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The cover photograph shows an interesting view
of the enlarged CERN heavy-liquid bubble
chamber, taken during its re-assembly in
preparation for the latest experiment with
antineutrinos at the proton synchrotron. Photo-
graphed through the aperture in the 27 000-gauss
magnet that surrounds the chamber during
operation, Henri Lenique is seen preparing to
mount a beam window in the new chamber
body. Details of the antineutrino run are given
in ‘Last month at CERN' in this issue of
CERN CCURIER.

The same photo, incidentally, has alse been
used to intreduce the section on the NPA
Division in the CERN Annual Report for 1964,
which was published during June.
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The European Organization for Nuclear Research, more commonly
known as CERN (from the initials of the French title or the original body,
‘Le Conseil européen pour la Recherche nucléaire’, formed by an Agree-
ment dated 15 February 1952), was created when the Convention establish-
ing the permanent Organization came into force on 29 September 1954,

In this Convention, the aims of the Organization are defined as follows:

‘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 Organiza-
tion shall have no concern with work for military requirements and
the results of its experimenta! and theoretical work shall be published
or otherwise made generally available’

Conceived as a co-operative enterprise in order to regain for Europe a
first-rank position in fundamental nuclear science, CERN is now cne of the
world's ieading laboratories in this field. It acts as a EFuropean centre and
co-ordinator of research, theoretical and experimental, in the field of
high-energy physics, often known as sub-nuclear physics or the physics of
fundamental particles,

High-energy physics is that front of science which aims directly at the
most fundamental questions of the basic laws governing the structure of
matter and the universe. It is not directed towards specific applications —
in particular, it plays no part in the development of the practical uses of
nuclear energy — though it plays an important role in the educatlion of the
new generation of scientists. Only the future can show what use may be
made of the knowledge now being gained.

The laboratory occupies an area of 41 hA (100 acres) at Meyrin, Canton of
Geneva, Switzerland, next to the frontier with France. A similar area on
adjacent French territory is expected to be taken over shortly.

Its main experimental equipment consists of two large particle accelerators:
— a 800-MeV synchro-cyclotron,
— a 28000-MeV (or 28-GeV) proton synchrotron,

the latter being one of the two most powerful in the world.

The CERN staff totals some 2100 people.

In addition to the scientists on the staff, there are about 300 Fellows and
Visiting Scientists, who stay at CERN, either individually or as members of
visiting teams, for pericds ranging from two months to two years.  Although
these Fellows and Visitors come mainly from universities and research
institutes in the CERN Member States, they also include scientists from
other countries.

Thirteen Member States contribute to the cost of the Organization, in
proportion to their net national income:

Austria (1.95%)
Belgium (3.83%)
Denmark (2.07%)
Federal Republic

of Germany {22.74%)
France (18.57%) Switzerland (3.19%)
Greece (0.60%) United Kingdom (24.47%)

Poland, Turkey and Yugoslavia have the status of Observer.
The budget for 1965 amounts to 128 760 000 Swiss francs (= $29 800 000),

calling for contributions from Member States totalling 126400000 Swiss
francs (= $29300 000).

Italy (10.78%)
Netherlands (3.92%)
Norway (1.47%)
Spain (2.18%)
Sweden (4.93%)

A supplementary programme, financed by twelve states, covers design work
on two projects for the future of high-energy physics in Europe — inter-
secting storage rings for the 28-GeV accelerator at Meyrin and a possible
300-GeV accelerator that would be built elsewhere @



Prof. Gregory to succeed
Prof. Weisskopf next January

On 17 June, delegates to the 30th
Session of the CERN Council unani-
mously agreed to the appointment; as
from 1 January 1986, of Prof. Bernard
P. Gregory as the next Director
General of CERN, for a period of five
years.

Prof. V. F. Weisskopf, Director since
August 1961, will be returning at the
end of this year to the Massachusetts
Institute of Technology, U.S.A., from
where he is on leave of absence. In
a message circulated to the staff after
the Council Session, he explained that

the responsibilities of the job of
Director General left little opportunity
for other work and he wished now to
devote more time to purely scientific
questions.

Prof. Gregory is French, 46 years
old and Professor at the Ecole Poly-
technique, Paris. His whole career as
a physicist has been devoted to the
experimental study of the particles in
high-energy interactions, working first
with cosmic rays and afterwards with
the CERN proton synchrotron. His
close relationship with CERN began
when he was made responsible for
the scientific side of the 81-cm
Saclay/Ececle Polytechnique hydrogen
bubble chamber, which has provided
over 5 million photographs for
Europe's physicists since it began
operation at CERN in 1961, and he
was Chairman of the CERN Track
Chambers Committee for the first
three years of PS operation. Early in
1964, Prof. Gregory was appointed
Directorate Member for Research at
CERN.

A more complete account of his
career will be found in CERN
COURIER, vol. 4, p. 28, March 1964 ®

Approval of intersecting storage
rings (ISR) for the PS

Early in the 3C0th Session of the
Council, unanimous approval was given
in principle to the construction of
intersecting storage rings (ISR} for
the proton synchrotron, as a supple-
mentary programme of the Organiz-
ation. This project is one of the three
parts of the programme for the deve-
lcpment  of European high-energy
physics facilities put to the Council
by the Amaldi Committee in 1963; the
other parts are the improvement pro-
gramme for the present CERN facil-
ities and a new proton synchrotron of
300 GeV. The actual start of con-
struction of the 1SR will be decided in
December, when the budget will be
voted by the Member States who will
take part in this supplementary pro-
gramme. Almost all the thirteen
Member States of CERN have
indicated that they are prepared to
participate.

The intersecting storage rings will
provide a unique means for carrying
out certain experiments in sub-nuclear
physics research at energies much
higher than those currently available,
or even planned. [ndeed, to do these
experiments in the conventional way,
with accelerated protons striking, say,

a liquid-hydregen target, would require
an accelerator some 60 times more
powerful than the 28-GeV proton
synchrotron at CERN.

The equipment will consist essen-
tially of a vacuum chamber formed by
two concentlric distorted rings, each
about 300 metres in diameter, inter-
secting each other in eight places.
Electromagnets spaced round the rings
wil! serve to keep high-energy protons
circulating in them, clockwise in one,
anticlockwisz in the other, The
protons will be injected from the
proton synchrotron and successive
bursts stored until a sufficiently high
intensity is reached, at which time the
two beams will be made to collide in
one or more of the crossing regions.
Detection apparatus placed in these
areas will enable the resulting inter-
actions between protons to be
studied.

The project is estimated to cost
330 million Swiss francs, at current
prices, spread over a six-year con-
struction and commissioning period.
More information concerning the
storage rings will be found on pp. 103
to 107 of this issue &
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Last mndl 41 CERN

30th Session of Council

On the afternoon of 16 June and the
morning of 17 June, delegates from the
13 Member States of CERN met for the
30th Session of the CERN Council,
under their President, Mr. J. H. Bannier
(Netherlands). Two of the most
eagerly awaited decisions are reported
on the previous page, further details
of the Council Session will be given
in next month’s issue of CERN
COURIER.

PS operation, 19 April-31 May

The first two weeks after the short
Easter shut-down at the proton
synchrotron were devoted mainly to
counter experiments, the accelerator
parameters during most of the time
being the typical ones of maximum
proton momentum 19.2 GeV/c, one
pulse every 2.3 seconds and flat-top
duration (when protons circulate in the
accelerator at constant momentum)
300 milliseconds. For three days over
the second week-end, however, the
primary beam energy was lowered to
9.97 GeV/c, with a repetition rate of
one pulse every 1.2 second and a flat-
top of 200 milliseconds, in order to
carry out some important measure-
ments on proton-proton scattering.

Among the experiments previously
mentioned in these columns of CERN
COURIER, the group aiming to
measure the parity of the xi-hyperon
successfully collected more data,
the missing-mass-spectrometer group
investigated three overlapping regions
of the mass spectrum in their system-
atic search for possible new meson
resonances, and 50000 more photo-
graphs were taken by the physicists
investigating the decay of the rho
meson. The ‘CERN/lvry group’ took
some 200000 photographs of kaons
and pions scattered directly back-
wards from hydrogen. Several hun-
dred thousand photographs of particle
tracks in the six conventional spark
chambers that have provided the main
data for this experiment will be
analysed automatically with the aid of
the cathode-ray-tube flying-spot digi-
tizer, Luciole, at CERN. Apart from
the measurement of proton-proton scat-
tering at low energy mentioned above,
measurements of proton-nucleus
scattering were made, with a proton
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momentum of 19 GeV/c, about 110 000
events being recorded by the sonic-
spark-chamber and computer combin-
ation.

Also during this time, new equip-
ment for future experiments was tested
by various groups, among them one
from Frascati, which measured the
background of a neutron telescope
(apparatus for detecting neutrons
travelling along a specific path) and
tried out time-of-flight equipment to
be used in a forthcoming investigation
of the decay of the eta meson into a
neutral pion and a gamma ray. Tests
were carried out on the CERN heavy-
liquid bubble chamber in preparation
for the antineutrino run that began in
the following week.

Antineutrino run

The three weeks 7—31 May were
used mainly for an experiment with the
‘neutrino beam’ and the enlarged CERN
heavy-liquid bubble chamber, to com-
plete the present phase of the neu-
trino experiments begun at CERN in
July 1963. During the first part of this
last run, the fast beam-ejection equip-
ment was used to eject 17 proton
bunches on to the external target in
the throat of the magnetic horn at
each accelerator pulse. The remain-
ing 8 bunches circulated during the
‘flat-top’ and were then directed on
to target no. 60, by means of the rapid
beam deflector, to give a 200 us burst
for the British bubble chamber at the
end of the o, beam line. For the last
few days, the whole of the circulating
beam was ejected on to the neutrino
target.

Altogether 2.8 X 10"7 (280 thousand
million million) protons struck this
target during actual operation of the
bubble chamber. Of these, 91%
were used to give pictures for analysis;
the rest were accounted for by the
study of the neutrino-parent spectrum
(that is, of the energy distribution of
the pions and kaons produced in the
target and decaying to give neutrinos)
and adjustment of the chamber.
Although this was largely an experi-
ment with antineutrinos, produced in
the decay of negatively charged pions
and kaons, the magnetic horn was set
to focus positive particles during part

of the time (during which 14.2% of the
total number of protons were utilized),
the particle flux in the bubble chamber
then being predominently of neutrinos.
The data so obtained will be used for
a comparison of the antineutrino and
neutrino event rates.

The first scanning of the 367 000
bubble-chamber photographs was
made during the run, resulting in
about 100 candidates of each type of
interaction, of which about half are
suitable for detailed analysis. As an
indication of how techniques have
been improved, this may be compared
with the first run of 6 days in 1963
using the smaller version of the
bubble chamber, when only a dozen
events were obtained in spite of a
higher proton intensity on the target.
Part of the increase in event rate is,
of course, due to the enlargement of
the visible volume (that viewed by at
least two cameras) of the bubble
chamber from about 440 litres to 1090
litres. The final analysis of the events
and comparison with previous obser-
vations will continue into next year.

A valuable technical by-product of
the run has been the development and
installation of a freely suspended rigid
plate in front of the plastic membrane
that expands the chamber. This plate
changes the pattern of the pressure
distribution in the chamber during the
operating cycle, so that the hydro-
dynamic behaviour of the bulk of the
liquid is much closer to that obtain-
able with a large piston than to that
around a gas bubble, as was the case
previously. The presence of such a
plate has been found to improve the
optical quality of the pictures, and its
success opens up the possibility of
further developments for the chamber,
such as the installation of Scotch-
lite reflector* or the mounting of a
mirror on the plate. If a mirror were
installed in this way, a proposed
bubble-chamber experiment on the
decay of the K°% meson into two
neutral pions would become feasible,
since it would then be possible to
photograph and measure phenomena
that occurred on the other side of the

* Scotchlite is the Trade name of a highly
reflecting plastic film, used for example on
many road signs; its use in a bubble chamber
results in tracks that are seen as trails of
dark spots on a light background, instead of
the other way round.



vacuum chamber that would have to be
inserted in the bubble chamber for
the traversal of the kaons.

Last experiment at CERN of the
British bubble chamber

During week 18 of the synchrotron
schedule (beginning 27 April) the
152-cm  British national hydrogen
bubble chamber took 110000 photo-
graphs of 6-GeV/c proton interactions
in hydrogen. Then, in weeks 20 and
21, 135 000 photographs were obtained
of negative pions incidentat11 GeV/c,
as part of an experiment in which the
interactions of both negative and
positive pions are being studied at
this momentum. This last run ended
the operation of the chamber at CERN
for physics experiments. It has been
in full ocperation since June 1964, since
when more than 11/ million photo-
graphs have been obtained. The
chamber will not be returing to
England until September of this year
and in the meantime a ‘technical’ run
will be carried out in which various
new ideas, for example the use of a
Scotchlite optical system, will be tried.

Purdue conference on instrumentation

for high-energy physics

Seven members of CERN — R. Bick,
G. von Dardel, A. N. Diddens, G. R.
Macleod, A. Michelini, W.G. Moorhead
and D. Wiskott — attended the Inter-
national conference oninstrumentation
for high-energy physics, held at
Purdue University, Indiana, during
12-14 May, 1965. This was the
largest instrumentation caonference
since the one held at CERN in 1962,
not excepting the one following the
‘Rochester’ Conference at Dubna last
year, and was organized largely on
the initiative of Prof. L. Kowarski, who
has been on leave from CERN as
Visiting Professor of Nuclear Engi-
neering at Purdue.

A series of invited survey taiks and
coniributed papers covered the field
of spark chambers and bubble
chambers and the measuring devices
and methods of analysis used with
them. The main impression gained
from the conference was that, at nearly
afl the laboratories represented, the
last year or two has been spent in
consolidation and obtaining physics

Caontinued on p. 102

‘Humanisme Scientifique’

In last month’s CERN COURIER, two uspects of the relationship
between ‘CERN’ and ‘Geneva’ were Ireated al some length (pp. 85-89),
with emphasis on the more practical and personal viewpoints. Unknown
to us when those contributions were being prepared, a further example
was 1o eppear in the form of an editorial in the April/May issue of the
publication Industries Atomiques (vel. 3/4, 1965, p. 51). This editorial,
inspired by one of the periodic cvening lecture meetings urranged by the
CERN Stajf Asseciation, throws an interesting light on an aspeet of CERN
that is not often discussed, and we are therefore pleased to be able to
repraduce it {in translation) here. Extra interest is given by the fact that
its author, Mr. Audré Chavanne, is one of the seven members of the
Executive body of the State of Gencva (the ‘Conseil &' Etat’) with responsi-
bility for the Department of Fducation. As a physicist, he taught at
one time in the ‘Ecole supéricure technique’ in Geneva and he is a former
editor of Industries Atomiques. On the Federal level, he is a member of
the recently formed Seience Council and also represents Switzerland in the
Council of CERN,

Though it would pass unnoticed in a capital city, the presence of
a large scientific research centre Iin a medium-sized fown has a
considerable effect on the local cultural life, which is enriched in a
very special way: scientific humanism is, by ils very nalure, a
mixture of curiosity, generosity and enterprise, even to the point of
aggressiveness.

Not long ago I was present at one of the gatherings (concerts, dis-
cussions, lectures and the like) organized by CERN — or rather its
staff — and open to the Geneva public. It was a discussion between
Dr. Garaudy, a member of the policy committee of the French
Communist party, and a member of the Dominican Order, a physicist,
Father Dubarle; they were pursuing their dialogue concerning
materialism and spiritualism, entercd into previously in France and
Belgium. Seldom haye I encountered such an audience, following
closely and intelligently this exchange of subtle arguments on
matters very far removed from its evervday concerns.

One could see there the humanism of the future, founded on
the sciences, expressed in mathematical terms, restrained, precise.
This is not to deny the value of our classical humanism, based on a
krowledge of languages — particularly the dead ones but also the
living — and with a long iradition behind it (‘are vou for or against
Latin ?’ is a typically inane question); but we must recognize how the
experimental sciences, as well as the humanities of the Greek and
Latin tradition, can be the basis of a truly general education. Will
the most iImportant fundamental questions of knowledge continue to
be regarded solely in a historical context when they can be illumined
in incomparable fashion by the up-to-date, lively considerations of
mathematicians and biologists on their respeclive subjects 7 Can our
only interest in psychology be through literature, when for the last
century the behaviour of the human mind has heen studied in the
laboratory ? We must get right away from the sterile opposition of
science and philosophy, which is in any case a recent invention of
mediocre thinkers of the last century and obviously unknown to
Plato and Aristotle, Descartes and Leibnitz; was not the initial work
of Kant prompted by Newton’s theories ?

But humanism is not just intellectualism, it is also aesthetic and
ethical in nature. It would not be difficult to put forward to youth-
ful minds, trained in the disciplines of science, a course of instruction
largely devoted to the development of a liking for art through its
rational study. It should also be possible to give them that extra
spiritual development necessary for the command of today’s infinitely
powerful technical resources, by showing them how science extends
the responsibilities of everyone, beyond the confines of family or
nation, to embrace the whole of humanity here on our tiny planet.

A.C.
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Colliding - beam error

The dangers of editorial tampering with carefully worded press releases, as well as the suspicion — often
voiced — that so much is published in the scientifie Hterature nowadays that nobody has a ehance to read it all, have
both been highlighted by a note that eppeared in the April issue of CERN COURIER ¢p. 57) under the sub-heading
‘World's first experiment with colliding beams’. In preparing that note, we were taken in by one of those press releases
that so often hide the actual state of affairs in their enthusiasm for a particular event. As a result, when copies of
the French edition of the April issue reached the Linear Accelerator Laboratory of the University of Puaris, ut Orsay,
and the CNEN National Laboratory at Frascati near Rome, they were read with some astonishment, since the physicists
clearly remembered their own experiments, carried out a year earlier at Orsay, with the storage ring known as AdA4
(Anello di Accumulazione), designed and built at Fruscati. To help pur the record straight, CERN COURIER las new
been supplied with the following information:

The first measurements on interactions produced
by colliding beams were carried out at Orsay, using
the positron-electron storage ring, AdA, from
Frascati, in April 1964. The results were published
in December of the same year*.

In the course of this work, beam intensities of up
to 0.5 milliampére (electrons and positrons) were
stored, with lifetimes of several hours. A new
fundamental limitation on the [ifetimes of intense
beams was then discovered and analysed (the so-

. . . called Touschek effect’).
Previously the storage of weak-intensity electron

and positron beams had been successfully achieved
at Frascati and AdA was then moved to Orsay in
order to take advantage of the higher photon fluxes
available there (gamma rays from the linear accele-
rator are used to produce positrons and electrons
for storage in the ring). The ring was operated by
a mixed ltalian and French team from 1962 until
early 1965,

Interactions between the two beams were observed
for the first time by detecting the single brems-
strahlung gamma ray arising from the process
e*+e ~e'+e +y. From the observed rate of
interaction the cross-seclional area of the beams
could be computed and this allowed a complete
understanding to be obtained of the beam structures
in weak-focusing positron-electron storage rings at
* C. Bernardini, G. F. Corazza; G. di Guigno; J. Haissinski, intermediate intensities.
P. Marin; R. Querzoli; B. Touschek: Measurement of the rate of

interaction between stored electrons and positrons, Nuove

Cimento, vol. 34 (1964), pp. 1473-1493. AdA was taken back to Frascati in March 1965.

It is true that the Press Release from which our original story ‘was derived cluimed only ‘the first high-encrgy
collisions hetween electrons ever achieved’', leaving open the gquestion of cellisions between electrons and positrons.
The Release ulso mentioned the operation of the Italian storage ring at Orsay. At the same time, however, anitounce-
ment of the Stanford!/Prineeton results at a particle-accelerator conference in Washington, with its ussociated press
publicity, seems to have produced a greater impact than the earlier publication of the Italian/French results in a normal
sctentific journal. 1t Is true that the Stanford rings are bigger than the one at Frasceti (there are two at Stanford,
instead bf one, because both beams are of clectrons), the energy used is rather higher and the beams have greater
intensity. Nevertheless, we deeply regret having overlooked once of the great pioneering efforts of European physicists
in the field of storage rings, particulorly as the Ttalian/French collaboration that made possible its success is yvet another
indication of the unity of FKurope's high-energy physicists, charucterized by CERN iiself. Neglect of the Eurepcan
results would, in fact, now be doubly regrettable, in view of the recent Council decision to support the construction of
proton storage rings at CERN and thus 1o give European scientists a great opportunity to continue leadership in this

field in the coming years ®

LMZ Mﬂ Al GEEN {cont.)

results from some of the many devices
announced at previous conferences,
rather than in inventing new instru-
ments.

Thus, to deal only with contributions
involving CERN, G. R. Macleod gave
an invited paper on spark-chamber
picture analysis with raster scan in
which he described two experiments
already completed at CERN (one
measured on the Hough-Powell device
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{HPD) and the other on Luciole}, as
we!l as mentioning several others
under way here. Some preliminary
results of a bubble-chamber experi-
ment that is being analysed at CERN
with the HPD were presented, by
P. V. C. Hough of Brookhaven, in a
joint survey paper with B. W. Powell
of CERN, on flying-spot digitizer
systems for bubble-chamber films, A
paper by W. G. Moorhead described
the CERN computer programme used
for this analysis. The operation of
the sonic spark-chamber system with
on-line computer that is used at CERN

for proton-scattering experiments was
described by A. N. Diddens.

The practice of attaching film-
measuring instruments such as IEP
and Frankenstein directly on-line to a
small computer, so that instant
checking can take place, is very wide-
spread, and there are many different
approaches to this, both in the U.S.A.
and in Europe (including CERN).
This idea is interesting as being one
of the few that were not already
mentioned at the 1962 CERN Con-
ference ®



Physics with storage rings

At a meeting of the Europeatt Committee for Fulure Accelerators! hefd at CERN on 19 Oclober 1964, one of the speakers
was Prof. G. COCCONI, a senior member of CERN’s Nuclear Physics Division and one of the leaders of the group that
has chtained so many interesting and important results in the last few years on the scattering of protons from protons.
After giving some indications on how these and other experiments could bhe extended enormously in scope by the
construction of the proposed intersecting storage rings for the CERN proton synchrotron, he posed the more general
question of why, in fact, we want to carry out such experiments at all. In view of the recent approval by the CERN
Council of the storage-ring project (see p. 99), the answers Prof. Cocconi gave to this question, together with the rest
of his speech, have taken on a new topicalily and we are plessed to be able to reproduce here what he said on that

ozcasion.

I have been asked to give reasons why the construc-
tion of a system of intersecting storage rings (ISR}, to
be coupled to the existing proton synchrotron {(PS) of
CERN, is considered important for the future of
physics.

Obviously, the principal reason is that the ISR would
make it possible, in the near future, to experiment at
effective energies, that is at cenire-of-mass energies?
nearly ten times higher than those available with the
existing accelerators and about two times higher than
those that will be available in the more romote future
when a 300-GeV accelerator is built.

The following table illustrates the situation:

Lab. kinetic energy C.M. tolal energy?

Present PS 25 + 0.12 GeV? 7.1 + 1.9 GeV
ISR 27+ 27 GeV 54 + 1.9 GeV
300 GeV PS 300 + 0.12 GeV 30 + 1.9 GeV

However, why do we valuc g0 much centre-of-mass
energy ? Because we have learned from nature that
thresholds exist, and that classes of phenomena exist
that cannot be studied if one operates below or too near
their threshold energy. The threshold that separates
the muclear world’ from the ‘chemical world is a
classical example.

Mesonic matter

During the last ten years, man has just crossed
another threshold, the threshold that separates the
nuclear world from the mesonic world. The richness
in particles, antiparticles, excited states and resonances
that mesonic matter (as we shall call this new state of
matter) presents as soon as the threshold of about
1 GeV is crossed is a sure sign of unexpected complex-
ities, hence of unpredictable conseqguences. In these
conditions the quest for higher energies is both obvious
and imperative.

1 A committee composed of senior physicists from European
high-energy physics laboratories, which was responsible far
drawing up the European programme of new accelerators
puhlished originally as the Amaldi Report, CERN FA/WP/23.

Measured in the ‘eentre-of-mass system’, a frame of
reference in which the centre of mass of the colliding
particles appears to be stationary and the algebraic sum of
all the momenta, both before and after the collision, is zero.

™

0.12 GeV is a characteristic Fermi energy for the nuclecns
of a targei made of complex nuclei,

-

The c¢.m. enhergy is divided into two parts: the first can be
used in producing additional particles or excited states, the
second (1.9 GeV) is the combined rest mass of the two
original nucleons.

How does megchic matter present itself ? The most
general picture that can be given today of what
happens when two energetic nucleons collide, as
deduced from machine and cosmic-ray experiments, is
summarized by the following figures which describe
the phenomena (a), diagrammatically and (b), in a time
sequence ag geen in the cum. system.

N, Ny

N

F B1 Ny, N, original nucleons
(a) N,*, N,*, excited isobars
FB,, FB,, fireballs

F 82
<
¥*
N; N2
Ny N2
before
(k) collision
time
sequence * *
in c.m. aftar Na Ez F By Ny

collision 4? 'Q: Eg‘ _I;_—

After the collision, two excited nucleons are
produced, each one keeping a good fraction (about
50%) of its original energy, while two fireballs, that
ig, two massive centres that rapidly decay emitting a
certain number of secondaries, are left behind, moving
essentially in the direction of the original nucleons,
but with smaller velocity. Both the excited nucleons,
each with baryon number one, and the fireballs, with
baryon number zero, are mesonic matter which, in our
laboratories, lasts only 10722- 10723 gecond, but exhibiis
the peculiar propertieg that completely new ideas suech
as strangeness, SU,, and other schemes attempt to
describe.

How accurate is this picture ? What determines the
properties of the excited nucleons and of the fireballs ?
What are their dimensions, their sping, their magnetic
properties ?

Are these the only entities formed by mesonic matter,
or do others exist, more stable and of larger mass than
so far observed ?

Is it conceivable that, in appropriate conditions, even
larger bodies, all composed of mesonic matter, can be
formed ? Is there any limit imposed on their size,
analogous o the limit imposed on nuclel by the
Coulomb electrostatic repulsion ?
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14and 15 Experimental halls for colliding beams

R Ring building

E1 Experimental hall for external targets

Alto A B Ausiliary buildings

Al 1 and Al 2 Auxiliary buildings for infection

P Power house {for main magnet)

c Cocling hall

MCR Main control room

PCR Power control raom (magnet)

cT Cooling tower

L Laboratories

W Workshop

Y Ractifier building for beam-transfer equipment
sw Electrical sub-station

WwT Water tower and reservoir

TT1to TT 3 Beam-transfer tunnels

TA Tunnel linking auxiliary buildings

TP 1 Main service tunnel (connecting to sub-station on present site)
TP 2 and TP 3 Tunnels between C and TA and between P and TA
TS Calibration tunnel (for survey instruments)

PP Sewage putification plant

BC Resetved for possible construction of bubble-chamber buildings
CPs Present proton synchrotron

D Barracks

ViteVs Air-conditioning rooms for the 1SR

General layout of the ISR buildings — a number of changes have been made since the previous plan was issued with the CERN COURIER of July 1964,

The variety and the naivety of the questions show
how little we know about mesonic matfer. Experi-
menting with storage rings will certainly not give
definite answers to all of the questions, but it will give
information of the above kind, and hence will be of
fundamental importance,

Experimental arrangements

The main objection that one usuaily raises against
the construction of storage rings is the difficulty of
experimenting around them. I personally feel that at
least part of this difficulty can be attributed to our
mental flabbiness. From lack of imagination we are
led to extrapolate from experience with present
accelerators. We should not forget instead that, so far,
nearly every time new experimental problems have
arisen, technology has provided fresh solutions.

Apart from this, the extrapolations from present
technologies deo not look discouraging.

Let us consider the general characteristics of the
rings proposed for CERN. The rate of proton-proton
collisions will bhe about 104-105 interactions per
second and will take place within a wvolume of
45 X 1 X 6 = 140 cn™. Most of the solid angle around
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that region will be frece. The Interactions with the
residual gas (at a pressure of 1071° forr) will create a
signal-to~-background ratio of the order of one.

Experiments on p-p cross-section and scattering will
be ‘easy’ and will not be discussed.

I shall instead mention the possibilities of what is
now our ‘maid of all work’, the spark chamber. The
faet that it can be iriggered and that it can ignore a
random background counting rate of 10%second or
more will allow the use of this instrument at small
distances from the collision region in the ISR. Definite
experiments utilizing spark chambers have already
been designed, for example by Dayton. With them
one can identify and study iscbar production in the
forward and in the backward directions by measuring
the momenta and the direction of ernission of the
secondaries.

But I want to point out that with the storage rings
other, less ‘ad hoc’, instruments could also ke success-
fully used, TFor instance, let us consider the bubble
chamber, an instrument that generally is not thought
of as useful for colliding-beam experiments because it
cannot be triggered. However, a hydrogen bubble
chamber can be operated with a l-cm pipe going
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through it. In this pipe, two intersecting beams of
protons could produce 102 Iinteractions per second.
When the chamber is expanded at random, in 10% of
the cases one interaction takes place within the one
millisecond during which the chamber is at its optimum
sensitivity. The illumination and the picture taking
can then be triggered by counters sensing the second-
aries. A 15-kilogauss wvertical field can be present,
compensated by equal and opposite fields outside the
colliding region but still in the long free section. The
bubble chamber will give a detailed description of
what happens near the origin. The story can be com-
pleted by spark chambers placed further out.

Promising possibilities are offered by the recent
advance in counter technique realized at CERN by
Charpak and Dick*. Previously, the signal produced
in a large scintillator, say 1 metre long, could not be
used with resolving times shonter than about 2 nano-
seconds, because of differences in the path followed by
the light reaching the photomultipliers, depending on
where the particle crossed the counter. Now the limit
has been reduced to 02 ns by summing the times
measured by two photomultipliers, placed at the two

* See, for example, G. Charpak, L. Dick and L. Feuvrais:
Location of the position of a particle trajectory in a scintil-
later; Nuclear Instruments and Methods, vol. 15 (1852},
pp. 323-326.

)
S

M. Bron (CERN-SB G. 52-117-R)

extremes of the counter. The following figure is self-
explanatory.

phqtu_— large scintillatar photo-
multiplier multiplier
no, 2 no. 1
time-to- time-to-
hoigmt Ty At=02ns Wy heign
converter 2 |V1+V2 1 ! converter
1. —v-l
{Vi-Vo
Ax=2cm

On the other hand, the time difference between the
two photomultiplier signals gives the position of the
ionizing particle that caused the flash of light. A
system of these couniers can thus measure times of
flight with a precision of a few 107" 5 and identify the
path of the particle to within a few centimetres (the
‘veloeity” of light in a Perspex light pipe is about
10 cm per nanosecond).

What does this mean for storage-ring experiments ?
It means that time-of-flight measurements over
distances of a few metres can determine Lorentz
factors (= total energy/mc?) up to a value of about ten,
and this with large counters, that is with large
apertures, since the actual path will be known too. A
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simultaneous momentum measurement will then give
the mass of the particle, and this is what we necd for
discovering heavy, wstable or semi-stable particles
produced at large angles by colliding beams.

At this point one may ask what is the probability of
production, per interaction, of a pair of such hecavy,
strongly interacting particles, say a quark 15 times
heavier than a proton ? The rule of thumb is:

probhability per interaction s (m /M)2,
giving ~. 107 with M = 15 GeV,
(mﬂ = mass of a1 meson).

Since a system of large and fast scintillators can
cover a solid angle of ahout 0.1 sterad, the rate of
measurable cvents could be about 100 per hour — =z
comfortable cne — if these particles exist.

Why go on ?

I cannot finish without asking the general guestion
that involves us all. Why do we want to know these
things, and urgentiy ? Could it not be that we are a
cast of maniacs, who try to solve problems created
only by our machines, problems ncot at all important
for the cquilibrium of nature, the nature we live in ?

If that were the case, if our pure science were so
pure as to be of no foreseable utility, then I fear that
in the long run Society would stop us from progressing
so fast. We begin to be a burden to Society when we
go on asking for larger and costlier accelerators.

My answer to these disturbing questions is that,
practical applications apart, we are not so queer and
that our prohlems are not Byzantine. My faith comes
from the fact that there are places in the universe where

maiter consists uniquely of particles having an energy
of 1012-1013 eV each, and these places are light years in
dimensions and contain a number of particles equi-
valent to millions of suns. I have in mind, of course,
the centre of the radio galaxies.

Mesonic matter is thus not only produced in the odd
situations present in our accelerators (or in the even
more odd cne that will be created by colliding beams),
but it is also the basic matter at the centre of not-so-
rare galaxies, Possibly even the apparent rarity of
these objects is due to the fact that galaxies remain in
those conditions only for a small fraction of their
evolution. Perhaps all galaxies, all of us, went or will
go through that stage., Thus the GeV, the TeV world*®
cannot be an abstraclion, since it is deeply connected
with the nature that surrounds us. It is even imagin-
able that in time we will be ahle to exploit it to our
advantage,

The parallel with stellar evolution is too banal for us
to dare to think that, mutatis mutandis, it will be appli-
cable in this case. But I cannot help recalling that
what, forty years ago, looked like the impossible
problem of understanding how the centre of the =sun
kept on burning is nowadays reduced to the still
difficult but not so Iimpossible problem of making
nuclear energy econcomically competitive with coal
hurning.

Can we afford to be ignorant about these problems;
can we avoid asking what is the equation of state of
matter at these excitations, what are the properties of
a mass collapsing towards the relativistic limit? Can
we afford to wait? According to the rules of the
human game, we must go ahead, and as fast as we can @

* TeV: 1 Tera-elecironvolt = 107 eV = 1000 GeV.

BOOKS

Nuclear radiation detection, by William J. Price (New
York, McGraw-Hill Book Co., 2nd ed. 1964; $12.75).

This volume is the sccond ecdition of a text-book deve-
loped for use by students of the Nucleonics Instromentation
Course at the U.S. Air Force Institute of Technelogy. In
the beok, according to the author, ‘an attempt is made to
collect the basic information on all the important nuclear-
radiation detectors in use today... including sufficient
specific information to enahle the reader to select his ¢wn
detection cquipment and, in many cases, to apply it
Although not explicitly stated, the main emphasis is on those
problems and techniques most frequently met in reactor

physics, low-energy nuclear physics and dosimetry.

The first chapter covers many of the cssential aspects of
the interaction of radiation with matter, treating particularly
proton, neutron, electron, gamma-ray and fission-fragment
interactions. This, together with the next two chapters,
surveying detection methods and the statistics of detection
systems generally, provides a foundation for the more

detailed study of detectors in the [ollowing sections.

Succeeding chapters are devoted to jonization chambers,
Geiger-Miiller counters, proportional counters, scintillation
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detectors, and  semiconductor radiation detectors. The
chapter entitled ‘Photegraphic emulsions and other detection
meihods’, which briefly mentions eloud chambers, bubble
chambers and spark chambers, includes a section on chemi-
cal and ecalorimetric techniqmes. A scparate chapter is
devoted to methods of neutron detection, because of the
special preblems invelved and heeanse of the importance of
neutron measarements. In the concluding chapter a more
detailed treatment of the electronics used for nnclear-

radiation detection is given.

The scope of this single volume is large: consequently,
the treatment is mainly descriptive and little attempt is
made to derive most of the equations used. Nevertheless,
much quantitative data are given and a useful guide to
students is provided by means of frequent numerical
examples interspersed throughout the text. A guud balance
is obtained hetween practical and theoretical considerations
and, on the whole, the aims of the author can be considered
to have been largely fulfilled.

Although the trcatment is generzlly concise and the
presentation logical there are, occasionally, passages which
are either misleading or not altogether clecar. For example,

Centinued on p. 108



has vacancies for

Beam and Magnet
Engineers

who should be graduate physicists, or engineers, with a good knowledge
of applied mathematics and some experience of precision measurements.

A knowledge of computer programming would bé an advantage.

Successful applicants will take part in the design and construction of the
magnet and beam-transfer systems of the new Intersecting Storage Rings
for the CERN Proton Synchrotron.

The work, which will be carried out by teams, will include the computation
of magnetic fields and particle trajectories, mechanical and electrical
design of magnet components, acceptance tests, construction of equipment
for precision magnetic measurements, and execution of systematic

measurements on prototypes and during production.

Candidates with a good knowledge of English and some knowledge of
French (and who must be nationals of CERN Member States) are invited to

write for an application form, quoting reference CC/65/7, to:

Personnel Division, CERN, 1211 Genéve 23, Switzerland
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Vacuum

Pumps

Wismer AG

Oerlikonerstrasse 88
8057 Zurich
Tel. 051 46 40 40

Backing

with automatic addition and filtration

of oil.

Backing pumps working with

a high suction pressure
show appreciable losses of oil

which escapes
with the expelled air.

The problem of making up the oil
charge of the pump continuously and

automatically has been
solved by HERAEUS in a simple and
interesting way.

At the same time the pump oil

is filtered.

We shall be pleased to place detailed
documentation at the disposal
of our customers.

the wvariation of photomultiplier single-electron pulse
amplitude is due to the statistical nature of the multi-
plication process rather than to any ‘variation in secondary-
emission ratio’, as stated on p. 181. In discussing noise in
pulse amplifiers on p. 381, it is not ‘*the low resistance
associated with a short elipping-time constant...” that

. thermal noise intolerable’, but rather the

>

W‘Du]l_l mﬂke :
correspondingly inereased bandwidth; indeed, the noise
generated by the resistor decreases with its resistanee.  The
fact that the d.c. feedback amplifier on p. 406 is phase-
inverting is not mentioned, and there is confusion in the
application of the appropriate sign, which appcars corrcetly
in some equations and wrongly in others. No explanation
is given here of the virtual-earth principle and it is by no
means clear that ‘the amplifier (of gain G} is seen 1o act
as a current amplifier...” with the feedback acting such
that “ ..the input capacitance C is reduced to C/(1+G).
The time constant of the Input eircuit is indecd reduced
to RC/(1+G), but because the feedback reduces the input

resistance R to R/{1+G) rather than affecting C.

.

Many additions have been made since the first edition,
and the extensive set of references has been largely brought
up to date. Newcomers to the field of nuclear radiation
detection should find the book useful, and the chapter
devoted to semiconductor detectors should prove valuable
as an introduction to the subject. Notable omissions in the
range of topics covered arc time-of-flight techniques, and
only very little space is devoted to multichannel analysers.
On the other hand, it is difficult to sce why any space was
devoted, for example, to bubble chambers in a volume
which otherwise almost completely ignores high-energy

radiation.

B. Z.

108

Votre

maison de confiance pour

j

\ees,
[

F

&

Microfilms — Appareils photographiques
et dispositifs de lecture - Locations de
caméras - Travaux de développement en
régie.

Photocopies — Appareils d'éclairage et
dispositif de développement - Papiers
pour photographies - Installations pour Ja
photocopie.

Héliographie — Appareils d'éclairage et
machines a développer - Nouveauté:
HELIOMATIC, machine 4 héliographier
avec VARILUX permettant de faire varier
la puissance d'éclairage - Papiers pour
développements & sec et semi-humides.
Bureau-Offset — Machines-offset et
plaques-offset présensibilisées OZASOL.
Dessins — Machines a dessiner JENNY
et combinaison de dessins - Papiers a
dessin (papiers pour dessins de détails),
listes de piéces, papiers transparents (a
calquer), papier pour croquis.

Meubles pour serrer les plans — «Sys-
téme a suspension, & soulévement et &
abaissement».

Installations de reproduction pour hélio-
graphies, impression de plans, photo-
copies, travaux de photographie tech-
nique, réductions, agrandissements, tra-
vaux de développement de microfilms.

OZALID ZURICH

Seefeldstrasse 94 - Teél. (051) 24 47 57
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Nal (T1), Gl (TI ) and Lil (Fu)

Scintillation Crystals

STANDARD MOUNTED GRYSTALS AND
CRYSTAL PHOTOMULTIPLIER ASSEMBLIES

@ WIDE RANGE OF GRYSTALS

High quality Nal (T1), Csl (T1) and Lil {Eu)}
crystals available in a wide range of sizes and
types of mount. Linear dimensions of crystals
from 0.003 in. to 12 in.

@ EXCELLENT Nal (TI) RESOLUTION FOR
GAMMA RAYS

7.0 to 9.0% resolution on Cs 137 gamma ray
photopeak for crystals up 10 3 in. x 3 in. and
larger crystals average 8 to 10%,

@ SPEGIAL MOUNTINGS

Special crystals available include well and fliow
types and X-ray mounts.

@ THIN Gsl (T1) GRYSTALS FOR HEAVY
PARTICLES

Four per cent resolution on Po alpha particles
obtainable.

@ Lil (Eu) NEUTRON DETECTOR

Mounts for slow and fast neutron detection.
Resolution of 14 MeV neutrons averages 6%.

@ IMPROVED RESOLUTION WITH NEW HIGH
QUALITY ASSEMBLIES

A completely new range of scintillation crystal
head units combining high quality Nal(TIl}),
CsI(Tl) and Lil(Eu) scintillation crystals with
speciallyselected highresolution photomultipliers.
@ LEAD GOLLIMATORS

A series of five focussing wide angle or parallel
bore lead collimators available for sevaral crystal
assemblies.

@ SPECIAL LGW BACKGROUND ASSEMBLIES
Special assemblies with quartz, stainless steel,
and copper components for very low level
detection are available.

& PREAMPLIFIER-DYNODE GHAIN UNITS

A compact cathode follower preamplifier unit
including a dynode resistor chain available for
fitting in all assemblies.

@ ANTI-COMPTON BACKGROUND SHIELDS
Large organic or inorganic scintillator shields are
available to reduce Compton background.

R R R R

Some excellent results recently obtained with a
10 in. diameter by 12 in. depth Nal (Tl} crystal
viewed by seven 3 in. photomultiplier tubes are
as follows:-

Resclution
Cs137 (0.662 MeV) 8.3% (axial uniformity. & 127).
ThC” {2.62 MeV) b.7%
F19 (p,a vy} 6.14 Me¥  5.2%
T {p.y) 20.5 MeV 6.9

cS

SRR \\\

SPECTRUM OF
GAMMA PHOTONS
from T?|pal He? reaction
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=20 Me¥ 13 [px] Het
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GLASE SCINTILLATOR HE 403
M 018 X 3 Smm

RESOLUTION 4%,

PLAK f TROUGH RATIO 35 1

THERMAL
NEUTROBS,

COUNTS PLR $ELOND

ey Ravs
\

I b
PULSE HEIGHT |v(4YS)

Lithium

[’W/WWWM/WW/WW% i

Blass Seintillat R St e
ea obtained wit
a 0'18 985 glass scintiilator.
STYPE Cerium activated lithium silicate glasses.

N LITHIUM CONTENT: 7.5% or 2.5% by weight of Li enriched in Li® to
Y 96%, Li depleted in Li® (Li” 99.99%) or natural Li.
NEUTRON DETECTION EFFICIENCY: For 3 in. thick glass with 7.5%; Li®
(NE 905) detection efficiency for thermal neutrons is 99%.

For 1 in. thick glass detection efficiency for 1 keV neutrons is
approximately 20%.
DISCRIMINATION AGAINST GAMMA RADIATION:
with thin glass (see graph).
LIGHT OUTPUT: 30%, anthracene,
STABILITY: Chemically inert and stable up to 600°C.
DECAY CONSTANT: 75 x 10 seconds.
CLARITY: Optically clear,

Glass scintillators for use with pulse shape discrimination technique
{NE 907 and NE 908) are now available.

CATALOGUE 1965/66 (102 pages fully illustrated) giving fuii
details of specifications available on request.

NUCLEAR ENTERPRISES (G.B.) LTD.

'SIGHTHILL, EDINBURGH 11, SCOTLAND

Excellent especially

W/AV/IJ?/IJ#’/IW:Z’///I///////I//M’JW/////

Telephone: CRA 4060. Cables: ‘Nuclear, Edinburgh’
Canadian Associate: Nuclear Enterprises Ltd., 550 Berry St., Winnipeg 2.
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3o Mc MULTISCALER SYSTEM

WITH AUTOMATIC RECORDING
OF INFORMATION

Completely transistorised

Guaranteed to work up to $5° G (131°F)

version of the system developed at CERN - the European
QOrganisation for Nuclear Research.

Compatible with CERN standard systems.

Results recorded by print, punch or magnetic tape.

Rapid adaptation by general control unit to all usual recording
systems.

Scaler input level : 500 mV min., 12 V max, Resolution better than
30ns with triple pulsing.

ACCESSORY PLUG-IN UNITS:

¢ Code converier

Time base

Delay unit

Control unit

Scaler convertible from 23 to 1 X 6 decades
10 channel pattern unit

Parameter indicator

Remote control box

OTHER PRODUCTS:

¢ Fast discriminators

Fast linear gates

Triple coincidence units
Delay boxes

Attenuators

Photomultiplier bases
Transistorised power supplies

STUDY AND DEVELOPMENT OF SPECIAL APPARATUS

PLANNING AND PRODUCTION OF EQUIPMENT
FOR INDUSTRIAL AUTOMATISATION
AND DATA HANDLING

SOCIETE D’ELECTRONIQUE NUCLEAIRE

73, RUE DE LYON - GENEVE[SUISSE - TELEPHONE : {022) 44 2940

AGENTS: ZDRICH OFFICE: M. Georges HERREN, Dipl. Ing. ETH. @ FRANCE:
S.A.LP. MALAKOFF (Seine) ® ITALY: SOC. EL. LOMBARDA-SELO MILAN @
GERMANY : HERFURTH GmbH. HAMBURG-ALTONA @ HOLLAND: DESSING - ELEC-
TRONICA AMSTERDAM-Z @ SWEDEN :OLTRONIX A B.VALLINGBY/STOCKHGLM @
U.S.A.; NUMINCO APOLLQO, Pa. @ ISRAEL: PALEC LTD. TEL-AVIV @ AUSTRALIA :
A.A. GUTHRIE PTY, Ltd, MARRICKVILLE, NSW. @







Adsorption and
Desorption of

Water Vapour on
«Molecular Sieve 5 A»

4 4-10+ To""/g-sec

+3-10+¢

+2-10+

0

_ —Pp An
SORBOPRINT SPG 1

A complete measuring equipment for:

Adsorption
Isobar measurement of the adsorption or desorption rate.
Also determination of adsorbed or desorbed gas quantities.

Absorption

Determination of coefficients of diffusion and of gas
solubility,

Permeabhility
Determination of the penetration times.
Measurement of diffused gas quantities.

Drying
Determination of the solvent content.
Measurement of the drying speed.

BET-isotherms
Determination of specific surfaces.

BALZERS

BALZERS AKTIENGESELLSCHAFT FUR HOCHVAKUUMTECHNIK UND DUNNE SCHICHTEN
FL-9496 BALZERS + PRINCIPALITY OF LIECHTENSTEIN

DISTRIBUTED BY BENDIX-BALZERS VACUUM, INC. ROCHESTER, NEW YORK



