLUS PRES L E 
KR10 DE R.E.S. 

INUTILE DE 
CHERCHER 
PLUS LOIN -
VOUS NE 
TROUVEREZ 
PAS MIEUX. 

C86-» 
KR10 

SOCIÉTÉ ANONYME 

RUE DE L'HÔPITAL 12 - 2501 BIENNE 
TÉL. 032 223 223 TÉLEX 34222 PRECI CH 

Commutateur rotatif conforme CCTU 
08-03 B pour circuit imprimé • sta­
tor simple ou double • 3 galettes 
max. avec 12 positions chacune (to­
tal 36 circuits) • tension d'essai 
1000 V CC/800 V 50 Hz • pouvoir 
de coupure0,15A/ 150 V « isolement 
106 Mégohms «résistance de con­
tact 2 à 5 Milliohms • fréqu. de ré­
sonance 150 MHz • angle de perte 
1 MHz tg 150-10-4 

S'IL VOUS ARRIVE FREQUEMMENT 
DE MESURER DES TEMPERATURES AUX 

ENDROITS LES PLUS DIVERS (ET PEUT-
ETRE INACCESSIBLES) SANS QUE VOUS 

PUISSIEZ VOUS PERMETTRE DE PERDRE DU 
TEMPS I N U T I L E M E N T . . . . 

. . . .VOUS A V E Z BESOIN D'UN 
INSTRUMENT AUTONOME, 1 1 7 x 9 2 x 6 8 c m 

P O R T A T I F , ROBUSTE 
ET SURTOUT: 
A REACTION RAPIDE -
T E L QUE L E 
TELEMAX DE 
TELEMECHANICS. 

MALGRE SA 
BONNE 
QUALITE, NOUS 
L 'OFFRONS A 
UN PRIX TRES 
MODERE. 
NOUS ESPERONS 
QUE CELA NE 

VOUS DERANGE 
PAS. 

SOCIÉTÉ ANONYME 

RUE DE L'HÔPITAL 12 - 2501 BIENNE 
TÉL. 032 223 223 TÉLEX 34222 PRECI CH 

53 gammes de mesure entre -100 et 
+900° C • sondes à thermistor entre 
-100 et +160° C • sondes à résis­
tance Pt entre -50 et +900° C • 
gammes spéciales entre 0 et 1100° C 
avec sondes thermocouples • pré­
cision 1% de la capacité • les son­
des du même groupe sont interchan­
geables sans étalonnage supplé­
mentaire 

news! 
Ail META\ \ND\UM 
SEALS for SMALL 
FLANGE CONNECTIONS 
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They are interchangeable With L . . . 
rings comprising an elastomer used so 
They ensure perfect leak-tightness 
between sma\\ stainless steel 
flanges, as well as between those in light alloy. 
As they are centred on the outside of 
the flanges, they can therefore fit flanges 
to the old NW 10 - 20 - 32 standards 
and to the Pneurop 1 6 - 25 - 40 range. 
They are leak-tight as many times as 
required, even when using a 
standard clamp. 
The sealing material being an 
indium/silver al\oyf there are no leaks 
nor measurable degassing. 
Unlimited resistance to radiations. 

^ ^ ^ ^ ^ VAT AKTIENGESELLSCHAFT 
furVakuum-Apparate-Technik 

^ ^ ^ ^ ^ ^ CH-9499 Haag/SG, Switzerland 
^"^^-^^ Phone: 08B/7158S 
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I N C O R P O R A T E D 

T H E U N I Q U E D E S O L D E R I N G S Y S T E M 

POWER V A C U U M / 
PRESSURE CONNECTIONS 
keep cords away from your 
hands and work area. 

QUICK DISCONNECT OF 
SOLDER CHAMBER permits 
safe, easy, rapid cleaning. 

INSULATED MOLTEN 
SOLDER RECEIVING 
CHAMBER located within 
handle to protect your 
hands. Accepts wire-wrap 
pins and clipped leads. 

COAXIAL IN-LINE DESIGN 
for balance, feel and use just 
like a soldering iron. 

TIP-TO-GRIP LENGTH the 
same as a small soldering 
iron—for precise manipula­
tion and control. 

TIP temperature infinitely 
controllable from 300°F to 
1000°F. Facilitates maximum 
visibility of work area and 
quick change. 

P A C E : R e f e r e n c e s a t C E R N 

Technique Moderne Electronique S.A. 

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

MI NIATUR - NETZ MODULE 

Preis-Reduktion 
SCI-Netzgerâte 
mit Netztransformator, 
kurzschlufcsicher, 
ab Lager lieferbar 

Preîse: 
exkl. WUST, 30 Tage nette-, 
10 Tage 2 % 
Mengenrabatt ab 5 Stuck 

Fur Op. Amp. ± 15 V: Fr./stk. ( 1 - 4 ) 

Model l P2 .15 . 24 K 25 mA 90.— 
P2 .15 . 60 K 60 mA 138.— 
P2. 1 5 . 1 0 0 K 100 mA 170.— 
P2 .15 . 200 K 200 mA 237.— 
P2 .15 . 300 K 300 mA 345.— 

Fur 5 V Logik: 
Model l P1 .5 . 250 K 250 mA 128.— 

P1 . 5. 500 K 500 mA 160.— 
P 1 . 5 . 1 0 0 0 K 1000 mA 215.— 

Andere Spannungen und Leistungen auf Anfrage. 

Telemeter Electronic AG 
8027 Zurich Tel. 01 25 7872 

niiisn 

C i r c u i t s i m p r i m é s ' 

Av. de Provence 20 -1007 Lausanne/Suisse ' 

Tél. (021) 256666 - 65 Telex 25640 

ivaiiiiiiiii^ 
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Ein 
b r e i t e s 

Programm zurLôsung ihres Registrier-
-Problemes 

Kompensationsschreiber 
SERVOGOR S 

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

Das Servogor S-Programm 
bietet 40 verschiedene 

Typen mit umfangreichen 
Zusâtzen und Zubehôr. 

Q H B g o e r z 
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ELGAR INFORMATION 

AC Power Sources 

• Mode ls f rom 120 VA to 9 kVA available 

• Accep t 1 , 2 or 3 phase l ine vol tage 

• Short c i rcui t proof 

• Excellent stabi l i ty of 0.01 % 

• Frequency f rom 45 Hz to 10 kHz 

A C Line C o n d i t i o n e r s a n d U n i n t e r r u p t a b l e 
P o w e r Supp l ies f r o m s a m e M a n u f a c t u r e r 

Please ask f o r d e t a i l e d d o c u m e n t a t i o n 

Kontron Electronic AG 4 
Bernerstrasse 169,8048 Zurich, Telefon 01 62 82 82, Telex 57439 s 1 it 

Touches lumineuses 
série 31 

• style raffiné, profondeur réduite, surface lumineuse accrue 
— calottes plates ou concaves, 

microrupteur en argent plaqué or 10p,, 250 Voo, 5 A, cos . ^ l 
— 1—4 pôles, action momentanée ou maintenue. 

Electro-Appareils Olten SA, Tannwaldstrasse I 
CH-4600 Olten, téléphone 062/21 19 61 

• N E T 

Un groupe de niveau européen 
dans 
a prestation de services 

Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 

Hygiène, désinfection, désinsectisation, dératisation 

Prestations de main-d'œuvre 
Manutentions 

Office nouveau du nettoyage ON ET 
13008-MARSEILLE 
75-PARIS 
GENÈVE 
74-ANNECY 
01-SAINT-GENIS 

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

55/57, rue Prévost-Martin 
6, avenue de Mandallaz 
Route de Genève 

tél. (91) 732850 
tél. (1) 20815 57 
tél. 257888 
tél. (50) 454641 
tél. (50) 41 1207 

Fournisseur du CERN à Genève, du CEA à Marcoule, Pierrelatte, La Hague, 
de l'OMS, de l'ONU et de l'UlT à Genève. 
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"Go anywhere-do anything!" 

A New Portable Spectrometer with outstanding facilities 

Single channel analyser 
Preset count and time 
Crystal controlled timer 

G M and Scintillation inputs 
Analogue ratemeter 
High voltage up to 1500 volts 

Scaler and Timer both displayed 
Over 100 hours operation on battery 
Test Count and Display 

New Scaler-Ratemeter Spectrometer PSR6 provides a range of 
facilities currently unequalled in any other spectrometer of this type. 
It is extremely compact and lightweight with a minimal power 
consumption designed to ensure prolonged field operation. Every 
facility for integral counting or single channel analysis of pulses from 
nuclear detectors is available. 

A wide choice of scintillation detectors and Geiger tubes may be 
coupled directly to the input making many measurements possible in 
field and laboratory, e.g. checks on bench and clothing contamination, 
and on the wear, flow and level on tubes and containers (see right). 

For full specification request Bulletin No 78. 

Sighth i l l , Edinburgh EH11 4EY, S c o t l a n d T e l : 031-443 4060 
Cables: Nuclear , Edinburgh. Te lex : 72333 
Associate Companies 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 8 Munchen 2, 
Germany. Te l : 53 -62-23 . Telex: 529938. 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, 
California 94070. Te l : 415 593 1455. Telex: 348371 . 

N U C L E A R E N T E R P R I S E S L I M I T E D 
S w i t z e r l a n d : High Energy & Nuclear Equipment S.A., 2 Chemin de Tavernay, Grand-Saconnex, 1218 Geneva 

Tel : (022) 98 25 8 2 / 3 Telex : 23429 
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20UTREG 
SPEC 154 

w i t h 
t h e n e w 

^20R2051 
•F 

$TNM 

p u t 
t h e i r 

o n 
t h e 

... 

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

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 
t w o i n d i v i d u a l l y c o n t r o l l e d 1 6 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 . W h e n 
c o n n e c t e d w i t h a S E N 2 I R 2 0 0 2 D u a l 
I n p u t R e g i s t e r , 1 6 b i t w o r d s c a n b e t r a n s ­
f e r r e d b e t w e e n t w o C A M A C s y s t e m s . 

T h e u n u s u a l v e r s a t i l i t y o f t h e 2 0 5 1 l i e s 
i n t h e t w o p l u g g a b l e o u t p u 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 t h e p o s ­
s i b i l i t y o f c h a n g i n g m o d u l e a s s i g n m e n t i n 
a f e w s e c o n d s . A f u l l r a n g e o f s t a n d a r d 
s t a g e s i s a v a i l a b l e , c o v e r i n g t h e m o s t 
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 
c i f S w i t z e r l a n d 

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

31, Av. Ernes t P ic t e t 1211 G E N E V E 13 SUISSE C a s e posta le 3 9 T e l . ( 0 2 2 ) 4 4 2 9 4 0 Telex 2 3 3 5 3 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 51 C 3 Telex 5 B 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 6 2 8 2 Telex 21B3 5 4 S D 

S E N 

P> O H P Q 5 1 



Ultra 123 
\ le taraud 
\ robuste 
^ \ pour matières 

difficiles 
\ \ à travailler 

Ultra GG 
le taraud 
spécial 
pour fonte, 
à rendemer 
supérieur 

105 Ultra 
le taraud 
universel 

W 131 Ultra 
F le taraud 

spécial 
pour trous 
borgnes 
à rendement 
supérieur 

Notre programme Ultra 
est une spécialité 

de toute première classe 
et signifie pour vous: 
meilleur rendement! 

Avec ces quatre types Ultra 
vous résoudrez 

tous vos problèmes 
de taraudage. 

U LTR Ai C h a r l e s IT Ian ig ley+Cie 
2572 Sutz - Suisse Tél. 032 - 711 51 Telex 34 451 

LOW C O S T 
C A M A C 

NEW BHT 231 

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

CUT SYSTEM COST 

INSTRUMENTATION 
EMPTY MODULES 
BRANCH HIGHWAY CABLES 

SEMRA BEN NE Y 
(ELECTRONICS LTD.) 
BRICKFIELD LANE, 
CHANDLERS FORD, EASTLEIGH 
HAMPSHIRE, UK, S 0 5 3 DP 
TEL. (04215) 61147 & 5477 ! ! ! ! ! • • • • • • 

374 



Nos photomultiplicateurs s'adaptent à votre problème particulier. 

XP 2230 • 
bruit < 600 es" 1 

écart type de la 
distribution 

du temps de transit : j 
0,35 ns 

Les photomultiplicateurs XP 2230 de R.T.C. permettent la détection 

en photoélectron unique, en lumière Cerenkov, en carbotrimétrie. 

Les XP 2230 de R.T.C. disposent du meilleur rapport rapidité/bruit et 

peuvent être utilisés avec des scintillateurs rapides. 

Ainsi la détection en physique nucléaire 

progresse avec R.T.C. 

R.T.C. c'est aussi Toptronique. u < u 

R.T.C. LA RADIOTECHNIQUE - COMPELEC -130, av. Ledru-Rollin 
75540 - PARIS CEDEX 11, tél. 355.44.99 
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The first modular 
instrumentation 
calculator. 
TEKTRONIX 31/53 

I t 's our 3 1 / 5 3 C a l c u l a t o r 
I n s t r u m e n t a t i o n S y s t e m 

A power fu l , yet inexpensive 
calculator comb ined w i t h our 
T M 500 power supp ly and 
system sof tware. You add the 
ins t rumenta t ion modu les you 
need. It 's all there and it 's 
portable. N o w that 's versat i l i ty ! 
W i t h our 31 Calculator, you can 
read inpu t f rom our D M M ' s and 
counters . You can log data 
select ively, ca lculate results 
and ou tpu t data or t r igger 
s ignals. 

P r o g r a m m i n g ? 

Litt le more than natural ma th . 
Go ahead, wr i te your o w n . A lso, 
our s tandard so f tware gives you 
data logg ing (on the op t iona 
pr inter) and data capture on the 
31 at operator selected intervals, 

Energy m o n i t o r i n g . 

Qual i ty con t ro l test ing. Laboratory 
and p roduc t ion ins t rumenta t ion . 
The appl icat ions go on , 
and so does our 
system's potent ia l . 
Jus t add the ma in ­
frames and 

modu les you need. W e have a 
graphic calculator system, too . Let 
our sales engineer f i l l you in. 
Pick up your phone and call our 
nearest center: 042 21 91 92. 

O u r p r o g r a m m a b l e 
c a l c u l a t o r s . N a t u r a l . 
P o w e r f u l . S i g n i f i c a n t l y l ess 
e x p e n s i v e . 

T E K T R O N I X ® 

T e k t r o n i x In t . A G , 6301 Z u g , T e l . : 0 4 2 21 91 92 


