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The European Organization for Nuclear Researgh {CERN) came into being in 1954 as a co-operative enterprise among European governments in order to

regain a first-rank position in nuclear science. At

present it is supported by 13 Member States, with coniributions according to their national revenues :

Austria {1.95%), Belgium (3.85), Denmark (2.09}), Federal Republic of Germany (22.86), France (18.86), Greece (0.60), ltaly (10.83), Netherlands (3.94),
Norwag (1.48), Spain (1.68), Sweden (4.25), Switzerland {3.20), United Kingdom (24.60).
u

Cantri

ttons for 1964 total 107.2 million Swiss francs.

The character and aims of the Qrganization are defined in its Convention as follows :

* The Organization shall provide for collaboration among European States in nuclear research of & pure scientific and fundamental character, and in
researqh essentially related thereto. The Organization shall have no concern with work for military requirements and the results of its experimental and
theoretical work shall be published or otherwise made generally available.’
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The cover photegraph, taken in the North
experimental hall of the CERN preton
synchrotron, shows part of the counter
experiment in search of a possible ‘ resc-
nance ' in the reaction betwsen a pion
and a deuteron to produce two protons.
Inside the blockhouse in the centre of the
area, a beam of pions with momentum
between 0.6 and 2.0 GeV/c sirikes a tar-
get of liquid deuterium {heavy hkydrogen).
Unseen and unheard, the products of the
interaction emerge through two long slits
in the sides of the blockhouse ; noc-one is
allowed inside the outer wall of concrete
blocks. Six pairs of detectors, large slabs
of plastic scintillator mounted on phota-
multipliers, stand guard around the target.
Four of them can be clearly seen. They
relay infarmation, o the physicists out-
side, on the angular distribution of the
particles emitted from the target, and on
the time (measured in thousand-miilionths
of a second) taken for each one to
travel from the target to the detecter.
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For most of the year at CERN, work
goes on normally and, because few
people are direclly concerned, the fact
that one or other of the experimental
gtoups is at thal moment discovering
something new goes relatively unnoti-
ced. In February, however, a number of
events combined to provide the kind of
excifement for the physicists that more
than makes up for the long periads of
monotony and to make the rest of the
staft somewhat more aware than usual
that inferesling things were happening.

The clues {o part of the excitement had,
in fact, been available in the library
for a week or two, in the form of ' pre-
prints * of two theoretical papers, one by
M. Geil-Mann, of the California Institute
of Technology, US.A., and the other by
G. Zweig, of the same Institute buf at
present a Visiting Scienfist at CERN.
Gell-Mann’s paper was published in
Physics Letters on 1 February; Zweig's,
the more delailed of the two, is expected
to appear later in Physical Review.
Produced independenily, both papers
puf forward a possible new way of
looking at the theory of "unitary sym-
metry " known as SUs.

The applicalion of this theory, notably
in the particular form known as the
' eightfold way ', has enabled a conside-
rable amount of order fo be brought
into the chaos created by the discovery
of so many new, supposedly ‘lunda-
mental ', particles during the past few
years. SU; ifself is a particular branch of
a whole set of related systems of algebra
developed by the Norwegian mathema-
fician Sophus Lie n=arly a hundred years
ago. The symmetry properfies ol fun-
damenial parficles and the rules deve-
loped for quantum-mechanical calcula-
tions have been found fo be closely
related io some of the Lie algebras and
to 5U; in particular. Specific properties
of particles can be represented by cer-
fain quantum numbers which can fake
only cerfain values, and application of
the algebraic tules to these numbers
then groups all the sfrongly interacting
particles in a definite way.

Unfortunately, the parallel between
physically observed particles and mathe-
matical theory is not exact ; in parficular,
although in SU; all posifions in the
groups arise from a set of three funda-
mental entities, in physics even such old-
established particles as the proten and
the neutron can only belong to a sef of
altogether eight particles, forming one
of the Lie groups. There seem fo be
eight basic parlicles insfead of three.
The suggestion of both Gell-Mann and
Zweig was that fewer outside restrictions
should be imposed on the algebra. They
assumed that all known strongly inter-
acting particles could in fact be made
up from just three basic units, combined
in different ways. They then worked
out the properties that such units would
have, and found thai they would be
similar to the proton, neufron and
lambda parlicle, except that their baryon
number would be 1/3 instead of 1 and
their electric charge would be 2/3, -1/3
and -1/3 repeclively, instead of 1, 0 and
0 (in unifs of the electron charge).

It was this last property that caused
the stir. From the lime of Millikan's
classic experimenfs in 1911 {repeated by
generations of students since} it has
been accepted that the charge of the
electron is the smallest one possible and
that all others are integral mulliples of
this unit (positive or negative). The new
ideas had a basic simplicity that was
very appealing, and difficulties that had
had to be explained away in the former
versions of the theory did not seem io
arise this time, yet the idea of fraction-
ally charged paricles seemed quite
preposterous. Even those who had sug-
gested il seemed fo share the douhbts ;
Gell-Mann called his new particles
‘quarks ,  bringing together literature
and science with a reference to
Finnegan’s Wake ! Zweig furned to the
field of card games for inspiralion,
and called his parficles ‘aces’,
with their combinations *deuces’ and
“treys". At least one person found the
whole situation too much, and the
following contribution to the discussion
appeared on fhe noiice board of the
Theory Division :



One of the early photographs taken with the British 150-em hydrogen
bubble-chamber at CERN. Protons with a momentum of 15 GeV/c enter
from the left of the picture and some of them interact with protons in
The fineness of the tracks and the advantage of a
chamber of this size for seeing all the stages of a complex series of

the chamber.

OH, HORRIBLE THOUGHT

Think of the words that our subject is fraught
with,
Words that old Webster would never be caught
with,
Ladders and tadpoles and majorization,
Bootstraps and buddahs and peratization,
Hafnians, pfaffians, some think it's drollish,
Why, half of the world speaks Regge Polish !
Things are so bad that | must protest it,
From Joycean footnotes, please give us some
respite !
Oh, horrible thought if in nature 'tis observed,

That the guarks and the aces,

Keep changing their places,

And charge seems never conserved !

' Anon
From fthe experimenfalist’'s point of

view, the excitement lay in the predic-
tion thaf at [easi one of the new parlicles
would be stable. This quark, or ace, if
produced in a reaction between high-
energy particles, would behave like the
known charged particles, but if its
charge was only' one-third fhat of a
prolon its ionizing power (and therefore
ihe number of bubbles per centimatre
along its frack in a bubble chamber,
for instance) would be only one-ninth,
for the same apparent momentum. Of
course aces might still be very rare, or
their mass {which could not be predicted
theorefically) might be too high for
them to be produced with present-day
accelerators.  Nonetheless, the Electro-
nics Experiments Commitiee, meeting on
11 February, decided thal aces should
be taken seriously, and that same after-
noon the particles provided an unex-
pecled subject for the weekly ' Experi-
mental  Physics  Discussion’.  Here
G. Zweig explained his theory, and two
prapasals for experiments, from groups
led by G. Cocconi and A. Zichichi, were
described.

Some people felt that if aces existed
then they ought to have been seen in al
least one of the millions of bubble-
chamber pictures already scanned for
other experiments, though it was also

tacular,

reasoned that they could have been
missed if the scanners were nof looking
specifically for them. in any case it
quickly became clear that the combin-
afion of a bubble chamber and the
0z beam in the PS East hall provided
the quickest way of looking for the
particles. Some lime in March the PS
will be run at almost its full energy and
the o2 beam (without the electrostatic
sepatators) will be set to accept high-
energy  negative {mostly
pions) from the internal farget and
direct them into the 81-cm Saclay/Ecole

parficles

Polytechnique bubble chamber. The
pions will provide ithe calibration fracks
against which that of a quark, ace, or
any cother fracfionally charged particle
could be compared.

While working on this proposal, D.R.C.
Morrison realized that the same kind of
bubble-chamber exposure had in fact
been carried out with the CERN 32-cm
chamber in 1960. The photographs weare
got out and a feam of physicists and
scanners looked through 10000 of them
in one night. No aces were found.
Inspired by this search, the group work-
ing with the Ecole Polytechnique heavy-
liquid bubble chamber then scannad a
sef of 100000 photographs.  Again
the result was negalive, leading to the
conclusion that particles with charge 1/3
are produced at least a million times less
frequently than antiprotons af the higher
PS energies. The possibility was afso
raised that fhe aces might be formed in
weak interactions rafher than in the
strong ones investigaled in these two
searches, in which case the arrangement
of the CERN neuirino experiment would
be ideal for their detection. Accordingly,
the photographs of about 300 neutrino
events in the CERN heavy-liquid bubble
chamber were looked at again, buf still
no tracks with too few bubbles could
be found,

evenls can be gauged from this example, though it shows nothing spec-
One of the problems remaining is to reduce the general
background of light and the unwanied reflexions that might make
measurements difficult in some circumstances.

CERN/TC (PI 14/364)

The theorists, meanwhile, had not
been idle, and by the end of the menth
H. Bacry, J. Nuyts and L. Van Hove had
produced a paper showing that if two
sets of three particles were taken as
fundamental building blocks, insfead of
only one sel, then fractional charges
were no longer a requirement, Zweig's
aces and Gell-Mann's quarks may or
may not be found, but obviously their
ideas have iriggered off a new series of
moves in this search for an explanation
of the occurrence of the se-called fun-
damental particles.

Adding point to the discussion was
the news from Brookhaven in the middle
of the month that two examples of the
omega-minus paiticle had been disco-
vered in photographs taken with their
new 80-inch (200-cm) bubble-chamber.
This particle, which has rather unusual
properties, had been predicied by the
" eighHold-way " theory and was the last
one needed to complefe a group of ten
parficles. Its discovery showed thal the
use of unitary symmetry te gain insight
into the relalionships belween particles
was indeed justifiad, and that further
investigalions would be well worth
while. Of course, at CERN, the salis-
faction of knowing thal the omega really
existed was tempered with a cerfain
amount of disappointment, not to say
envy, as iwo bubble-chamber runs last
year and another one in lanuary had
been carried out here to look for the
particle, but several hundred thousand
pictures had so far provided no frace
of it.

During all the excitement over aces
and SUs, other groups of physicists and
engineets working afl the preton syn-
chrefron also had more immediate things
to concern them. For the first time since
last Seplember the fast efection system
was to be used again for the proion

Caontinued on p. 34
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WHO'S WHO IN CERN

Bernard GREGORY

Directorate Member for Research

One of the decisions taken at the
26th Session of the Council, held last
December, was to appoint Professor
Bernard Gregery Directorate Member
for Research. [Ie takes over this post
for the next two years and succeeds
Prolessor Gianpietro Puppi, who had
held it since Scptember 1962.

Bernard Gregory was born in 1919
at Bergerac, in the west of the French
* Massif Central”. He soon left this sub-
prefecture of the Dordogne, however,
to “go up’ to Paris, where, alter taking
kis ‘ hacealauréat’, he prepared for the
entrance examinations of the higher
scientific Institutes of France,

In 1938 he sat the entrance exami-
nations for the science scetions of both
the ‘Feole Polytechnique” and the “Ecole
Normale Supérieure’. Passing first in
chose the
* Ecole Polytechnigoe ’, which he entered
at the end of 1938 — for barely a year.

both  examinations, he

The war which broke out in Western
Europe in 1939 opened up a gap in his
student carecr which was not closed
until July 1945. These unproductive
years saw Bernard Gregory first in the
fighting forces and then within the
confines of military prison camps. How-
cver, his efforts to profit from these
[ong years were so snccessful that, on
his return to France in July 1945, he
was able to pass his final cxamination
at the “Ecole Polytechmique ™.

e then entered the °Corps des
Miues’, which allows some of its staff
to devote themselves to research.

By this time Ire had decided that his
futnre lay in the direction of physies.
Five years of captivity had given him
ample time for meditation and study
and helped him to erystallize his plans
for the futurc. Physics seemed to suit
the career he wished to follow in the
related ficlls of education and research.
Today it is amusing to hear the sardo-
nic statement of a professor named
Gregory, to the effect that °physics
lcads straight to administration !’

Such a thought may scem to smack
of disillusionment. But in fact it pro-
bably reflects not only the state of
mind of the ° chicf’, on whom falls the
burden of making vital decisions con-
cerning the futurc as much as the
present, but also that of the contempo-
rary research scientist. In experimental
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nuclear physics, the era of great dis-

coverics made by a single person using
primitive equipment is well and truly
over. Since the War the emphasis has
been on ‘large-scale physies’, using
cnormous machines costing millions to
run. There are few of these machines,
and it is all the mare nceessary to
ensure their intensive cxploitalion with
For the
physicist who is somewhat of an idealist
by nature this means a sudden transfer

a minimum of lost time.

to the planned atmosphere of the big
laliorateries where the relatively rigid
organization may seem  syuonymous
with administration carried to cxtre-
mes.. But we are forgetting Bernard
Gregory. In September 1947 he oblained
his engineering diploma and set off,
under the auspices of the *Corps des
Mines’, for the U.S.A. and high-energy
physics.

He spent three vears at the Massa-
chusetts Institute of Technology. At
that time, M.IT. was passing through
a period of transition : from a technical
institution producing cngineers it was
to become a vast research establishment
where scientists were to delve perpe-
tually into the scerets of nature. Among
the high priests of that scientific inqui-
sition was Brune Rossi, who was to be
Bernard Gregory’s mentor. In  the
absence of large particle accelerators,
great hopes were at that time placed on
cosmic rays and, in 1917, the most
advanced detector of nnclear events
was still the Wilson cloud chamber.
Gregory co-operated in the running of
this type of apparatus and then in the
analysis of the thousands of photo-
graphs of mnuclear c¢vents thar were
ohtained.

He submitted a thesis to M.I.T. on
the interactions of cosmic-ray pretons
in lead and aluminiam screems in a
cloud chamber, based on this work, and

obtained his PhD. degrec in 1950.

Back in France, Bernard Gregory
entered the physics laboratory under
Professor Louis Leprince-Ringuet at the
‘Eeole Polyteehnique’, and  joined a
team of high-energy physicists that
included Charles Peyrou, André Lagar-
rigne and, later, Francis Muller. The
detector constructed by the team was
one of the most up to date at that time
— a large cloud chamhber with a capacity
of twice 200 litres, composed of two

parts one on top of the other. It was
installed near the Observatory at the
summit of the Pic du Midi de Bigorre.
There at the same time was an experi-
mental team from the University of
Manchester, including Raphaél Armen-
tcros, who soon joined the French
group, ﬂll Of Whﬂse 1Ilemhers., we may
mention in passing, now work at CERN.

Bernard Gregory continued working
with cloud chambers until 1957, when
he took his sabbatical lfeave at the
American laboratory of Brookhaven.

Back again, he took part, with a team
from the French Centre for Nuclear Stu-
dies at Saclay, in the construction of the
8l-em ligquid-hydrogen bubble chamber.
This instrumenl was moved in January
1961 o CERN, where it has since
proved of great value to European
physies.

Ever faithful to his ideals, Bernard
Gregory succeeded in combining with
his research career the duties of a
teacher. From 1953 to 1958 he was
Professor of Physies at the School of
Mines in Paris, and he has since been
teaching at the ° Reole Polytechnique’,
f[‘{)m Wllel'e hﬁ has }Jeen giveu leﬂVE Uf
absence for the academic year 1964-
1965,

Since 1961 Professor Gregory has
participated in experiments at CERN,
particilarly as chatrman of the com-
mittee of LFuropean physicists respou-
sible for the track-chawher experiments
carried out at CERIN. In this capacity
he has been a member, since 1960, of
the Secicntific Policy Committee, which
advises CERN om its overall scientific
policy.  Thus Professor Gregory has
had a marked influence on the experi-
mental programmes for the bubble
chamhbers at CERN. He will be a part-
time member of the CERN BDircctorate
until summer 1964 and then full time
until the end of 1965.

As a physicist spccializing in sub-
nuclear particles and in the construction
of machines for detecting their inter-
actions, as an eloguent teacher hlessed
with a siromg voice to balance his
otherwise calm and relaxed appearance,
Professor Gregory has only one hobby
to occupy the brief moments of leisare
allowed him hy his professional activi-
ties : looking after his few acres of lund
noi far from Paris ®

CERN/P| 268/663
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by G. VON DARDEL,

Nuclear Physics Division

's issue of CERN COURIER, the Training and Education Section is

organizing a series of general information lectures on physics at CERN. The first of these, which was given (in French) on
4 December, 1963, by G. von Dardel, dealt with the physics of neutrinos, and gave the background to the current interest in these

This article is basically the text of the lecture. It tells how the neutrino was first postulated to explain certain experimental
results, shows how the neutrino is related to other fundamental particles and why it interacts so rarely, and relates how the
existence of not only one kind but of twoe kinds of neutrino was proved. Finally, some of the implications for the future are

The author is responsible for co-ordinating the work of the bubble-chamber and spark-chamber groups studying neutrinos at the
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As noted in the article by G. Vanderhaeghe in last D b
elusive components of matter.
discussed, including the problem of the so-called intermediate boson.
CERN proton synchrotron.
INTRODUCTION

There has been a great deal of talk about neutrinos
at CERN during the last three years and I imagine
there are few of you who have not at some time or
another been affected by the programme of the neu-
trino experiment. I know that many of you have made
a great contribution to this programme : by working
overtime in the workshop to get the ejection
components ready in time, by helping to position the
thousands of tons of shielding, perhaps by scanning the
photographs or by typing reports. For many others I
know that the neutrino has been a nuisance, because
you were not able to obtain your instruments or equip-
ment from the workshop as it was too busy with work
for the neutrino experiment. I think you all have the
right to be told, therefore, what this experiment is
about, assuming you do not know already.

If you do not know what a neutrino is, let me say
first of all that we physicists are just as ignorant,
because the neutrino is still one of the most mysterious
of the fundamental particles discovered so far. It is, in
fact, precisely this mystery which justifies the great
efforts made at CERN and in the United States to find
out more about the neutrino.

THE NEUTRINO HYPOTHESIS

The Italian word ‘ neutrino’ means, if I am not mis-
taken, ‘ the little neutral’. We do not know much about
its size, and maybe we should not even call it ‘little’
in relation to other fundamental particles. Its mass,
however, is certainly much less than that of any other
known particle, and it very probably has no mass at
all. It is called ‘neutral’® because it is not affected by
magnetic or electric fields. I should add that the mascu-
line gender of the word in its original language is not
to be taken too literally ; on the contrary, the neutrino
is decidedly feminine in its behaviour.

How could the existence of this particle, with such
elusive properties, ever have been suggested ? It was
the outstanding theoretical physicist, W. Pauli, who first
put forward the hypothesis of the neutrino’s existence,
in 1931, in order to explain certain observations con-
cerning radioactivity. You no doubt know that some
atomic nuclei have the property of being able to trans-
form themselves spontaneously, with the emission of
a negative or a positive electron ; in the course of this
process a neutron in the nucleus becomes a proton, or
vice-versa.

It was found that the total energy of the nucleus after
the decay was less than hefore ; moreover the energy
of the electron was not always the same and was
always less than the energy lost by the nucleus. These
facts could only be explained by the ordinary laws of
physics by supposing that another particle was emitted
at the same time as the electron and took away the
rest of the energy. Such a particle, represented by the
Greek letter nu (v), would have to be neutral and have
a very small mass, which might explain why it had not
at that time been observed experimentally. On this
hypotheses, then, the equation for the elementary
radioactive decay described above is * :

n—p-+e-+ v

FUNDAMENTAL FORCES

It was noticed at an early stage that the neutrino
always occurred in reactions associated with an electron;
it was also noticed that these two particles resembled
each other in the sense that other fundamental particles
acted on them only through the medium of very weak
forces.

Let me remind you that the forces between particles
may be of three types (apart from gravity) : ‘ strong’,

* For simplicity, no distinction is made at this stage between
particles and antiparticles (but see later).
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Layout of the CERN neutrino experiments.



‘electromagnetic’ and ‘weak’. 'The forces known as
‘strong’, such as those between protons and neutrons,
are responsible for the stability of atomic nuclei. The
‘electromaghnetic’ forces turn our motors. They are
also responsible for the structure of atoms and for
the bonds between them ; together with the strong
forces, they determine the structure of matter. Finaily,
there are the forces known as ‘ weak ', which really are
very weak compared with the two others. Therc are
enormous differences between these forces: while
strong interactions occur in periods of time of the order
of 0.000 000 000 000 000 000 (00 001 sccond (1072 5), a weak
interaction like the radioactive decay of a nucleus may
take millions of years (~. 10'* s) to happen.

The electron and the neutrino have, ag 1 have said,
the same property of not being affected by the strong
forces. This is not of great importance for the electron,
because it has an clectric charge and is affected by
electromagnetic forces, As a result, this particle has
become very popular in our time, and there is a whole
branch of technology — electronics — devoted to if,
the results of which we enjoy every day — when we
watch lelevision, for example. But the poor neufrino,
with no charge, is only subjected to weak forces, which
amount to almost nothing. In fact, once emitted during
a radioactive transformation, the neutrino could traverse
millions of millions of kilometres of iron without once
colliding with an iron nucleus. FEwven the largest
stars in the universe offer no obstacle 1o the passagce
of neutrinos. Therefore, once set free, the neutrino has
played its part and it will presumably continue until
the end of time to travel through a universe which
must present a very emply appearance.

From the point of view of our everyday life, the
greatest importance of the weak forces is perhaps the
fact that they temper the (sirong) nuclear reactions
that cause the sun and the stars to shine. In the absence
of the weak interactions (radicactivity) the earth would
either be a cold and empty globe or would have disin-
tegrated long ago in a furicus blast from the sun. All
the weak processes lead to the emission of neutrinoes,
which can thus be considered as a sort of smoke
escaping from these cosmic furnaces. Like smoke, they
remove a great part of the heat produced but, whereas
in terrestrial furnaces the gases and smoke are at least
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Some of the thousands of tons of steel shield-
ing placed between the PS target and the
neuirine detectors for the CERN experiments.
Although forming a solid wall 22-metres thick,
this forms no obstacle to the passage of the
neutrinos.

rcabsorbed by the vegetation and used again in the
biological cycle, the neutrinos seem to be completely
lost.

I have alrcady explained that the neutrino has a very
small mass or none at all. We are also familiar with
another phenomencn ihat is due to a particle with
zero mass © light. One of the foundations of Einstein’s
theory of relativity is that the speed of light is always
the same, whatever its colour and in whatever ‘system’
(on eanth or in a space ship) it is measured. The same
is true for the neutrino ; itg speed ig always constant
and equal to that of light. Just as particles of light
(photons) may have different energies, corresponding
to different colours, so neutrinos may have different
energieg, but they always move at the same speed. In
particular, the neutrino can never be at rest.

There is, however, a very important difference
between the neutrino and light, which places the two
in different categories. Light may be absorbed, for
instance by a blackboard, without leaving any other
trace than a slight rise of temperature, and it ¢can be
emitted by any body that is sufficiently hot. The neu-
trino, if it is absorbed, is bound to give rise to an
electron (or, as will be explained, a muon), and it can
only be created simultaneonsly with an cleciron or
upon the disappearance of an electron.®

Another characteristic that the neutrino and the elec-
tron seemn to have in common is known as ‘leptonic
charge’ ; the total amount of this should always remain
constant in any reaction,

CLASSIFICATION OF FUNDAMENTAL PARTICLES

Fundamental particles can be classified, just as in
zodlogy animals are classified into different families.
There are first of all two big ‘branches’ of particles,
correspending to the vertebrates and invertebrates:
these are the ‘fermions® and the ‘hbosons’® {sce table
below), named after the two physicists Fermi and Bosc
respectively.  TLight, for example, is classified as a
hoson, hecause it can be created or destroyved without
leaving anything other than energy. Conversely, the

* Again neglecting the distinction between particles and anti-
partieles.
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neutrino is classified as a fermion, because it cannot
be desiroyed without producing an electron, which is
another fermion.

Among the fermions, there is another subdivision
{in the same way as there are classes of fish and
mammals) into leptons, which have little or no mass,
and baryons, which are more massive particles. Several
kinds of baryon are known, the most impontant being
the neutron and the proton, the ‘bricks’ that make up
nuclei. Baryons have a similar characteristic to that of
ieptons, in that they possess a ‘ baryonic charge’. The
total value of this does not change in nuelear reactions;
in other words, the {otal number of baryons in our
universe has always been the same since its creation
a few thousand million yvears ago. This is, of course,
also true of the leptons. Neutrons may become protons
neutrinos may become electrons, but the total number
of particles in each ciass always remains the same. In
order to make an accurate count, however, the exis-
tence of ‘antiparticles’ has to be taken into consider-
ation. It is a general characteristic of the fermions that
there exists a separate antiparticle for each particle
{(whereas the antiparticles of the bosons are not dis-
tinguishable from the particles themselves). When
counting numbers of baryons and leptons, particles
should always be added and antiparticles subtracted.

The antiparticle of the electron is generally called
the ‘positron’, while the antineutrince has no more
familiar name ; it is represented by the lelter nu with
a dash above it : v.

SPIN

Another property of all fermions, including the neu-
trinos, is that they have a degree of internal freedom,
called spin, which ean be itnagined as the rotation of
the particle around its axis. As in the case of a gyro-
scope, this ensures a certain stability of the axis, which
can only slowly change direction under the influence of
external foreces. Most fermions can spin in either
direction, and until recently this was believed to be a
universal fact. However, in 1957 Lee and Yang sug-
gested that the neutrino was an exception to this law,
and all the experiments done since have shown that
the neutrine can only spin one way. It always turns in
the inverse sense of a cork-serew around its direction
of motion. Converscly, the antineutrine spins in the
sense of an ordinary cork-screw, This ‘sense of direc-
tion’, left and right, makes the neutrinc an excepiion
among all fundamental particles. In fact, only a par-
ticle without mass can possess this faculty. Noermally, if
a particle appears to spin in one sense, the observer
has only to travel away from it at a faster speed (hypo-
thetically, of course) and then look back, in order {o
get Lhe impression that it is spinning in the opposite
sense.  For a particle without mass, moving at the
speed of light, this reasoning is not valid, hecausc it is
not possible to travel fasier than light.
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THE MUON

A particle which has been known for a long time is
the mu meson (u) or muon, examples of which consti-
tute the majority of cosmic rays arriving at the surface
of the earth. The muon behaves in every way just
like an electron, except that it has a mass about 200-
times greater. According to all the rules, therefore, it
is not really a meson, but comes inio the lepton family.
Like the electron, in a weak interaction it can also
give rise to a neutrino, or at least to something which
hag the same properties as the neutrino already dis-
cussed.

The muon could, in principle, be classed with the
neutirino and the electron in a sort of ‘ ménage a trois’.
However, in physics as In real life, this is not always
very happy ; the theorists were, in faet, able to calcu-
late that, as in the human parallel, there should be an
interaction betweeen twe of the partners (in this case
the muon and the electron), changing each one into the
cther. Buf since this transmutation had never been
observed experimentally, the hypothesis was put for-
ward that perhaps the electron and the muon lived very
respectable lives, each with its own neutrino, who were
twing but not identical ones. In order to distinguish
between them, each of these twing has been given the
family name of its partner, and thecy are represented
thus : vg and v..

REACTIONS WITH NEUTRINOS

The only way to verify this two-neutrino hypothesis
with certainty is to study reactions both with the neu-
trinos produced at the same time as electrons (such
as the neuirinos of radicactivity) and with those pro-

Neutrinos have no mass, but the same cannot be said for the equipment
required o investigale their properties ! Here part of it, a complex
electromagnet for use with farge-area spark chambers, is being assem-
bled for the second series of neutrino experiments at CERN.
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duced together with muons. If the hypothesis is correct,
the former will be involved only in reactions which
give rise to an electron, and the latter only in reactions
producing a muon. Otherwise, following the hypothesis
of a ménage a trois with a single ncutrino, electrons
and muons will be produced in both cases, indepen-
dently of the source of the neutrinos.

The study of neutrine reactions is extremely difficult,
however, because of their rarity. Since the neutrino
can pass through millions of millions of kilometres of
iron without reaciing, and since any detectors thatl
can be designed and manufactured are cnly a fow
metres thick, some thousand million million neutrinos
have to tfraverse the equipment to produce a single
reaction. Nevertheless, such reactions were observed
by Reines in 1957, in detectors installed near one of
the big nuclear reactors in the United States. Such a
reactor is an extremely intense source of neutrinos,
which are produced in the radioactive processes that
follow fission.

However, this type of experiment can throw no light
on the question of the two neutrinos, since the encrgy
of the neutrinos produced in reactors is guite inade-
quate for producing muons. You will recall that the
particle mass has to be ‘created’ from the energy of
the neutrino, and that the muon mass is some 200 times
more than that of the electron. Quite apart from any
hypothesis, therefore, cnly electrons will be seen.

In order {o solve the problem, it is necessary to have
an intense source of neutrinos of much higher energy.
This is only possible with accelerators, where neutrinos
are produced mainly in the decay of the pi meson or
pion {mx).* The pion is an unstable boson which decays
into a muon and a neutrino ; # — u + v. If there are
two neuirinos it should be a v, that is produced. If
the pion has a unit positive charge, the total charge
after the reaction should also be onc positive unit.
Since the neutrino carries no charge, the muon must be
positive. Bul the positive muon is an antilepton and
the lepton rules teil us that it must be produced with a
lepton, namely a neulrino, In the same way, the decay
of a negalive pion will produce a negative muon and
an antineutrino :

s nt b v oand a0 b

If the hypothesis that there are two neulirinos is
valid, nothing but reactions giving rise to muons should
be observed in experiments ncar a high-energy acce-
lerator. If not, there should be as many reactions
giving electrons as there are giving muons.

NEUTRINO EXPERIMENTS WITH ACCELERATORS

This difference is the basis of the experiments first
undertaken two years ago at CERN and Brookhaven,
in which those at Brookhaven achieved results much
more rapidly, partly owing to the more favourable
geometrical construction of the accelerator there.

There are several factors in favour of accelerators.
The first is that high-energy neutrinos reaet much more
frequently. Most of the neutrinos created with CERN’s
28-GeV synchrotron have an energy of between 1 and
2 GeV. Atthese energies they produce reactions not once
every million million kilometres of iron, but once every

* These plons are produced by the (strong) interaction of the
accelerated protons in a target.
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Clues to one of the mysteries of the composition of matier : particle
tracks from a neautrino interaction in the CERN heavy-liquid bubble
chamber. At A the neutrino interacted wilh a neutron e produce a
muon, which subsequently decayed to an ¢lectron at B. The struck
neutront was bound within the nucleus of an atom, which disintegrated
and produced the three proton tracks alse seen radiating from A.

thousand million kilometres. In other words, with a
detector a few metres in lhickness, a reaction will be
produced if it is traversed by a million million neufri-
nos, while the experiments at the reactor reguired
several thousand million million. Another favourable
factor is that the necutrinos are all concentrated within
a narrow cone in the direction of the original proton
beam, whereas the neutrinos leave a reactor in all
directions. Finally, with high-energy neulrinos the
detectors can be made much higger, since the particles
produced in the high-energy reactions can travel a
great distance before stopping.

The combination of all these factors helped the
Brookhaven team to observe several neutrino reactions
per day in a detector consisting of 10 tons of alumi-
nium. While 26 reactions were observed in which a
muon was produced, not one electron was found with
certainty. This was the proof that the fwo neulrinos
partnering the muon and the electron are twins, but
not identical.

STUDY OF WEAK FORCES

With this question solved, there remain many other
problems to be studied in experiments with neutrinos.
Most of these problems concern the weak-interaction
forces. Neutrinos are particularly suitable for the study
of these since, not having any electric charge, they are
subject to weak interactions alone.

The reactions that can be studied are those in which
a neutron forming part of an atomic nucleus is trans-
formed inte a proton, or vice-versa, by a neuirino (or
antineutrino) which itself turns into a muon:

n+wv,->p+w or p+v, +ntu

Similar reactions are well-known in radicactivity,
where the neutrinos v, and v, are involved but these
reactions concern low-energy neutrinos and thus cor-
respond 1o interactions with a relatively great distance
between the particles. With high-energy neutrinos it is
possible to study reactions of this type under conditions
where the neutrino penetrates much further into the
proton or the neutron, whose internal structure as seen
by neutrinos is not very well known. Using anather
analogy, to find out whether there is a stone in a cherry



it is necessary to use an instrument capable of penetrat-
ing the {ruit; high-energy neulrinos are just such an
instrument for protons. These problems will be treated
more Tully by Michel Paty in a subsequent article
dealing with the experiments carried cut at CERN using
the propane bubble chamber.

THE INTERMEDIATE BOSON

Another very impeortant problem is the nature of the
weak interaction itself. Do the neutrino and the neu-
tron strike each other directly like billiard balls or is
there a force which acts between them at a distance,
for instance like the force between a magnet and a
piece of iron ? Physicists generally tend to prefer the
second hypothesis, which is that of action at a distance
by a ‘field” — the magnetic field, for example. When
there is such a field, according to the ‘ rules and regu-
lations ’ of physics, it can be associated with a particle.
The magnetic field, for insiance, and other electro-
magnetic manifestations are associated with the photon,
the particle of light. In this interpretation the force
between the magnet and the piece of iron is brought
about by a conlinuous exchange of photons which go
backwards and forwards between the magnet and the
iron. Thege photons are generally only ‘ virtual® and
so cannot be directly observed. However, if sufficient
energy is involved, free photons will be produced ; for
instance, when a piece of iron is made fo oscillate in
a magnetic field, electromagnetic radiation can be
detected at a distance.

This idea of considering forces to be due to fields
has been widely accepted. I1 has been adopted for the
forces between atoms (in a melecule, for instance),
where it is the electrons that go backwards and for-
wards, and for the strong forces acling betwecn neu-
trons and pretons in a nucleus, where the pions play
this role.

I is not yet known whether the weak forceg are due
to a field. If they are, the properties of the correspond-
ing particle can be predicled : it must be a charged
boson, which has'been given the name of intermediate

boson (W), and it should be produced when neutrinos
of sufficiently high energy pass near a nucleus. A
muon must also be produced at the same time. Symbo-
lically the reactions are :

p— T —
Ve 0T+ WS oor v, E W

However, if it exists, the intermediate boson must
have such a short life that it cannot even cover a dis-
tance of one micron (107? mm) hefore decaying info other
particles. There is thus not much hope of seeing the
bosaon directly, but it could be recognized from its decay
fragments, among which there should be the products
of the inverse reaction to that of production, namely :

W™ — a~ + v, or WY — 't + Y

In such a case, it would appear as if fwo muons were
produced in the same reaction, together with onc neu-
trino which would he invisible. Another possibility is
for the intermediate boson to decay into an clectron
and its neutrino v.. in which event the reaction would
appear as the production of a muon with an clectron.
Jean-Marc Gailiard will deal in another article with
the fascinating hunt for these kinds of event in the
spark-chamber experiments at CERN.

The intermecdiate boson may also decay into other
fragments, and in particular into a certain nhumber of
pions, These decay modes are particularly interesting
because, at least in principle, all the fragments can be
observed and their energies determined. This would
then enable the mass of the beson to be deduced if the
particle exists.

In conclusion, it may be said that the physics of neu-
trinos presents many fascinating problems, which can
only be solved with high-energy neutrinos. CERN is
in a particularly favourable position from this point of
view, because of the increase In neutrino intensity pro-
vided by the fast ejected proton beam of the synchro-
tron and the focusing of the pions before they decay
by means of the ‘magnelic horn’. These pre-reguisites o
last year's successful experiments and to those now in
progress were described in an article in CERN COURIER
last June @
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BOOKS

Sonnenenergie, by H. Rau, (Mainz, Krauskopf-Verlag,
1962 ; DM. 12.80)."

In its airy manner this delightful little book possesses
certain attributes of a soufflé. While consuming it, one
has that sense of well-being which only a tasty morsel can
convey, and on finishing it, one is pleasantly replete. Dut
one very soon develops a craving for more. So with this
book : it acts as an apéritif without really answering all the
questions.

The author is obviously endowed with the gift of being
able to convey to the reader a rclatively large amount of
information, requiring the minimum of effort on his part to
understand and to absorh. This i3 no idle compliment : we
note that the book is written in German, a language more
fitted for semantic acrobatics than for an exercise in
simple expression. Mr. Ran had rightly decided to tackle
his subject from the * Ur-beginning’ and to leave mo [lact

* We understand that Dutch, English, and Italian editions are also
available, or will be shertly, and that editions in Groat and Arabic
are in preparation.

untouched, however insignificant., The result is nol only a
formidable table of contents but also a tidily written book
which it is a pleasure to read.

The opening chapter, not unexpectedly, discusses the need
for new sources of cnergy. The next deals with existing
“stocks’ of energy and on we go, relentlessly. A quick look at
the mythology and whut our ancestors thought of the whole
affair, then a little physics of the sun, followed by the first
pioneers whe attempted to harness solar energy for other
purposes but human sacrifice. {Curiously, the author does
not mention the Mayas or the Aztects, who, after all, were
the experts in this field. But that is unimportant). The
technology and economics of solar emergy, with all their
ramifications, form the backbone of the book. Photobiology
and the rocket strate-probe experiments are mentioned, and
the book ends, inevitahly, with an outlook on the futurc.
All this information is carefully packed into some 170 pages,
including somc very {ine illusirations, both photographs and
line drawings, and a traly magnificent bibliography., Is one
permitted to wonder whether the author has indeed read
all the material he lists ?

Strangely enough it is just this exteunsive bibliography
which is the main weakness of the book. The author had
evidently decided that the reader for whom the lLook is
intended would rarvcly if ever bother to loek up one or the

Lasl monif 4l CERN (cont.)

beam. A new central conductor, de-
signed to increase the number of neu-
frinos produced at higher energy, had
been put into the magnetic horm;, and a
complefely new arrangement of spark
chambers had been inslalled for further
measurements on neutrino interactions.
In fhe event, everything worked well,
and very soon fthe scanners were busy
again, picking ouf phofographs of neu-
trino interactions oblained both in fhe
spatk-chamber array and in the CERN
heavy-liquid bubble chamber. The spark-
chamber set-up now includes one
section of chambers interspersed with
magnelized iron plates, infended to
provide a good distinction between
positive and negative particles arising in
the interactions. Alfogether, the atran-
gement contains more than 100 tons
of material,

In the East bubble-chamber building,
another centre of activity was formed
by the 150-cm British bubble-chamber,
filed with liquid hydrogen again,
cooled to —246° C, and producing
high hopes of a good run. The decam-
pression and recompression cycle was
successfully put into operation, and the
cycle time afterwards reduced to once
every iwo seconds. Afier about 24 hours
testing like this, particles from the o
beam were infroduced info the chamber
and conditions adjusted te give the
best tracks. Later the magnetic field
was turned on, and finally the automatic
cameras tested. On 22 February several
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thousand photographs were taken with
incident protons. Bu! a number of small
troubles made it less clear that the
chamber would be able {o run confi-
nuously for several days at a time and,
rather reluclantly, the beam was swit-
ched to the 81-cm Saclay/Ecole Poly-
fechnique chamber for thé physics
experimenfs scheduled.

This period was also of particular
interest since, for the first fime, a
bubble-chamber experimenf at the PS
was being carried out simulfaneously
with the neutrino experiment. By using
the ‘rapid beam deflector’, a small
part of the circulafing beam was direc-
fed at the fargef setving the o2 beam
shortly before full energy was reached;
this was then followed by ejection of
the full-energy beam in the usual way.

Missing from last month's issue of
CERN COURIER was the news that
electrons had been successfully ‘stacked’
in the electron storage-ring model,
CESAR. Towards the middle of January
the circulating current from a single
pulse of the Van de Graatf injector was
accelerated slightly by means of the
betatron core, so that if circulated on
an orbit of larger diameter, bul oscil-
lations of the beam were building up fo
large values and soon causing it to be
fost. With a shut-down for mainienance
and alterations scheduled for 31 January,
there was litite incentive for a full
investigation of the reasons; instead,
by manipulation of some fwo dozen

different magnelic corrections around
the ring, it proved possible to accele-
rafe the beam {o the full energy
determined by the 7-cm width of
vacuum chamber available. Whereas
the betairon core accelerates all the
parlicles circulating in the ring, the
raediofrequency sysiem accelerates only
those electrons which have aboui the
right energy. This sysfem was then
iried ouf, and 20 successive pulses were
injected into the ring and ‘stacked’
into adjacent orbits. Affer this, measure-
ments were made on the lifefime of
the circulating current, for single turns
in different positions and for multiple
turns, and the second radiofrequency
sysiem, infended for phase-space ana-
lysis of the stacked heam, was success-
fully tesied.

These preliminary experiments com-
pleted the 'running-in’ phase of the
storage-ring, and their success provides
grounds for believing that CESAR will
prove an exfremely useful experimental
device. During the subsequent shui-
down, the 2-MeV Van de Graaff was
completely dismantled and rebuilt, with
many new compenenfs. Among many
other jobs, the whole of the vacuum
chamber also had to be dismounted,
for modifications lo ihe clearing-field
electrodes, and several new tfargets for
measurement of the beam position were
added.
fank should enable the pressure fo be
reduced for the first fime to 1077 torr or
befter, giving much longer beam lite-
times when experiments are resumed ®

Insertion of a new inflector



other reference. As a resalt the amount of information
concerning the source of most entries is rather sketehy and
in more than one case ambiguous. What, then, is the point
of such an exhaustive list 7 The absence of an index, that
perennial gripe of all reviewers, is less noticealle, since the
table of contents, as we have said hefore, is rather detailed.

To return te the opening paragraph of this note: for
whom exacily did Mr. Rau write this book ? For the
scientisl seeking information outside his own field, or for
the layman wishing to guin some insight iuto a fascinating
subjeet ? If the former is the case, the awthor has succeeded
admirahly ; if the latter, we are not so sure that Mr. Rau
has not been led astray by his own thoreughness. The dose
is perhaps a little too concentrated and may even lead 10
indigestion.

We wonder, by way nfrcmling, whether Mr. Rau, since
he would seem to have all the informalion in his possession,
could nrot produce anether hook on the same subject, hut
this time for the cxpert, with all the details, techmical

information and caleulations invelved ?

St. L.

Knowledge and wonder — the natural world as man
knows it, by Prof. V. F. Weisskopf, has now been published
in paperback edition (Science Study Series; New York,
Anchor Beoks, Doubleday and Company, Ine.) and is
available at the Geneva hookstalls @
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New features in
potentiometer recorders
for your laboratory

class 18

Your choice is between three main models
with a large number of options :

— The class 15 wide-chart recorder with pen
speeds of 1/4 second or 1 second full scale.
— The class 15 universal mullipoint recorder
which is easily adaptable lo print any number
of measuring points between 2 and 24 ; easy
change of range and input action.

— The class 18 one or two pen recorder, fully
transistorized: portable, rack or bench mounted.

The high input impedance, the extremely high
stray rejection and high gain meet the demand-
ing needs for spectroscopy, low millivolt spans
and many other laboratory applications. The
new capillary pen system has a large ink supply
and guarantees an ever ready and fine writing.

Write for detailed information and demonstra-
tion to Honeywell SA, 73, Route de Lyon,
Geneva, or Dolderstrasse 16, Zurich.
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Data Handling Systems
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Impulsicn du générateur 214A reproduite sur un
oscilloscope universel 175A.

IMPULSIONS

DE FORME PURE

GENERATEUR & 215A

Impulsions positives ou négatives de
10 volts sur 50 £. Une nanoseconde
de temps de montée et de descente.
Largeurd’impulsion continiment varia-
ble jusgu'a 100 ns. Fréquence de ré-
pétition ajustable intérieurement entre
100 Hz et 1 MHz et s'étendant jusqu’a
10 Hz par declenchement externe.
Prix: Fr. 8688.-

GENERATEUR & 214A

Impulsions positives ou négatives de
2 A sur 50{. Frequence de répetition
jusqu'a 1 MHz. Temps de montée et de
descente compris entre 10 et 15 ns.
Largeur d’'impulsioncontiniment varia-
ble entre 50 ns et 10 ms.

Prix: Fr. 4193.-

TEMPS DE MONTEE 1 NANOSECONDE ¢ 215A

Quelques
caractéristiques
communes a ces deux
générateurs:

Une définition précisede la forme d'impulsion est donnée pour chaque condition
de fonctionnement: Pour des réglages différents de la fréquence de répétition
ou de I'amplitude, la valeur des paramétres tels que temps de montée, sur-
oscillation, instabilité, est toujours exactement définie.

Impédance de sortie constante. Les réflections qui seraient produites par
I'emploi d'une charge mal adaptée sont absorbées par I'impédance de sortie
constante de 50 2 du générateur.

Différentes possibilités de synchronisation: Possibilité d’ajuster le retard ou
I'avance de l'impulsion par rapport a la synchronisation d'entrée (positive ou
négative). Le niveau auquel se fait cette synchronisation est réglable.

Sous réserve de changements sans avis prealable.
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transistor line

for automatic counting . for automatlc spectrometry o

internal modules construction ¢ very competitive prices

ST 6

6 decade scaler.

0.5 usec. resolving time.

positive or negative input pulses
from 0.1 V up.

pre-set number operation.

TT 6

6 decade timer.

fime base operated from mains frequency
or crystal controlled.

pre-set time operation.

AA 1

H. V. supply / Amplifier / Analyzer.
meets most severe requirements for
stability and linearity.

PS 1

Automatic printer for 4 groups

of 6 digits.

complete with Olivetti Eletirosumma
printing machine.

RD 1

Digital Ratemeter.

Accuracy of 0.1 % full scale (1 digit).

Connection to parallel entry printers

(HP type 562 A or equivalent) or tape punchers.
Analog output to operate graphic recorders.
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Rotterdam
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WHITE FOR FULL I]ETAILS Tl] Soc. Eleltrnmca Lombarda S.p. A P.0. Box 3076 Milano - Italy
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Systems integration helped us

To handle mass measuring results efficiently systems integration helped us. Handling the
ever-growing stream of measuring results threatened to overwhelm our radiation laboratory
personnel. So we studied the possibilities of using a computer to process the measuring data.
But that would have required a separate card or tape punch machine at the output of each
measuring position. Then we found that by using Philips equipment, we could make the various
measuring positions co-operate in passing results to a computer or other data handling
equipment. This operation is fully automatic, and can follow any required programme .

In such integrated systems, the measured data are all handled by a single common output .

If you are faced with similar problems, please consult Sole distributors:

your own Philips organisation. They will give you in the U.K.: Research & Control Instruments Ltd.,
expert advice and assistance in designing the most 207 Kings Cross Road, London W.C. 1;

efficient equipment for the instrumentation of your overseas cnquiries:

laboratory. Philips, Scientific Equipment Dept.,

Eindhoven, The Netherlands,

= PHILIPS nuclear equipment
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Fast-Scalers

with
Automatic
Readout

That is what the physicists need
to simplify their experiments!
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Ask for demonstration or literature!

5, 25 or 100 Mc counting rate
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Fast Pulse Amplifier tr 1,5 ns
Fast Low Jitter Discriminator
Fast Coincidence and Anti-Unit
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SOLOTHURN - SWITZERLAND
Tel. (065) 2 85 45/46
Cable: BORELECTRONIC SOLOTHURN
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plans and delivers
Processing Plants for :

Precision rectification
Heavy waler recovery

Gas liquetying

Uperisation sierilizing

Town gas detoxification, etc,

Laboratory columns

Thermal Plants

Steam generators up to
the highest pressures
Hot water boilers and
accumulalors

Gas turbines

Diesel engines
Reaclor plants for
nuclear power stations

Heat pumps

Refrigerating Plants

Cooling installations
Tube-ice generators

Low-femperatfure installations

Air conditioning plants

Heating and air conditioning plants also :

Axial and radial compressors
Qil-free reciprocating compressors
Pumps

for delivering high- and

low-viscosity fluids and corrosive media

Sulzer Fréres

Sociéte Anocnyme
Winterthur, Suisse

Low-temperature installation (—250° C} for
D:0 recovery (Emser Werke AG., Domat/Ems,
Switzerland)




