
Research at the PS 
Two articles bringing out some of the highlights 
of the particle physics research carried out at 
the proton synchrotron during the past ten years. 
The articles divide between the two techniques 
— 'electronics' experiments involving the use of 
counters and spark chambers, and bubble 
chamber experiments involving the use of 
hydrogen and heavy liquid bubble chambers. 

1. Electronics 
experiments 

G. Cocconi 
During the past ten years, a good f ract ion 
of the research at CERN has centred on 
the use of the proton synchrot ron. The 
nature and the qual i ty of th is research are 
so int imately connected wi th the poss ib i ­
l i t ies offered by the accelerator , that, in 
t rac ing the history of this per iod , it is not 
c lear whether the main responsibi l i ty for 
the achievements (and even for the few 
fai lures) rests wi th the physic ists who 
per formed the exper iments or wi th the 
engineers who operated the accelerator 
and organized the exper imenta l hal ls. 

As a physicist who spent most of this 
t ime around the PS, I w i l l present my 
recol lect ions and my apprec ia t ion of the 
research wi th the so-cal led 'electronics* 
techniques, i.e. wi th apparatus incorporat­
ing detectors giv ing e lect ron ic responses, 
such as scint i l la t ion counters, Cherenkov 
counters, and spark chambers. 

At the beginning of 1960, when 25 GeV 
protons f irst started to hit the PS internal 
targets regularly, the relat ively smal l group 
of physicists present at CERN was not 
really ready for exper iment ing wi th the 
var ious possible beams of secondary par­
t ic les. Though this is a s i tuat ion that easily 
arises whenever a faci l i ty far super ior to 
the already exist ing ones enters into oper­
at ion, in 1960 our preparat ion was abnor­
mal ly poor : in post-war Europe there was 
no t radi t ion of high energy research, and 
in CERN (only a few years old) most of the 
act iv i ty had been devoted to the construc­
tion of the accelerator itself. In 1960, the 
secondary beams were analyzed using a 
total of only three smal l bending magnets 
(borrowed f rom the 600 MeV synchro­
cyclotron) and wi th no quadrupoles. Only 
at the beginning of 1961 did the f irst 
s tandard 1 and 2 m bending magnets 
arr ive, and also some quadrupoles, and by 
the end of that year we cou ld count on 20 
units (now we have about 400 units). For­
tunately, good e lectronics, w i th resolving 
t imes in the nanosecond range, was avai­
lable in si tu, thanks to the research wh ich 

had been in progress for some years at 
the synchro-cyc lot ron. Also, the analysis of 
the secondary beams was fac i l i ta ted by 
the avai labi l i ty of a di f ferent ial Cherenkov 
counter that a group in CERN had bui l t 
and studied in advance. 

This s low start explains why the f irst 
results were rather modest, and gives more 
meaning to the present f lour ish ing status 
of European high energy research. A l ­
though it would be interest ing to fo l low, 
year by year, the chronic le of all exper i ­
mental achievements, I wi l l select only a 
few l ines of research that have f lour ished 
at the PS. 

As a f irst example I wi l l take the ser ies 
of 'missing-mass' measurements. In a co l ­
l ision between two part ic les, the deta i led 
measurement of the momentum spect rum 
of one of the part ic les emerg ing f rom the 
interact ion gives valuable informat ion 
about the mass of the 'miss ing ' body fo rm­
ed by al l , the other part ic les p roduced. 
Measurements of this kind i n proton-proton 
col l is ions were started at the very beg inn­
ing of PS operat ion, and showed that the 
missing masses which are associated wi th 
the product ion of a baryon preferred some 
wel l -def ined values, the f irst indicat ion of 
what is known today as the 'per iphera l ' 
product ion of baryonic states. 

The same pr incip le, appl ied in 1964 to 
p ion-proton col l is ions, where bosons plus 
one proton are produced, led to the d isco­
very of several massive mesons. The 
search for meson resonances soon took 
advantage of a new technique : the wi re 
spark chamber, which was invented at 
CERN by F. Krienen and wh ich is now, 
connected on-l ine wi th a computer , of 
wide-spread use in high energy research. 

An aim of the missing-mass exper iments 
is to f ind how large is the populat ion of 
exc i ted baryons and mesons. So far, more 
and more exci ted states have been d isco­
vered as higher and higher mass regions 
have been invest igated. We do not know 
how far the complex i ty of hadronic matter, 
this matter that can be created by pumping 
energy into a few part ic les, can go. Is 
there a 'uranium' for these part ic les ? It 
is to pursue this kind of research into the 
region where sti l l heavier bosons cou ld 
be produced, that a CERN-Swiss group is 
prepar ing to work wi th the more energet ic 

part ic les avai lable at the 76 GeV Serpu­
khov accelerator . 

Another avenue of research that has a 
strong CERN impr int is the study of pro­
ton-proton scat ter ing. This started in the 
very f i rst years of PS operat ion, when the 
proton beam was that scattered out of 
an internal target. Later (1965) the study 
benef i ted great ly f rom the existence of an 
e jected pfoton beam. (The slow eject ion 
was by itself a remarkable feat of the 
CERN accelerator experts.) Precise mea­
surements of the proton-proton di f ferent ial 
cross-sect ion at smal l , as wel l as at large, 
scat ter ing angles, revealed that the proton 
is not a point- l ike 'elementary' par t ic le but 
has a complex structure, of about 1 fermi 
(1 x 10~ 1 3 cm) radius, whose boundar ies 
become sharper as the col l is ion energy 
increases. The exper iment is sti l l go ing on 
as one feels that better precis ion and 
higher energies can give a c lue to the 
nature of the complex i t ies hiding inside 
the nucléons. 

The study of neutr ino interact ions is an 
interest ing story. It started unsuccessful ly 
when in 1961 a sti l l inhomogeneous and 
inexper ienced group tr ied to observe inter­
act ions of neutr inos produced by the 
secondary beams created in the PS, and 
made some mistakes in evaluat ing the 
f luxes of part ic les avai lable. In the mean­
t ime, physic ists f rom Columbia work ing at 
Brookhaven, d iscovered that the neutr inos 
produced by muons behave di f ferent ly 
f rom those produced in nuclear beta-decay; 
an unexpected result of deep s igni f icance 
for the understanding of the weak inter­
act ions. 

Further exper iments at CERN, both wi th 
spark chambers and wi th a heavy l iquid 
bubble chamber, coupled wi th or ig inal im­
provements in the handl ing of the second­
ary beams (the famous neutr ino horn of 
S. Van der Meer), brought to Europe other 
important results in this f ie ld . For instance, 
it was found that the proton behaves also 
for neutr inos as a complex body of about 
1 fermi radius, and not as a point, as 
many theoret ic ians expected. Furthermore, 
the neutr ino-nucleon cross-sect ion was 
observed to increase as the energy of the 
neutr ino increases. This suggested that the 
neutr ino, wh ich at the energies explored 
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Wide gap spark chambers detecting charged 
particles in a 'missing mass' type of experiment 
recently completed at the proton synchrotron. 
This particular experiment extended the search, 
which had previously revealed seven new mesons, 
into a range where still heavier mesons could 
be detected. The search is to be extended still 
further in 1970 by a CERN/Serpukhov team at the 
76 GeV proton synchrotron in the Soviet Union. 

thus far interacts wi th matter only very 
weakly, could perhaps become as s t ron­
gly interact ing as the hadrons, at cosmic 
energies. The c lar i f icat ion of th is point 
must wait for accelerators provid ing beams 
of energy substant ial ly h igher than those 
avai lable at present. 

The search into the unknown is pursued 
wi th a high energy machine l ike the PS, 
not only by at tempt ing exper iments that 
can br ing to l ight new unexpected pheno­
mena, but also by test ing the l imi tat ions 
of theor ies whose val id i ty is wel l conf i rmed 
by the exist ing exper imental ev idence. In 
CERN the best example of research of this 
kind is the test of e lec t rodynamics per­
fo rmed by measur ing the magnet ic mo­
ment, j i , of the muon. Quantum elect ro­
dynamics predicts, wi th an uncerta inty of 
some units in the last f igure, that the 
gyromagnet ic ratio of the muon has the 

4 ii value g = - = 2.00 233174. 
eh/mc 

Measur ing the precession of mono-energe­
t ic muons in a magnet ic f ie ld it is possible 
to check this predict ion wi th a prec is ion that 
depends on the energy of the muons. The 
f irst at tempt was started at CERN in 1959 
by a team of European and Amer ican 

physicists, using 200 MeV/c muons produc­
ed by the synchro-cyc lot ron. The result 
(1961) was g = 2.002324 ± 0.000010. This 
conf i rmed the theory wi th in about 1 part in 
10 5. In 1964, a new apparatus was bui l t 
that permit ted the use of 2 GeV/c muons 
f rom the PS, and the work of f ive years 
has now produced the f igure 2.00233232 ± 
0.00000062. This checks the theoret ical 
expectat ion wi th in some parts in 10 7 . We 
are now start ing to assemble an apparatus 
wh ich , using 3.2 GeV/c muons, wi l l permit 
a gain of another factor of at least ten in 
prec is ion. 

Obviously, the possibi l i ty of pushing the 
test of a theory to these l imits has an 
esthet ic beauty in itself, but it also gives 
us more conf idence in our understanding 
of the vast class of phenomena governed 
by e lect rodynamics. On the other hand, as 
the precis ion of these measurements pro­
gresses even further, we wi l l be brought 
inescapably into contact wi th the l imi ta­
t ions of the theory, and wi l l haye to face 
the reasons why the theory is no longer 
val id beyond a certain level. 

I wi l l end this select ive descr ipt ion of 
the PS research programme wi th two 
examples of more recent t rends. One pro­
ject started in 1964, after the discovery by 
Fitch and Cronin at Brookhaven in 1963 
of the anomalous decay of the long-l ived 
(5 x 10~8 s) neutral kaon into two pions — 
anomalous because the decay into two 
pions is permi t ted for the short- l ived 
(8 x 10~ 1 0 s) kaon but should not occur, 
accord ing to the known rules of quantum 
mechanics, for the long- l ived. What pro­
duces this anomaly ? The problem is st i l l 
open, notwi thstanding the concentrated 
effort of many teams of physicists on both 
s ides of the At lant ic . What is involved here 
is the apparent v io lat ion of what was 
bel ieved to be one of the fundamental 
tenets of quantum mechanics, the inva­
r iance of CP (charge and parity con juga­
t ion). 

In CERN, no less than six teams have 
conducted some of the most elaborate and 
ingenious exper iments, involving Cheren-
kov counters, opt ica l spark chambers and 
wi re spark chambers, in an attempt to 
resolve this anomaly. Next year three new 
exper iments wi l l cont inue the search. 

The common aim of the second group of 
' recent t rend ' exper iments is the detai led 
study of the scat ter ing of var ious part ic les 
by protons, so as to be able, for example, 
to establ ish the quantum numbers of the 
resonances produced, or the nature of the 
forces that give rise to the scat ter ing. 

Unti l a few years ago it was hoped that, 
at each energy, the precise measurement 
of the di f ferent ia l cross-sect ion as a func­
t ion of the polar angle of scat ter ing, aver­
aged over all azimuthal angles, could give 
suff ic ient in format ion. It turned out that 
whi le this is perhaps true for the study of 
the states wi th the lowest quantum num­
bers, as soon as the complex i ty of the 
system increases it becomes imperat ive 
not to average over the azimuth. This 
means that we have to uti l ize not isotropic 
but polar ized targets, where the protons 
have all thei r spins al igned in a f ixed 
d i rect ion. 

Scat ter ing exper iments wi th polar ized 
targets have been vigorously pursued in 
CERN dur ing the last few years, and the 
most advanced systems buil t thus far for 
high energy research have been realized 

CERN/Pf 211.1.69 
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The muon storage ring which was used in the 
measurement of the 'g-2' of the muon. This 
experiment was the most refined test to-date 
of the limits of the validity of quantum 
electrodynamics. A fan of counters to detect the 
electrons produced as the muons decayed, can 
be seen inside the ring. 

here with the help of a team of physicists 
f rom the sol id-state laboratory of A. Abra-
gham in Paris. Three teams are at present 
carry ing out exper iments of th is k ind, wi th 
targets in which up to 50 % of the protons 
are polar ized. 

The fact that I have descr ibed only six 
l ines of research that have developed wi th 
success around the PS dur ing the last 
decade, should not give the impression 
that the many other exper iments conc lud ­
ed or in progress are less interest ing or 
less promis ing. And the fact that I reported 
the results in a rather s imple way should 
not give the impression that the knowledge 
acqui red is commonp lace and somewhat 
ant ic ipated. 

It is the habit of people who try to 
interrogate Nature and, f rom the answers, 
to formulate new quest ions, to show a 
certain detachment and apparent coldness 
towards the f in ished exper iments, even 
when the results are new and of great 
moment. This is because the scient ist is 
t ra ined to accept Nature as the norm of 
t ruth, and Nature's ever deeper and more 
astonishing variety is to him a cont inuous 
reminder of his ignorance. But there is 
no doubt that in the exper iments I have 
descr ibed, as also in many of the others, 
the results were radical ly di f ferent f rom 
what exper imental is ts and theoret ic ians 
expected. Ten years ago we were con­
v inced that the propert ies of strongly 
interact ing elementary part ic les, in the 
GeV ranges and beyond, cou ld in some 
c i rcumstances be s imi lar to those of a 
hard ball and in others to those of centres 
radiat ing a few kinds of mesons and 
baryons. The weak interact ions were 
expected to be all of one type, obeying 
the rules learned f rom the behaviour of 
the decay of nucle i . In both cases we 
were grossly wrong, and if I am al lowed 
to enclose wi th in a unique f rame the 
complex variety of phenomena that has 
manifested itself dur ing the last ten years, 
I wou ld say that as the energy per part ic le 
increases, all interact ions — st rong, elec­
t romagnet ic and weak — are showing the 
common property of p roduc ing complex 
states, of ever increasing mass and rather 
constant l i fet ime : a mechanism that re­
sembles the opening of a Pandora's box 

CERN/PI 17.1.66 

conta in ing more and more winds as more 
energy is compressed into it. 

The problem that we are now fac ing 
after ten years of research is, 'What kind 
of w ind is contained in our Pandora's 
box ?' That elusive stuff is cal led by the 
more determined physicists 'quarks ' , by 
others 'partons' (a synonym of dust). What­
ever its name, the most astonishing pro­
perty of this 'matter ' is its abi l i ty, g iven 
enough energy, to bui ld st ructures of 
greater and greater complexi ty , short- l ived 
in our t ime-scale, but lasting long enough 
in the part ic le 's t ime-scale, to possess 
wel l def ined structure. 

Faced wi th this new, complex wor ld , we 
f ind ourselves (to f inish wi th a t imely com­
parison) l ike a man f rom the moon who 
f rom his exper ience was led to th ink that 
atoms could combine only in the s imple 
molecules found in rocks and dust — the 
molecules that even the scorch ing solar 
wind is not able to destroy on the lunar 
surface. On landing on our planet, he 
d iscovers that the possibi l i t ies of the 
wor ld of molecules are much more numer­
ous and complex. That carbon, hydrogen, 
oxygen and a few other atoms, when put 
together in a 'gent le ' way, can give rise 
to organic molecules that are rather un­
stable but are of almost inf inite var iety 
and mi l l ions of t imes heavier than those 
of the inorganic wor ld . 

How large can the big 'molecules ' bui l t 
wi th quarks or partons become; and how 
do they behave ? These are the quest ions 
that our work has al lowed us to formulate 
and that summarizes the d i rect ion of our 
future efforts. 

It is for these reasons that I th ink that 
here in CERN we can feel conf ident of 
having fu l f i l led, dur ing these ten years, 

the augury made by Niels Bohr at the 
PS inaugurat ion ceremony on 5 February 
1960. 

'The main human lesson drawn from 
investigations of phenomena ever more 
remote from ordinary experience is the 
recognition of the inseparability of objec­
tive knowledge from our ability to put 
questions to Nature by means of experi­
ments suited to give unambiguous ans­
wers. It is therefore imperative that physi­
cists taking part in such inquiry can have 
the opportunity of getting experience 
about all aspects of the situation. This 
would, however, be impossible for scien­
tists from countries with more limited 
resources, if it were not by means of such 
co-operative efforts as those we are wit­
nessing in CERN.' 

And for the came reasons I feel that I 
can paraphrase the famous answer given 
by Faraday to the Minister who was asking 
whether his research on e lect romagnet ic 
induct ion was leading to something useful . 
Whi le Faraday said 'Sir, I do not know to 
what it will lead, but I am sure that even­
tually you will tax it', I th ink that to the 
same quest ion, asked about high energy 
physics, we can reply, 'Sir, I do not know 
to what it will lead, but I am sure that 
eventually you will need it to understand 
what you are'. 
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A photograph taken during the latest series of 
neutrino experiments at CERN. The heavy liquid 
bubble chamber was filled with propane and the 
photograph shows the interaction of a neutrino 
with a 'free' proton, the first time such 
interactions had been observed. The neutrino 
enters from the bottom of the photograph and 
interacts with a proton to give a proton (short 
track to the right) a muon (long upward track) 
and a positive pion which decayed into a positron 
'the tight spiral). 

2. Bubble 
chamber 
experiments 

J. Meyer 
Before the PS came into operat ion it was 
evident that a great deal of physics re­
search could be undertaken wi th bubble 
chambers, the pr inc ip le of wh ich had just 
been discovered by Glaser and wh ich 
were coming into use in great numbers 
in the United States. CERN p lunged into 
the use of this technique const ruct ing 
hydrogen and heavy l iquid (to take pro­
pane or freon) chambers and suppor t ing 
the operat ion for many years of chambers 
constructed in some Member States. 

A whole series of complex techno log ica l 
problems had to be tack led wi th regard 
to the bubble chambers themselves, the 
part ic le beams to feed them and the 
techniques for their analysis. Successfu l 
and, in some cases, or ig inal so lut ions in 
the provision of p ion, kaon, proton and 
ant i -proton separated beams, and in the 
processing of events recorded on photo­
graphic f i lm have enabled more than 20 mi l ­
l ion pictures to be taken and analysed 
by European physicists over the past ten 
years, producing important results. 

The bubble chamber is, in a way, a 
complementary instrument to e lect ron ics 
equipment. It enables col l is ions to be 
detected and measured wi th uni form ef f i ­
c iency in all d i rect ions. On the other hand, 
only about ten incident par t ic les may be 
analysed per PS cycle. Electronics equ ip­
ment can accept over 100 000 part ic les, 
but their detect ion ef f ic iency is general ly 
strongly dependent on a compl ica ted geo­
metr ic arrangement of detectors. The heavy 
l iquid chamber adds to detect ion poss ib i ­
l i t ies s ince it may record and y ie ld 
eff ic ient measurements of e lect rons and 
gamma rays, wh ich is more di f f icu l t w i th 
hydrogen chambers. 

The physics results obta ined f rom 
bubble chambers have been largely the 
result of co l laborat ions between var ious 
European groups, some of wh ich have 
inc luded CERN scient ists and some of 
wh ich have been ent irely external groups. 

These large col laborat ions have been 
necessary to tack le the problem of ob ­
tain ing s igni f icant stat ist ics — hundreds 
of thousands, even mil l ions, of p ic tures 
must be taken and the processing of this 
mass of informat ion is long and complex. 
The col laborat ions have been set up be­
tween di f ferent groups in dif ferent Member 
States and to a lesser extent in other 
European countr ies or in the United 
States. In this way over a mi l l ion events 
have been measured in the last twelve 
months. 

In a short summary it is not possible 
to enumerate all the results obta ined over 
the past ten years since the PS started 
operat ing, because they are so numerous 
and also because it is not always easy to 
judge their intr insic value : what was im­
portant yesterday may not be so today 
and results wh ich are considered of l i t t le 
account today may prove to be important 
tomorrow in the l ight of theoret ical devel ­
opments. Therefore, I shall Limit myself 
to giv ing a sample of certain important 
studies and cases where the contr ibut ion 
made by European Laborator ies was of a 

p ioneer ing nature : when the discovery of 
phenomena was made in Europe or when 
it was made s imul taneously wi th USA 
work , or when the results obtained f rom 
pictures taken at CERN made a decis ive 
cont r ibut ion towards a better understand­
ing of important physical processes. 

I shal l list some major results obtained 
wi th hydrogen and heavy l iquid chambers 
in three broa<i f ie lds of elementary par­
t ic le physics: weak interact ions, the d is­
covery and study of part ic les and reso­
nances, and the study of the product ion 
mechanism in high energy col l is ions. 

Weak interactions 

1) Ver i f icat ion of the rule A S = A Q. 
This rule states that the d ist r ibut ion 
in t ime of neutral kaons decaying into 
a pion and a lepton pair fo l lows a wel l 
def ined law. A heavy l iquid chamber 
exper iment showed that wi th in exper i ­
mental errors, the law is val id . 

2) The study of leptonic decays of charg­
ed s igma hyperons in a batch of more 
than a mi l l ion sigmas has made it 
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possible to measure the ratio of the 
axial and vector coup l ing constants 
and to check the agreement wi th 
theory. On the other hand, a search 
of decays contrary to the rule 
A S = A Q was under taken and an 
upper l imit to the rate of v io lat ion of 
this law was obta ined. Lambda hyperon 
leptonic decays were also analysed in 
order to measure the ratio of the 
coupl ing constants. 

3) Var ious exper iments were made to 
verify the law A I = V2 in strange 
part ic le decays. 

4) Precise measurements were taken of 
the form factor of the posit ive kaon 
decaying into a p ion, a muon and a 
neutr ino. 

5) Large heavy l iquid bubb le chambers 
provide an adequate target for the 
study of neutr ino interact ions. This is 
a most interest ing f ie ld and the CERN 
chamber, exposed to neutr ino beams 
has provided valuable informat ion on 
the 'elast ic ' interact ion of the neutr ino 
wi th a neutron y ie ld ing a muon and 
a proton. 

6) One of the great d iscover ies of recent 
.years has been the decay of the long-
l ived neutral kaon into two pions. This 
phenomenon indicates a CP v io lat ing 
kaon decay and numerous exper iments 
have been carr ied out in Europe and 
in the United States to measure the 
decay rate. The l i terature conta ins 
var ious contradictory results on the 
rate into two neutral pions. The meas­
urement in a heavy l iquid chamber 
exper iment at CERN gave a value 
wh ich was not in d isagreement wi th 
the 'super-weak' theory. 

7) Precise measurements have been taken 
of the average l i fe-t imes of the neutral 
xi and the posit ive and negative s igma 
hyperons. 

Particles and resonances 

1) The ant i -part ic le of the x i -hyperon, wi th 
strangeness — 2 , was d iscovered dur ing 
the study of ant iproton-proton col l is ions 
at 3 GeV/c. 

2) The relative parity of the lambda and 
neutral s igma hyperons was found to 

be posit ive f rom a study of the decay 
of the s igma into a lambda and an 
e lectron pair. 

3) Dif ferent meson resonances have been 
d iscovered and in many cases thei r 
branch ing ratios and quantum numbers 
have been measured, in part icular the 
fo l lowing states: f ° , Ai, A2, C, D, E, the 
KK threshold effect, g, K* (1400), 
L (1800). The importance of the cont r i ­
but ion of physicists using pictures ta ­
ken at CERN may be apprec iated when 
one considers that at the present t ime 
only about thir ty meson states have 
been conclusively ident i f ied. 

4) The spin and the pari ty of K* (890), 
whose existence was f i rmly estab­
l ished previously, have been measured 
by an or ig inal method using s topping 
ant iprotons. 

5) Baryon resonances of strangeness -1 in 
the mass region 1600 to 1900 MeV 
have been the object of an exhaust ive 
study in a systematic ' format ion ' exper­
iment. A new resonance A (1830) has 
been d iscovered and its spin and 
pari ty have been determined. Spin and 

The ten millionth photograph taken in 1968 with 
the 81 cm hydrogen bubble chamber which came 
to CERN in 1961 initially on loan from Saclay. 
Positive kaons with a momentum of 0.98 GeV/c 
enter from the left. Two of them decay (e) while 
three others interact with protons in the chamber: 
at (a) an elastic scattering takes place, at (b) the 
interaction gives a pion, a positive kaon (which 
decays at (f) and neutral particles, at (c) the 
interaction gives a positive pion, a proton and 
a neutral kaon which decays into two charged 
pions, at (d). The 2 m hydrogen bubble chamber 
also reached ten million pictures in September 
of this year. 
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parity together wi th branch ing ratios 
have been successful ly measured for 
A (1660), A (1670), A (1690), 2 (1760) 
and A (1815). 

6) Three baryon resonances of st range­
ness — 2 have been ident i f ied by 
means of European bubble chambers : 
E*(1820), S*(1930) and E*(2530) — 
these const i tute about 50 % of the 
S * fami ly current ly known. 

High Energy Production Mechanisms 

1) Since the f irst exper iments in 1960, it 
has become evident that a large num­
ber of high energy col l is ions are of a 
'per iphera l ' nature. This means that in 
react ions of the type 
jt ± + p - > p + mesons 
K~ + p - > A + mesons 
K~ + p - > 2 + + mesons 
p" + p - > A + Â 
baryons are produced preferent ia l ly 
wi th a low kinet ic energy. The study of 
many react ions wi th a momentum 
exceeding 3 GeV/c has shown sub­
sequent ly that 'per iphera l ism' is a 
dominant character is t ic in high energy 
interact ions. 

2) The character is t ics of bubble chambers 
wh ich enable several react ions to be 
studied s imul taneously have made pos­
sible the discovery of the impor tance 
of two-body and quasi two-body reac­
t ions. This affects react ions of the type 
A + B - > C + D where C and D are 
either stable part ic les or resonances. 
At high energies these react ions are 
responsible for a sizable f ract ion of 
the total cross-sect ion. 

3) Trie di f ferent ial cross-sect ions for thir­
teen quasi two-body channels have 
been analysed in detai l and breaks 
have been shown to exist there. 
These results indicate that the st ruc­
ture observed in a channel may be 
corre lated wi th the nature of the par­
t ic les (or t rajector ies) exchanged. The 
measured cross-sect ions were compar­
ed wi th var ious theoret ica l models . 

4) Informat ion has been obta ined on the 
nature of exchanged part ic les by meas­
ur ing the density matr ix e lements of 
the resonances produced in quasi two-
body react ions, for example — the 

study of K *(890) produced in the 
react ions K~ + p - > K *(890) + nu­
cléon and K + + p - > K *(890) + p at 
high momenta. 

5) Backward peaks have been d iscovered 
in the quasi two-body react ions for 
p ion-proton and kaon-proton interac­
t ions. They are evidence for the baryon 
exchange mechanism and have been 
interpreted in terms of this mechanism. 

6) A systematic study of the var iat ion of 
two-body and quasi two-body cross-
sect ions has been made in terms of 
the inc ident momentum. It was found 
that they varied as p~n and all the 
react ions could be classi f ied rough­
ly in four groups, accord ing to the 
value of n, each group cor respond­
ing to exchange processes of a wel l 
def ined nature. 

From this list it is evident that European 
physicists, using bubble chamber photo­
graphs taken at CERN,. have made a very 
posit ive contr ibut ion to elementary part ic le 
physics. A l though the bubble chamber is 
an instrument essential ly adapted to the 
study of st rong interact ions, s igni f icant 
and somet imes very precise measurements 
have been taken in the f ie ld of weak inter­
act ions. In the domain of strong interact ions, 
physicists have succeeded in d iscover ing 
numerous resonant states and in de termin­
ing their propert ies and the propert ies of 
others a l ready discovered elsewhere. 
The results thus obtained have made a 
signi f icant contr ibut ion to the main theo­
ret ical developments of the last few years, 
namely the classi f icat ion of part ic les and 
resonances by unitary symmetry models 
and Regge t ra jector ies. 

Finally, several extremely important ex­
per imental laws governing the f ie ld , 
wh ich was complete ly untouched ten years 
ago, of high energy col l is ions were d is­
covered in bubble chamber exper iments 
and their interpretat ion has st imulated 
theoret ic ians to a deeper insight into 
elementary part ic le interact ions. 

Suppose the PS is running non-stop all 
the year round, accelerating 1012 protons 
per pulse every two seconds... try to guess 
(or even calculate) how long you would 
need to run the machine — 
a) To accelerate the same number of 

protons as there are in a small drop 
of water (50 mm3) ? 

b) To accelerate as much charge as 
passes through a 100 watt bulb (250 
volt mains) in one second ? 

c) To accelerate as many protons as 
would fit onto a CERN COURIER 
page (21 X 30 cm2) if they could be 
laid side by side ? 

Answers at the bottom of the column. 

Nature, it seems, is the popular name 
for mi l l iards and mi l l iards and mi l l iards 
of part ic les playing their inf inite game 
of b i l l iards and bi l l iards and bi l l iards. 

This is a grook (short aphor ist ic poem) 
cal led 'Atomyr iades ' f rom the book 
'Grooks ' by Piet Hein produced by MIT 
Press, Cambr idge, Mass. ($1.5 paperback) . 

What does a European pay to have CERN 
in 1969 ? It depends a little where he 
comes from but, looked at in terms of 
Swiss francs per head, it is not too 
frightening : 
Austria 0.63 Italy 0.485 
Belgium 0.94 Netherlands 0.90 
Denmark 1.12 Norway 0.85 
Federal Republic 

of Germany 1.01 Sweden 1.37 
France 0.99 Switzerland 1.38 
Greece 0.17 U.K. 0.96 
It averages out at 0.90 Swiss francs per 
man, woman and child in the twelve Mem­
ber States. The price of a litre of beer. 
And some might say that it is not a bad 
idea to deprive at least the child of a 
litre of beer in this way. 

"UOJÎOJUOUÀS uoiojd B punq oi eoueBmeiui 
lUQiouins Aejdsjp }ou pip AieiBuniJo^un 
QUI io swjoi ISJU ou± 'U}JBd em /o QBB 

QUI inoqB si UOIUM SJBOÂ UOJIUUI OOOP (O 

SUIUOUJ z woqv (q 

SJBQÂ 0001. Woqv (e 
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And now, a NIM-compatible and practical European Standard for 
100 MHz + logic systems has been founded with the introduction of 
Borer Fast Logic Modules. So highly flexible, these CERN design 
based units form the most comprehensive decision-making family of 
modules ever to have been offered at such a realistic price. Bonus 
advantages of shorter neater inter-module cabling can be gained from 
Lemo-equipped models : BNC-equipped models are available too for 
existing system compatibility. 

Some details of one of these modules are given below and more data 
on this, and the rest of the family, will be sent at the drop of a postcard. 

«3? 

È • 
y 

« m i t wmmm mmmam miïÊB w* 1 * * / H8B31 

Inputs Impedance 

Reflections 'ON' 

Reflections 'OFF1 

Voltage 

Overlap LIN 

50 ohms ± 2 % 

20 % max (capacitive) 

15 % m a x (inductive) 

- 700 mV typ. 1 
cnn m \ / f f o r coincidence 

— 600 mv mm. J 

—100 mV max. for anti-coincidence 

2 ns min. for singles 

2 ns min. for 5-fold 

OUT.OUT 1.5 ns min. for singles 

1.25 ns min. for 5-fold 

Linear outputs Impedance High, 16 mA current sources. Unused 

outputs need not be terminated. 

Rise Time 
Fall Time 

1.8 ns max. 
2.0 ns max. 

Width, equal to 

Rate 

(Overlap + 1.0) ns for singles 

(Overlap —1.0) ns for 5-fold 

200 MHz max. 

Propagation delay 6 ± 0.75 ns for singles 

Decreases by 0.5 ns max for 5-fold 

Feedthrough + 15 mV max for n-1 

Logic outputs Impedance High, 32 mA current sources, unused 

outputs must be terminated. 

Width OUT 
Width OUT 

8.5 ± 1 ns 
9.0 ± 1 ns 

Rise time OUT 
Fall time OUT 

1.5 ns max. 
2.2 ns max. 

Rise time OUT 
Fall time OUT 

2.0 ns max. 
2.2 ns max. 

Rate Greater than 50 MHz 

Propagation delay 10.5 + 0.75 ns for singles 
Decreases by 0.5 ns max for 5-fold 

Great Britain: 35 High Street, Shoreham-by-Sea 
Sussex BN4 5DD 
Tel : Shoreham-by-Sea 5262 Telex: 87274 
Germany: Verkaufsburo Munchen, Kaiserstrasse 10 
8000 Mûnchen 23 
Te l : 34 8016 
France: Numelec, 2 Petite Place, 78-Versailles 
Tel: 951-29-30 b©rep 

E L E C T R O N I C S 

Switzerland: P. O. Box, 4500 Solothurn 2 
Tel : (065) 4 88 21, Telex 34228 
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First, we' l l tell you something about 
medium-sized computers, you know 
already. 

They're a pain in the neck. 

Because all the ones you've ever seen 
up to n o w come w i th big price tags and 
nothing like the kind of versatil ity you want , 
unless you're wi l l ing to fork out a for tune 
to get them tai lor-made to your 
requirements. 

Hence, the new Digital PDP-1 5 
medium-sized computer. Really four 
medium-sized computers for you to choose 
f rom. Not just one. All costing you far less 
than any comparable competi t ive 
computers. 

It w o n ' t have escaped you that a range of 
four computers means a fair old bit of 
versatil ity. But you couldn ' t possibly know 
just h o w much versatil ity. 

So we' l l tell you. Because the PDP-1 5 
comes in four different packages you get 
different peripherals and different levels of 
software, for different budgets and different 
needs. Al l upward compatible. 

Offering peripherals and software in 
standard configurat ions is wha t al lows us 
to offer substantial price reductions on all 
four systems. 

All but the basic PDP-1 5 /10 
conf igurat ion are moni tor-contro l led to 
permit ease of use and device 
independence. This means that you get 
your programs 'on the air' quickly. W i thou t 
having to change them every t ime you add 
new devices. 

Actual ly , the PDP-1 5 is both new and 
not new. New in its high-speed I/C 

meetings of DECUS, the Digital Equipment 
Computer Users Society. 

N o w that you've discovered a 
medium-sized computer that's anything 
but a pain in the neck, undoubtedly you' l l 
wan t to f ind out all about it. 

P D P - 1 5 / 1 0 4,096 18-b i t words of 
800-nanosecond core memory. Teletype 
Model ASR-33 console teleprinter. 
COMPACT Software System inc luding 
assembler, editor, debugging aids, and 
mathematical and util ity routines. 

P D P - 1 5 / 2 0 Advanced Moni tor System : 
8,1 92 words of core memory, KSR-35 
Teletype for extra reliability, t w o DECtape 
transports and control units, high-speed 
paper tape reader/punch. Extended 
Ar i thmet ic Element for high-speed 
arithmetic operations and register 
manipulat ion. Advanced Moni tor System 
w i t h FORTRAN IV, FOCAL-15, 
M A C R O - 1 5 macro assembler, l inking 
loader, batch processor, system generator, 
scientif ic library, and comprehensive 
debugging and util ity routines. 

P D P - 1 5 / 3 0 Background/Foreground 
System : 1 6,384 words of core memory, 
KSR-35 Teletype, Extended Ari thmetic 
Element, Automat ic Priority Interrupt 
System, Memory Protect System, 
high-speed paper tape reader/punch, 
three DECtape transports and control unit , 
real-t ime clock,.and a second on- l ine 
Teletype for background use. Background/ 
Foreground Monitor System combin ing all 
Advanced Moni tor funct ions w i th con ­
current execution of real-time foreground 

technology. Expanded instruction set. 
Improved expandabil i ty. Not new because 
PDPr15 users can draw on the software 
and applications expertise that stand 
behind several generations of Digital 
computers. Some 900 of our machines are in 
use in Physics applications th roughout 
the wor ld . 

Major areas include Nuclear data 
acquisit ion and analysis, reactor and 
instrumentation control and f i lm scanning 
Not to mention hundreds of other 
applications in various sciences. 

In addit ion to all the standard PDP-15 
sof tware, new users can share in the 
Program Library and exchange of 
informat ion at regularly scheduled 

tasks and program development or other 
lower-pr ior i ty background computat ion. 

P D P - 1 5 / 4 0 Disk-Oriented Background/ 
Foreground System : 24,576 words of core 
memory, KSR-35 Teletype, Automat ic 
Priority Interrupt System, Memory Protect 
System, high-speed paper tape reader/ 
punch, t w o DECtape transports and control 
unit, RF1 5 DEC-disk control and t w o 
RS09 random-access disk fi les, real-t ime 
clock, and a second on- l ine Teletype for 
background use. Disk-oriented version of 
the Background/Foreground Moni tor 
System, a l lowing concurrent execution of 
real-t ime tasks and background 
computa t ion , in addit ion to all standard 
Advanced Moni tor funct ions. 

SQSDQSD 
C O M P U T E R S • M O D U L E S 
Arkwr igh t Road, Reading, Berks. 
T e l : (ORE 4) 8 5 1 3 1 . 
Bi l ton House, Uxbr idge Road, Ealing, W.5 . 
T e l : (01) 579 2 7 8 1 , and 13 Upper Precinct 
Walkden, Manchester. T e l : (061) 790 4 5 9 1 . 
Offices also in Geneva, Switzerland; Paris, France; 
Munich and Cologne, Germany; Stockholm, 
Sweden; Milan, Italy; The Hague, Netherlands; 
Sydney and West Perth, Australia; Carleton Place, 
Toronto, Montreal and Edmonto, Alberta, Canada 
and in principal cities of'the U.S.A. 
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Soufflet elliptique en acier AISI 
304 destiné à l'accélérateur Pro-
ton-Synchroton. 
Diamètre extérieur 180 x 104 mm 
Soudé avec l'appareil PLASMA-
FIX40 
Intensité du courant de soudage 
2,8 A. 
(Réalisation CERN) 

MICRO-PLASMA9 

PLASMAFIX 40 

Le PLASMAFIX 40 contribue au 
succès des investigations dans 
le domaine nucléaire. Il permet 
la réalisation d'équipements qui 
nécessitent l'assemblage d'élé­
ments de très faible épaisseur, 
garantissant une parfaite étan-
chéité et une résistance mécani­
que supportant les contraintes 
les plus sévères. 

Nombreuses références. 

S.A. des Ateliers de Sécheron 
Division Soudure 1196 Gland 
Téléphone 022 641381 Télex 22 439 
Représentation MICRO-PLASMA pour la Suisse: 
MAX C. MEISTER, Lôwenstrasse 25, 8021 Zurich, Tél. 051 27 03 92 
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Type 2004 FOUR-FOLD CAMAC SCALER 
DESCRIPTION AND SPECIFICATIONS. 

The type 2004 four-fold scaler is a 
simple, general purpose CAMAC 
scaler with 16 bit capacity. Low price 
was the main design objective. Thus, 
useful functions only have been 
incorporated and the input specifica­
tions are those readily obtainable 
with current TTL technology. 

ELECTRONIQUE 

1. Input 
Each scaler has a 50 ohm input (IN A) and an unter-
minated dual connector input (IN B). Both inputs 
accept fast NIM pulses or levels and enter an AND 
gate. Thus, either Input A or B can be used as count 
input or as gate input. While using A cas count input, B 
may be left open. Input B allows bridging connection 
of a gate line for reduced fan-out requirements. 
• Scaling Rate: typically 40 MHz 
• Input Pulses, A or B: 12 ns pulses are typically 

required,-200 mVis max. 
"O ' \ -600 mV is min. " L " , 
-2 V, diode limited 
LEMO RA 00 C 50 

• Maximum Amplitude: 
• Connectors: 

2. Overflow outputs 
Overflows are brought out separately on the back 
of the module. Nim pulses of approximately 1 ^s 
duration are produced. Individual overflow outputs 
may be very useful for triggering a "Direct Memory 
Increment"- module. 

3. CAMAC Functions Used in the Module 
Function 0: Read the scaler selected by the sub-

address, Clear the corresponding 
overflow flag, Produce a Q-response 
for the duration of the Camac cycle. 
Read the scaler selected by the sub-
address, Reset the scaler, Clear its 
overflow flag, Produce a Q-response 
for the duration of the Camac cycle. 
Increment all 4 scalers, Produce a Q-
response. 
Test L. This function produces a Q-
response if the scaler selected by the 
subaddress has its overflowset and its 
L enabled. 
Write a 4 bit mask. This 4 bit mask 
-written from the W1 to W4 lines-
enables the individual sources of L 
request. 
Reset all scalers, Clear all overflow 
flags and set the L-mask at 0000. 
Close the input gate of all 4 scalers. 

The L-mask register is a particulary powerful device 
when the L signal is used as a computer interrupt 
request. Managing nested interrupt service routines 
is much easier because priority assignment is under 
program control. 

4. Physical 
Single unit CAMAC module, fully shielded construc­
tion. 

Function 2: 

Function 25: 

Function 8: 

Function 17: 

Clear and 
initialize: 
Inhibit: 

Representatives throughout Europe and The United States 

31 Av. Ernest-Pictet-1211 GENEVA 13/Switzerland-Tel.(022)442940 
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les chambres à fils 
en régime proportionnel 
ouvrent des horizons nouveaux 
CARACTÉRISTIQUES 
Temps mort inférieur 
à 10-6 seconde par fil. 
Résolution meilleure 
que 100 nanosecondes. 
Auto-déclenchement. 
Sorties logiques fil par fil. 
Possibilité de coïncidences 
avec une autre chambre 
ou un détecteur. 
APPLICATIONS 
Détection sélective des particules 
en fonction de leur pouvoir d'ionisation. 
Basses énergies : 
Plan focal de spectromètre.-
Localisation spatiale 
de rayons X et de neutrons. 
Chromatographic p. 
Hautes énergies : 
Localisation de traces. 
Hodoscope à faible pouvoir d'absorption 
Electronique : 
Enregistrement des événements : 
résolution ^ 100 ns 
Temps de lecture : environ 2 0 ( is 

new possibilities 
with raultiwire 
proportionnai chamber 
CHARACTERISTICS 
Dead time below 10-6 second per wire. 
Time resolution better 
than 1 0 0 nanoseconds. 
No triggering DC high voltage. 
Logical output for each wire. 
Possibility of use in coincidence 
with .other chamber or detector. 
APPLICATIONS 
Detection selectivity for particles 
of different ionizing power. 
Low energy physics : 
Localisation in focal plan of spectrometer. 
Mapping in spatial distribution 
of X-rays and neutrons, 
p chromatography. 
High energy physics : 
Localisation of particle trajectories. 
Hodoscope with low superficial weight. 
Electronics: 
Event recording: resolution > 100 ns 
Read-out time: about 20 [xs 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S DE L A P H Y S I Q U E 
38, rue Gabriel Crié, 92, Malakoff, France, téléphone 253 87 20 +, adresse télégraphique : Saiphy Malakoff 
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fraiseuses 
universelles 

universal 
milling 
machines 

ACIERA SA FABRIQUE DE MACHINES CH 2400 LE LOCLE 







Caoutchouc 

Mat ières synthétiques 

Amiante 

Eléments de transmission 

Angst+Pfister 
52-54, Route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Téléphone (022) 45 14 00 

OZALID SA 

• PHOTOCOPIE — Apparei ls d 'écla i rage et 
disposit i f de déve loppement - Papiers pour 
photocopies - Instal lat ions pour la photocopie. 

• HÉLIOGRAPHIE — Machines à hél iographier 
modèles OZALID et BODAN. Papiers OZALID 
pour développement à sec et OZAFLUID pour 
développement semi-humide. 

• BUREAU-OFFSET — Machines-offset et pla­
ques-offset présensibi l isées OZASOL. 

@ DESSIN — Machines à dessiner JENNY et 
combinaison de dessins - Papiers à dessin 
(papiers pour dessins de détai ls), l istes de 
pièces, papiers t ransparents (à calquer), papier 
pour croquis. 

• INSTALLATIONS DE REPRODUCTION pour 
hél iographies, impression de plans, photoco­
pies, travaux de photographie technique, ré­
duct ions, agrandissements. 

Seefeldstrasse 94 
8034 Zurich 
Tél. (051) 32 7442 

depuis 1924 
LH0MARGY 
a étudié et mis au point plus de 

150 machines d'essais 
conformes aux normes françaises ou 
étrangères. 
Ces machines équipent les laboratoires, 
tant pour la recherche fondamentale 
que pour les contrôles de qualité des 
matières premières ou des produits finis. 

MACHINE 
DE TRACTION 
ÉLECTRONIQUE 
Modèle DY.08 

En 1969 , Lhomargy présente une gamme 
complète de machines d'essais électroniques 
pour t rac t ion , f lex ion, adhérence, f luage, 
relaxation, sur matériaux en fibres, fils, feuilles, 
planches, etc. . 

• Lhomargy exporte 

3 5 % de sa production dans 50 pays. 

• Salle de démonstration permanente. 

• Service après vente efficace. 

• Les plus hautes références. 

consultez 

LHOMARGY 
3 f boulevard de Bellevue - 91 - Draveil - F 

tél.: 921.87.47 et 921.52.18 
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EAI QUAD + m 250B 
first residual gas analyzer with 
dual f i laments.. . dual detectors. 

Now the foremost RGA is even 
better. You can switch filaments with­
out breaking vacuum. Two filaments 
are premounted and prealigned on a 
block in the ion source region. The entire 
block can be replaced as a plug-in unit. 

You can also switch between the electron multiplier 
and Faraday detector without venting the system. 
A simple external cable change does it. 

Other significant improvements: A new sweep 
circuit betters linearity at slow sweep speeds. 
An improved emission control regulates operation 
and monitorina of current down to a few microamos. 

Introducing 
non-stop 

AA11 II I C O C Û U U C U U C I I C I I I O U U L LI I C |JI I O C 

remains the same. Always look to Varian/EAI 
for innovations in vacuum. Now, it's non-stop 

Vacuum Division, Palo 
Alto, California; 
Zug, Switzerland; 
Georgetown, 
Ontario. 
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my dearWatson 
two other great 
detectors! 

Holmes is, as usual, perfectly correct. NE 102A, today's 
most widely used general purpose plastic scintillator, 
has unequalled all-round performance. NE 110 has light 
transmission superior to that of any other plastic 
scintillator currently available and is especially 
recommended for use in large area sheets and large 
volume scintillators. Both detectors can be supplied in 
virtually any size (up to 3 metres long). See our 
1970 Catalogue for full details. 

Like The Great Detective, our chemists and physicists 
welcome the challenge of any unusual detection 
problems. Why not call 031 -443 4 0 6 0 and discuss 
your special requirements. 

Light output, % anthracene 
Decay time, ns 
Light attenuation length, cm 
Maximum emission, Â 

NE 102A 
65 
2.4 
170 
4250 

NE 110 
60 
3.3 
250 
4300 

NUCLEAR 

LIMITED 
Sighthill, Edinburgh EH114EY 
Scotland. 
Telephone: 031-443 4060 
Cables: Nuclear, Edinburgh 
Telex: 72333 

Associate Companies: 
Nuclear Enterprises GmbH, 
Neherstrasse 1,8 Munich 80. 
Telephone: 44-37-35. Telex: 529938 
Nuclear Enterprises Inc., Terminal 
Way, San Carlos, California 94070. 
Telephone: 415-593-1455 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, chemin de Tavernay - GRAND-SACONNEX - 1218 GENEVA - Tél . (022) 34 17 07/34 17 05 

368 



For the newest appl icat ion data and specs, contact EG&G, Inc., 
Nuclear Instrumentat ion Div is ion, 36 Congress Street, Salem, Massa­
chusetts 01970. Phone : (617) 745-3200. Cables : EGGINC-SALEM. 
TWX : 710-347-6741. TELEX : 949469. 

• • 

NUCLEAR INSTRUMENTATION DIVISION 
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