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The European Organization for Nuclear Research (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. Al

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

g
Austria (1.92 %), Belgium (3.78), Denmark (2.06), Federal Republic of Germany (22.47), France (18.34}, Greece (0.60), Maly (10.65), Netherlands (3.87),
Nerway (1.46), Spain (3.36), Sweden (4.18), Switzerland (3.18), United Kingdom (24.17).

Contributions for 1963 total 92.56 million Swiss francs.

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

‘The Organization shall provide for collaboration among European Stales in nuclear research of a pure scientific and fundamental characler, and in
research essentially related thereto. The Organization shall have no concern with work for military requirements and the results of its experimenial and
theoretical work shall be published or otherwise made generally available.’

Last mondh a1 CERN

During lanuary and February, the
electric power supply {0 CERN was con-
siderably disturbed, as a result of distri-
bufion difficulties suffered by the whole
Swiss network. Owing to the dry summer
last year and the exceptionally cold
winter, the water level in the reservoirs
supplying the hydroelectric generating
siations had become generally low, and
this, coupled with the difficulfies of
supplying coal io the thermal power
stations, had reduced the capacity avai-
lable. The situalion became crifical at
the beginning of 1963,
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The cover pholograph illustrates one of
the less well-known aspects of research at
CERN, the studies carried out by the
Nuclear Chemistry Group of the Nuclear
Physics Division. Framed by the bottles
and flasks appropriate to this subject,
Henri Bersinger works on a chemical
analysis,
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On 17 January, as mentioned in the
last issue of CERN COURIER, there was
a fotal failure of the supply, due to the
ovetloading of a high-fension cable
between Germany and Swilzerland. Al
that time, this cable was providing the
major part of the energy used in
Switzerland, During the next few weeks,
the general demand in Swifzerland re-
mained at a very high level as a result
of the cold, whilst production fell con-
siderably in all paris of Europe, Switzer-
lands’ neighbours, France, ltaly and
Germany, had fo interrupt or fo cut
down considerably their deliveries of
power.

Under these circumstances, major users
such as CERN were requested at the
beginning of February fo reduce their
consumption as much as possible, On
the 6 February, the ‘Services Industriels’,
in Geneva, began to impose voltage
reductions amounting te five or fen
per cent over the whole of their 18-kV
network. For CERN, this meant that all,
over the sile, systems for maintaining
the vollage at a consianf value had {o
be readjusted. From 8 February a pro-
gramme of reskricted use was puf inio
operation, with the approval of the
‘Services Industriels’, limiting the overall
powet consumption at CERN fo 5 MW.

To fit info this overall load, about a
quarter of the usual requirements, the
Directorale decided on various culs in
the experimental programme, and pre-
cise limits had o be enforced to controi
the overall power consumptlion of the
accelerators and associaled equipment,
For example, fests on the magnet for
the 1.5-m British bubble chamber had
to be posiponed until 25 March, as the
power that would have been consumed
was too high.

Orne result of these difficulties with
the main power supply was that the
operafing period of the proten synchro-
tron for the first fortnight of the month
was extended by 24 hours, over Sunday
10 February, giving a fotal running time
for that period of 280 hours.

The accelerafor then had to remain
out of operation for practically the
whole of the foliowing week, siart-
up heing postponaed until the Friday
afternoon, 16 February. Af the end of
this run, an 25 February, a long shut-
down period began, during which the

fast ejection sysfem is being installed,
final preparations for fhe neutrino
experiments are being made, and targets
and beams are being installed in the
new Easl experimental area.

Although much of the developmenf
effort on both accelerators is directed
towards increased beam intensity, fhere
are occasional opportunities for inge-
nuity in the other direction. One of
these was when the Wilson ¢loud cham-
ber, operafing on only one pulse in 50
in the a3 pion beam, required a specially
small number of particles per burst,
whereas users of the other 49 pulses
wantfed as many as they could gef. As
a resuif, when the acceferator was star-
ted up on 15 February, if was with a
programming system for fhe profon
beam in the linac¢, ensuring thal every
50th pulse was aufomatically reduced in
intensity by two-thirds.

Anaofher inferesting insfallation on the
accelerator, iried out for the first fime in
February, was a method for recording
beam infensities on punched paper fape
suifable for feeding into the ‘Mercury’
computer. The cutrent in the fhird tank
of the linac (just before injection inlo
the synchrotron itself), and fhe final
accelerated beam infensity were recor-
ded separately, so as to obiain a defailed
pulse-by-pulse comparison from which
the degree of correlation between them
could be deduced.

The synchro-cyclotron, tco, suffered
from the power resirictions, and no
experiments were possible during the
week 15-22 February. However, although
this was a sel-back for the physicists,
good use was made of the opportunity
for maintenance and other work on the
accelerafor. In particular, the decreased
radioactivity of the vacuum fank fowards
the end of the week made possible a
new sel of measuremenis of the magne-
tic field at different currents.

For practically the whole operafing
period of the synchrofron during
February, the Saclay/Ecole Polytechnique
81-cm hydrogen bubble chamber was in
use in the m; beam, pholographing
inferaclions of posilive and negative
kaons with protons. In three weeks,
386 000 good-quality pictures were ob-
tained, each showing the fracks of
abouf ten incident kaons. The momen-
tum of the kaons was the highest yet

Continued on page 3§



1. Many chemical operations in the high-activity laboratory have to be
carried out by remote control hehind screens of lead bricks. Only a small
amount of radiation gets through the bricks, but Henri Bersinger, seen here
dissolving an irradiated target, wears a film badge on his cuff io measure
it
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WHAT IS NUCLEAR CHEMISTRY ?

The big accelerators at CERN, the proton synchro-
tron and the synchro-cyclotron, offer aimost unique
possibilities for research not only in the field of high-
energy physics but also for the branch of chemisiry
known as nuclear chemisiry, A group of nuclear
chemists has therefore been formed at CERN in order
to take advantage of this opportunity to study nuclear
reactions induced by high-energy particles. As would
be expected, the experiments include what might be
called ‘typical’ nuclear-chemistry problems, such as
spallation and fission (the ‘chipping off of fragments
from a nucleus and the splitting of a nucleus into two
approximately equal parts). In addition, however, the
chemical approach to the study of nuclear reactions
can give information about interactions between ele-
mentary particles, and nuclear chemistry thus serves
as a complement to the physicists’ experiments in
studying such phenomena.

It is perhaps worth while to begin by stating what is
meant by the term nuclear chemistry. A clear defini-
tion of this has been given by Friedlander and
Kennedy in their well-known textbook Nuelear ond
Radiochemistry : ‘To our minds, nuclear chemisiry
emphasizes the reactions of nuclei and the properties
of resulting nuclear species, just as organic chemisiry
is concerned with reactions and properiies of organic
compounds’. Nuciear chemistry should not be confused
with radiochemistry, which uses methods similar to
those of nuclear chemistry to solve problems of a
chemical nature in other scientific or technical fields
(and thus might be called applied nuclear chemistiry).
To avoid misunderstanding it should also be pointed
out that nuclear chemistry bears no relation to radia-
tion chemistry. There, one is concerncd with the
chemical effects of radiation.

NUCLEAR CHEMISTRY AND NUCLEAR PHYSICS

Both nuclear chemists and nuclear physicists are
evidently interested in nuclear reactions. What, then,

Nuclear Chemistry
at CERN

by G. RUDSTAM
Group Leader, Nuclear Chemisiry ;
Nuclear Physics Division

Some people may be surprised to learn that in a laboratory devoted to
high-energy physics, there are also some chemists. It is a fact, however,
and Dr. Rudstam, lhe leader of the group, here gives a survey of the work
that they do. Starting with an explanation of the term ‘nuclear chemistry’,
he goes on to describe some typical experiments carried out by the graup,
and their relation to the high-energy-physics probiems, mentioning in parti-
cular the electromagnetic isotope separator used in many studies. He
concludes with some ideas on the sort of experiments that could be carried
out at CERN in the {uture, particularly if the intensity of the synchro-
cyclotron beam could be further increased.

is the difference between them ? It is really only a
difference in the methods used to solve scientific pro-
biems. Often the chemist and the physicist want to
investigate the same effect. The physicist does it using
physical methods whereas the chemist falls back upon
chemical means. The aim is the same but the approach
is different.

Some properties of nuclear reactions can best be
studied using physical methods, while for others
chemical ones are more appropriate, Thus by chemis-
try it is possible to get a very detailed picture of the
distribution of the heavier products remaining,
whereas the wvarious light particles emitted in the
reaction are measured by physical metheds. A com-
plete description of the reaction is obtained by com-
bining the results of both kinds of investigation.

EXPERIMENTS UNDER STUDY

For practical recasons, the experiments carried out
by the Nuclear Chemistry group at CERN have to be
divided into two categories, namely those involving
small amounts of radioactivity and theose with high
activities. These two kinds of experiment must be kept
well apart, for the very simple reason that a minute
contamination from experiments with high radioacti-
vitiecs might completely destroy the results of an
experiment where only very low activities are pro-
duced. Therefore, the experiments are ecarried out in
different laboratories, and no highly active samples
are ever introduced into the space utilized for work
with low activities. Fig. 1 shows part of an experiment
in a so-called ‘hot’ laboratory for high-activity experi-
ments, Also, the instrumentation for the experiments
differs. Low-active work requires special counters
with low ‘background’ — one count every few minutes
(fig. 2). On the other hand, most of the insiruments
used for measuring higher activities have background
rates too high for samples of low activity.

Experiments using external beams from accelerators
tend to yield rather weak samples. An example of
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2. Waltraut Riezler replaces part of a low-background counter inside its
heavy shield of steel and lead bricks.

such an experiment is the study of the following pion-
induced reactions in a copper target, giving as product
the radioactive nueclide nickel-65 (**Ni, the symbols are
explained in the ‘box’ opposite) :

85Cu + a0 = #Ni + ot + n”

and

BCu + at = %N + xf 4 xt

]

These reactions have been investigated, using posi-
tive and negative pions of energy 2.7 GeV, to obtain
information on the interactions between pi-mesons,
namely the fotal cross-sections for the interaction of o
with n" and of =" with n~, This is an example of the
formation of reaction products of low activity. For
example, the initial activity of the nickel-65 resulting
from the reaction of negative pions on copper was
about fen disintegrations per minutie, whilst that from
the reaction of positive piohs was only three disinte-
grations per minute.

Another experiment under way using an external
heam is the absolute determination of the cross-

CERN/PI 4820

3. In this picture of the electromagnetic isolope sepa-
rator, the ion source is at the right-hand edge and the
magnet is the large black ebject to its left. Stig Sundell
is seen making some adjustments at the collector end
ot the instrument.
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sections of some reactions which would he suitable fo
monitor beams of 1% - 24 GeV protons. The reactions
chosen for measurement are :

TAl + p = *Na + 3p + n,

®Al + p = ®F + 5p + 5n,
2C + p="C + p-+ n

The reaction products sodium-24, fluorine-18 and car-
bon-11 are radioactive, so that the number of such
atoms produced in a target of aluminium or carbon can
be measured by particle counting. The cross-section
represents the probability that an incident proton
will induce a particular reaction, so that if the cross-
section is known the total number of incident protons
can he deduced from the activity measured.

It is quite evident that experiments of the kind men-
tioned above reguire collaboration between physicisis
and chemists, and for this reason the Nuclear Chemis-
try group also conlains some physicists.

Irradiation of targets inside the CERN acceleralors
gives rige to high activities. These machines are thus
being used for a series of experiments on fission and
spallation phenomena, intended to give information
about the:

-— cross sections for the formation of the wvarious
nuclides produced ;

— linear momentum of the product nuclides ;

— angular momentum {or spin) of the product riuclides.

Such studies involve measurements of the yields of
the products, their range (the distance they travel be-
fore being brought to rest), and the proportions in
which various isomers, or different states of the same
nuclide, are found.

Measurements of reaction yields can now be carried
out with a much higher accuracy than earlier, thanks
to the electromagnetic isotope separator belonging to
the group (fig. 3). This apparatus was constructed
especially for the study of nuclear reaction products.



It is a two-dimensionally focusing machine, giving
well-separated samples of a convenient size (fig. 4).
The isotopes are collected on thin aluminium foils, an
arrangement which is very well suited for activity
measurements (negligible thickness, thin backing,
small size — diameler about 2 mm). This and the extre-
mely important fact that each sample only contains one
activity (and possible decay products) are the reasons
for the high accuracy attainable.
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The technique used for reaction-yield studies is
briefly the following. After irradiation of the target
material in the accelerator a large variety of products

o
is formed. The irradiated torget is thus [irst dissolved el
in a suitable solvent and the element to be studied 2
separated by chemical means from the bulk of the pro- T
ducts. After conversion to a suitable form, the element z
is introduced into the ion source of the isotope separa- 3
5. Inge Jarstorli checks on the position of one of the samples in ihe
automatic sample changer. Each opening round the rim can take one
sample, which is automatically brought under the counter — marked
with the figure 9 — for a predetermined time. The electronic scalers,
SOME NCTES OF EXPLANATION recorders and other equipment are in the rack fo the right.
As in ordinary chemistry, it would fake too much . . X
: Y v ) . . tor. The separation of the isofopes is carried out —
space and become very confusing to wrife the descrip- . A .
! . ) ) sometimes in a few minutes —, the collectors (one col-
tion of each reaction in words. Instead, appropriate . i
) lector for each isolope of interest) are removed, and
symbols are used and any reaction can be expressed o ‘ . . .
; ] . ) ) the activity of each sample is measured. Different kinds
in the form of an equation, which is much simpler. T :
. e, . . of counters are used for this, including beta and gamma
Thus, instead of writing ‘the isotope of copper with an Te e
) ) . . . counters and beta and gamma scintillation spectro-
atomic mass of 65 unils, readding with a negative ) i . i :
i . . ) R X meters. For convenience in counting, an automatic
pion, results in an isolope of nickel with atomic mass ) ;
. . . . sample changer, which can be loaded with up to 40
65 fogefther with the emission of a positive pion and a .
> L . samples, has been constructed by the Electronics group
negative pion’, one simply has : . .
_ . . R at CERN. With this apparatus the samples are counted
65Cu + - = 65Ni + xf + . ) i
) ] ) one after the other and continuously recycled (fig. 5)
Inthe examples quoted in the article, Cu stands for to give the decrease of counting rate with time,
copper, Ni for nickel, Al for aluminium, Na for sodium,
F for fluorine, and C for carbon; = is the pi-meson, or An elxample of the results obtained using these
pion, p the profon and n the neutron, and 5p means techniques is given in fig. 6, which shows the relative
five protons. The number writlen as a superseript is amounts of some thirtecn different iodine isotopes
the ‘atomic mass’ {roughly, the amount of matter in the formed in the fission of uranium by 600-MeV protons.
nucleus relative to that in a prolon or hydrogen nue-
leus), and the + or — sign represents the electric As the determination of reaction yields is based on
charge, when it is necessary to sfate it explicitly. These measuring the decay rates of radioactive nuclides, the
symbols are standardized, so that once known fhey can decay modes of the nuclides of interest have to he
be used and understood universally. known. It is thus also necessary to do some work on the
A befa counter is used for measuring the rete of spectroscopy of those which have not been studied
emission of bela particles from radiocactive nuclei. before. To a certain extent such investigations are
A beta spectrometer measures the encrgies of the beta B B
particles, A scintillation spectrometer is one employing 1
scinfillalion defectors. ﬂ
Gamma counters and gamma specfrometers perform the [I‘
same duty for gamma rays. ‘ ‘
Nuclear spectroscopy is concerned with the various = ‘I'
states in which a nucleus may exisf, analogous io the g \
investigation of afomic energy states in optical spectro- o
scopy. Thus, the radiations emiffed by excited nuclei =
are studied in place of the light emitted by excited
atams. ﬁ‘\
A nuclide is a particular species of alom, having a fl
specified number of protons and neutfrons in its nucleus, J'j
Isotopes are nuclides of the same chemical element, _ /
that is with the same number of profons but different 82 83 84 85 86
numbers of neufrons in their nuclei. (The term ‘isciope” MASS NUMBER
is still in fact commonly used as a synonym for fhe
newer word ‘nuclide’.) 4. Graph showing the result of separ_aling the isotopes of krypton. At
the end of the separator the atoms differing by a mass number of one
unit are about 10 mm apart.
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WHO'S WHO IN CERN

Gosta RUDSTAM

Leader of the Nuclear Chemustry Group
in the Nuclear Physics Division

Sven Gésta Rudstam was born in
central Sweden, in the region of
Uppsala, in 1925, Entering the Uni-
versity of Uppsala in 1945, he
studied mathematics, theoretical
physics, physics and chemistry, and
then, after taking his Master’s de-
gree, turned to nuclear chemistry,
still at the University. His first
experience of working with high-
energy machines came during 1950,
when he spent half a year at the
Lawrence Radiation Laboratory in
Berkeley, U.S.A., working under
Prof. G, T. Seaborg.

Then, the following year, the
synchro-cyclotron at the Gustav
Werner Ingtitute of the University of
Uppsala began operation. Capable
of accelerating protons to an energy
of 185 MeV, it was at that time the
most powerful in Europe. Working
from then on with this machine,
mainly on spallation experiments,
Gosta Rudstam obtained his Doc-
torate in 1957.

By then CERN was beginning to
get well-established. The head of
the Gustav Werner Institute, Prof.
The. Svedberg, suggested the setiing

up of a nuclear-chemistry group,
and one of those who advised on
the planning of ithe group was Prof.
Pappas. of the Univerzity of Oslo,
with whom Dr. Rudstam had worked
in Uppsala. He was thus in close
contact with this new development,
and in January 1959 he arrived at
Meyrin as Leader of the newly
formed group.

Some of the work that they do,
and how it fits in with high-energy
physies as such, he has described in
the accompanying article,

carried out by the CERN group, but for accurate spec-
troscopic work the instrumentation is nof yet adequate,
In particular, there is a need for an electromagnetic
beta spectrometer.

FUTURE PROGRAMME

For the future programme of the Nuclear Chemisiry
group, a number of interesting experiments are under
consideration. Worth particular mention are the study
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6. This graph shows the primary cross-sections of the iodine isotopes
formed in the fission of uranium by 500-MeV profons. As an example, it
can he seen that there are ten times more iodine-126 atoms produced
than iodine-121 atoms. {The circles indicale preliminary values,)
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of nuclear reactions induced by negative muons * (pure
capture of the muen and capture followed by the emis-
sion of several nucleons) and an investigation of the
type of reaction, still unexplained, called ‘fragmenta-
tion’ {the ‘explosion’ of a nucleus into several large
pieces).

There is also the possibility of extending the re-
search field of the group towards nuclear spectroscopy.
The synchro-cyclotron at CERN is a very efficient ma-
chine for the production of almost any nuclide in good
vield. An isotope separator exists already, as do befa
and gamma scintillation spectrometers, although it is
clear that serious work in this direction would neces-
sitate more elaborate speciroscopic instrumentation.

A particularly interesting field of investigation would
lre 1o attach an isolope separator directly to the syn-
chro-cyclotron and bombard, with the external proton
beam, a target already connected to the ion source of
the separator. By choosing a suitable target tempera-
ture and composition, certain elements will quickly
diffuse out of the target, enter the ion source, and be
separated into their isotopes. Element separation can be
achieved using a variety of methods (cold traps, gas
chromatography, elc.) in a separate step between the
target and the ion source. If suitable counters or
nuciear spectrometers were connected directly to the
coilector for the separated isotopes, very short-lived
reaction products could be studied. This would open an
immense field of investigation. Such a development be-
comes especially interesting now that the intensity of
the external beam of the synchro-cyclotron is being
increased @

* Bome preliminary runs have already been carried out.

CERN/FI 4.4.63



International Conference on

High-Energy Physics
and Nuclear Structure

Reviewed by H. FESHBACH,
Ford Visiting Scientist, Theory Division

This was a comparatively small conference as conferences
go nowadays, with only ahout ome hundred invitees from
outside CERN. Free and frank discussion was the rule and
the mecting had more the character of a rather large seminar

than a SIHH” COIIFPI’(H]CD.

From a somewhat narrow point of view the participants
were concerned, on one side, with the possible uses of
particles produced hy high-energy machines for the investi-
gation of the structure of atomic nuclei and, on the other,
with the fact that it might also be possible to discover
properties of elementary particles by ohserving how they
inleract with complex nuclei. But there was an additional
motivation. It was hoped that by bringing together physicists
concerned with nuclear structure and physicists interested
in ‘clementary particles’, to discuss problems which bhoth
could find interesting, the developing chasm between the
two ficlds could be bridged and its growth arrested. There
are specialists or experts in both camps, and like specialists
in other fields they naturally tend to become parochial in
their interests and limited in their outlook. This is unfortu-
nate even if it is natural. Breadth of interest is important
for physicists if they are to aveid becoming mere adepts in
technique. Without it, even progress in their own field is
slowed, for coneepts and methods which have heen deve-
loped in other ficlds can often suggest wholly new insights

as well as areas fer investigation.

Be that as it may, the conference demonstrated the very
wide range of experiments on nuclear structure which conld
bhe performed at high-ecnergy machines. In many of these,
high-enecrgy particles such as electrons or protons can he
used directly. In recent years electron scattering has pro-
vided us with much information on how the electric charge
inside nuelei is distributed. One finds that it is fairly
uniform over most of the nuclear volume, decreasing fairly
rapidly to zero at the surface. Now some information on the
clectric currents inside the nucleus is becoming available.
These are properties which characterize the whole nuclens.
Obtaining fine-structure details is much more diffieult, bot
very worth while because it tests our understanding of
nuelear structure in a very fondamental way. Both electron
and proton scattering offer possibilitics of measuring the
‘eraininess’ of nueclei — the tendeney of the nucleons
inside the nucleus to form ‘clusters’. Where will these cius-
ters be found, inside the nucleus or en the nuclear surface ?

With the aid of high-energy machines it becomes possible
t6 make exotie nuclei which are not found in nature. For
example when a gamma ray is absorbed by a nucleus of
helium-4, a positive pion and a2 new nucleus, hydrogen-4, are
produced. Hydrogen-4 consists of three nentrons and one
proton. In another process, yet to be ohserved, a negative
pion could he absorhed by helium-4 and a positive pion
emitted. The resultant residual nucleus would he compesed
of four neutrons, On the other hand, if helium-4 absorbs a

Fram 25 February to 2 March, an ‘International confer-
ence on high-energy physics and nuclear structure’ was
held at CERN, organized in co-operation with the Chaim
Weizmann Institute at Rehovoth, Israel. As the name
suggests, the main purpose of the conference was fo
review a comparatively new field of research, where
high-energy physics — essentially the study of elemen-
tary particles outside the atomic nucleus — overlaps the
older field of nuclear physics, which is more concernsd
with particles inside the nucleus.

In the accompanying review, Pref. H. Feshbach, at
present at CERN on leave from the Massachusetts
Institute of Technology, highlights some of the inter-
esting topics discussed at the conference and indicates
some possible new developments.

positive pion and emits a negative one, the residual nucleus
coneists of four protons ! It is easy to construct many other
examples. Most importantly, however, these processes provide
tools by means of which nuclei ontside the stable valley can
be produced and their properties siudied. We thus have a

new dimension in which te study nuclear struncture.

A Tlarge numher of very exciting experiments will be
possihle when beams of strange particles, K mesons and
lamhda hyperons, of sufflicient Intensity become available.
These cau then he direeted against nuclei and studics made
of the various reactions which result. New possibilities are
opencd becaunse, for instance, although the Jambda particle
is of roughly the same mass as a nuecleon, it is not identical
with the nueleons in the target nucleus. The processes it can
undergo are thus in no way limited by the Pauli exclusion
principle, to which the nneleons are subject. A lambda
incident apon a nucleus can underge transitions, and cven
end up in the same orbit as one of the nucleons. An incident
nucleon cannot do the same and so a whole new set of
phenomena hecomes possihle. We need not fire lamhbdas at
nuclei; negative kaons will do just as well, for these will
combine with a proton in the nucleus to form a lambda. We
can then ohscrve the subsequent transitions of the lambda
and so ebtain infermation both on the initial state of the
proton and on the structure of the ‘hypernucleus’ which is
formed. The pionic decay of the hypernuclens, that is, decay
of the lamhda particle in the hypernucleus back into a
proton and a negetive pion, wounld provide information en
the state of the lambda.

Turn about is fair play, and one may perhaps also be
able to employ kmown mnuclear properties to study the
properties of elementary particles. From the binding cnergy
of hypernuclei we gain knowledge about the interaction of
lambda particles and nucleons. At the conference, the first
recorded event was presented in which a nucleus containing
two lamhdas was detected. In this case we can for the first
time begin studying the forces between strange particles !
Complex nuelei act as virtuzl sources of elementary particles.
For example such a nacleus forms a source of electromagne-
tic feld, and therefore gives the possibility of producing
neutral pions when an incident photon eollides with one of
the virtual photens in the nucleus. This is in fact the inverse
of pi-zero decay and this experiment is at present the best
way of measuring the pi-zero lifetime ! Another device is
to compare nuclear processes — for example beta decay with
other weak-interaction processes such as muon capture,

There are many, many examples.

It is clear that there are a great number of important
experiments to be done, numerons opportunitics for funda-
mental discoveries. The major effect of this moest successful
conference was to increase markedly the probability that
these experiments will be performed soon @
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Lé’l/z WO%ZK af GERN {cont.)

attained in a separated beam, and the
photagraphs include tracks of some
1150000 posilive kaons al 3 GeV/e,
1 210000 negative kaons at 3 GeV/e,
and 1500000 negative kaons at 3.5
GeV/c. The background of olher par-
ticies, even at the highest momentum,
was less than 20 %.

The objects of the experiment are fo
search for the existence of a new par-
ficle (the omega hyperon, ), with a
‘sirangeness’ number of —3}, and fo
gain further information on known
aspects of kaon-proton inferactions and
the properties of the xi hyperons.
Investigation and analysis of the phoio-
araphs is being shared among ten
laboratories : University of Amsterdam,
Universily of Bologna, a British group
(Universities of Birmingham, Glasgow,
and Oxford, Imperial College of London
University, and the Rulherford Labora-
tory}, ‘Ecole Polytechnique’, Paris, ‘Cen-
fre d'Eludes Nucléaires’, Saclay, and
University of Stockhoim.

The Ecole Polytechnique f-m heavy-
liquid bubble chamber also obiained
some 250 000 pholographs showing in-
teraclions of positive kaons stopping in
the liquid, coniinuing an experiment on
'selection rules’ in kaon decay, together
with some 30000 pictures of stopped
negative kaons for the investigation of
hyperfragments. Unforfunately, operation
ol this chamber had 1o be limited, be-
cause of the shorlage of electricily, and
the higher values of magnetic field
could not be wused even when the
chamber was running.

Among the other experiments af the
synchrotron in February was the first use
at CERN of acoustic spark chambers.
This type of  detecfion instrument is
similar to the spark chambers currently
used, consisling basically of a set of
parallel plates in which alternate ones
can be pulsed to a high volfage. The
pulse is applied after the passage of a
specified charged parlicle and the spark
ihat then occurs in each gap follows the
frack of fhe particle. In this case, how-
ever, the sound wave from each spark is
detecied by four miniature microphones
placed some 10 cm or more from each
edge of the gap. The fime between the
application of the high voltage and the
arrival of the sound at each microphone
is measured electronically, and from the
four values oblained the position of the
spark in each gap can be calculated,
in praclice by feeding the information
info an electronic compufer.

These measurements were a lest run
of the apparatus for an experiment to
measure the elastic and near-elasiic
proton-profon scattering at very small
anglas. Six chambers were used, in con-
junction with analysing magnets and
scintillafion counters. The fime measure-
ments from each chamber were recor-
ded on punched paper tape and ana-
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lysed on the Mercury computer, the
position in space of each prolon track
being obtained fo an accuracy of
t+ 0.25 mm.

From 25 February to 2 March, an
International conference on high-energy
physies and nuclear structure” was held
at CERN, organized in co-operation
with the Weizmann Instituie af Rehovoth,
Istazl. The conference, which was atfen-
ded by about 100 scientisfs from 13
different couniries, in addifion io those
at CERN, is described more fully on
page 35 of this issue.

His Excellency Mr. Gaston Palewski,
fhe French Minister of State for Scientific
Research, paid a visit to CERN on fhe
afternoon of t4 February as the guest
af Mr. Francois de Rose [Ministre pléni-
potentiaire and Represenfative of France

-on the CERN Council), Prof. L. Leprince-

Ringuet (Vice-president of the ScientHic
Policy Commitfee), and Prof. V.F. Weiss-
kop! (Director-general). Also in the
party were Mr. Philippe Baudel, Ambas-
sador of France to Swifzerland, Mr.
Gabriel Ardant and Mr. Tezenas du
Maontcel.

Many of the delegates fo the Uniled
Nations Conference on Science and
Technology, held in Geneva early in
February, also ook the opportunity fo
visit CERN. Prominenf among these was
Mr. René Maheu, Directeur-general of
UNESCQ, who was shown around on
12 February, accompanied by Prof.
Paulo B. de Carneiroa, Presideni of the
General Conference of UNESCQO, Prof.
V.A. Kovda, Direcfor of its Depariment
of MNatural Sciences, and Mr, Y. de
Hemptinne, Secretary of the Depart-
ment. On the 15 February, Lord Casey,
Chairman of the Commonwealth Scien-
tific and Indusirial Research Organiza~
tion and Leader of the Australian dele-
gation fo the U.N. conference, visited
the Laboratory, with Mr. G.B. Gresford
and Mr, C. Magee.

Members of CERN also had a chance
io get to know something of the U.N.
conference when a symposium, ‘Tech-
niques for fomorrow's world’, was or-
aganized on 14 February by the Staif
Association, in fhe current series of
evening lectures on subjecis of general
interest. Under the chairmanship of Prof.
Marussi, of the University of Trieste, the
leaders of the Delegations from India,
Prof. H. Bhabha, the United Stafes, Dr.
MacDermott, and the Sovie!-Union, Dr.
Fedorov, exposed in a highly interesfing
way their own thoughts on the confe-
rence and answered many duestions
from the audience on the applications
of science and technolegy in the less
developed areas of the world.

Earlier in the month, from 5 fo 7
February, CERN was host to the ‘Euro-
pean Organization for astronomical re-
search in the southern hemisphere’
(ESO), whose Council met here under
the chairmanship of Prof. JH. Qort

(Metherlands}). The organizalion al pre-
sent includes Belgium, the Federal Re-
public of Germany, France, the Nether-
lands and Sweden as member stafes,
with Denmark as an observer. If has
been set up primarily to insfal power-
ful opfical instruments in the southern
hemisphere, so thaf that part of the
galaxy can be studied to an exfent com-
parable with what is already possible in
the northern hemisphere.

This is the second time thal members
of a new European scientific organization
have used CERN as a meeting place as
well as an example, the first being the
meeting which led to the formation of
the European Space Research Organi-
zation.

The Direcior-general and a number
of senior physicists from CERN took
parf in a two-day discussion meeting at
the Royal Society, in London, on the
21 and 22 February. With the fitle ‘Re-
cent European confributions to the deve-
lopment of the physics of elemenfary
parficles’, the meeting had been orga-
nized by Prof. C.F. Powell, of the Uni-
versity of Bristol and present chairman
of CERN’s Scientific Policy Committee,
to give the Fellows of the Society a
review of the present state of knowledge
of elementary particles and the prospects
for the development of fhe subject in
the future.

Out of fifteen papers presented, six
were by scientisis now at CERN : Prof.
V.F. Weisskopf gave the opening falk
on ‘Elementary parlicle physics — its
development and future’, Prof. G. Ber-
nardini spoke on ‘Neutrino and muon
physics’, Prof E.H.S. Burhop on ‘Recent
experiments with emulsions’, Prof. L. Yan
Hove on ‘Progress in our theorefical
understanding of elementary parficles’,
Dr. K. lohnsen on ‘Features of the nexi
generation of proton accelerafors’, and
Dr. C. Rubbia on ‘Recent experiments
with the CERN sy..chro-cyclotron. In
addition, Prof. B. Gregory of the Ecole
Polytechnique, Paris, who is closely con-
cerned with bubble-chamber experi-
mentis al CERN, spoke on ‘Recent experi-
ments with bubble chambers’, and Dr.
J.B. Adams, formerly Director-general,
described the '‘Design and performance
of the CERN profon synchrofron’. Al
the papers presenied, which were
framed so as to be infelligible jo scien-
tists outside the parficular field of high-
energy physics, are being published by
the Royal Society.

During his visit fo London, Prof. Weiss-
kopf was guest of honour at the Annual
Luncheon of the Parliamentary and
Scienfific Commiltee, on 21 February.
The Commiftee is an unofficial group
bringing together members of both
British Houses of Parliament and repre-
sentatives of industry and of scientific
and technical institutions. With all shades
of political apinion represented, it acts
as a common meeting ground for par-
liamenfarians and scienfisis @



News [rom abrosd

Tests of British National Hydrogen Bubble Chamber

fn the East bubble-chamber building at CERN two impres-
sive-looking magnets have been assembled for seme time, and
other work is proceeding steadily towards the completion of

two new very large bubble chambers.

One of these, ithe 1.5-metre British National Hydregen
Bubble Chamber, has now been successfully tested in Eng-
land (without its wagnet), and the way is now clear for it
to he transferred to CERN. After installation in the magnet,
the paris of which arrived from England at the end of 1961,
it will be operated with a new heam to be constrncted in the
East experimental area of the protou synchrotron. Tests with
protons and pions will probahly he carried out later this
year, and cxperiments will then follow, using mainly high-
energy kaons and antiprotons.

Preliminary design stadies began on the BNHBC in 1957
and work began on the chamber early in 1939, The construc-
tion has been a eollaborative cffort between Imperial
College, London, Birmingham University, Liverpool Univer-
sity, and the Natiomal Institute for Rescarch in Nuclear
Science (N.ILR.N.S). Also represented on the Management
Committee, under the chairmanship of Prof. C.C. Butler, of
Imperial College, are University College, London, and the
Universities of Cambridge, Glasgow and Uxford. Although
all the early experiments will be carried out at CERN, the

chamber will ¢ventually return to England for operation

Photo N.LRN.S. (UK) - 12

with the 7-GeV ‘Nimrod’ synchrotrom at the N.LR.N.S.
Rutherford High Euergy Luboratory, Chilton®, in Berkshire.

Although the 72-inch (183-cm) chamber at Berkeley, U.S.A.,
is longer, this is at present the largest liguid-hydrogen bubble
chamber in the world from the point of view of the volume
of lignid hydrogen in whiek tracks can oceur and be photo-
graphed. This volume is roughly rectangular in section,
150 em long and 50 ¢ high, with a depth of 45 cm. Some
300 litres of liquid hydrogen are used altogether in the
chamber, kept at a temperature of —247° € and under a
pressure of ahout 6 atmospheres in the main chamber body.
Tt is when this pressure is decreased suddenly to 3 atmo-
spheres that minute bubbles form along the tracks of any
ionizing particles that have just passed throngh.

For the recent tests, the chamber was assembled in a
speeial building at the Rutherford Laboratory, with appro-
priate high-pressure hydrogen and other snpplies, Control
systems and other parts are now heing transferred to CERN
at the rate of about two lorry loads per week. The
bhridge will be tramsported In one piece, followed hy the
complete chamber assembly — travelling al a maexunum

speed of 8 km per hour !

* The postal address of the laboratory has recently been changed, but
it is still next door to the Atomic Energy Research Establishment at
Harwell.

One of the photos taken during tests
of the British National Hydrogen Bubble
Chamber, indicating the uniformity of
sensitivity and visibility over the com-
plete volume. The short tracks are those
of electrons produced by a pulsed beam
of gamma rays originating from a co-
bait-60 sourge ; the three zones appa-
rent in the picture arise from the
splitting of the illumination system

5

into three parts, Three straight tracks,
also visible, are probably muons from
cosmic rays. The black discs and wires
are thermocouples temporarily fixed to
the chamber windows.

b iy
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Oxford Helium Bubble Chamber

An announcement by N.LR.N.5. at the end of Jawmarvy
gave the news that a contract had heen placed for the
consiruction of the refrigeration system of a large helium
bubble chamber. The refrigerator will be one of the largest
of its kind to operate at liquid-helimm temperatnres and
will maintain the temperature of the chamber at a value of
about —270" C, comstant te plus or minus 0,05 €. over
periods of thirty days of continuous eperation. The prinei-
pal feature of the refrigeration evele is the use of expansion

turhines, with bearings lobricated by helium gas, rupning at

specds of up to 350 000 revolutions per minute. The thermo-
dynamic efficiency will be high and no precooling fluids such

as Hquid nitrogen or liquid exyzen will be required.

Geoorge Chadwick, of the University of Oxford, was at
CERN during Februwry and kindly provided CERN
COURLER with the following infermation on the helium
clhamber itself.

The Oxford Helium Bubble Chamber is heing designed

and built by a joint team from the Departmment of Nuclear
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Physics at Oxford University and the Rutherford High
Energy Laberatory. The chamber dimensions will be 80 e¢m
X 40 em X 40 cm and it will be operated in a magnetic field
of about 20000 gauss. It will be used at the Rutherford
Laboratory’s accelerator ‘Nimraod’, to study the lighter hyper-
fragments, to nse the simple quantum nambers of helium as
an aid in determining the properties of particles and reso-
nanees, and to provide an cfficient analyser for polarization

measuremernis,

The special problems associated with so large a volume
of helium are to maintain temperature stability, so near
absolute zero, and to avoid turbulence due to the extremely
low velocity of sound in this fluid — pressure waves will
travel across the chamber in a time comparable to the total
sensitive time. The first prohlem is handled by dircet cooling
of the chamber by a refrigerator-liquifier (detailed abeve)
attached to the magnet. This also makes the chamber a self-
sufficient wunit, easily transported. The sccond problem
should he overcome by the rectangular design of the
chamher and the method of expansion atlupted. An entire
side wall will be attached by a bellows, and moved in a
direction normal te its plane by means of a mechanical
linkage. Thus plane pressure waves will be launched, which
will be reflected coherently and not hreak into turbulence.
Constraction is made casier by the low working pressure of

haif an atmosphere.

The target date for completion is laie 1964. Costing
about £ 400 000, the chamber will be the largest of its type
in the world.

Berkeley Bevatron
operating again

After being shut down simce July last year, while
extensive modifications were carried out, the Bevatron, the
6.2.GeV proton accelerator al the University of California’s
Lawrence Radiation Laboratery at Berkeley, U.S.A., was
successfully put back into operation during February., The
full experimental programme should begin again in March.

Ideas for the alterations began to take shape as far back
as 1958 and work has heen going on since 1960, when 9.6
million doHars was appropriated for the project by the U.5.
Congress. The most basic modification has been the instal-
jation of an entirely new proton injection system, consisting
of a 480-kV Cockeroft-Walton set and a 19-MeV strong-
focusing linear accelerator. By this means, the intensity of
the input beam to the synchrotron is expected to be raised
by a factor of 20 or more, with a corresponding increase in
the full accelerated beam intensity. Closcly linked with this
is the installation of facilities for an external proton beam.
This will have the major advantage of providing secondary
beams of positively charged particles outside the accelerator
ring, instead of within the cramped and inaccessible hub
area. Other benefits will be obtained in the study of short-
lived particles, down to lifetimes of around 107" second,
since dctectors can now be placed much nearer to the
targets.

Increased beam intensity means more background radia-
tion, with the result that the shielding of the accelerator has
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had to be considerably increased. The concrete ring sur-
rounding it has been brought up to a uniform thickness of
3 metres, and a eoncrete ‘igloo” enclosing experimental
apparatus has been placed at the hub. Morcover, the entire
ring-shaped accelerator has been covered by massive con-
crete roof beams over 2 meires thick. To support all this
shielding, a tunnel was first constructed under the machine
and then filled with concrete into which steel uprights were
embedded.

Changes to reduce maintenance inside the accelerator to
a minimum and to improve the efficiency of operation
include new fully insulated pole-face windings on the
magnets and remote control of internal targets. Among
other work carried out during the shut-down was a compleie
overhaul of the high-level radiofrequency system, modifica-
tions to the low-level radiofrequency system, the installation
of new feedback systems for beam control and the provision
of a ‘flat top’ for the magnetic-field variation.®

A new fast negative kaon heam has been set up for the
72-inch hydrogen bubble chamber and z slow positive kaon
beam will be nsed with the laboratory’s heavy-liquid chamber.
This latter has been made twice as deep as befere, and now
has a useful volume of some 760 mm x 500 mm x 300 mm @

* Most of the information given here was taken from the L.R.L. journal
‘The Magnet’, February 1963. -



A truly portable

Instrumentation Recorder

DC to 10000 cycles

and reasonably priced

The brand new Honeywell 8100 Recorder will
open new opporlunities for your instrument
acquisition” program. Recording and play-back
of one to eight FM-data channels in addition
to compensating and voice channels; IRIG con-
figuration is available; four speeds from 1 7/8
to 30 ips; external monitoring; portable or rack
mounfed; easy to use and it weighs only 75
pounds.

Write for delailed informalion and for demon-
stration to Honeywell SA, 73, roule de Lyon,
Geneva.

Honeywell
Data Handling Systems

266 B, avenue de Tervueren
Bruxelles 15
n m Tel. 708236

sole agent for

S.A. Intertechnique, rue Escudier 81, Boulogne
and

S.A. S.E.AV.0O.M,, 30, rue Raspail, Argenteuil

is at your service for the supply of instruments
and apparatus manufactured by these
companies :

Intertechnique

— sub-assembles for multi-dimensional analysis

— 1024 and 4096 channel! selectors,
transistorized, ferrite-core memory

-- 400 channel selectors, transistorized,
ferrite-core memory

— multi-head detectors, alpha, beta, gamma,
fast neutron, slow neutron

— pulse generators
elc...

SEAV.O M

— mechanical pumps

-- diffusion pumps

- vacuum measuring equipment
— pumping units

— vacuum coating sets

— vacuum furnaces

— glove boxes with controllable atmosphere
etc...

Design — supply — after-sales service.
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plans and delivers

Processing Plants for :

Precision rectification
Heavy water recovery

Gas liquefying

Uperisation sterilizing

Town gas defoxification, elc.

Laboratory columns
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Thermal Planis
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Steam generalors up to
the highest pressures
Hot water boilers and
accumulalors

Gas turbines

Diesel engines
Reactor plants for
nuclear power stafions

Heat pumps

Refrigerating Planfs

‘Cooling insfallations
Tube-ice generators

Low-temperature installations

Air conditicning plants

Heating and air conditioning planfs also :

Axial and radial compressors
Oil-free reciprocating compressors
Pumps

for delivering high- and

low-viscosify fluids and corrosive media

Sulzer Freéres

Société Anonyme
Winterthur, Suisse

Low-temperature installation (—250° C) for
D:0 recavery (Emser Werke AG., Domalt/Ems,
Switzerland)
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thermal and
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Electrical metrology

Electronic microscopy

Non-destructive testing
of materials

Measurement of mechanical
quantities

SIEMENS & HALSKE AG

Beriin + Minchen
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SIEMENS ELEKTRIZITATSERZEUGNISSE AG
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® Hewlett-Packard announces

A complete range
of transistorised counters

;.Co_mpact most units are 3-'/2” high, and the largest
| (6243L) is only 5-'/a”. A quality of construction
which sets a new standard.

Reliable guaranteed operation to full specifications from
— 20° C. to + 65° C. This also means extra
reliability, extra margins of performance at usual
ambient temperatures.

Accurate time base accuracies appropriate to
frequency range. Better than + 3 x 10~° per day
in 5243L. _

Versatile they measure frequency, frequency ratio, period,

multiple period average and time.

- Sensitive required input only 100 mV rms.

500 Mc
+ 3x10~° per day

8 digit display with storage
plug-in frequency converters
512 Mc - 5" high

stability: 3 x10-9 per day

Frequency Measurements :
0 - 20 Mc direct
20 - 100 Mc with 5251A plug-in

(Fr. 1374.—)
88 - 512 Mc with 52563A plug-in

(Fr. 2295.—)
Period Average Measurements :
Single Period 0 - 1 Mc
Multiple Period 0 - 300 Kc
Output Frequencies :
0.1 cps to 10 Mc in decade steps
Time Interval Measurements : 5243L
1 us to 10® sec with 5262A plug-in Fr. 13573.—
(Fr. 1374.—)
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5532A
Fr. 7085.—

Fr. 5348.—
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5212A
Fr. 4494

Frequency )
Period )
Multiple Period )
Time Base Stability:
-+ 2x10-7 per month
Gate Times: 10, 1, 0.1, 0.01 sec

2 cps to 1.2 Mc

Frequency )
Period )
Multiple Period )
Time Base Stability:
+ 2x10-6 per week
Gate Times: 10, 1, 0.1, 0.01 sec

2 cps to 300 Kc

5211A
Fr. 3461.—

T

L _—

HEWLETT-PACKARD

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

For information, contact your t_ﬁﬂ"i distributor

INGENIEURBURO M. P. FREY

WANKDORFFELDSTRASSE 66, BERNE
TELEPHONE (031) 42 00 78

Frequency: 2 cps to 300 Kc
Time Base:

derived from mains frequency
Gate Times: 1, 0.1 sec
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