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The European Organization for Nuclear Research (CERN) came into being in 1954 as a co-operative enierprise among European govermnments in order to
regain a first-rank positicnt in nuclear science. At present it is supported by 13 Member States, with contributions according to their national revenues :
Austria (1.92 %}, Belgium (3.78), Denmark (2.06), Federal Republic of Germany (22.47), France (18.34), Greece (0.60), ltaly (10.85), Netherlands (3.87),
Norway (1.46), Spain (3.36), Sweden (4.18), Switzerland (3.18}, United Kingdom (24.17).

Contributions for 1963 total 92.5 million Swiss francs.

The character and aims of the Organization are defined in its Convention as [loilows

‘The Organization shall provide for collaboration among European States in nuclear research of a pure scientific and fundamental character, and in
research 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.’

Last monll a1 CERN

At about 5 p.m. on the afterncon of
Tuesday 6 August, another importanf
stage in the evolution of the proton syn-
chrolron was reached, when a beam of
protons was extracled from the accele-
rator for the first {ime by means of the
slow ejection sysfem. This success
greatly enlarges the possibilities of the
synchrofron and means thaf when all the
tests have been compleled, in a few
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months' fime, the physicists should have
at their disposal in the South experi-
mental hall a beam of protons whose
characteristics can be varied, to a large
extent, to suil their requirements. Ad-
ded to the fast ejected beam, achieved
a few months ago, and the versafile
system of internal targefing developed
during the last three and a half years, the
slow ejected beam complefes a range of
operaling possibilifies which is unique.
The champagne drunk in celebration
was well deserved.

It should perhaps be poinfed out
that the description ‘slow’ applies to the
method of extraction of the beam, and
nof fo the speed of the protons. |In
principle, prolons of any energy pro-
duced by fhe accelerafor can be ex-
tracted, and a distinguishing feature of
the sysiem developed for the PS is that
it does nof involve a degradation of the
proton energy, by scatlering in a farget
for instance. The first tests were car-
vied ouf with a proton energy of 16 GeV
and later cnes a 12 GeV.

As described in the June issue of
CERN COURIER (vol. 3, no. 6, p. 79)
the acceleration process of the synchro-
tron produces 20 bunches of protons
fravelling around the ring at practically
the speed of light. The ‘fast’ ejection
sysfem directs these bunches in rapid
sequence on to a {argef ouiside the ac-
celerator, in a time of only 2.1 microse-
conds. In contrast, the ‘slow’ sysiem
directs a more constant flow of protons
on to the target for a period of time
which is ten thousand times as long.
Such conditions are much more suit-
able for the operation of counter arrays
and spark chambers. Both systems de-
pend on the excitalion of betatron oscil-
lations in the circulaling beam, but
otherwise fheir methods of operation
are quite distinct. Slow ejecfion, as ifs
name implies, is a much more gradual
process, and in fact is much more clo-
sely linked to the funcfioning of the
accelerafor as a whole.

Under normal operating condifions,
it a prolon is slightly deflected from
its path because of, say, a non-unifor-
mity in the guiding magnetic field, if
‘oscillates” about its former line of flight,

in other words its distance from the
centre of the ring changes slightly as if
goes round. Because of the design of
the magnetic field, the proton never co-
mes back to exaclly the same place
after each complete revolution and so
the oscillation can never build up fo
any great amplitude. This feafure of
the magnetic field is, of course, exlre-
mely important for the operation
of the synchroiron, and so a number of
quadrupole and sextupole magnetic
‘lenses’ were included in the original
construction so That the field could be
corrected if necessary. In fact it was
not necessary, but fhese same lenses
now form the basis of the slow ejec-

tion system.

When the protons in the ting reach
the desired energy, the radicfrequency
accelerating field switches off and the
protons continue to circulaie as a beam,
a few millimetres wide, under the in-
fluence of fhe ring magnets. At this
stage, fhe currents in the correcting
lenses are adjusted so that {or one par-
ticular orbit, larger than that on which
the beam is circulating, protons would
be subject to unstablz belairon oscil-
lations — each fime they completed
a circuit of the ring they would be de-
flecied further and further out.

The main magnetic field is then slowly
and steadily reduced, causing the aver-
age proton orbit fo expand. When a
proton reaches the ‘unstable’ orbit it is
set into rapidly growing oscillations by
a quadrupole situated in straighf-section
no. 99 of the accelerator, Slightly fur-
ther round the ring is the slow ejection
magnet, of fhe ‘septum’ type so thaf ifs
field does nof disturb the beam circulai-
ing past it. Afier relatively few fumns
round the ring, the radial oscillations of
the profon is sufficient to carry it into
the magnet aperfure, where it is deflec-
fed out of the accelerator, Because of
the spread of the beam, individual pro-
tons reach the point of instability at dif-
ferent times, so that the circulating
beam is slowly extracted and directed
to the external larget.

As with the fast ejection system, fthe
ejection magne! is positioned (in this
case electromechanically} towards the
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This phote shows how the two ejection magnets are arranged inside iheir vacuum box. The long
black olject is the fast ejection magnet, which moves up and down when in use, while above and

to the right of it is the slow ejection magnet, which moves from side 1o side.

Part of the hy-

draulic equipment for the fast magnet can be seen to the left of the box ; the mechanical positioners
for the slow magnet are in the casing to the right. The ejected beam travels very close to its
undeflected trajectory at first, and the two tubes seen leading from the vacuum box are for conven-

tional beams of secondary particles.

end of the acceleration part of the cycle,
and the current in it is pulsed because
of the high values required. The whole
process described above fakes place in
about 20 thousandths of a second,
though the actual fime for which the
external beam exisfs can be varied to
some exteni.

Successful use of slow ejection sys-
fem, which is being developed by
members of the Proton Synchrotron
Machins Division, depends on very
fine control of the accelerator and ma-
ny defailed improvemenis have been
and are being made to that end. Since
the position of the beam circulating on
its 200-metre-diamefer circle must be
accurate to a few tenths of millimetre,
extremely precise and reproducible
operation is required. All the magnetic
fields must be reproducible from pulse
fo pulse of the acceleralor and have
the minimum of ‘ripple".

For the first and subsequent observa-
fions during August, the ejected beam
was direcled along the frack normally
used by the fast ejected beam and sfop-
ped al the enirance fo the first bend-
ing magne! of the pulsed transport sys-
fem. Television cameras, photographic
paper, x-ray film, nuclear emulsions,
scintillation counters and solid-stafe ra-

dialion deteclors were all used in inves-
figations on the irajectory and its de-
pendence on fhe various parameters
involved.

The synchrotron itself continued fo run
very salisfactorily, and several new re-
cords of beam intensity were sel up.
On 21 August (by coincidence, the first
day of the Dubna conference), currents
of over 60 mA were being injected from
the linac into the accelerator, and for
one period of 1000 pulses {nearly an
hour) the average accelerated heam in-
tensity (at 24.8 GeV/c) was 8.3xX10Mm
protons per pulse. The highest single
pulse registered that morning was of
9.06 X101 profons.

As in the previous month, half the
time scheduled for nuclear physics was
devoted to further runs for the neu-
frino experiment. The main experiment
during the other iwo weeks, in the
North hali, used a pion beam striking
a liguid-hydrogen target to study the
production of ‘strange-particle’ reson-
ances. Eighty per cenf. of the circulat-
ing profon beam was used by fthe in-
ternal targel giving rise to this pion
beam, the remaining twenty per cent, in
each pulse striking another farget fo
give rise fo secondary parlicles collec-
ted into four differen! beams serving
experimenfs in the South hall.

in the East hall, the new keam, o
which is to provide separafed particles
for the 1.5-m British bubble chamber, was
installed, using new survey methods for
the alignment. Three reference marks
were used, in line and separated {rom
each other by a distance of 40 metres,
each being positioned with reference
io three of the permanent grid points
previously sel out for the hall. The
misalignment of the central reference
mark with respect fo the line joining
the oufer iwo was measured as only
0.2 mm. Moreover, no misalignment
could be delected between the refe-
rence poaint in the East hall ifself and
those in the East target area inside the

¢ing.

There, a new fargef, operating within
the gap of magne! unit no. 60, was suc-
cessfully tested mechanically. Later, for
about 16 hours, the target was arran-
ged to be struck by the beam once
every fwenly seconds, enabling the ca-
libration beam for the {uiure o, beam
to be fested.

Arcund the middle of the month,
CERN's Director-general, Prof. V.F.
Weisskopi, and fwenly other physicists
and engineers of the Organization left
for the U.S5.R, fo take part in the
International conference on high-energy
accelerators held at Dubna during 21-27
August.

This conference at present takes place
every other year, alternating with the
International conference on high-energy
physics, which was held at CERN last
year. I} deals with the large machines
fhat make the experiments possible ra-
ther than with the resuits ol the expe-
rimenfs themselves. Like the high-
energy-physics conference, it is held in
furn in the U.S.A. (af Brookhaven Natio-
nal Laboralory in 1961), the USSR,
and CERN (scheduled for 19635).

The largest group of CERN partici-
pants (eight people) went from the Ac-
celerator Research Division, and others
from the Proton Synchrofron Machine,
Synchro-cyclotron  Machine, Nuclear
Physics Apparatus, and Engineeting Di-
visions. Among the twenly-one papers
contributed from CERN were a number
dealing with design aspects of both a
possible 300-GeV profon synchrotron
and storage rings for the present syn-
chrotron, as well as the electron slo-
rage-ring model in the Accelerator Re-
search Division. Other papers dealt with
the changes that have occurred at the
28-GeV synchrotron during the past
two years, the two beam-ejection sys-
fems, particle separafors, and fhe se-
parated beam designed for the 1.5 m
bubble chamber ®

m



Although the exceptionally wet summer has caused a
considerable amount of interruption and delayed the over-
all progress to some extent, the appearance of the CERN
sife continues fo undergo a sfeady fransformation. In the
aerial view shown here, taken in the early part of August,
some of the higgest building projects stand out particu-
larly c¢learly, and comparison with earlier views published
in CERN COURIER will give those not familiar with the
site some idea of the recent changes.

Easily seen in the cenfre of the phofograph (labelled 9)
is Laboratory 4, then practically completed. At the end of
August the Typing Poecl and Document Reproduction Ser-
vices moved info this four-siorey building, fo be fol-
lowed later by the whole of the Personnel Office and
members of the Theory, Data Handling, Nuclear Physics and
Synchro-cyclotron Machine Divisions. The MSC Drawing
Office is accomodafed on the top floor, where a specially
fitted conference room will also provide greatly needed
new facilities, though at a later stage. A new dark room
for the Public Information Ofice's photographic section
will be fitted out on the first floor.

Adjoining this building, fhe car park is being exfended
as far as the access road from the East enftrance. The
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exira area (10}, aided by a rearrangemeni of the perking
layout, will bring the capacify of this park up to 300 cats.

Further parking space is being arranged on the other
side of the sife (3), between the East bubble-chamber build-
ing and the Muclear Physics Apparatus building. The large
mound of earth that has occupied this space for some
time has been removed fo the area between the synchro-
cyclotron and the main road from Geneva to St. Genis (8).
The ‘cafcher’ for the external proton beam of the cyclo-
fron is located here, and the exfra shielding, abouf 3000
cubic metres of earth altogether, will ensure that fhe
increased infensity of the beam can be used for longer
periods of time withoul exceeding the statutory limit for
the total radiation outside the CERN boundary. (This im-
plies, incidentally, that people camping permanently on the
side of the road next to the cyclotron would not be in any
danger.)

Prominent in the foreground of the photograph (1) is the
sile of the new sub-station for CERN's electric power
supply, on which work was begun in June. The present
supply has a maximum loading of 23.7 megawatfs, of
which some 14-15 MW are now in regular demand. Opera-
fion of the CERN 2-m hydrogen bubble chamber, expected



ANTIX] ZERO

The one remaining undiscovered
particle in the list of quasi-stable, or
so-called “‘elementary’ particles (these
in table 1 of the listing in our May
issue — p. 66} has heen detected in
an experiment at Brookhaven, U1.5.A,,
reported in Physieal Review Letters
on 15 August.

Using a heam of separated anti-
protous, of momentum 3.69 GeV/e,
frow the 33-GeV AGS (alternaling -

gradient  synchrotron), physicists
from the Brookhaven National
Lahoratery and Yale University

obtained some 300000 photographs
showing interaciions hetween the
antiprotons and protens in a 20-inch
{(51-cm) bubble
chamber. Three photographs were

liquid-hydrogen

found in which the tracks left by
charged particles enabled the physi-
cists to deduce that production had
talken place of an antixi particle
with no clectric charge, the antixi

ZErio,

An antixi zero, produced by aunti-
proton annihilation, leaves mo track
in a bubble chamber, and the anni-
lambda zero and pi zers into which
it decays also leave no tracks. How-
ever, in one of the photographs in
particular, the positive pion and the
antiproton from the decay of the

News hron abroad

antilambda were ideutified, as well
as the negative xi also formed by the
annihilation. Measurements on the
tracks of these particles then ecs-
tablished the chain of events, [eading
back to the production of the antixi
zero. The measurements also enabled
the lifetime of the new antiparticle
te bhe determined, confirming the
expected value of about 107" sccond.

Allhough pl‘c(lict('d S0M1E Yedrs ago,
on the basis that every * particle ” has
a corresponding ' antiparticle ’, there
is a certain satisfaction in actnally
“secing ’ an example or two of this
rare and somewhat elusive form of
matter. What is perhaps more im-
portant is that the particles and
antiparticles so far discovered now
form a complete ‘ family’, with no
gaps, and the discovery of any fur-
ther particles with a lifetime of this
order or longer woull require the

ercation of completely new groupings.

NIMROD

The proton synchrotron, * Nimrod °,
at the Rutherford High Energy
Labeoratory at Chilton, UK., produced
its first fully accelerated bheam on
Tuesday, 27 August, with an energy
of 6.5 GeV and intensity of 4.9'x 10°
protons per pulse. Within an hour

an  cnergy of 8§ GeV had heen
achieved, and the heam current was
later increased to 10'" protons per
pulse at the design encrgy of 7 GeV.
Development will now bhe coucens
traled on increasing this intensity to
14'? protons per pulse and preparing
the programme of  high-cuergy
physics experiments.

Nimrod, whiclh cost some £ 11 mil-
lion (135 million Swiss francs), is the
second accelerator 1o he operated hy
the National Institute for Research in
Nuclear Secicnee {N.I.R.N.S.), the
organization set up in 1957 to pro-
vide for common wuse hy British
universilies and similar institutions
the large and ceostly equipment
needed for fundamental research
which is heyond the scope of indivi-

dnal universities.

The accelerator has a single ring-
shaped electromagnet, 17.25 metres
in diameter and weighing 7000 tons.
its toroidal vacuum chamber is made
from epoxy resin reinforced with
glass fibre. Protons are injected by a
15-MeV linac, and mazke about a
million revolutions, in rather less
than three quarters of a second, be-
fore reaching full energy. The ac-
eclerator produces 28  pulses of
protons each minute at its design

(GK.AFA)

t:n(_‘rgy.

in 1964, would add another 8 MW 1o this load and
obviously allow no possibility of any other extra
demands from new buildings or equipment. The new sub-
station has therefore been planned, in co-operation with
the '"Services Industriels de Genéve’ and the canton of
Geneva, to accepl current from a new 130 kV power-
disiribution line from the generafing station at Verbois,
and fransform it to an 18 kV supply for primary site dis-
tribution. Initial operation would make available up to
38 MW, thus solving the immediate supply problem, while
later a maximum of 20 MW is envisaged, should this be
needed for running sforage rings for the synchrotron.

Further round the new road from the East gate, work was
also begun in June on the Surface-treaiment Building (2},
This will be a single-storey building ol about 750 square
melres floor area, bringing logefher all the various opera-
tions which have io be carried ouf on mefallic and ofher
sutfaces. These include such things as sandblasting, polish-
ing and electroplating of large surfaces, as well as more
delicate treatments involving photo-engraving and eiching.
A special section will deal with the production of 'prinfed
cireuits” used now in large numbers for the ‘wiring’ of elec-
tronic apparafus. Special drainage and ventilation facili-
ties have had to be provided.

Just out of the picture, at (4), work was begun in June on
an exfension to the NPA Building, on the new piece of land
made available to CERN by the canton of Geneva. Partly
an enlargement of the equipment hall, partly new labora-
taries and offices, the fotal amount of extra floor space will
be about 2500 m2. Although the hall will be just a continua-
fian of the existing building, the adjoining office section wiil
be ane floor higher than the present one and will also have
a basement.

A less cobviously visible alteralion has bheen made in
the West workshop (5), where an intermediale floor, of rein-
forced concerele supported on steel columns and beams, has
provided an exira 540 m? of working area.

Cn the other side of the site (7), modifications are being
made fo the carpenter’s shop of the Site and Buildings
Division, and in the same area a small annexe is being put
up fo lhe SB workshop o provide special facilities for
changing fransformer oils and other such work, Nearer the
road, a third fuel-oil slorage tank will be erected next to
the existing pair (6), of the same diameter but 15 mefres
high instead of 10 meires @
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Why have the European nations been spending 70 to
90 million Swiss francs every year for an enterprise such
as ours in Geneva and, incidenially, anofher 240 miilion
per year al home on similar work 7 Why do we support,
or why should we support, such basic research ?

The usual argument is fhis : from the point of view of
the common man -— the faxpayer — basic science
should be supported since, so far, every basic discovery
has led fo important applications later on. | may remind
you of the well-known story of Faraday who replied to
a sceptical member of the government, when asked what
was the use of his strange experimenis abouf the magne-
tic effects of electric currenfs : 'l doa't know, but | am
sure that some day you will be able fo collect taxes from
its applicafions’. Faraday was righf, though i was a good
many decades before the faxes began to roll in and,
even then, they came from the ‘grandchildren’ of Fara-
day's ideas and not from the ideas themselves.

There are three stages in our scientific attack upon
the struciure of the afom : first, the study of the structure
of the electron shell, second, the study of the afomic
nucleus, and — lately — the study of the inner structure
of the constituent of fhe nucleus: the nucleon.

The electron shell is responsible for the behaviour of
aloms under ordinary conditions prevailing on earth.
This is why the basic science which studies it — the true
alomic physics — is such a rich source of rather direcf
technological applications in optics, electranics, mefal-
lurgy, chemistry, and even biology.

The structure of the nucleus comes inte play only
under conditions of energy exchange which are rarely
found on earth; the radioaclive phenomena are
examples. Only in fhe interior of stars — so we have
reason lo believe — are nuclear processes predominant.
Nuclear physics would have been a very esoferic science
had man not succeeded in creating canditions in nuclear
reactors where some nuclear processes such as fission
play an important role. But it was by the skin of our
teeth ; the fusion process seems o resist our atlempts fo
tame if. The reasons are significant : matter cannot be
conlained under condifions where thermal energy is
comparable to nuclear energies unless other very large
farces, such as the gravitafional field inside a star, or
perhaps some sophisticated high magnefic fields, are
brought info play.

The phenomena in which the nucleon structfure comes
into play — the phenomena discovered and observed at
CERN, which can be called ‘sub-nuclear physics’ —
involves energies of such order thal even the centre
of stars is not hot enough to excite them. We observe
them in nature only very rarely, namely when cosmic
rays impinge on the earth. Perhaps they play an essen-
fial role in some of the great cafaclysms of star explo-
sions or in the whitl of malfer af the cenfre of galaxies.
it is extremely improbable that the experimenfal resuiis
cbtained af CERN will in themselves ever be of practical
importance since they refer to conditions of mafter
which are far more remole from our own conditions fhian
the nuclear phenomena. Is if, then, justified to ask the
governmenis and the faxpayers for such large sums to
support ‘sub-nuclear physics’?

There is no doubt that the answer to this queslion is
positive, although one encouniers great difficulties in
formulating the reasons, simply because they cannof be
expressed in ferms of an immediale financial or material
return, The problems of ‘sub-nuclear” physics are today
the basic questions of science. They are the perennial
questions of ‘why’ in the siructure of matter. Why are
the proton, neutron and elecfron the fundamental cons-
tituents of matter 7 Why are there nuclear and electric
forces between them which defermine the course of the
universe ? Ultimalely this most fundamental frontier of
science will reveal 1o us the connexions between the
phenomena ol the infinitely large and the infinitely
small ; the questions of the origin of the universe and
the nature of elementary particles. These questions are
of basic significance for all our endeavours, from which
not only our technology stems but also our existence as
thinking human beings. Physical science foday is so
advanced that the frontier of fundamental problems has
been shifled to regions which are so differenf from con-
ditions on earth lhal direct technological applications
are most improbable. It would be imprudent, however,
to exclude them complefely, Nobody expected in 1932,
at the start of nuclear physics, that this field had practi-
cal applications. The new ideas themselves may nof have
any technological consequences, buf the ‘grandchildren’
of these ideas may.

The reasons for supporting ‘sub-nuclear physics’ are
really based on different grounds from that of direct
fechnical application. The pursuit of fundamental ques-
fions was and is the spearhead of science. I atfracls the
most sophislicaled brains and it supplies vitality and
vigour b fhe scientific community which benefits the
totality of scientilic development. If this spearhead were
blunted, physical science as a whole would suffer. Basic
science has always attracted and produced the best stu-
dents, who later on have often gone inlo more directly
practical fields. Scienfific activily in any field, prac-
tical or impracfical, is a search for explanation. I[f
the efforts towards the most fundamental explanations
were reduced, the spirit of inquiry would evenfually dis-
appear from science. Technology also would suffer
from this, since it is the same spirit thaf creates new
ways of exploiling nafure here under ierrestrial condi-
tions,

Therefore every society that wants to be in the fore-
front of practical technology must also be vigorously
engaged in basic science. N is the very roof of the
culture and {radition from which our fechnology grows.
To apply again the simile : if is the ‘mother” of all scien-
tific ideas and therefore the ‘grandmother’ of future
technological progress.

The value of basic research, then, can be expressed
in brief by the following three points :

1. If is an imporfant frontier of knowledge,
2. 1f is the spearhead of science as a whole,
3. It is the breeding place for new ideas.

Fundamental science clearly plays a deminating role
in our culture; its study is the greatest advenjure of
the human mind.

Adapted  from  the speech given by Prof. V. .
Weisskopf, Director-general of CERN, at the Annual
Luncheon of the Parliamentary and Scientific Committee,
in Londen, on 21 February, 1963.
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CERN contributions to
high-energy physics

Although it is not often possible to give details in
CERN COURIER, the steady stream of scientific papers
published as a result of work carried out wholly or
partly at CERN bears witness to the important position
that the organization now holds in the field of funda-
mental research. A look at some of these papers shows,
too, the broad range of the work and its interrelation
with that of other laboratories. ‘CERN’, in the con-
text of scientific advance, means not just the labora-
tory at Meyrin together with its staff members, but
collaborating laboratories outside as well as inside
Europe, and ‘visitors’ from all parts of the world.

The most common way of publishing new results is
to send a ‘letter’ to one of the scientific journals. Many
of the CERN contributions can be found in Physics
Letters, a fortnightly publication which specializes in
this kind of communication, and a study of the four
issues for June and July gives a good idea of the scope
and importance of both the scientific results and the
collaboration.

For example, the issue of 1 June contained further
results on the beta-decay of the positive pion. This
very rare, but interesting process was discovered at
CERN last year in an experiment using pions pro-
duced from the synchro-cyclotron, and more extensive
data have since been obtained.

When a positive pion emits a positron and a ncutrine,
leaving a neutral pion, this latter immediately disinte-
grates into two gamma rays. The experiment thus
depended on the detection of the pion when it was
brought to rest in a target, which acted also as a
counter, followed by the simultaneous occurence of a
positron and two gamma rays, detected by other coun-
ters. In the initial experiment, 14 such events were
rogistered ; in the run reported in June, nearly a hun-
dred thousand million pions were stopped in the target,
at a rate of 50 000 per second, and 38 ‘good’ evenis were
obtained. Great care was, of course, necessary to eli-
minate all ‘background’ events that might accidentally
simulate a real one. Combining all the results, it was
deduced that this particular mode of decay happens once
for every 100 million cases of the normal decay of the
posilive pion into a muon and a neutrinc. This conclu-
sion is congistent with the predictions of the so-called
‘conserved vector current’ theory. Tt shows that the
quantity known as the ‘weak vcctor charge’ of the posi-
tive pion is the same as that of nucleons and leptons, to
within about 10 %, and helps to confirm that the con-
served-vector-current theory is essentially correct, at
least under the sort of conditions covered by the
cxXperiment.

Another contribution gave the results of a related
experiment in which negative pions were stopped in
targets containing hydrogen chemically bound fo hea-
vier atoms, giving ncutral pions as one of the reaction
products. Apart from ils use as a convenient source of
such pions for calibration purposes, this reaction is of
interest gince it involves the formation of a ‘mesonic

molecule’, in which the negative pion takes the place of
an electron for a short time. In the CERN experiment,
the fraction of stopped pions undergoing this reaction
was measured for four different targets, including cne
of hydrogen gas.

Of the five physicists contributing to one or both of
these communications, three are CERN staff members
and two visitors from the Nuclear Physics Laboratory
of the University of Grenoble, France.

There was also a paper recalling the ‘double hypoer-
fragment’, found in a nueclear emulsion as a result of an
exposure at the CERN proton synchrotron, described
recently in CERN COURIER. The author is in the
CERN Theory Division, on leave from the University of
Nijmegen, Netherlands.

Using the results of sore- theoretical calculations
from the University of Chicago, (published in the same
issue of Physics Letters), which in turn were based on
the value of the energy binding the two lambda par-
ticles into the hyperiragment (deduced from the expe-
rimental findings}), he has carried out some calculations
on the interaction that exists between two lambda par-
ticles. The resulis lend support to the idea that the
interaction is due to the exchange of one or more pions
between the two particles. It is of interest here to note
also that the calculations involved the assumption that
the sigma and lambda particles have the same parity,
in accordance with the recent CERN findings (noted in
CERN COURIER, June 1963, p. 78).

In anticipation of data now being collected in the
neutrino experiments at CERN, and as a possible help
in their interpretation, two members of the CERN
Theory Division, one a statf member, the other a Fellow,
published some calculations on the production of the
‘intermediate boson’ which might be created as a result
of neutrino interactions. This particle is still hypothe-
tical, and theory does not allow its mass to be esti-
mated with any certainty. Two possible values were
thus assumed in the calculations, and in cach case the
cross-section for production of the boson (a measure
of the probability of its formation) was worked out for
various values of the neutrino energy.

Any calculations of this kind have to be based
on certain assumptions and approximations, but the
derivation presented by the CERN physicists was more
exact than earlier ones carried out in the U.S.A. The
results indicated that the boson (if it exists) is less
likely to be produced than had been previously thought.
Even further refinement of the calculations was sugges-
ted, to take into account the continuous movement of
the nucleons in the ‘target’ nucleus, but the computation
was beyond the capacity of the 709 computer ai CERN.

Yet another paper, in this same issue of Physics
Letters, gave the results of a study by three physicists
at the ‘Centre de Recherches Nuecléaires de Strasbourg’
of nuclear emulsions exposed at the CERN proton syn-
chroiron. Looking for hyperfragments produced by
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negative pions of momentum 17.2 GeV/e, they found
several rare ones, with electric charge greater than 4,
and obtained useful results both on the modes of disin-
tegration of the hyperfragments and on the binding
energy of the lambda (that is the energy holding this
particle in the hyperfragment).

The issuc of Physics Letters of 15 June contained the
results of a study of the elastic scattering of antipro-
tons by protons, at antiproton momenta of 3.0 GeV/c
and 3.6 GeV/c. In this type of scattering the anti-
proton escapes annihilation and the concentration of
scattered particles in the forward direction gives rise
to the characteristic ‘diffraction peak’. The experiments
reported showed that the peak was much narrower
than in the corresponding proton-proton scattering and
the amount of scattering through large angles was also
considerably less. Backwards secattering of the anti-
protons is particularly interesting, since backwards
scattering of protons from protons cannot be measuied
as it is impossible to distinguish the particles. Resulis
for the polarizalion of antiprotons were also given.
These were obtained by observing two successive
scatters of the antiproton. Polarization measurements
had not previously been reported for such high energies,
the previous highest being 1.7 GeV at Saclay.

The results were obtained by examining some sixly
thousand photographs taken with the Saclay/Ecole
Polytechnigque 81-cm liguid-hydrogen bubble chamber
exposed to a separated antiproton beam at the CERN
proton synchrotron last year. Scanning and measuring
teams at CERN, the Institute for Experimental Physics,
in Hamburg and the Desy project, Hamburg, were res-
ponsible for analysis of the photographs. Of the nine
physicists involved at CERN, five were Fellows, from
Paris, Milan, Warsaw, Vienna and Madrid.

Continuing their study of the probable behaviour of
intermediate bosons involved in neutrine interactions,
the two authors previously mentioned published a fur-
ther letter in this issue of Physics Letters, giving the
results of some calculations on the ‘polarization’ of the
bosons. The results were given in terms of the dis-
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Many of the results quoted in this article
were obtained with the aid of CERN's
elecironic digital computers. Some of
the many reels of magnetic recording
tape are seen here in the 709 computer
room, together with the tape units which
form the main route into and out of the
computer. Experimental or theoretical
data, and instructions for each step of
the caleulations, were recorded initially
on tapes like these, enabling them to
be fed automatically into the main com-
puter as required. Inlermediate answers
and the final resulls were also recorded
by the computer on tape in these
units. In September, new units were
being installed as part of the replace-
ment of the 709 by a 7080.

tribution in direction of the pions or muons formed by
the rapid disintegration of these supposedly short-lived
particles.

Even more indicative of the way in which numerous
laboratories participate in the experiments using one or
other of the CERN accelerators was another letter in
this issue, giving further evidence for the f° meson.
From the results, a value of two for its spin (one of
the characteristic properties of any particle) had also
been deduced. This work was also based on photo-
graphs taken with the 8§1-cm bubble chamber, this time
exposed to negative pions of momentum 4 GeV/ie as
part of a programme of studies carried out by a colla-
boration of six laboratories in the Universities of Aa-
chen, Birmingham, Bonn, Hamburg, London {(Imperial
College) and Munich. Twenty-four physicists were
involved in this part of the work. The existence of the
f* meson was first reported from CERN and from the
U.8.A. last year, and measurements of its spin were car-
ried out by a collaboration between CERN, the Ecole
Polytechnique (Paris} and the University of Milan.

The issuc of 1 July contained a letter from another
CERN Fellow, attached to the Theory Division, on the
subject of meutrinos, He also had performed some cal-
culations on the angular distribution of muons, consi-
dering those formed by the interaction of neutrinos
with neutrons and comparing his results with the limit-
ed data, so far available from the experiment at Brook~
haven last year. This comparison indicated that the
experimental results were compatible with current
ideas on weak inleractions, but that the angular distri-
hution by itself would give little information on the
hypothetical boson.

Another lefter gave the first results of a novel expe-
riment being carried out by a team consisting of two
CERN physicists and iwo visitors at the proton syn-
chrotron. Much work has been done, particularly in the
U.5.A., on the interaction between a proton and an ¢lec-
tron, mainly with a view to discovering the internal
structure of the proton. However, in addition to the
‘space-like’ structure studied in these experiments, the



proton has a ‘time-like’ structure. The interesting fea-
turc of the CERN expecriment now under way at CERN
ig that for the first time this time-like structure is
bheing investigated, by studying a wvery rare reacticn
in which a proton and an antiproton annihilate to form
an electron and a positron (anti-elecfron). The results
repcrted in July were of the initial runs, designed to
prove the apparatus and search for the occcurrence of
the reaction.

Antiproton annihilations were obtfained in a poly-
thene farget and a complex system of spark cham-
bers, scintillation counters and gas and lead-glass Che-
renkov counters ensured that the pairs of electrons and
positrons could be identified among the hundred-thou-
sand times more intense pion reactions. However, out
of the first 130 million annihilations no pairs were
found, a result which for a slart confirms the fact that
the proton has a structure and does not act ag a ‘point’
particle.

There was also another contribution from the Aachen,
Birmingham, Bonn, Hamburg, London, and Munich col-
laboration, concerning the interaction of a negative pion
and a neutral pion to form a neutral omega meson (with-
out destroying the negative pion). First, the films ari-
sing from the same exposure of the 81-cm bubble cham-
ber to negalive pions were searched for events in which
one of the pions collided with & proton and produced
an additional three picns -—— one negative, one posi-
tive and one neuiral (the mass of the extra pions being
created from the energy of the incoming pion). Calcu-
lations on the tracks of these pions then showed that
three-quarters of the 93 examples found were due to
the formation and subsequent rapid decay of an omega
meson. Theoretical considerations indicate that this
omega is formed from a neutral pion emitted by the
proton during the interaction with the pion, and the
experimental results were found to be not inconsistent
with this view. It was thus possible for the cross-
section for the formation of the omega from the
neutral pion to be calculated, for different total energies
of the interacting particles. This was done hy means
of two different theoretical formulae. The work was
reported by thirteen physicists from five of the col-
laborafing laboratories.

A joint paper from tweniy-one physicists in five
Buropean laboratories, including CERN, appeared in
Physics Letters on 15 July, giving the results of a study
of negative xi hyperons. After exposurc of the Ecole
Polytechnique’s 1-m heavy-liguid bubble chamber to a
separated beam of negative kaons, of momentum 1.45
GeV/e, at the CERN proton synchrotron, the photo-
graphs obtained were scanned and analysed at the
Ecole Polytechnique, CERN, University College of Lon-
don University, the Rutherford Laboratory (Chilton,
U.K.)y and Bergen University (Norway).

From some 210 000 photographs, each containing on
the average three kaon interactions, 320 examples were
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found of the production of &~ particies in which all the
particles, both in the production and in subsequent de-
cay reactions, were clearly identified, From these the
mass of the E- particle was deduced as 1321.410.6 MeV,
and the mean life as 1.91 % 10 ¥ sccond. Other exam-
ples requiring more detailed analysis are still being in-
vestigated. Becausce of the larger number of events
measured, these values are morc accurate than those
available until recently, and they are in agreement with
other new valucs obtained in the U.S.A. This agreement
among resulls obtained using different techniques Is
an indication that possible experimental bias has been
climinated from each of the experiments.

A previous result from the same collection of bubble-
chamber films (published in Physics Letiers on 1
March) was that the mean life of the E° hyperon was
3.9X1071" second, from which the ratio of the lifetime
of the E7 to that of the B is scen to be 2.0, Although
the experimental uncertainiy is still rather large, this
result confirms a prediction of one of the ‘selection
rules’ given by the theory of weak interactions, which
is that in non-leptonic decays of strange particles, ihe
value of the isospin gquantum number changes only by
/5 (AL=1/3 rule).

Two of the ¥~ particles whose tracks were scen in
the CERN photographs seemed to interact with a
nucleus in the bubble-chamber liquid to produce an
excited state of the neutral xi, E°*, This state has a
mass of about 1.53 GeV and decays back into a E and
a x*. This excited xi had previously bcen observed in
the U.S.A. in anether reaction (K~ +p—=>E°*+K°).

In the same issue, a letter from the head of the CERN
Theory Division gave some calculations on the theory
of diffraction scattering, extending a well-known theo-
rem of the Soviet physicist Pomeranchuk. One of the
conclusions arising from these calculations is that for
cases whernt the diffraction peak does not change with
increasing energy, the diffraction scattering of an anti-
particle from a target nucleon becomeg the same as
that of the corresponding particle, at sufficiently high
energies @ A.G.H.

Some of the complex electronic equipment used for the experiment to
detect electron pairs from antiproton annihilation. The recording
oscilloscope in the left foreground photographs the signals from
scinlillation and Cherenkov counters, providing vital information to be
read in cenjunction with spark-chamher photographs. To the right of
it, the third rack is used for making all the connexions for the °legic’
which makes the primary selection of wanted from unwanted events.
Other racks contain scalers, delay lines, power supplies, and other
auxiliary instruments.
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WHO'S WHO IN CERN

George H. HAMPTON

Directorate Member for Administration

Like his predeccssor S. A, ff. Dakin *,
CERN’s new Directorate Member for
Admiuistration was trained as a scientist.
George Hampton, who took up his
duties with the organization at the
beginning of September, was born in
1920 in Manchester, England, and
studied at the King’s School, Macclesficld
and Balliol College, Oxford University.
As a senior boy at school — one of
England’s carliest ‘ Grammar Schooels’,
founded during the sixteenth century —
he had his earliest taste of * administra-
At Oxford, in a
College whose history goes back 700

tive” responsibility.

years, he studied chemisiry and obtained
his degree in 1940,

Then, like many others of his age he
joined the Royal Air Force, as a com-
munications engineer, and during the
war served in England and various
countries in the Mediterranean area. In
Yugoslavia he was introduced to inter-
national co-operation of the kind found
at CERN, when he served in the so-
called Balkan.Air Force, in 4 mixed
wing that included Greek, Yugoslay and
Russian, as well as British units.

In 1946 he returned to Englﬂnd and
was then faced with the decision either
to continne in aviatiom or te return to
chemistry. He chose the former, and
jeined the Ministry of Civil Aviation as
a communications engineer. This soon
took him hack te Cairo, and he spent
the following two years flying between
there and Singapore, acting as a technical
adviser in the drive to establish radie
facilities for the rapidly developing Civil
Aviation Service.

After some years back in London he
transferred, in 1954, from the technical
to the administrative side of the Ministry,
which by then had become the Ministry
of Transport and Civil Aviation. Be-
cause of a principle that administrators
should not be drawn from the ranks of

*CERN COURIER, vol, 2, no. 6, June 1962
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the corresponding technical staff, he
had to leave aviation and deal instead
with road transport. His main concern
was with international problems, and it
was then that he came to know Geneva,
visiting the city some four times a year
for meetings which were drafiing a
convention for unified contraciz of car-
riage and a standard code of inter-
national road-transport regulations.

He was actually on  holiday in
Switzerland when he was offered the
chance of joining the United Kingdom
Atomic Energy Authority. This was in
1956, the year in which the first nuclear
power station at Calder Hall started
operating. The Authority was expanding
rapidly at this time, and when he arrived
at Risley as a2 member of the head-
guarters staff of the Industrial Group,
Mr. Hampton had an ideal chance to
investigate in some detail and gain a
better  understanding of numerous
administrative problems that came to
tight during the building up of the
organization. As one example, he made
a special study of the rate of growth of
the Dounreay establishment in the far
North of Scotland. As another, he
investigated the administrative and legal
aspects of water supplies and  dis-
covered that if the Authority bought a
lake they might own the water that fell
inte it as rain hut certainly not the
rest !

This experience stood him in good
stead when the accident te the Wind-
scale plutonium-producing reactor posed
numerous pru})lems of administration
and of public confidence, which had 1o
be solved rapidly. Seme time after this
he became Secrctary of the Authority’s
factory at Capenhurst, where the fissile
isotope of uranium, uranium-235, was
being extracted from natural uraninm by
the gaseous diffusion process. He was
there for two years and then returned
to the headquarters at Risley, as Deputy
Personnel Director. 1t is from there
that he has come to CERN, where, he

says, he had often thought he would like

to work.

The Direcctorate, which he has now
joined, consists of three full-time mem-
bers, in addition to the Director-general,
and one part-time. Prof. G. Puppi is
the member for Research, M. G. N. Hine
is the member for Applied Physics, and
P. Germain part-time member for
Technieal Management {in addition to
his duties as head of the DProton

Synchrotren Machine Division).

As member for Administration, Mr.
Hampton is responsible for all matters
affecting budgets, personnel, contracts
and general administration of the organi-
zation, and for its external relations.
His varied experience has given him
strong views on the subject of admini-
stralive responsibility and he belongs to
those who recognize the danger that
people in administrative jobs can come
to look on administration as an end in
itself. This danger has always been less
of a problem in CERN than in many
other organizations because the bauilding
and operating of a new piece of equip-
ment, the planning and successful exe-
cution of another experiment, give a
continning sense of purpose to everyone
concerned. Even so il remains essential
for adminisirative staff to he conscious
of the fact that even if the teams at
the accelerators cannot manage without
them, they owe their very existence to
those teams.

In Mr. Hampton's view, every member
of an organization should be aware of
the part he plays in the whole, without
forgetting that he remains just a part.
He quotes the story of the scientist-
turned-administrator who was told by
his friends that in future he should look
in the mirror every morning when he
shaved and say to himself : ‘I am evil —
but am I 2 necessary evil 7°.  George
Hampton knows that his job is necessary,
and is determined to minimize its evil
nature to the best of his ability | @

CERN/P| 30.8.63E



BOOKS

LI’Economie de Iénergie dans les pays en voie de
développeinent (the cconomics of cnergy in the less
developed couuntries), by Picrre Sevette (Paris, Collection
Tiers-Monde, Presses Universitaires de France, 1963; 16 Ir.).

This is an excellent book, & clear and comprehensive sum-
mary of the sources of cnergy which are, or could be,
available to mankind. The avthor, Professor at the ‘Institut
d’Eludes du Développement économigne et social’ of the
University of Paris, is Director of the Energy Division of the
United Nations Economic Commission for Eurepe, and thus
has access to the most useful sources of (l()cumcntary

material.

The first part of the book is devoted to the criteria to be
observed when drawing up plaus for developing natural
power resources. The author deals successively with the
inventory of resources, the determination of reguircements,
the eost of investments, the cost of production, the trans-
port and storage of cnergy, the substitution of one form of
energy for another, the reliability of supply and the present

conditions of investment.

The second part of the book reviews special problems
which the development and use of the different forms of
energy may pose in the less-developed countries. Here, the
author deals successively with conventional, primary or
secondary, new, non-commercial, and also nuclear energy. A
detailed study is made of some of the conventienal kinds :
coal, natural gas, water power, petrol, and electric power.
Speecial mention is made of reeent technical advances in
the mining of coal, the problems entailed in utilizing a
multi-purpose water reservoir, the present position of
petroleum concessions, the financing of new electric power

schemes and new means of producing electricity.

The new sources of energy include artificial rain, sea
swell, the steam and hot water inside the earth, the dif-
ferences of temperature botween the depths of the seas and
their surface waters, tides, the wind, znd the sun.

Non-commereial energy of vegetable, mineral or apimal
origin, which is of particular importance in the less-deve-

loped countries, is anulyzed in detail.

With respect to nuclear COCTEy, @ Sludy of the capital
cost per kW installed and of the price per kWh shows that
nuclear energy will not be an cconomic proposition in the

less-developed countries for some time yet.

In a series of annexes, associated prohlems are examined,
such as arhitration between individaals and the State, the
validity of the concessions in the event of succession of
States -— for example after a celony achieves indepen-
dence -—, the legal aspects of developing successive waler

courses for purposes other than navigation.

This book brings together in oue volume the economie,
techuical and legal aspects of energy. It would be especially
useful to all those whose work deals with these questions in
the less-developed countries, but it iz both entertaining and
instructive for the layman who wishes to he well-informed.

R. A.
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Environmental radioactivity, by Merril Eisenbud (Len-
don, McGraw-Hill, 1963 ; 97 5.).

Since the discovery of natural radicactivity more than
half a century ago, and particularly since the discovery of
fission, conmsiderable knowledge of radioactivity and radia-
tion has heen accumulated. The evaluation of its influence
on living eorganisms aund the problems of environmental
radicactivity, have been of special importance.

Dr. Eisenbud’s book represents an effort to assemble
information on the present state of this subject. It starts out
with a rather bread and gencral discussion of the biological
basis for radialion protection, including protection stan-
dards and practices. Then the book deals with the way in
which radioactivity is transported in the atmosphere, in the
food chain from soil to man, and in water. In greater detail,
the author descrihes the enviroumental radioactive soarces
and gives an account of the expericnec that has heen
obtained with environmental radicactivity.

The book is rather lengthy (430 pages} and in very
general terms. It is more a general texthook thau a seurce
book for a specialist on radioactivity, and ean be read and
undersiood by people with little or no background in this
specialized subjeet.

J. B.
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PHILIPS improvements in nuclear instrumentation

These new additions to the Philips range of
modular units provide a simple solution for
almost any instrumentation problem. Apart
from the circuitry for their specific function,
they include a logic section. Consequently, any
required mode of operation can be obtained by
merely making the necessary patch connections.

In addition, automatic, pre-programmed opera-
tion can be arranged in conjunction with a
great variety of peripheral equipment.

PHILIPS

A
\
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Included in the new series of modules are
units which convert the measuring results into
standardised pulses to operate printers, tape
or card punch machines or any other data
handling or transmission apparatus.

Sole distributors

in the U.K.: Research & Control Instruments Ltd,,

207 Kings Cross Road, London W.C.1;

overseas enquiries, please to N.V. Philips’ Glogilampen-
fabrieken, Scientific Equipment Dept.,

Eindhoven, the Netherlands.

pH ' |-| PS nuclear equipment



SIEMENS
A versatile range INSTRUMENTATION

of manufacture

Measurement and control in
thermal and
processing techniques

Eiectrical metrclogy

Electronic microscopy

Non-destructive testing
of materials

Measurement of mechanical
quantities

SIEMENS & HALSKE AG

Berlin - Miinchen
Sale Agents for Switzerland

SIEMENS ELEKTRIZITATSERZEUGNISSE AG

Zurich - Bern - Lausanne
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MEASURE

SENSITIVITY

PLUG-IN

UNIT FOR

TESTING
SEMI -
CONDUCTORS
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New @ Model 130C general purpose 500Kc/s Oscilloscope. Measure high level and low level signals DG
to 500Kc/s with one easy-to-use Oscillocscope and without external preamplifiers, Identical vertical and
horizontal amplifiers each with sensitivity 200 pv/cm to 20 v/cm. High sensitivity ior direct measurement
of low level signals from scurces such as transducers, strain gauges, solid state devices, RF detectors,
medicat and physical eguipment. Balanced or single ended input on all sensitivity ranges. Single sweep
provided.

@) Model 186A plugs into 185B 1,000Mc/s Oscilloscope. This new switching time tester is for fast, easy
analysis of semiconductors. With the new unit installed, 185B oscilloscope has a rise time of 0.5ns; dis-
plays time data such as transistor rise and fall times, diode forward switching and reverse recovery times
and tunnel diode switching time. X-Y Recorder cutput for permanent records. Model 186A contains Pulse
Generator (tns, 0.1V to 20V), 10mv/cm Amplifier, and two variable Power Supplies. Semiconductor
plug-in at front panel. Adapter with terminals available for testing external circult networks.Price Fr. 6815.-
Model 187B Dual Trace Amplifier plug-in unit available for general purpose measurements DC-1,000Mc/s
with 4mv/cm sensitivity.



HEWLETT-PACKARD
PROVIDES

COMPLETE
OSCILLOSCOPE

COVERAGE

DC-1000Mc

Model 122A

Model 120B

DC—500Kc/s

Model 130C Model 176A Model 185B

122A
DUAL TRACE

200Kc
0SCILLOSCOPE

Measure or compare two different signals from DC to 200Kc/s.
Two vertical amplifiers for easy comparison of related signals
such as filter, amplifier and vibration equipment input and out-
put signals. Vertical amplifiers may be used separately to mea-
sure two unrelated signals. In many ways, the 122A does the
work of two oscilloscopes. Single ended or balanced input,
10mv/cm sensitivity.

New 50Mc/s Osmlloscope Model 175A. No parallax 6 x10 cm dis-
play. X axis and Y axis plug-ins for economy and increased flexi-
bility. Delayed sweep facilities.

The 175A is now manufactured in Bedford.

Combines simple, easy operation with high quality and accurate
performance. Just press beam finder button to see trace, move
to centre with position controls and connect signal. Automatic
triggering provides clear steady signal without difficult adjust-
ment even when input frequency changes. In the absence of
input signal, the triggered time base free runs.

Brief specifications

Model Vertical Vertical Sweep Horizontal Horizontal Prices
Bandwidth Sensitivity Speeds Bandwidth Sensitivity

122A DC—-200kc 10mv/cm to 1dsec/cm to DC-200kc 0.1v/cm to Fr.3182.-

Dual trace 100v/cm 0.5sec/cm 100v/cm

120B DC—-450ke 10mv/cm to 1usec/cm to DC-300kc 0.1v/cm to Fr.2188.-
100v/cm 0.5sec/cm 100v/cm

130C DC-500kc 200pv/cm to 0.2usec/cmto  DC-500kc 200pv/cm to Fr.3180.-
50v/cm 12.5sec/cm 50v/cm

175A DC-50mc 1750A Plug-in 10 ns/cm to DC-500kc 0.1v/cm to 175A Fr. 6069.-
50mv/cm to 50v/cm 12.5sec/cm 10v/cm 1750A Fr.1298.-
Dual trace 1752A  Fr.1028.-
1752A Plug-in 1780A Fr. 123.-
Smv/cm to 50v/cm (aux. Plug-in)

185B with DC—-1000mc 4mv/cm to 0.04ns/cm to 50cps to +15mv to + 2v PK 185B Fr.10470.-

187B Plug-in 200mv/cm 10psec/cm 1000mc Trigger 50cps to 100mc 187B Fr. 4533.-

Dual trace (up to 140 volts RMS 200mv Peak-Peak

with @ dividers)

50-1000mc

All i'g Oscilloscopes have internal graticule displays which eliminate parallax error. Data subject to change without notice.

HEWLETT-PACKARD

Headquarters in USA: Palo Alto (Calif.); European Headquarters: Geneva (Switzerland);
European Plants: Bedford (England), Béblingen (Germany)

For information, contact your .’Af distributor

INGENIEURBURO M.P.FREY

WANKDORFFELDSTRASSE 66, BERNE
TELEPHONE (031) 420078
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UL

plans and delivers

Processing Plants for :

Precision rectification
Heavy water recovery

Gas liquetying

Uperisation sterilizing

Town gas detoxification, etc.

Laberatory columns

Thermal Plants

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

Gas turbines

Diesel engines

Reactor plants for
nuclear power stations

Heat pumps

Refrigerafting Plants

Cooling insfallations
Tube-ice generators

Low-temperature installations

Aijr conditioning plants

Healing and air condifioning plants also :

Axial and radial compressors

Oil-free reciprocating compressors
Pumps

for delivering high- and

low-viscosity fluids and corrosive media

Sulzer Fréres

Société Anonyme
Winterthur, Suisse

Low-temperature installation (—250° C) for
D20 recovery (Emser Werke AG., Doma¥Ems,
Switzerland)




