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Comment

The October Council Meeting, where de-
cisions on the 300 GeV project were to be
taken, was not held. The decisions will
now be forthcoming in December.

Does another three months delay
matter? Not in itself, particularly if ab-
sorbed in pushing through remaining ad-
ministrative decisions. But it depends
what three months are being added to,
and, clearly, time is running out for the
300 GeV project.

It is vital for the 1980's that Europe
achieves experimental facilities of the very
highest quality, comparable to or better
than those anywhere else in the world.
This is needed to keep the field of particle
physics vigorously alive, to retain the
interest of the highest calibre of scientist
and, ultimately, to make the investment of
the Member States worthwhile. And with
the 200-400 GeV project in the USA al-
ready several years in advance, Europe
does not want to come along so late that
it is left to dot the ‘i's and cross the,‘t's of
the creative work done elsewhere. The
final design of the 300 GeV machine will
already be taking account of the progress

in the USA and will no doubt be able to
achieve something different and better in
one respect or another of the machine
design. However the time is not far off
when the European project will need to be
radically different.

Why should this be worrying? The time-
scale for the development of radically new
techniques, added to the timescale for
political approval, added to the timescale
for construction of a large new Laboratory
could then mean as long as fifteen years
before Europe is ready with its next gener-
ation accelerator. It would take a confident
man to assert that particle physics in
Europe could retain its present strength
with existing facilities over this length of
time.

Is it important that particle physics
should continue prominently in Europe? In
an ideal world probably not. It seems right
that the fascinating penetration of the
nature of matter should continue, but it
could be done elsewhere. And it does
not need much imagination to think of
other activities which could usefully draw
the resources of Europe.
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But to sacrifice particle physics certainly
does not mean that the resources will go
into something equivalent. CERN and
related Laboratories are a successful ven-
ture in physics, and they themselves re-
present just the tip of the iceberg in terms
of their total effect on physics. The ex-
istence of their excellent experimental
facilities and the high calibre of scientist
that they attract has an effect which gives
extra vitality, both directly and indirectly,
to physics departments in Universities
throughout Europe.

Also CERN is a successful venture in
terms of the organization of large scale
science. It is perhaps the most successful
of all the efforts at European collaboration.
When there is much that has not suc-
ceeded, it would be a pity to jecopardize
that which has.

Despite the serious problems which in-
dividual countries seem to be confronting
one after another, Europe still has colossal
resources both materially and intellec-
tually. Particle physics is a comparatively

small but significant field where, at
present, they are being successfully
applied.

Physics in the 20" Century

Professor Weisskopf spent several summer months
at CERN working in the Theory Division. During
his stay he has given three talks to the Summer
Vacation Studenis under the title ‘Fundamental
Questions of Physics’, Seme of the themes in

his talks also appeared in the talk which he gave
at the Inaugural Conference of the European
Physical Scciely in April. The Proceedings will
be published as a special issue of ‘La Rivista
dal Nucvo Cimento’ and can be purchased from
Messrs. Editrice Compositari, Viafe XII Giugno {1,
40124 Bologna, af an estimated cost of § 72.

Reviewing the develepment of physics in
the 20th century is indeed a dazzling ex-
perience. Relativity, quantum theory, ato-
mic physics, molecular physics, the phy-
sics of the solid stale, nuclear physics,
astrophysics, plasma physics, particle phy-
sics, all these new insights into nature are
children of the 20th century.

There was a definite change in the cha-
racter of physics at the turn of the century.
The older physics was under the speil of
two fundamental forces of nature: gravity
and electromagnetism. The development of
classical mechanics from Galileo and New-
ton to Lagrange and Hamilion had shown
the validity of the same natura! law, the
law of gravity, on earth and in the uni-
verse. Electrodynamics, a child of the 19th
century, reared by Faraday, Maxwell and
Hertz, was the first extensive application
of the field concept in physics; it revealed
the importance of electric phenomena in
matter. The discovery of the electromag-
netic field as an independent entity in
space, the spectrum of electromagnetic
waves, the electromagnetic nature of light,
are some of the greatest human insights
into the natural world. But the properties
of matter were not understood at that time,
they were not deduced from more ele-
mentary concepts, they were measured
and expressed in the form of specific
constants of materials, such as elasticity,
compressibility, specific heat, viscosity,
conductivity of heat and electricity, dieleg-
tric and diamagnetic constants.

The physicists of the 19th century were
not unaware of the importance of inter-
atomic forces for the determination of
material properties. But there was no way
of telling what the origin of these inter-
atomic forces was, and how to account
for their strength or absence. The great
variety among the properties of the differ-
ent elements was not considered a topic

V. F. Weisskopf

for physicists; it was the task of the
chemists to analyze and systematize them,
as was done so successfully a hundred
years ago by Mendeleyev in his periodic
system of elements. The specific features
of the different species of atoms, their
characteristics optical spectra, their che-
mical bounds, were kncwn and catalogued
by the chemists, but they were not consi-
dered a suitable subject for physicists.

The electron was already discovered
before 1900 and it became obvious that
electrons must be essential parts of the
atomic structure, but classical physics
could not give any clue as to the kind of
structure one should expect within the
atoms. The discovery of a quantum of
electric charge, dominating all electric and
optical phenomena was the beginning of a
long development, in which deep insights
into the essence of matter were gained.
It behoves us to say, however, that the
significance of this unit of charge is sfill
a major riddle today, a hundred years after
its discovery.

In physics, the 20th century truly begins
in the year 1200. This date is not an acci-
dent, it is the year of publication of Max
Planck’s famous paper on the quantum of
action, the birth year of quantum theory.
It is impressive to contemplate the rate of
progress in the first quarter of this cent-
ury: Planck’s quantum of action in 1900,
Einstein’s special relativity theory in 1905,
Rutherford’s discovery of atomic structure
in 1911, Bohr's quantum orbits and expla-
nation of the hydrogen spectrum in 1913,
Einstein's general relativity in 1916, Ruther-
ford’s first nuclear transformation in 1217,
Bohr's explanation of the periodic table of
elements {Aufbauprinzip) in 1922, the dis-
covery of quantum mechanics by de Bro-
glie, Heisenberg, Schradinger and Bohr in
1924-26, the exclusion principle by Pauli in
1925, the electron spin by Uhlenbeck and
Goudsmit in 1927, the relativistic guantum
mechanics by Dirac in 1928, Heitler-Lon-
don’s theotry of the chemical bond in 1927,
the theory of metallic conductivity by
Bloch and Sommerfeld in 1930, Let us stop
there, although the rate of progress by no
means stopped in 1930; it went on for at
least another ten years, before slowing
down to the relatively slow pace of today.

Among the great systems of ideas which
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were created in that period, relativity theo-
ry, special and general, has a place some-
what different from the others. It was born
in the 20th century as the brain child of
one towering personality. It is a new con-
ceptual framework for the unification of
mechanics, electrodynamics and gravity,
which brought with it a new perception of
space and time. This framework of ideas,
in some ways, is the crowning and syn-
thesis of 19th century physics, rather than
a break with the classic tradition. Quantum
theory, however, was such a break; it was
a step into the unknown, into a world of
phenomena that did not fit into the web
of ideas of 19th century physics. New ways
of formulation, new ways of thinking had to
be created in order to gain insight into the
world of atoms and molecules, with its
discrete energy states and characteristic
patterns of spectra and bonds.

These new ways of thinking were formu-
lated and codified in the midst of the
third decade of this century. The wave
particle duality was proposed by de Bro-
glie in 1924, the equation for particle-
waves was conceived by Schrédinger in
1925. In these years the concepts of quan-
tum mechanics were expressed and criti-
cally analyzed in Copenhagen under the
leadership of Niels Bohr, with the help of
ideas of Heisenberg, Kramers, Pauli and
Born. The ink of these papers was hardly
dry when the new way of thinking was
applied successfully to explanations for
almost all atomic phenomena that puzzled
physicists since they had been discovered.
The rules of quantization of Bohr and
Sommerfeld, which seemed arbitrary when
they were invented, tumed out to be logi-
cal consequences of quantum mechanics;
atomic spectroscopy became a deductive
science; the semi-empirical Aufbauprinzip
of Niels Bohr emerged logically from
guantum mechanics, with the help of
Pauli's exclusion principle. Mendeleyev’s
periodic table was easily explained. A few
years later, the chemical bond was under-
stood as a quantum mechanical pheno-
menon, so was the structure of metals and
of crystals. A variant of a famous Churchill
statement can aptly be applied to this
golden age of physics: ‘Never before have
so few done so much in such a short
time’.

Let me mention three characteristic
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features which quantum mechanics has
brought to our view of the atomic world.
First, it has introduced a characteristic
length and energy which deminate the
atomic phenomena, endowing them with a
scale and a measure. The combination of
electrosiatic attraction between the nu-
cleus and the electron on the one hand,
the typical quantum kinetic energy of a
confined electron on the other hand,
define a length: the Bohr radius, and an
energy: the Rydberg unit. The size of the
atoms is determined by the length which
is the combination h*me? of a few funda-
mental constants, the unit of charge e, the
electron mass m, and the quantum of
action h. The Rydberg unit is given by the
combination me*/h?. Thus atomic sizes and
energies are basically determined and
explained.

Second, quantum mechanics introduces
a ‘morphic® trait, previously absent in
physics. The electron wave functions re-
present special forms of patterns of simple
symmetry, characteristic of the symmetry
of the situation which the electron faces
in the atiractive field of the nucleus and
of the other electrons. These patterns are
the fundamental shapes of which all things
in our environment are made. These
shapes are directly determined from the
fields of force which bind the electrons.
Here quantum mechanics has created the
concept of ideal identity. Two atoms are
either in the same gquantum state, then
they are identical; or in different ones -—
then they are definitely non-identical. The
continuous transition between identical,
almost identical and different has disap-
peared.

The third feature is the use of quantum
numbers for the characterization of quan-
tum states. Quality is reduced to quantity:
the number of electrons and the quantum
numbers of a given state fully determine all
properties of the atom in that state. Pytha-
gorean ideas are reborn here: the spec-
trum of frequencies of an atom represents
a characteristic series of values, the typi-
cal chord of that atom, as it were; the
‘harmonies of the spheres’ reappear in
the world of atoms. Kepler's speculation
of simple geometrical and numerical ratios
between the sizes of planetary orbits in
the solar system proved io be wrong, but
it is reborn in the electron orbits of the

atom, as a direct consequence of quantum
mechanics.

A fundamental problem of natural philo-
sophy was solved by the discovery of laws
which give rise to specific shapes and
well-defined entities. Clearly, Nature is
basically made of such entities, as our
experience tells us every day; materials
have characteristic properties, iron re-
mains the same iron after evaporation and
recondensation. The specific properties of
matter were the subject of chemistry be-
fore and not of physics. Quantum mecha-
nics explains these properties and thus
has eliminated chemistry as a separate
science.

The infinitely varied, but well defined,
ways in which atoms aggregate to larger
units are now accessible to a rational
interpretation in  quantum mechanical
terms. A theory of the molecular bond
came into being in which electron wave
patterns keep atomic nuclei together in
the right arrangement. Since one again
deals here with the interaction of nuclear
charges and electrons, the same sizes and
energies must appear as in atoms, giving
rise to interatomic distances of a few Bohr
radii and binding energies of the order of
electronvolts. Atomic aggregates consist of
iwo kinds of particles, heavy nuclei and
light electrons, which are bound to each
other by mutual attraction. The interatomic
distances are fixed by the size of the
electron cloud, a length which also can be
regarded as the amplitude of the zero
point oscillation of the electron. Because
of the much heavier mass, the zero point
oscillations of the nuclei in a molecule are
much smaller (the ratio is the square root
of the mass ratio); hence the nuclei form
a rather well localized skeleton in mole-
cules and solids, a fact which introduces
a structural feature into chemistry, and
material science, with all its architectonic
conhsequences. The quantum mechanical
description of atomic aggregates leads to
an understanding of all these material pro-
perties and material constants of which
classical physics ceollected empirical in-
formation. In principle, all these constants
that we mentioned above can be predicted
and expressed in terms of the fundamental
constants e, m, h and the nuclear masses.

The well-defined structure of the nuclear



framework in molecules is of special sig-
nificance in macromolecules, which are
leng linear arrays of melecular groups.
The enormous number of different order-
ings of these groups, each order being
well defined and reasonably stable, is
reflected in the numerous species of living
systems in our flora and fauna, due to an
intricate copying and reproduction process
which has been unravelled during the fast
decade. So chemistry, material science
and molecular biology are direct descen-
dants of the quantum mechanics of elec-
trons in the Coulomb field of atomic nuclei.
The basic structures have a limited stabi-
lity measured in fractions of the characte-
ristic energy unit, the Rydherg. Perturba-
tions of a strength of a few electronvolts
would disrupt them. This is the tender
world of chemistry and biclogy which is
destroyed at temperatures higher than a
few electronvolts as is the case in most
stars. Matter, in the form in which we are
accustomed to see it, is a rare phenome-
non in the universe. There is more bet-
ween heaven and earth.

The faint glow of radium in Mme Curie’s
hand was the first indication of the exist-
ence of other phenomena in matter. It was
soon apparent from radioactive processes
that there must be much higher energies
than the Rydberg unit relevant in the atom.
Rutherford made use of these energies in
order to penetrate into the structure of
atoms, when he discovered the atomic
nucleus by anomalous scattering of alpha-
rays in atoms. Incredible as it may seem,
he used the same tool only six years later
(1917) in order to study the composition of
the nucleus and found that some of its
constituents are protons. A new world of

phenomena was discovered. However, the
composition of the nucleus was only dis-
closed fifteen years later in the great year
of physics, 1932. In that year Chadwick
discovered the neutron, Fermi published
his theory of the radioactive beta-decay
and Anderson and Neddermeyer discover-
ed the positron. Each of these three dis-
coveries had far-reaching significance.
The existence of the positron confirmed
the validity and depth of Dirac’s relativistic
wave equation (1927), one of the most
remarkable examples of the power of ma-
thematical thinking. This equation — a
marriage of quantum mechanics with rela-
tivity theory — demonstrated the necessity
of the existence of an electron spin with
its typical magnetic moment. In addition,
it exhibits a fundamental symmetry corre-
sponding to the existence of two types of
matter, ordinary matter and antimatter with
equal properties but opposite charges and
other characteristic quantum numbers.
The discovery of the neutron as a con-
stituent of the nucleus revealed the exist-
ence of a new force in Nature. It pointed
towards a strong non-electric effect which
keeps neutrons and protons tightly bound
with the confines of the nucleus. Here
a manifestation of something new was ob-
served, a new force of nature without any
analogue in macroscopic physics. The
strong interactions were discovered.
Fermi's theory of the beta-decay demon-
strated the existence of another interaction
between elementary particles. A neutron
can transform itself into a proton with the
emission of a lepton pair — an electron
and a neutrino. This is the so-called weak
interaction which appears as a fourth inter-
action, besides the gravitational, electro-
magnetic and strong. It is so weak that the

Protessor Weisskopf speaking at the inaugural
Conference of the European Physical Society in
Florence.

(Phato Torrini)

time scale of its nuclear processes is of
the order of seconds, days or years. Thus
the year 1932 was the beginning of a new
type of physics dealing with the structure
of the nucleus and its constituents, and
working with hitherto unknown forces and
interactions.

Let us return to the force between neu-
tron and proton. Scattering experiments
have reveated a rather complicated struc-
ture of this force. It is short-ranged and
attractive, except for small distances of
less than a Fermi when it becomes repul-
sive. It is also strongly dependent on the
relative spin orientation of the two particles
and on the symmetry of the wave function.
In this respect, as well as in respect to the
repulsive nature at small distance, it re-
sembles the chemical force between two
atoms, an analogy to which we will return
later. As an estimate of the strength of
attraction, let us compare it with the elec-
trostatic attraction which would be present
if the neutron and the proton had opposite
electric charges g and -g. It turns out that
the nuclear attraction is roughly equivalent
to an electric attraction between two oppo-
site charges of a size g ~. 3e. This infor-
mation allows us to estimate the approxi-
mate size and energy of simple nuclear
systems by applying the same quanium
mechanical principles as was done for the
atom. All we have to do is fo take the
expressions for the Bohr radius and Rydberg
unit and change e into g, and the electron
mass into the nuclear mass. We then ob-
tain the nuclear Bohr radius (h¥mg® of
about 2 x 10°"® ¢m, and the nuclear Ryd-
berg (mg¥h? of about 3 MeV. Nuclear
systems are 107 times smaller than atomic
systems and the relevant energies are in
the million electronvolt region.

Once the nuclear force was established,
quantum mechanics could be applied to
the nucleus as a system of neutrons and
protons. We find in nuclear physics a
repeat performance of atomic guantum
mechanics, but with a different scale of
units. Nuclear energy level spectra pre-
sented a similar structure to atomic spec-
tra, with the same kind of quantum num-
bers. One significant addition appeared
however, the isotopic spin quantum num-
ber. It originates from the fact that the
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nuclear force does not distinguish neu-
trons from protons so that one should con-
sider the two particles as equivalent states
of a single particle, the nucleon. Thus a
formally similar situation arises as with the
two ordinary spin states of a fermion, and
this analogy led Heisenberg to the intro-
duction of the important concept of isoto-
pic spin and its quantum numbers.

The weak interactions provide a process
of changirg a neutron into & proton and
vice versa, so that the spin analogy has
also a dynamical sense. The nuclear sys-
tem therefore is not an entity with fixed
numbers of neutrons and protons; all that
is fixed is the total number A of nucleons.
All nuclei with equal A belong to the same
quantum system and one finds approximate
degeneracy and other typical relations be-
tween quantum states of nuclei with equal
A, which differ only by the replacement of
neutrons by protons.

There are many striking similarities be-
tween atomic and nuclear structure, One is
the periodicity of properties as a function
of the atomic number A, arising from a
similar shell structure. The occupation
numbers at which the shells are completed
are slightly different because of the differ-
ent nature of the average potential and
because of the important role which spin
orbit coupling plays in nuclei. The role of
the noble gases, censisting of high stabi-
lity and low reaction rates, is played in
nuclear physics by those nuclei for which
shells are completed.

The analogy between atoms and nuclei
is perhaps not thoroughly justified. It is
probably more correct to compare nuclei
with molecules where the nucleons play
the role of the atoms rather than the nuclei.
Why ? The force between nuclecns is
complicated, both in its dependence on
distance and on other properties. That
force is much more like the chemical force
between atoms, with its repulsive character
at small distances, its minimum of poten-
tial in between and its dependence on the
symmetry of the wave function. It is tempt-
ing to assume that, in analogy to the che-
mical force, the nuclear force is not a
fundamental force such as the elecirostatic
attraction; it may be a derived effect of a
more basic phenomenon residing within
the nucleon, a residue of something much
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more powerful and simple, just as the
chemical force Is a residue of the Cou-
lomb attraction between electrons and
nuclei within the atom.

Modern particle physics has discovered
much evidence for an internal structure of
the nucleon but has not yet been able to
interpret it. The most important evidence
is the fact that the nucleon seemingly
changes its state when bombarded with
energetic particle beams. [t can be excited
to a large number of quantum states. These
states form a level spectrum which re-
presents a third spectroscopy in which
excitation energies are measured in GeV
and not in MeV as in nuclei, or eV as
in atoms. This level spectrum shows similar
regularities as the others, the same quan-
tum numbers appear with addition of a new
ohe introduced by Gell-Mann and Nishijima,
the hypercharge or strangeness. Transitions
between the states occur again with emis-
sion or absorption of light quanta and
lepton pairs, but a new form of energy ex-
change was found: the absorption or emis-
sion of mesons. The search for the internal
structure of the nucleon is one of the most
challenging frontiers of modern physics.

The existence of excited states certainly
points to some internal dynamics. The
presently known spectrum of these states
exhibits certain regularities which are
vaguely related to those of a system con-
sisting of three kinds of particles with
haif-integer spin, sometimes referred to as
‘quarks’ or ‘stratons’. In addition, the
regularities in the spectrum of mesons —
they also have been observed in many
quantum states forming a spectrum —
point towards a structure of mesons being
made up of a pair of a quark and its anti-
particle. In this hypothetical picture, the
mesons are the quantum states of a quark-
antiquark system, in analogy to positro-
nium, which is an electron-positron system.

The question of an internal structure
of the electron has not yet been opened.
The most puzzling aspect of this question
is the existence of the heavy electron or
muon, a particle which, seemingly, is in
every respect identical with the electron,
except that it is 200 times heavier. 1t
may be that the four known leptons —
electron, muon, two types of neutrinos —
represent the beginning of a more compli-

cated lepton spectrum. Although today the
electromagnetic interactions of the elec-
tron are extremely well described by the
almost perfect theory of quantum electro-
dynamics, there remain grave questions
regarding the nature of the electron: the
reason for the apparent unigueness of the
elementary charge, the existence of the
heavy electron, the source of the electron
mass and, last but not least, the nature
of weak interactions with their puzzling
violations of established symmetries, such
as right- and left-handedness and matter-
antimatter symmetry.

Modern particle physics presents many
challenging problems for the understand-
ing of the numerous unexpected pheno-
mena which were discovered. Theoretical
understanding does not yet go very far,
although theoretical physicists here con-
tributed many ideas, models and analogies
in order to correlate and systematize the
wealth of experimental material. There is
no Rutherford of particle physics vet, but
neither has its Niels Bohr appeared. The
lack of success is not caused by any lack
of intellectual effort. The great insight into
what goes on within a so-called elemen-
tary particle is not yet at hand.

{There is another variation of Churchill’s
remark: ‘Never have so many done so
{ittle in so fong a time’. The value of achie-
vement, however, must be measured in
terms of the greatness of the task. Let me
quote a favourite story of Niels Bohr about
a British Lord telling of his exploits in lion
hunting. When a young lady in the audi-
ence asked him how many lions he caught,
he replied ‘None'. Whereupon the lady
retorted ‘Isn’t that rather few’. The Lord’s
reply was: ‘Not for lions’.)

So far, we have sketched the develop-
ment of our knowledge of the structure of
matter in the 20th century, from atomic
physics to modern particle physics. Science
develops not only in this ‘intensive’ direc-
tion towards smaller sizes, higher energies
and towards phenomena and laws which
are hidden deeper within the units of
matter. There is also an ‘extensive’ direc-
tion of development in which the know-
ledge of the basic laws and properties of
matter are applied to the understanding of
broader fields of enquiry.

Mecdern physics of the solid state can



give a detailed account of the behaviour
of metals, semi-conductors and crystals of
all kinds. In particular, the behaviour of
solid matier at very low temperature
revealed phenomena such as supercon-
ductivity, which, for a long time, defied all
explanation. But also these phenomena
together with the superfluidity of certain
liquids at low temperature, turned out fo
be understandable and derivable from the
same basic assumptions about the quan-
tum nature of atomic dynamics. It took a
iong time until adequate concepis were
found which made it possible to formulate
the main features of the quantum beha-
viour of systems with many constituents.
Once such concepts were formed, they
helped not oniy to understand the strange
behaviour of bulk matter at low tempera-
tures, but also some features in the beha-
viour of heavy nuclei, and these concepts
served even to elucidate some problems of
quantum electrodynamics and other fleld
theories. The applicability of new concepts
in many fields of physics 1s one of the
gratifying developments which emphasize
the unity of physics.

New vacuum technigues, microwave de-
vices and strong magnetic fields make it
possible to study plasmas, a form of matter
at high temperatures and low pressure
where most elecirons are no longer in
their atemic quantum orbits. This state of
matter is very common in the universe, in
the interior of stars as well as in the
expanses of space. The behaviour of the
plasma state is dictated by very simple
laws; the electromagnetic interaction bet-
ween nuclei and electrons, Quantum
effects are negligible because of the high
excitation. Hence we are dealing with the
classical physics of electrons and nuclei
which, surprisingly, is more complicated
than quantum physics because of non-
linear effects and various instabilities.

An account of physics in the 20th cen-
tury would be very incomplete without
mentioning astrophysics. it is a science
born in this century and is the frontier of
physics at exiremely large distances, in
contrast to particle physics, which is the
frontier of extremely small distances, There
is good reason to believe that the two are
intimately related. There were two major
insights which have shaped this branch of

science. First, the recognition of nuclear
reactions as the source of stellar energy,
and second, the discovery of the expand-
ing universe. The first discovery has shown
that nuclear reactions are infinitely more
important for the production of energy than
ordinary chemical reactions. However,
nuclear processes do not occur on earth
with the exception of those few radioactive
elements which are the last embers left
over from the great supernova explosion
in which cur terrestrial matter was produc-
ed. We had to repreduce nuclear proces-
ses in our laboratories in order to study
them, The places in the universe where
they occur at a large scale are the inte-
riors of the stars and the big star explo-
sions. It was no mean feat of man to
recreate on earth processes which natu-
rally are found only in the cenire of stars
and to make technica! use of them, al-
though some of these uses have been
destructive ones.

The second discovery, the expansicn of
the universe, is mysterious and of funda-
mental significance. A new time and space
scale appears. It is the time in which the
universe has expanded to its present state,
an interval of approximately 10" years. We
are very far from knowing what the uni-
verse was like at the beginning of this
time, but one fact is sure: the matter of
our present universe was in a very different
state at that time. The time interval also
defines a length (the distance that light
travels during that interval); it is the radius
of the present universe, from beyond which
no message can ever reach us. It defines
a maximum size — about 10" light years
— in which our world is embedded.

The 20th century is to the universe what
the 16th was to the earth: Magellan sailed
around the planet and showed that there
is a finite surface to it. We have learnt
in this century that there is a finite uni-
verse which we can be in contact with and
we have almost fathomed its depth when
stellar objects were seen with a red shift
of the order unity.

Modern astrophysics has brought a new
aspect into physics: the historical perspec-
tive. Previously, physics was the science of
things as they are; astrophysics deals with
the development of stars, of galaxies, with
the formation of the elements, with the
expanding universe. There are many un-

solved questions in this history, many
phenomena such as quasars, which are
unexplained, but part of this history is
fairly well understood. It is the part in
which stars are formed from a hydrogen
cloud, elements are formed by synthesis
from hydrogen, stars are developing
through different states — some ending as
cold chunks of solid matter, others ending
in tremendous explosions which we observe
as supernovas, sometimes leaving behind
fast spinning neutron stars. One of these
explosions occurred in the year 1054 AD
and left the famous Crab Nebula behind
in which we see the expanding remnants
of the explosion with a pulsar in the
centre,

The kinetic energies produced when
larger stars contract after their nuclear fuel
is exhausted, are such that individual pro-
tons reach energies of the order of a GeV,
that is the energy of their rest mass. There-
fore high energy physics will come into
play at these stages of development and
all the newly discovered phenomena of
nucleon excitation and meson production
will take place at a large scale, just as
nuclear reactions take place at a large
scale in the centre of ordinary stars. Per-
haps it is significant that such energies
are reached when the gravitational energy
of a particle becomes of the order of its
mass. This is the so-called Schwartzschild
limit, at which the gravitational field be-
comes critically large and bends the local
space such that light may not be able to
leave, if our present ideas of gravity are
still applicable to such unusual conditions.
This may point to a connection between
high energy physics and gravitational phe-
nomena.

The cosmological aspects of matter
reveal a certain insignificance of electronic
guantum physics in the universe. Only
rarely is matter in a state where the guan-
tum properties of electrons arcund nuclei
are of relevance. Mostly, matter is too hot
or toc dilute. But it is at those special
spots where quantum orbits can be formed
that nature developed its atoms, its aggre-
gates, its macromolecules and its living
objects. It is there where the greatest
adventure of the universe takes place
where Nature in the form of man begins
to understand itself.
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CERN News

Butanol targets

Since it became technically feasible from
1962 {fo build polarized proton targets,
they have been used in about fifty experi-
ments at CERN and in a number of other
Laboratories. Up to now, these targets
have been made of a complex substance
(LMN) containing a certain proportion of
‘free’ protons (nuclei of hydrogen atoms)
whose spins become polarized at very
low temperature (around 1° K} under the
combined influence of a high constant
magnetic field of about 20 kG and a
weaker magnetic field with a very high
frequency, generally around 70000 MHz.
(The ideas and techniques involved were
described in CERN COURIER, wvol. 7,
page 28.)

Thus polarized, these targets may be
used in a wide variety of experiments —
to determine the spin or parity of strange
particles or resonances ; to study the role
of spin in the dynamics of the interaction
by measuring polarization parameters,
spin rotation, spin-spin correlation, etc;
to check the invariance properties of
strong or electromagnetic interactions ; to

polarize intense neutron beams by trans-
mission {this was done recently for
example, with neutrons emitted by an
underground atomic explosion, by a Los
Alamos group in Nevada).

Untit 1969, LMN {doubie nitrate of lan-
thanum and magnesium — La:Mgs (NO)w2
24H20) had been used exclusively. In spite
of the high percentage pelarizations
obtained, varying from 50% to 7%
according to Laboratory, this substance
has the great drawback, as can be seen
in the chemical formula above, that it
contains many complex nuclei, which are
not polarized. Moreover, the percentage
polarization is very sensitive to radiation
damage from the beams: for example,
polarization is reduced to about half its
initial value after the target has been
exposed to 2 X 10" minimum ionizing
particles per square com.

In recent vyears, several Laboratories
have been carrying out research into
substances which have a higher density
of hydrogen nuclei and less heavy nuclei
and which are more resistant to radiation
than LMN. At CERN, this research beganin
1966, carried out by M. Borghini, S. Man-

—
=
=
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Comparison of the performance of a LMN and
a hutanol target for elastic scattering of
protons (pp — pp at 1.22 GeV/c). The number
of events is piotied vertically against the
scattering angle. The advantage of the butano!
compared to the LMN target is the reduction
of the background by a facter of 2.5, if only
very fose co-planarily requirements for the
interaction are applied.

go and O, Runolfsson, and quickly showed
good results with ethyl alcohel diluted
with a little water. Unfortunately, these
results were sometimes difficult to repro-
duce. (Nevertheless, these targets were
used at the Cambridge Electron Accel-
erator in 1968 to check time reversal in-
variance of the electromagnetic interaction.)

A systematic study has been made of
alcohol mixtures, aleohol and water mix-
tures and of the role of dissolved mole-
cular oxygen, which led fo the choice of
a mixture of 95% ncrmal  butanol
{C«HsOH) and 5% deoxygenated water
containing approximately 1% free radical
porphyrexide (percentages by weight).
Reproducible poiarizations of the order of
40°% can be obtained in targets of vo-
lume 5 to 10 cm®.

The first butanol polarized target was
used at CERN in March 1969 for the study
of positive kaon - proton and anti-proton -
proton scattering at several GeV by the
CERN-Holland group, and a second in
May for the study of elastic scattering
using proton, positive and negative pion,
and positive and negative kaon beams at
over 5 GeV by the CERN-Orsay-Pisa
group. A third target of the same design
constructed at Lawrence Radiation Labo-
ratory, Berkeley, has been in use at the
Stanford Linear Accelerator since April
again checking, with greater precision,
time reversal invariance in the electro-
magnetic interaction, and it is now being
used to measure the polarization para-
meter in positive pion photo-production at
high energies. For these latter experiments
it has been necessary to have beams of
very high intensity, for example 10" elec-
tfrons per second: alcohol targets are
about 200 times more resistant to ra-
diation damage than LMN and can toler-
ate these conditions.

The following table is a comparison of
some of the characteristics of the two

substances at a field of 25 kG and a
temperature of 1° K.
LMN  Butanol
Maximum polarization 70 % 40 %,
Hydrogen density
{g/em?) 0.06 0.12
Bound/Free protons 15 3.2

Acceptable number of
minimum ionizing

particles/cm? 22X 10" 410"



Filfing the farge container with frozen butanol
spheres at 77° K. The cryostat was pre-coofed and
coveraed with plastic to avoid water

condensation. The photograph was taken in

the polarized target feboratory at CERN where
target materials are developed and tested

before use in an experiment.

As can be seen, the percentage of po-
larized hydregen nuclei is higher in LMN
than in butanol, which is an advantage of
LMN for certain experiments, for example
the polarization of neutron beams by trans-
mission. However, butanol contains twice
the amount of polarized hydrogen and 2.5
times less protons or neutrons bound in
complex nuclei per unit volume. These
two factors are important: they determine
the number of useful events produced on
polarized hydrogen and the number of
background evenis produced on bound
non-polarized protons or neutrons which
must be eliminated from the experimental
data when it is analysed. The advantage
that butanol has over LMN is the ease
with  which it eliminates background
though this depends on the nature of
each experiment.

For experiments such as elastic scatter-
ing of protons, pions or kaons on pola-
rized protons, which give rise to two
charged particles of a relatively low ener-
gy, it is possible to distinguish between
useful and background events using an
LMN target and there is therefore no
great call for butanol targets. This is not
the case if the cross-sections are low
and if the interactions under study are
partly masked by other interactions pro-
duced simultanecusly.

For other experimenis, such as the
study of charge exchange reactions
a~p— na°nand x- p — 7°n which have
already been studied with LMN at CERN
and K- p — K° n at Argonne, the number
of useful events would be increased by
a factor of the order of 5 to 10 if it was
not necessary to observe the neutron.
Polarized butanol targets are then a
considerable improvement on LMN. Pro-
posals for experiments of this type have
recently been put forward at CERN.

Cne other advantage of butanol pola-
rized targets which has already been
mentioned is their resistance to radia-
tion. This is cnly a minor advantage for
the intensities of ordinary particle beams
used for experiments at CERN. However,
for the low cross-section interactions, such
as high energy wide-angle proton - proton
scattering, elastic or inelastic electron
scattering and photo-production it would
be impossible to use LMN. The develop-
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ment of butanol targets is therefore of
crucial importance.

Polarized proton targets have aroused
great interest at CERN and other Labo-
ratories, and efferts are being made to
improve them. Work is going on in three
directions :

1} searching for new substances ;

2) lowering the operating temperature
to 0.5° K for instance;

3) increasing the magnetic field to 50
kG and the frequency of the alternating
field to 140 000 MHz.

The most recent progress made on sub-
stances is the production of strong pola-
rizations (50% at 1° K} with ethyl glycol
C2Hs(OH)2 containing a chrome complex
by H. Glattli et al. at Saclay. Although the
glycol contains less hydrogen and more
complex nuclei than butanol, it is inter-
esting because of its higher polarization.

Concerning the influence of tempera-
ture on pclarization ; measurements taken
at 0.5° K by A. Masaiké et al. at Saclay
and R. Hill et al. at Argonne have given
polarizations of 82 % in ethyl giycol and
67 % in butanol respectively using small
samples of 10 to 100 mm?d.

Finally, superconducting coils, which
enable fields of 50 kG to be obtained,
have now been constructed or are under
constructicn at Argonne, Saclay and CERN
and new results may be expected soon.

PS Shutdown

The annual shutdown of the PS began on
13 October, to last until 26 November. It
is being used for the usual overhaul and
maintenance work and for a large number
of modificaticns to a variety of compo-
nents, Most of these modifications are

relatively minor, and it would take up toco
much space to give a detailed list here.
Only the more important ones will there-
fore be mentioned.

Linac

A lot of work will be done on the Linac
in the context of the PS improvement pro-
gramme. The pulse repetition frequency is
to be doubled (from 1 to 2 per second)
and the pulse length is to be increased
fivefold {from 20 to 100 ps). Points worthy
of special mention include:
a) installation of optical links with the icn
source contro! platform (five infra-red
channels such as were described in CERN
COURIER vol. 9, page 104);
b} installation of new digitized servo-con-
troiled tuning systems based on the use
of a stepping-motor (200 steps per revo-
lution) which will allow certain changes in
the accelerating field in the linac tanks to
be computer-programmed;
¢} modification of the power dividers and
dephasers of the cavity amplifiers, which
will be fitted at the inputs to the GFTH
amplifiers;
d) modification of the two modulators in
the r.f. circuit (Siemens and driving modu-
lators} to allow power pulse lengths to be
increased from 200 to 300 ps;
e} an increase in the ccoling capacity of
the pulsed quadrupoles of cavity No. 1.
The importance of this work on the
Linac is explained by the fact that this PS5
shutdown is the last before connection is
made between the Linac and the Booster
at the end of 1970.

Synchrotron ring

The main work 1o be done on the P8
includes the installation of the fast ejec-
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The 2 metre hydrogen bubble chamber minus its
magnel. The chamber {s undergoing a series of
maodifications during the PS shutdown and for
this the two halves of the magnet which normally
hide the chamber, safely tanks, coocling pipes elc.
are rolled back.

The chamber joined the sefect band of 10 million
picture takers on 6 September. This figure has
heen reached in five years of cperation.

CERNIPI 417.9.62

tion system for the Intersecting Storage
Rings in straight section 16 and the setting
up of the beam-line to the ISR fotr the
first fifty metres from the PS. This repre-
sents a considerable volume of work and
will involve almost all the PS groups, the
ISR Division and the Technical Services
and Buiidings Division. The major part of
the work will be done during the shutdown,
but the rest will continue into February or
March 1970. An enlarged vacuum chamber
will be installed in four magnets, two
downstream and two upstream of straight
section 16,

[t will also be necessary to turn two
magnets around in this region to have the
aperture opening towards the outside of
the ring so that the ejected beam can
emerge. In fact two magnets will be chan-
ged with two others in the ring which
have the right configuration. Shims have
to be fitted to correct stray fields; new
vacuum tanks will be installed to take
septum magnets; almost all straight sec-
tions have to be modified for the
installation of dipoles for beam orbit
deformation ; beam fransport magnets,
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a beam dump and beam cbservation
systems have to be installed.

Further modification involves the repla-
cement of the vacuum chamber elastomer
gaskets by metal ones over one-tenth of
the circumference (sector No. [l) where
turbomolecular vacuum pumps and ion
pumps will be installed to give a better
vacuum than the oil-diffusion pumps pre-
viously in use. The supply lines to these
ion pumps will be positioned in an exten-
sion to the central ring building.

Preparatory work will also be done for
the fitting of a second kicker magnet in
straight section 13 in the Spring of 1970.
This magnet, which will be identical to the
kicker magnet in straight section 97, will
reinforce the perturbations induced in the
orbit by the ejection magnet to provide
greater flexibility in beam sharing.

Some work will be done in preparation
for the Booster, especially:
a) enlarging the aperture through which
the Linac-Booster injection line passes;
b} installing a heat dissipation system in
that part of the Booster injection tunnel
adjacent to the PS;

¢} piercing an aperiure for the connection
of the Booster 1o the PS and building
shielding around this aperture;
d) installing cabinets in the main control
room for the Booster controls.

In readiness for the increase in intensity
of the proton beam, the shielding of the
PS ring will be reinforced. Almost half the
ring (between the East and South Halls
on the Saléve side) will be covered with a
further layer of earth a metre thick. This
will provide the maximum thickness which
the ring siructure will safely carry. The
other half will be covered when work on
the Booster is completed.

External Beams

A large number of alterations are also
being made in the experimental halls:

South Haill

— medification of the beam feeding the
81 cm hydrogen bubble chamber (beam
k13 will replace k10);

— changing the separators of beam m7
from internal target 1;

— installation of a separator in beam g8
from internal target 8 (a8 becomes m8).

East Hali

— replacement of the pion beam p3 by a
proton spectrometer (p3 becomes sb);

— fitting of a helium-coaled hydrogen
target in the East target zone to feed sb.

Work on the bubble chambers

The PS shutdown also allows work to be
carried out on the three bubble chambers
in service at CERN, which have operated
very salisfactorily over the past year. The
2 m hydrogen chamber has taken more
than 3.8 million photographs during the
operating period from November 1968 to
October 1969. On 6 September it reached
the total of ten million photographs, taken
since it came into operaticn less than five
years ago. The 81 cm hydrogen chamber
took 1.9 million photographs in the same
period (bringing its total close to 13 million
since 1961). The 1.2 m propane chamber
had taken 1.6 million (bringing its total to
7.5 million since 1960Q).

No major modifications are to be made

to the propane and 81 cm chambers but
some improvements will be made to the



2 m chamber, The main one involves the
replacement of the glass windows {17 cm
thick) which form the two side walis of
the chamber, by windows which have fidu-
cial marks better suited for automatic
measurement. The new windows are, in
fact, the spares already in existence and
the two windows which are being removed
will, in turn, be re-engraved and put into
store as spares.

A very careful check wiil be made on
all the seals to reduce leakage to a mini-
mum. It is intended to use deuterium
rather than hydrogen for several menths
in 1970 and deuterium is about two hun-
dred times more expensive than hydrogen.
The storage capacity for deuterium will be
increased.

Three of the four large motor generaters
which supply power to the 2 m chamber
are being returned to the manufacturer for
general overhaul (which is done every two
or three years). The compressor control
room will be integrated with the main
bupble chamber control room.

Medifications will be made to a section
of the cutlet line connecting the vacuum
tank of the chamber to the safety sphere
to allow magnets to be fitted very close to
the chamber for low energy beams. Finally,
the expansion system, the vacuum and the
cooling systems will be completely over-
hauled.

During the shutdown the magnetic field
in the chamber will be mapped for a care-
ful check with the previous map. Measure-
ments will be made at about 1000 poinis
in the chamber (three measurements at
each point}; the density of the points being
greater in the areas where the field is
least uniform. The results will be printed
on tape. In addition, a computer will be
used by way of experiment to make sever-
al measurements at each pocint and to
calculate the mean value and the standard
deviation.

CAMAC Developments

To meet the ever increasing electronics
needs of research centres and industry,
26 nuclear research organizations in Eu-
rope, members of the ESONE (European
Standard for Nuclear Electronics) Com-
mittee began work in 1966 to establish
standards for the consfruction of electro-
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nic plug-in modules and
These modules had to bhe specially desi-
gned in view of the increasing use of

their crates.

computers, the aim being to make it
easier to use automatic data acguisition
and processing devices.

In May 1968 at the ESONE conference
held in Rome, the principle of these stan-
dards was approved and was called
CAMAC. At the same conference, the first
part of the standards, covering the me-
chanics and logic of the interconnections
of modules on the same crate, was adopted
{(CERN COURIER, vol. 8, page 314).

The secend part of the standards, con-
cerning the use and control of CAMAC
crates (crate to crate links, crate to control
system links, crate to adapters for com-
puters, etc.) and of the nature and level
of the various signals used for this pur-
pose, had still to be defined.

This second set of standards, which has
been studied by several Working Groups,
was adopted at the ESONE Conference
held at the end of September this year
at Petten (Netherlands). It includes the
following peints :

A further stage in the assembly of the new heavy
tiquid bubble chamber, Gargamelle. The pipes
which convey pressure changes lo the diaphragms
of the expansion system are manceuvred into
place at the end of September. The large magnet
of the chamber is on the right, The seven
nitrogen tanks of the expansion system are also
installed in the assembly hall and tests of the
system will be carried out using two large tanks
to simulate the chamber body itself which will
not arrive until early 1970.

1. the method of synchronizing externat
signals to the crates (this is the call-
response-stimulus type) ;

2. the transfer system for these signals
(this is the asymetrical-twisted-pairs
type) ;

3. the method of processing requests
from the modules. The system chosen
uses data transmission lines and offers
a range cof possibilities of directing
requests because cof the (opticnal) use
of a rear connector which permits a
possible link with an additional re-
quest processing unit ;

4. crate controller : this is a link unit
which is placed on each crate (taking
the place of two or three modules)
and interconnects with the main sys-
tem. At the command of external si-
gnals, it addresses the required mo-
dule or modules. It also generates the
basic CAMAC cycle and varies the
signals according to their destination ;

5. nature and level of the signals, syn-
chronization of commands and data
transmission. These signals are of the
‘classic micrology’ - type. Loads are
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An unusual view into the 1.2 m heavy ligquid
bubhle chamber which is also having a wash
and brush up while it is out of action during
the PS shutdown.
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designed for a maximum of 8 crates ;
6. the type of main (frontal} connector
for the crate controller which is res-
ponsible for crate-to-extericr links.

Interest from Industry

Many European manufacturers of electro-
nics equipment are interested in the
CAMAC standards and several of them
{five in France, two in Italy, four in the
Federal Republic of Germany, eight in the
United Kingdom, one in Sweden and two
in Switzerland) have already put power
supplies and CAMAC crates and modules
on the market. It is interesting to note
that this interest in CAMAC is not limited
to the field of nuclear electronics, but
extends to other sectors of data handling,
such as electronics in medicine, servo-
controls in industry, automatic units, etc.

All Laboratories belonging to ESONE
are working o©on the manufacture of
CAMAC systems. At CERN, three systems
are being built, two of which will be used
in nuclear physics experiments. All three
conform to CAMAC standards in dimen-
sions and inter-module connections and
they are equipped with an external logic
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system which, although, it was designed
before the second stage of the CAMAC
standards was adopted, differs little from
the CAMAC standards.

Infermation on the first part of the
standards is already available (Euratom
report EUR 4100). The second part will be
published as a preprint at the end of the
year and will be available from ESONE
members.

CODD in action

The CODD (Closed Orbit Digital Display)
system, which enables the trajectory of a
single proton bunch to be measured as it
gees round one turn of the machine, has
been linked to the 1BM 1800 computer in
the gontrol room since the end of August.
The PS is the only accelerator with a
system of closed orbit measurement of
this type. CODD (described in CERN
COURIER, vol. 8, page 177) uses 20
beam observation staticns cof a new design
from which numerical signals are trans-
mitied to the computer. it has three func-
tions :

1. to present numerical results cn a
screen, before processing ;

2. to punch cards recording these sig-
nals for later processing;

3. to process signals giving the beam
position of a single bunch at the 20
observation stations.

The results may be printed out or pre-
sented in analogue form on an oscillo-
scope screen. Since May 1969, the measu-
rement system has been in operation and
a series of tests were carried out in pre-
paration for a direct link with the IBM
1800.

CODD makes it possible to measure
the trajectory of a bunch to be ejected
by the fast ejection system. A series of
tests has therefore just been carried out
to compare signals from CODD with the
known oscillations produced by the fast
kicker magnet. This served to check the
functioning of the CODD system.

Until 13 October, the beginning of the
annual PS shutdown, CODD was used for
the automatic registering on punched
cards of the characteristics of a large
number of closed orbits at 10 GeV. This
has given important statistics on the
behaviour of the machine and information
functioning of the CODD system.

At the moment only the 20 new obser-
vation stations are in use. These have
the advantage over the old ones of being
able to take measurements over a wide
range of beam intensities. Nevertheless,
because of the increased possibilities if
there were double the number of measu-
rement points, it is planned to link the
20 old stations, which are compatible with
the new ones, to the system at the be-
ginning of 1970.

Among the improvements to be carried
out on CODD (in addition to bringing in
the 20 additional stations) are modifica-
ticns to the synchronization system and
the installation of a semi-automatic cali-
bration system. Artificial calibration signals
which simulate a known beam position
will be transmitted to a detection station.
By observing the results at the end of
the measuring sequence any error in-
troduced by the electronics can be deter-
minsed and the computer can automatically
make any necessary corrections when
receiving signals from the proton beam.



Professor de Shalit

Professor Amos de Shalit died on 2 Sep-
tember from acute pancreatitis. In his
comparatively short life (he died at the
age of 43) he had achieved prominence in
the field of nuclear physics, had been a
key figure in the development of sclence
in Israel, and had contributed to the work
of international organizations such as
UNESCQC, the European Physical Society,
the International Centre for Theoretical
Physics in Trieste, and CERN.

Amos de Shalit was born in 1926. He
was educated at the Hebrew University of
Jerusalem and at ETH Zurich. He did re-
search in nuclear physics in the USA, at
Princeton, Stanford and MIT, and spent a
year at CERN as a Ford Foundation Feliow
from October 1957 to October 1958. From
1956 he was Visiting Professor at the He-
brew University becoming Head of the
Department of Physics from 1981 to 1963.
He then moved to the Weizmann Institute
of Science, Rehovoth, as Scientific Direc-
tor and was Director General of the In-
stitute from 1966 to 1968. In his last few
years he devoted much thought and effort
to the problems of science teaching. A

few months before he died he took up the
post of Head of a new Department of
Science Teaching at the Weizmann In-
stitute.

Professor de Shalit was a theoretical
physicist whose work was mainly con-
cerned with nuclear structure theory and
nuclear spectroscopy, covering such topics
as the application of group theoretical
methods and diffraction theories of nuclear
reactions. His most important contributions
were on the nuclear shell model for
which he received the lsrael Prize, with
I. Talmi in 1965, He had iust completed a
book, with H. Feshback, on nuclear struc-
ture. But as important as his directly
creative work was his ability to abscrb and
assess what was happening in the whole
field of pnuclear physics. He was thus an
outstanding review speaker able to draw
out the essential developments and to
initiate new lines of attack.

He was among the first to promote the
use of high energy particle beams for the
study of nuclear structure and took part
in the discussions which led to this re-
search playing an important part in the

experimental programme of the CERN
synchro-cyclotron. In May of this year he
spoke at CERN evaluating the nuclear
physics aspects of the research at the SC.
Shortly before his death he had accepted
to serve as a consuitant to the CERN
‘Physics IlII' Committee which concerns it-
self with the SC programmae.

Together with Professor Weisskopf, he
initiated g series of international confer-
ences on High Energy Physics and Nuclear
Structure which began at CERN in 1963.
The latest conference in this series was
held at Columbia USA a few days after his
death. It was dedicated to Amos de Shalit.

One of the important formative influ-
ences on his life vwas his participation in
Israel’'s war of independence in 1947 as a
member of the Haganah. This !eft him with
a very strong devotion to the cause of his
country. He was one of the founders and
the leaders of the brilliant school of
physics in lIsrael, and one of his major
concerns has been to ensure that science
in his country shoutd be closely integrated
with that in leading centres elsewhere in
the world. This was one of the motives
which brought him into such close and
fruitful contact with many international
organizations.

Another legacy of the war years was a
firm believe that things could be done
given determination. This led him to
devote seemingly endless energy to the
things he believed in. He was always
spilling over with things to be done and
stimulated others by his enthusiasm.
Coupled to this was a warmth of per-
sonality which carried others with him. He
had exceptional skill in organization and
successfully bore heavy administrative
responsibilities from a very early age.

His concern with the social implications
of science was always evident, particu-
larly so in the last few years when he was
in charge of the reform of science teaching
in Israel and participated in work on
science and education in developing
countries. The thinking that he had al-
ready put into this important topic is likely
te be influential for many years to come.

{Photo Weaizmann Institute)
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Cause and effect

In Physical Review vol. 180 p. 1266-81 P.L. Csonka
develops, in an article pointedfy entitied
‘Advanced Effects in Particle Physics’, ideas
about ‘full causality” according lo which an effect
may both precede and follow its cause. Csonka
did some of his work on this revefutionary topic
while at CERN in the Summer of 1968. This

article is e brief general review of some of the
ideas in fis work and of the reasons for
proposing thent,

The generally accepted pringiple of
causality is one which has been rarely
questioned in the history of science. it
says that no effect can precede its cause
and is renamed by Csonka ‘the principle
of retarded causality’. This principle has
become s¢ embedded in thinking that the
two phrases ‘the state following the in-
coming state’ and ‘the state caused by the
incoming state’ are used synocnymously to
mean ‘the outgoing or resultant state’. The
two concepts of the time sequence of
events and of the causal sequence of
events have become merged. (Csonka
calls attention to a similar merging of
concepts in Ancient Egypt where the direc-
tion of the flow of the Nile made ‘down-
stream’ synonymous with ‘travelling North’.)

By now, it is regarded as ‘self evident’
that a state caused by another state must
follow it in time. There have, however,
been some attempts to work out the im-
plications of separating these two con-
cepts and accepting what Csonka terms
‘full causality’ whereby an effect can alsc
precede its cause in time.

About fifty years ago, K. Schwarzschild
noticed that some problems in classical
electromagnetic theory could be solved by
dropping retarded causality (considering
that the field ‘produced by’ an accelerated
charge could beoth precede and follow the
acceleration of the charge), but he ran
into conflict with observation in other
directions. H. Tetrode took up the idea
without success, suggesting that the ab-
sorber is just as important as the emitter
in determining the radiation even though
absorption occurs after the radiation is
propagated. Some twenty years later,
R.P. Feynman and JA. Wheeler went
further in an attempt to explain the
phenomenon of radiative damping using
classical electrodynamics but they could
not account for absorption. Cosmologists
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have also recently tried to bring the ideas
into classical models of the Universe.

Csonka’s new coniribution is to attempt
to build a particle theory (valid for parti-
cles with any quantum numbers) rather
than a classical theory, on the basis of full
causality where effect and cause are not
tied to & time sequence. He was led to
this by the consideration of several
problems.

1. Most dynamical equations are sym-
metric with respect to time. [t does not
matter whether one feeds in +t (effect
following cause) or —% {cause following
effect).into these equations, the same laws
of physics hold good for the system under
consideration. Full causality leads naiu-
rally to such time symmetry.

2. It is not possible o construct finite
causal chains if only retarded causality
holds. A sequence of events is always
open ended — the first state considered
needs a cause which in turn needs a
cause and so on. Full causality can clese
the loop, the past causing the future and
vice-versa. This is an enormous con-
ceptual simplification which could have a
considerable impact on cosmological pro-
blems. Roughly speaking, it says for
example that the Universe may ’‘create
itself’.

3. Major difficulties are encouniered in
extending the basic equations of electro-
magnetic and weak interaction theories —
the equations, developed using retarded
causality, give infinity for such chservably
firite quantities as the difference in mass
between the charged and neutral pion.
Without some fundamental change these
difficulties cannot be removed. T.D. Lee
and G.C. Wick have since tackled this pro-
blem in detail (as reported in CERN COU-
RIER vol. 9, page 35, and page 106) and
their solution in fact involves the overthrow
of retarded causality on a microscopic
scale.

4. The impossibility of distinguishing be-
tween past and future (except by a de-
finition}). The full causality theory intro-
duces a ‘'velocity of time matrix’ from
which a direction and ‘velocity’ of time
can be determined at any point in the
Universe as a function of the distribution

of matter (in rough analogy to Newton's
gravitation theory which determinas the
direction of acceleration as a function of
the mass distribution).

5. The observation of CP violation which
seems to be restricted to only very weak
interactions. The full causality theory
might explain this as a cosmological effect
due to the transparency of the Universe to
neutrinos.

Any such theory has of course to ex-
plain what is observed in the Universe —
the predominant correlation between the
time sequence and cause and effect. And,
ideally, the theory should point to a situa-
tion where this usual correlation could
kreak down, where effects could precede
their cause, thus making it possible to test
the theory. (The theory does not say that
advanced {(in time) effects can be ob-
served but does say that nothing excludes
the possibility). Such an experiment is
proposed in the paper in Physical Review.

Due to the transparency of the Universe
to neutrinos, these particles could show
an advanced efiect due to the lack of a
cancelling signal from the surroundings
which normaliy make it possible to see
only retarded effects. It may then be
possible to see neutrinos appearing before
their cause (say pion decay) or with
momenta directed iowards the pion beam.
If a detectior is placed behind the pion
beam produced at an accelerator, rather
than in front of it where it normaliy
catches the neutrino from pion decay,
then using retarded causality, it would
not be expected to record high energy
neutrinos if retarded causality holds.
But it could record neutrinos according
to the theory of full causality. If such
neutrinos were observed they could be a
confirmation of the new theory.




Around the Laboratories

Quark candidates

A report on a high energy cosmic ray
search which seems to have evidence for
quarks appeared in Physical Review
Letters on 22 September. Priorto that date,
there was a preliminary announcement at
the 11th International Conference on Cos-
mic Ray Physics held at Budapest from
25 August to 4 September, and on 8 Sep-
tember, L.S. Peak, who participated in the
experiment with I. Cairns, R.L.S. Woolcoit
and the team I|eader C.B.A. McCusker
{from the Cornell-Sydney University Astro-
nomy Centre in Australia) spoke at CERN
about their intriguing findings.

Quarks are the particles proposed as
the truly fundamental particles underlying
the particles which are at present ob-
served. The remarkable patterns of be-
haviour seen for the many strongly inter-
acling particles certainly indicate {hat
there is some more fundamental structure
giving rise to these patterns ({(see the
article by Professor Weisskopf at the
beginning of this issue) and the postulate
that the particles are built up from quarks,

coming together in different ways, has
heen the most successful of the theore-
tical models which attempt to explain the
observations. However, all previous sear-
ches both at particle accelerators and in
low energy cosmic rays have failed to re-
veal a quark as a physical object. This
does not necessarily mean that quarks do
not exist — their mass may be too high for
them to be produced at existing acceler-
ator energies. They may, however, occur
in the much higher energy world of cosmic
rays.

One of their unusual properties would
be that they would carry a charge of /s or
2/s the unit charge carried by the electron.
Once above a certain energy, the ioni-
zation a particle produces as it passes
through matter is proportional to the
square of its charge and is independent of
its mass. This provides a rather clean
handle to get hold of the quark. It would
produce icnization /s or /s that of a
‘normal’ particle. This is what the Sydney
team loaked for.

Beginning in July 1868, they looked at
cosmic rays with a detector consisting of

CERN{PI 185.9.69

One of the photographs showing a 'quark
candidate’ observed in high energy cosmic ray
showers by the University of Sydney team. The
photograph was taken in a Wilson cloyd chamber
expanded afler the arrival of the air shower and
photographed a short interval tater. The track
(x-x) which could be thal of a quark is the one
composed of less droplets than its neighbours
suggesting the passage of a particie producing
fower fonization.

L.5. Peak, a member of the Sydney team,
speaking at CERN on & September about their
experiment.

lead-shielded scintillation counters trigger-
ing four Wilson cloud chambers (three
30 cm diameter, 20 cm deep; one 20 cm
diameter, 20 cm deep). The system was
triggered at an energy over 10% eV. In a
little over a year, they took more than
six thousand photographs of the high
energy particle tracks produced in the
chambers and, with an average of about
ten tracks per picture, recorded about
60 000 particles looking for those which
preduced low ionization. By August of this
year they had five quark candidates —five
tracks were found with ionization about
half that of a normal particle, possibly due
to a quark carrying %s charge. Of these,
the fifth one (event 66240) looks the most
convineing.

The detector was arranged to look at
cosmic ray air shower cores. The Wilson
cloud chambers were expanded 100 ms
after the arrival of the air shower and the
photographs taken 200 ms after the ex-
pansion. Other possible sources of the
low ionization — such as a statistical fluc-
tuation in the number of ions produced,
the Chudakoff effect, poor illumination,
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1) One of the tirst photographs taken during the
tests on the large hydrogen bubble chamber,
Mirabelie, in July. The tracks are of cosmic
ray pariicles.

2) The piston of the chamber's expansion

system - one of the most difficult components of
the design. It is constructed from austenitic

steel to give the strength to sustain accelerations
of up to 200 G, and is hollow to make it as

tight as possible for rapid pufsing (moving

6 cm in 50 ms).

clearing field still present — have been
eliminated, leaving the most likely source
as the passage of a particle carrying less
than unit charge.

The results have been greeted with
guarded optimism, for obviously much
more evidence is needed before people
really believe in quarks as a physical
reality, though they continue to be most
fruitful in developing theory. The Sydney
group are obviously keen to provide more
evidence and are constructing a larger
detection system with high pressure cloud
chambers and streamer chambers both
sensitive to particle charge.

SACLAY
Mirabetle marche

The large hydrogen bubble chamber Mi-
rabelle came through its first tests in
July with flying colcurs, fully meeting all
the hopes of its designers. Over a period
of two weeks the chamber was filled with
liquid hydrogen. 13000 expansion cycles
were completed and more than 3000 pho-
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tographs were taken, several of them

being of cosmic-ray showers.

To recap some of the history of Mira-
belle — In January 1965, when studies
were being made con projects for chambers
of several tens of cubic metres in the
United States, at CERN and in the Sovist
Union, the Elementary Particle Physics
Department at Saclay decided to make
a study of and to build a hydregen cham-
ber of intermediate size, with a volume
of 11 m?® and with a photographable vo-
lume of 6 m? which would nevertheless
provide a 4.5 metre-long irajectory for
the accelerated particles.

This project aroused a great deal of
interest among Soviet physicists and the
idea arose for Franco-Soviet collabora-
tion, for which the experimental equip-
ment was to consist of the large 70 GeV
accelerator at Serpukhov and the Mira-
belle bubble chamber. An official agree-
ment was signed in Mescow on 11 October
1968, providing for the instailation of Mi-
rabelle with its team at Serpukhov for a
minimum period of five years.

When the first internal proton beams
had been obtained at Serpukhov in
October 1967, the speed with which

Mirabelle could be brought into operation
pecame one of the prime factors deter-
mining the uliimate usefulness of the
chamber. Partly because of this, and
partly in the interests of safety, a special
approach was used for the project re-
sulting in the constructicn of a full-size
prototype in less than two years. This
prototype was christened ‘Experimental
Assembly No. 8 (ME &). In fact, because
of the reliability which had been achieved
and the experience which had been gain-
ed in the construction of previous
chambers, it was possible to begin imme-
diately and to proceed rapidly with the
construction of the essential components
for the assembly, while the final solutions
to other problems inharent in large bubble
chambers, e.g. optics, crycgenics, expan-
sion system, etc., were left cpen.

The solution of these problems was
thus pursued in parallel with the con-
struction of the protetype. In addition, the
experience obtained during the work with




3) The eight tubes of the optical system which
pass through the magnet yoke. Each tube is
2.4 m jong and weighs 160 kg. Fish-eye lenses
are in contact with the liquid hydrogen at the
chamber end of the tubes and the camera
system is af the other end.

4) Mirabelle standing completely assembled
in the hall where tests are being carried out
orior to transport of the chamber to Serpukhoy.
It is 15 m high with a total weight of 2000 tons,

a full-scale prototype showed with cer-
tainty that the components for the final
assembly would fully meet what was re-
quired of them, whereas, had their design
net been completely checked experimen-
tally, there would still be some doubt as
to their performance until they were ac-
tually put into service.

The first tests on ME 6 started at the
peginning of 1967. There were, of course,
several problems, both mechanical and
cryogenic, but these were successfully
cvercome. During the July 1967 test, the
prototype was filled with liquid hydrogen,
and a number of expansions were a-
chieved in fairly good conditions. Although
this test lasted only a short time it was
sufficient to prove that the photographable
volume was sensitive to ionizing particles
and that expansion was properly propa-
gated from the piston to the furthest
peoint in the chamber.

Mirabelle was quickly assembled two
years after ME 6 and in July 1969, the
first experiment was performed with very
satisfying results. Three other experi-
ments, with a beam are scheduled by the
beginning of 1970 before it is transported
to Serpukhov to be installed.

Mirabelle, when assembled, stands 15 m
high weighing a totat of about 2000
tons. The body of the chamber {a light
alloy AG4MC) is a horizontal cylinder 1.6 m
in diameter and 4.5 m long. It is sur-
mounted by a ‘neck’ composed of eight
tubes of the same material, 1.8 m long
and 0.3 m internal diameter, the upper
part of which open into the bhase of a
connecting member which culminates in a
cylinder 1.6 m diameter containing the
expansion piston.

The cold piston was a tricky compo-
nent to design because it has to be ro-
bust (to sustain acceleration of 100 to
200 G) but light so that it can be moved
easily (6 cm in 50 ms). It is made of
austenitic steel, hollow, weighing 800 kg.

The optical system comprises eight
objectives, the pictures being taken through
optical tubes passing through the magnet
yoke. Each tube is 2.4 m long and weighs
160 kg. Only the fish-eye lenses, which
are in contact with the liquid hydrogen,
are integral part of the chamber itself.
The photographs are taken against a
‘Scotchlite’ background (bright-field illu-
mination}). The magnetic field is 20 kG.
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Mirabelle is now the largest operational
bubble chamber in the world. It marks an
important step in the ccntinuing develop-
ment of bubble chambers, and is playing
an important part in a new era of interna-
tional scientific ccoperation.

PRINCETON
PPA progress and plans

Recent improvements and future plans at
the 3 GeV Princeton-Pannsylvania Acceler-
ator were described by J.L. Kirchgessner
in a paper at the Yerevan Conference at
the beginning of September. The acceter-
ator is a weak {focusing proton synchro-
tron with the distinguishing feature that it
is rapid cycling - accelerating about twenty
pulses per second. It came into operation
in April 1963 and has been active parti-
cularly in pion and kaon physics and in
some of the most important experiments
on CP violation. As many as fourteen ex-
periments are set up at the accelerator at
any one time and six to eight of them re-
ceive beam at the same time. Physicists
from twenty Universities have been in-
volved in the physics programme.

The main parameters of the machine
are as follows. Injection is from a 3 MeV
Van de Graaff providing 4 mA currents
over 30 ps for 8 turn injection. The main
ring, of diameter 25 m, is built up from 16
constant gradient magnet units 3.6 m long
in which the field rises from 278 G at
injection to a peak of 13.8 kG in 26.5 ms.
There are 4 rf. cavities covering the
frequency range 2.5 to 30 MHz with a peak
input power of 320 MW (80 MW average)
giving an energy of 61 keV per furn to the
protons.
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For the past three years the synchro-
tron has been accelerating 5 X 10" pro-
tons per pulse at 20 Hz with an 8 ms in-
termal and external beam spill. In 1966 a
slow ejected beam came into operation. It
provides 3 X 10 protons per pulse (an
efficiency of 80%, which is a high figure
for & weak focusing machine) in a spot
size of 4 X 4 mm? at 30 m from the syn-
chrotron. The ejected beam can be shared
with internal targets during a single pulse
or from pulse to pulse.

Another feature of the machine which
has proved very useful is the one nano-
second bunch structure of the proton beam
used on internal targets. This has made it
possible to use time-of-flight techniques
for neutral and charged particles,

Improvements under way

Before the end of this year a solid-state
power supply for the main magnet will be
brought into operation replacing the exist-
ing rotating machinery. 1t wiil make it
possible to ‘flat-top’ for times up to 50 ms
{when the repstition rate will go down to
10 Hz).

Also before the end of 1969 a new ac-
celeration tube for the Van de Graaff will
be delivered and the injection energy will
then rise to 4 MeV. Together with some
tricks in the r.f. system this may result in
an increase of the accelerated beam
intensity per pulse by a factor of three.

The improvements will also increase the
maximum energy to which deuterons and
alpha particles can be accelerated (up to
1.2 GeV/nucleon}. Deuterons have already
been accelerated to 600 MeV with a beam
intensity of about 4 X 10" particles per
pulse and alpha particles have been ac-

celerated to 50 MeV (which can easily be
increased to 550 MeV) with 2 > 107 parti-
cles per pulse.

Improveménfs for the future

The proton beam intensity could be raised
further by adding a small booster synchro-
tron to boost the injection energy into the
main ring. A 75 MeV fast cycling booster
has been designed to increase the in-
tensity of the 3 GeV beam by a factor of
twenty (giving 10'? protons per pulse).
However a more important purpose of the
proposed booster concerns the acceler-
ation of heavy ions to high energy.

The acceleration of carbon and nitrogen
nuclei should be feasible following the
improvements at present under way.
Heavier ions, up to xenon or uranium,
could be accelerated following the instal-
lation (hopefully in 1970) of a new ceramic
and metal vacuum chamber which is now
being tested. With this chamber, pressures
of 10°% torr or better will be achieved.
lons could be accelerated to energies of
around 10 MeV per nucleon. If the booster
is built this could be taken much higher
using some clever storage and re-injection
routines. Energies could reach around 1
GeV per nucleon (for example, fully strip-
ped uranium at 165 GeV) with ion currents
of up to 10° particles per puise.

Turning to higher proton energies, there
are visions of using the PPA itself as the
booster for a slow cycling high energy
synchrotron. A 10 to 15 GeV ring of super-
conducting or cryogenic magnets (45 kG)
could be built around the existing ring or
a new larger ring tunnel could be built to
climb up to 756 GeV.



1. Aerial view of the Laboratory housing the
rapid cyciing 3 GeV Princeton-Pennsylvania
Accelerator (PPA). The accelerator and iis
experimenial halls are top-centre of the
photograph.

2. The layout of the PPA in refation to two
proposed improvements — a booster to boost
injection ensrgy lo 75 MeV (resufting in an
increased beam intensity and in an ability io
accelorale any fon to high energy) and a higher
energy ring (for 10 to 15 GeV) of superconducting
magnets built around the existing ring.

{Photo PPA)

BROOKHAVEN

Inside and outside at the
same time

Successful tests have been carried out at
the Brookhaven 33 GeV Alternating Gradi-
ent Synchrotron on the use of the slow
ecjected beam simultaneously with an in-
ternal target. In some ways this seems to
be a more efficient way of operating the
AGS. The tests were reported at the Yere-
van Conference by L.N. Blumberg.

Since the slow ejected beam came into
operation in July 1968 it has been used
alone in extended runs (followed by an
extended run using an internal target) or
it has been used in sequence with the
internal target {giving several pulses to the
external target using the ejected beam
followed by several pulses to the internal
target). This separate operation of the two
systems is more efficient in terms of mak-
ing use of the maximum number of ac-
celerated protons but it is wasteful in
terms of making use of the experimental

time. There are also coccasions when toc
many protons are available for the internal
or the external target alone and the pos-
sibifity of sharing the accelerated beam is
then a great advantage.

The intensity of the AGS has reached
3 X 10" protons per pulse during the
past year and the machine can operate
regulariy at 2.3 X 10'? protons per pulse.
But, because of the growing problem oi
radiation damage in the accelerator, the
number of protons interacting in the in-
ternzl target is being kept down to 1.5 X
10 per pulse. Also, in the ejected beam
it has sometimes been necessary to keep
the intensity down to about 7 X 10" o
avoid excessive counting rates. These pro-
blems will get worse when the improve-
ments programme pushes the beam inten-
sity up to 10 It is then iniended to
operate the AGS with only external targets.
In the meantime, it was considered worth-
while pursuing the possibility of sharing
the beam between the slow ejection sys-
tem and the internal target.”

However, it was by no means sure that

equipment and of the experimentalisis this could be achieved with acceptable
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efficiency. It will be obvious from recent
articles (see for example vol. 9, page 268)
that slow ejected beams are very sensi-
tive creatures and to disturb them by pay-
ing attention to something else at the same
time could have resulted in an unaccepta-
ble deterioration in the beam quality and
in the ejection efficiency. Simultaneous use
could also have greatly reduced the in-
ternal targeting efficiency.

The results from the tests emerged as
follows. The quality of the ejected beam
was examined by measuring the vertical
emittance. This was found to increase
approximately quadratically as a function
of the fraction of the beam given to the
internal target. It reached a value about
1.8 times that of the emittance of the
gjected beam used alone when 50% of
the accelerated beam went to the internal
target. The efficiency of the slow ejection
(the number of protons we get out of the
accelerator compared with the number of
protons we try to get out of the acceler-
ator) remained virtually constant for per-
centages of beam given to the internal
target going from 0 to 80%. The efficiency
of the internal targeting fell by 20% due to
the way the beam path has to be distorted
for slow ejection (3./2 orbit deformation)
but this was reduced by introducing an-
other distortion (L/2 orbit deformation).

The conclusion from the tests is that the
simultanecus use of the slow ejected
beam and the internal iarget wins when
the AGS intensity is over 2 X 10" protons
per pulse and when the beam on the
internal target is restricted up to 1.5 X 10
protons per pulse. Similar tests were
carried out at the CERN proton synchro-
tron in 1867 and again this summer. How-
ever, because of the relative positions of
the ejection area (East Hall) and the target
area (South Hall) it is not possible to apply
such a technique at present. A deeper
analysis of the possibilities at the PS is
under way.

BERKELEY

Film analysis

In the fiscal year ending 30 June 19689,
the bubble chamber groups at the Law-
rence Radiation Laberatory measured al-
most two million events (including re-
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Avica equipment for
nuclear engineering

AVICA has a great deal of experience in the field of nhuclear engineering. Specialized equipment for Nuclear Physics:

For vacuum chamber work we produce non-circular
(oblong and elliptical) shape bellows expansion joints;
metal face seals, and quick release separable couplings.
These are some of the sophisticated pieces of equipment
produced by AVICA for C.E.R.N. and other organizations
in this fieid.

AVICA's unique experience in matching components in
stainless steel, Nimonic, titanium etc., to the exacting
demands of nuclear power generation, research and
physics is freely available.

For advice or data, please contact AVICA now at the
address below :

AVILCA EQUIPMENT LTD

MARK ROAD, HEMEL HEMPSTEAD,
HERTFORDSHIRE, ENGLAND

TELEPHONE: HEMEL HEMPSTEAD (0442) 4711
TELEX: 82256 :

For Power Generation & Research

We design, test and manufacture metallic hoses as gas feed lines, for nitric
acid charging, heavy water transfer, instrumentation etc., beffows as valve
stem seals and for tolerance and thermal expansion units ; flexible joints for
tension-type ducting systems; metal face seals for pressure vessels and
pipe couplings; thin-wall tubing for cryogenic applications.

NOTE EXHIBITING AT THE BRITISH COMPONENTS EXHIBITION — C.E.R.N. NOVEMBER 3-7,

measures) and scanned about six million
pictures (where each scan is counted
separately}). Three types of measuring
system are in use at Berkeley and the
1.9 X 10° measuremenis were divided
among them as follows: 1.2 X 10° were
done on the two spiral readers, 0.45 X10¢
on the fiying-spot digitizer, and 0.25 X 10¢
on track-following Franckensieins (mostly
compuier controlled).

All together, the full-time eguivalent of
120 persons were involved in this effort
(this includes scanners, measurers, co-
crdinators, keypunch operators and super-
visors, but not physicists, programmers,
computer operators, or maintenance tech-
nicians).

Film from the following hydrogen bubble
chambers was used during this period:

Chamber Location Film format

25-inch LRL 1 strip 46 mm
72-inch LRE 1 strip 46 mm
82-inch SLAC 1 strip 46 mm
30-inch ANL 3 strip 35 mm
80-inch BNL 1 strip 46 mm
81-cm CERN 3 strip 35 mm
180-litre SACLAY 3 strip 50 mm
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More complete information for the fiscal
year ending 30 June 1968 has been gath-
ered by E.L. Fowler (Duke University),
R.J. Plano (Rutgers University), and A.H.
Rosenfeld (LRL, Berkefey}, for LRL and
for all other groups in the USA, and is
obtainable from any of the above.

ARGONNE
Ten million pictures

On 24 August, the number of pictures
taken with the 30-inch hydrogen bubble
chamber at the ZGS passed 10 million.
The chamber thus joined the 81 cm
chamber at CERN and the 30 inch
chamber at Brookhaven which have also
taken more than 10 million pictures.

The CERN 2 m chamber, as reported
earlier in this issue, joined the select
band on 6 September.

The chamber at Argonne was designed
and built by a group of physicists and
engineers at MURA and installed at the
ZGS in 1963. It has a magnetic field of
325 kG over the visible volume of 200
litres. Expansions are made by three
pistons located above the chamber. Picture
totals for each succeeding year have been:

Represented in Switzerland py
Airtechnik AG., ¢
8153 Riimlang/ZH, Santisstrasse 6.

Eurgpean Organization

Avica Internationat,

43 Avenue de Grande Bretagne,
Mante Carlo, Monaco,

1969 (STAND NO. 11)

80000 (1964), 362000 (1965), 1873000
(1966}, 2450000 {1967), 3323000 (1968),
1909 000 (to 25 August, 1969).

The chamber is located at the end of a
beam that uses two stages of electrostatic
separation to provide kaons and antipro-
tons up to a momentum of 5.5 GeV/c. This
complicated beam together with the 44
different experiments completed in the
chamber make the geood picture taking
rate noteworthy. In routine operation,
several pictures per accelerator pulse are
taken. For separated kaons and antipro-
tons, the requirements on the accelerator
intensity limit this to two but for pion ex-
posures three or five pictures per pulse
are usually obtained.




at the heart of your nuclear analysis system
the BA 163 data handling unit

+ Expandable memory : 4096, 8192 or 16 384
channels
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e Memory sub-grouping for multichannel or multi-
parameter analysis
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depuis 1924
LHOMARGY

a étudié et mis au point plus de

150 machines d’essais

conformes aux normes francaises ou
étrangéres.

Ces machines équipent les laboratoires,
tant pour la recherche fondamentale
que pour les contréles de qualité des
matiéres premiéres ou des produits finis.

‘MACHINE

DE TRACTION
ELECTRONIQUE
Modéle DY.08

En 1969, Lhomargy présente une gamme
compléte de machines d’essais électroniques
pour traction, flexion, adhérence, fluage,
relaxation, sur matériaux en fibres, fils, feuilles,
planches, etc...
B Lhomargy exporte

35 % de sa production dans 50 pays.

B Salle de démonstration permanente.
B Service apres vente efficace.

B Les plus hautes références,
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Photocopies — Appareils d’éclairage et
dispositif de développement - Papiers
pour photocopies - Installations pour [a
photocopie.

Héliographie — Appareils d’éclairage et
machines A développer - Nouveauté:
HELIOMATIC, machine & héliographier
avec VARILUX permettant de faire varier
la puissance d'éclairage - Papiers pour
développements & sec et semi-humides.

Bureau-Offset — Machines-offset et
plagues-offset présensibilisées OZASOL.

Dessins — Machines a dessiner JENNY
et combinaison de dessins - Papiers &
dessin {papiers pour dessins de détails),
listes de pidces, papiers transparents (3
calgquer), papier pour_ croquis.

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 SA ZURICH

Seefeldstrasse 94 8034 Zurich Tél.051/327442

consultez

LHOMARGY

3, boulevard de Bellevue - 91- Draveil - F
16l,:921.87.47e1921.52.18

SUPERCONDUCTORS
CRYOGAUSS®

a complete line in various alloys

p Standard wires
p Tapes and strips

p Compesites up to
15000 amp. at the
50 kG

p Colls

A
THOMSON-CSF

GROUPEMENT DES APPLICATIONS NUCLEAIRES
ET DE L'INSTRUMENTATICON SCIENTIFIQUE

11, route de ja Reine - 92 -BOULOQGNE (France) - Tél. 4083709
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The secret is in the fixing of the Brewster window
—the angled glass plate at each end of the tube.
In many tubes the seal is made with an epoxy
resin which eventually cracks and ruins efficiency
by letting in air. EEV, cn the other hand, use
fusion sealed windows where the seal is as
strong as any other part of the tube. Fusicn
sealing allows the tube to be heated to a very high
temperature during manufacture, driving out all
the gases in the tube surface which would
otherwise contaminate the helium-neon filling.
EEV tubes have been life tested up to 6000 hours
which is two or three times the life generally
expected from tubes employing epoxy sealing
techniques. There is a standard range of EEV laser
tubes available, full details of which can be
obtained by filling in the caupon. If your laser
design calls for a special tube give us brief details
of what you need as we can probably meet your
reguirements.

Why EEV gas laser tubes

Send for full details
of the complete range
of EEV gas laser tubes.

last longer

Qutput

power at Bore Active

632.8nm diameter length
Type Excitation {mwW}) {mm) (mm)

R.F.

XLe07 (27MHz) 3.0 7.0 483
XL609 D.C. 2.5 3.0 229
XL612 D.C. 6.0 7.0 457
XL614 D.C. 8.0 7.0 584

&

%

English Electric Valve Co Ltd
Chelmsford Essex England Telephone: 61777
Telex: 98103 Grams: Enelectico Chelmsford
Represented by :

Roschi Telecommunication A.G.
Giacomettistrasse 15, P.O. Box 63.3000 Bern 31,
Tel : (031) 44-27-11 Telex:32-137

Please send me full data on your range of gas laser tubes.
| am particularly interested in using a tube with the following parameters.

Wavelength (nm) Power Output (mW) Mode (Single or Multi?)
NAME POSITION

COMPANY

ADDRESS

TELEPHONE NUMBER

EXTENSION

AP357 CCS
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& 7000 - Series
Plug-In Oscilloscopes

State of the art design to meet present and future requirements
More flexibility due to 4-plug-in possibility
New convenience

More compatible mainframes and plug-ins to come

For all information please contact

TEKTRONIX INTERNATIONAL AG

Tel. (042) 219192 6301 ZUG
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le plus gros
détecteur

coaxial
Ge (L1)

du

monde

the
biggest
Ge (Li)
coaxial

detector
o | in the world

| ] , . )
- La S.A.LP. présente également une gamme trés étendue
de detecteurs semi-cenducteurs.

_A S.ALP. also present a wide range of semi-conductor detectors.

Structure coaxiale symétrique 1173.2 keV

Volume utile : 120 cm3 ;
Epaisseur compensée : 13 a 145 mm
Tension de polarisation : 1300 ¥ 4 1332.5 keV
Capacité : 86 pF % '
Resolution en énergie L : 6,2 keY (50Co 1332 keV) * ¢
Produit Lxh - 68 (h = rapport pic/Compton) ., P
Efficacite relative : 14,4 %4 (par rapport @ un scintillateur . &
| Na {T1) 3"" x 3", placé a 25 cm d'une source de 8Co) o .
Temps de collection de charges : 80 4 155 ns .' hd
Résolution en temps : 8 ns a 511 keV et 5,4 ns & 1332 keV o’ }01 6,2 keV
. *®
Symmetrical coaxial structure ® Y *®
Active volume: 120 cir . .
Drifted depth. 13 to 14.5 mm o« ® .
Bias voltage: 1300 V | TV - s
Capacitance: 86 pF G0 S, . g :..
Energy resolution 1: 6.2 keV (for $2Co 1332 kel Secsaces o

Product [ x h: 68 (h = peak ta Compton ratio)

Relative efficiency: 14.4% fcompared with a 3" x 3"’

! Na (TT) scintilfator set 25 cm far from a.¢%Co source)
Collection time of charges: 80 to 155 ns

Time resolution: 8 ns on 517 keV.and 5.4 ns on 1332 ke,

SOCIETE D’APPLICATIONS INDUSTRIELLES DE LA PHYSIQUE
38, rue Gabriel Crié, 92-Malakoff, France, téléphone 253 87 20+, adresse télégraphique : Saiphy Malakoff

S5.P.1.184
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Pirani-Penning Gauge Model
4: replacesthe Edwards Maodel 2A
Pirani-Penning. A wide range in-
strument featuring multiple out-
puts for process control applica-
tions. No bridge voltage setting is

You're the very man we quied o
had in mind when we prepared | '
this summary—elght pages
of information on EDWARDS VACUUM
INSTRUMENTATION—including a hit about *

our four new star gauges i‘( Penning Gauge Model 7: re-
places the Edwards Model 5

Send nUW fUI‘ VOUI' CODV Penning. Fe_atures robust, easily
. , cleaned, series 6 gauge hzad. No
of publication 075566

bridge voltage setting is required.
Range: 10 to 10 torr.

lof I@J

* ——

Pirani Gauge Model 9: is an
entirely new instrument designed
specifically to provide multihead
vacuum measurement at lower
vacua. Featuresthree-range scale
with automatic range switching
and fully stabilised bridge voltage.
Range: 500 to 103 torr.

e

=0
bl
ole @7

e

PAY

lonization gauge model 5M:is
an instrument which allows accu-
rate measurement to the lowest
pressures. X-ray limitations of the
conventional gauge head elimin-
ated by using the 5M and the
modulated 1G4 gauge head.
Range: 1073 to 5 x 10! torr ac-
curately.

(indications to 10! torr.)

ey Edwards Vacuum Components Limited Edwa rdS
% A member of the BOC group
Y Manor Royal, Crawley, Sussex, England ”,I

pi702 Telephone Crawley 28844 Telex 87123 Edhivac Crawley
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High Energy & Nuclear Equipment S.A.

9, chemin de Tavernay, 1218 Genéve and 16 Avenida Alberto Alcocer, Madrid 16

Contact us for precision laboratory and field squipment you need for your
experiments and routine work involving radiation delsction, measurement,
data manipulation, spectroscopy, elc.

Qur Principals are :

Nuclear Enterprises Lid Simtec Industries Lid

Laken and Ote-Galileo Johnston Laboratories Inc

C.5. Halia Scientific Research Instruments Corp
20th Century Electronics Lid Elegtrenies & Alloys Inc
Lan-Electrenics Lid The Cyclotron Corporation
Scientifica & Cook Electronics Ltd Selo

Computer Instrumentation Ltd American Process Equipment Corp.
D.A. Pitman Ltd TEM Instruments Lid

and we operale lialson/service centres for them staffed by specialists. We
can introduce you to the world leaders in your field !

By
teleghone
your first

contact
will be
with

by y
Ny \’"-‘

Karin Hempler, Geneva
Telephone 022/34 17 07/05

Yvonne W. Munroe, Madr.d
Telephene 250 40 26

Nete : We are pleased to announce our appointment as exclusive repre-
sentatives of TEM Instruments Lid of Crawlay, England - well known manu-
facturers of precision teletherapy equipment — in Switzerland, Spain, Portugal
and Liechtenstein.

Dr. Sanchez lzguierdo no longer represents us and is not autherised to deal
with your enquiries.

h 4

Natural and synthetic rubber
Plastic materials

Power transmission elements

Sealing specialists (GACO)

Agents & distributors :

Angst-Pfister

GENEVA
ZURICH
MILANO

Relais «Reed», conception nouvelle, REL R-10

Relais «Reed», types ARID et ERID

Relais microrupteurs type REL 20

Relais miniatures REL 40

Relais industriels REL 60

ERNI+Co. Elektro-Industrie
CH-8306 Briittisellen-Zirich
051831212

Telephon
Telex

RELAIS

Relais miniature polarise

Encombrement
10X10X20 mm

1 double contact inverseur
au rhodium

Temps de réponse
extrémement court

Compensé en température

Exécution mona- ou bistable,
1 ou 2 bobines

Prix medigues

o0 O o gd

D

Pour courant continu

Contacts «Dry-Reed»
ou mercure

Juseu'a 6 contacts de travail
ou inverseurs

Commutation trés rapide
Haute sensibilité

Connexions pour circuits
imprimés

OO0 O oo

[] Pour courant continu ou
alternaiif

] Faible encombrement
20X20X 24 mm

[J 1 ou 2 contacts inverseurs
6 A 250V~

[] Connexions :
par soudure
par clips {p. ex. AMP-110/0,5)
pour circuits imprimés

Contact simple ou double
2 4 6 contacts inverseurs
Haute fiabilite

Pour courant continu

ou alternatif

PRIX TRES MODIQUES

EXECUTIONS COURANTES
LIVRABLES DE STOCK

oo odoo

Utilisation universelle
Contacts 6 A 250 V ~_
jusqu’a 20 lames

Contacts 0,5 AG0 V ~.
jusgqu’a 30 lames

Contacts en différents
matériaux

Adaptés a toutes exigences

Exécution pour courant
alternatif avec redresseur

Embrochable, sur demande

O oo O o dg

53 699

319



Ne se2ait-il pas (prmidalle 4’avoir
un voltmetre numerique avee...

1/uV de résalution

un affichage de 19999

des gammes et des fonctions programmables
une réjection infinie (174 dB en mode commun)
une précision de 0,006% a 25 mesures/sec.

la possibilité de mesursr des tensions aussi bien
alternatives que continues

un changement de gammes automatique

Comment votre voltmetre
wumerique peut-il devend
un centralisatew> de mesures?

]

Tout simplement en utilisant notre unité de transfert de données DTU
(Data Transfer Unit).

schiumberger

SOLARTRON
A Schiumberger Company

Toutes ces caractéristiques sont
réunies dans notre nouveau modéle
double rampe LM 1604-05. Si nous
ajeutons que son prix est
avantageux, compte tenu de ses
performances exceptionnelles, nous
semmes s(rs que vous n'hésiterez
pas a nous demander notre notice
technique de 12 pages.

Ce nouveau systéme de SOLAR-
TRON, d’une capacité maximale de
20 canaux est connectable i toutes
les imprimantes, machines a écrire,
perforatrices ou enregistreurs ma-
gnetiques. Simple, fiable, il est en
outre trés peu codteux ({enire
Fr. 3700— et Fr. 7000— suivant sa
composition).

Gréace a un astucieux tiroir d’inter-
face il est possible d'utiliser n'im-
porte quel voltmétre numérique ou
fréequencemetre existant.

Sur simple demande nous vous fe-
rons parvenir notre notice technique.

1211 Genéve 6
15, Jeu-de-I'Arc, tél. (022) 359950

8040 Zurich
Badenerstr, 333, tél. (051) 528880
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PARTICLE PHYSICS
INSTRUMENTATION

for Nanosecond logic instrumentation
for Manual and remote control switch systems
for  Visual display scalers etc.

“ [ ]
NITO A “-%«\0“ Yeu
3 a0 O o™
. {\S . “.‘s
e ot
W\
oo

Write for details of these and other instruments to:

J & P ENGINEERING, PORTMAN HOUSE, Cardiff Road, Reading, England. Tel. (0734) 52227

J & P Engineering (Reading) Limited
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THE FASTEST GONVERTER OF TIME-PROVEN OPERATIONAL
EFFICIENCY AVAILABLE FROM MASS PRODUGTION

33 ViHZ=
equivalent clock rate

o differential linearity : 0.1 %
o integral linearity : 0,04 %

@ input mode - AC or DC coupled

. OC restorer
@ number of channels  : 4096

ol AR

LABEN SLIDING = SCALE CONVERTER MOD. FC 60/4098 wuee st snsa-oss s st
FOR CONNECTION - WITH COMPUTERS AND MULTICHANNEL ANALYZERS

Plug-in for Spectrum Stabilizer available

® O price competitive

I-HH[H Divisione della MONTEDEL-Montecatini Edison Elettronica S.p.A.
Milano-Via E. Bassini, 15-Telefono, 2365551 - Telex , 3345l

AUSTRALIA AA‘ Cuthric Ply., Ltd 16—18 Meeks Road Marr\t:kvfllc N.SW. - AUSTRIA AND GERMANY : Elektronik - Service GmbH, Savignysirasse 585 6
Frankfurt Rain 1 - DENMARK Hans Buch and Co A S, 8w ¢ € P.O. Box 975 2400 Kobenhawn NV, - FRANCE Nump\@(‘ SA., 2 Pe tI Place, 78 Versai lles
GREAT BH\TAIN AND IRELAND: Nuc:le:ar Enterprises Lmlt d Sighthill, Cdinburgh ‘H (S H ndl - ISRAEL: Pale Ltd.. 7, Rishonim St. P.O.B. 1039
Ramat -Gan - NETHERLANDS: Intechmij NV Hao gk spelstraat 68, Postbos BOE’! Den Ha g - NEW ZCALAND: A A Guthrie Ltd., 4 Ad laide Road, C.P.O.
Box 1844, W ilingten - MORWAY: H. Me H a nd Co‘ Bygdo Alle 23, FO Bo EOSd E\ mbera, Oslo 2 - SWEDE\I Po Iy pAEl FACK (7 UO Jakobsb erg
SWITZERLAMND : High Energy & Nuclear Eg p nt 8A. 2 Chemin de Ta Ay G v - Sa ncx‘ 1218 Geneva (Enqu handled also for Spain and Portugal)


http://ElettronicaS.pl

P 21-08e DN 1557

This is quite simple... install a
BALZERS high vacuum pumping
unit, type PST.
PST...A automatically controlled.
With the two switches provided set
the pumping process required (this
can include heating or cooling the
vacuum chamber, also switching
on the pumping unit at a pre-
selected time) and wait until the
required working pressure is
reached.
PST...E single lever operated.
The required mode of operation is
selected by actuating a single
lever, which controls sequential
operation of the solenoid vacuum
valves via a multi-pole type switch,
so that errors of operation are
avoided.

Other features:

—a wide range of accessories
allows the simply constructed
basic model to be adapted to
the application;

— multi coolant baffle for use with
either water or liquid nitrogen
as required;

| How can you
concentrate to the full on your Vacuum Process
and
regard Vacuum Production

as a side issue

— effective safeguards to avoid the
effects of breakdowns in elec-
trical power, water or com-
pressed air;

— individual compeonents (pumps
and valves) are all BALZERS
traditional  quality, carefully
matched to each other to give
optimum design, and assembled
with care, guaranteeing a high
standard of efficiency, long life
and low operating costs;

— all pumping units are tested,
ready for connection, and under
guarantee,

Manufacturing and Sales

programme
pumping Ultimate
speed 3 pressure!
Type I/sec. Torr.
PST 60 E 62 17 < 2x10-6
PSTBOE 17 < B8x107
PST 260 E 80 < 5x10-7
PSTSCOE 315 < 5x107
PST 900 A 315 < 5x10-7
PST 1500 A 700 < Bx107
PST 5000 A 2150 < 5x 1077

'} with LNz cooling, uitimate pres-
sures in the range of 10® Torr.
from PST 260 E.

2} air cooled

3} for air above the plate valve

Special pumping units. We also
design and build special pumping
units to suit the application, and
with pumping speed agreed with
the customer.

If you will contact us we will be
pleased to give you any further in-
formation or advice.

BALZERS

BALZERS AKTIENGESELLSCHAFT

fiir Hochvakuumtechnik und Diinne Schichten

F1-9496 Balzers - Principality of Liechtenstein

United Kingdom:

BALZERS HIGH VACUUM LIMITED
Berkhamsted, Heris.,

Telephone: Berkhamsted 2181
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Type 2004 FOUR-FOLD CAMAG SCALER

4FOLD
SCALER

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

ELECTRONIQUE

DESCRIPTION AND SPECIFICATIONS.

1. Input

Each scaler has a 50 ohm input (IN A} and an unter-

minated dual connector input {IN B). Both inputs

accept fast NIM pulses or levels and enter an AND

gate. Thus, either input A or B can be used as count

input or as gate input. While using A cas countinput, B

may be left open. input B allows bridging connection

of a gate line for reduced fan-out requirements.

@ Scaling Rate: typically 40 MHz

® [nput Pulses, A or B; 12 ns pulses are typically
required, -200 mV is max.
YOV, -600 mV is min. "L,

¢ Maximum Amplitude: -2V, diode limited

® Connectors: LEMO RA 00 C 50

2. Overflow outputs

Overflows are brought out separately on the back
of the module. Nim pulses of approximately 1 us
duration are produced. Individual overflow outputs
may be very useful for triggering a “‘Direct Memory
Increment'’’- module.

3. CAMAC Functions Used in the Module

Function 0: Read the scaler selected by the sub-
address, Clear the corresponding
overflow flag, Produce a Q-response
for the duration of the Camac cycle.

Function 2: Read the scaler selected by the sub-
address, Reset the scaler, Clear its
overflow flag, Produce a Q-response
for the duration of the Camac cycle.

Function 25: Increment all 4 scalers, Produce a Q-
response.

Function 8: Test L. This function produces a Q-
response if the scaler selected by the
subaddress hasits overflow set and its
L enabled.

Function 17: Write a 4 bit mask. This 4 bit mask
-written from the W1 to W4 lines-
enables the individual sources of L

request.
Clear and Reset all scalers, Clear all overflow
initialize: flags and set the L-mask at 0000,
Inhibit: Close the input gate of all 4 scalers.

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

4. Physical

Single unit CAMAC module, fully shielded construc-
tion.

Representatives throughout Europe and The United States

31 Av. Ernest-Pictet-1211 GENEVA 13 / Switzerland - Tel.{022) 44 29 40
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The lowest cost/chagnel discriminator

@

MODEL T108/N
OCTAL TOT DISCRIMINATOR

T108/N OCTAL TOT Discriminator Module —

a direct coupled Time-Over-Threshold dis-
criminator containing éight identical, inde-
pendent sections for lowest cost per channel
applications.

Thirty-two tunnel diode discriminator chan-
nels operate in a standard NIMBIN,

Threshold:

=100 mV, fixed (internally adjustable from -50
to 200 mV).

Rate:

80 MHz CW. Pulse pair resolution: 12 nsec
for 0.5 nsec timing error on second output
pulse,

Slewing:
<1.2 nsec from threshold (50% triggering
probability) to 10X overdrive.

Output width:

6.5 nsec or Time-Over-Threshold, whichever
is greater. Minimum width may be increased
by adding a timing capacitor (=10pf/nsec).

For detailed data on the T108/N OCTAL TOT
Discriminator, or information on the complete
line of system-engineered EG&G instruments,
contact EG&G, Inc., Nuclear Instrumentation
Division, 36 Congress Street, Salem, Massachu-
setts 01970. Phone: (617) 745-3200. Cables:
EGGINC-Salem. TWX: 710-347-6741. TELEX:
949469.

NUCLEAR INSTRUMENTATION DIVISION
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The NE Range of Lithium Drifted Silicon

g

STANDARD GRADE

Resolution—keY

Radiation Detectors™

SELECTED GRADE

Resolution—keV

Type at 20°C Thickness  Active Area Type at 20°C Thickness  Active Area
Number Electron Alpha {mm) (mm2) Number Electron Alpha {rmm} (mm?2)
NEBO—¥ 18 30 ) NERO—TA 12 24 3
NEBO-1 18 40 1 NEBO-1A 11 27 1
NE50-2 18 50 2 50 NEGC—2A 12 30 2 50
NEBO-3 25 60 3 NES0-3A 15 33 3
NEBO-5 35 70 5 NEBD-BA 22 35 5
NE100-% 23 35 % NE100-1A 13 30 %

NE100-1 23 45 1 NET00-1A 12 32 1
NE100-2 23 55 2 100 NET100-2A 13 35 2 100
NE100-3 30 65 3 NET00O-3A 18 37 3
NE100-5 50 75 5 NE100-bA 2?5 40 5
NEZ00-% 25 50 + NE200-1A 15 35 3
NEZ200-1 25 60 1 NE200—-1A 17 37 1
NEZ200-2 26 70 2 200 NEZ200-2A 18 42 2 200
NE200-3 40 80 3 NE200-3A 20 46 3
NEZ200-5 55 80 5 NEZ200-5A 30 50 5
NE300—% 35 55 1 NE300-1A 25 45 ¥
NE300-1 32 60 1 NE300-1A 23 48 1
NE300-2 30 70 2 300 NE300-2A 20 51 2 300
NE300-3 50 80 3 NE300-3A 25 54 3
NE300-5 70G 85 5 NE300-5A 32 680 5
NEBDO- 43 80 * NES00-TA 32 60 ¥
NEBO0-1 42 g0 1 NEBCO—1A 30 64 1
NEBOO-2 40 100 2 500 NEBDO-2A 28 68 2 500
NES00-3 60 110 3 NEBOO-3A 35 72 3
NEBOD-5 100 150 5 NE400-5A 55 80 5

RESOLUTION — Measurements  are made with  Nuclear
Enterprises NE 5287 preamplifier and International Series
units NE 48605 Detector Bias Supply and NE 4603 main
Amplifier. System resolution is measured in keV full width
half maximum at room temperature (20°C), and can be
substantially improved by cooling.

SOURCES — Electron resolution is measured with conversion
electrons from 187Cs(624 keV). Alpha resolution is measured
with alpha particles from 21Am({5-477 MeV).

Full details of parformance and prices available on request from:

CONNECTORS — All  detectors are supplied with an
Ampheno! 27-9 connector. A Microdot 33-36 can bhe
supplied at an additional cost. Other connectors are available
on special order.

TRANSMISSION MOUNT —- Available at an  additional
cost.

WARRANTY — Twelve months.

SPECIAL DETECTORS — Nuclear Enterprises welcomes
enquiries for special detectors to meet customer require-

ments. )
* Details of Annular Detectors also available.

# NUCLEAR ENTERPRISES LIMITED

C,l

%o

1368

Sighthill, Edinburgh EH11, Scotland. Telephone: 031-443 4060 Cables: Nuclear, Edinburgh Telex: 72333
Associate Companies: Nuclear Enterprises GmbH, Perfallstr. 4, 8 Munich 80. Telephone: 44-37-35. Telex: 529938

Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070, Telephone: 415-593-1465

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A.
— 2, chemin de Tavernay - GRAND-SACONNEX - 12718 GENEVA - Tél. (022) 3417 07/34 17 05
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'+ (pronounced “MEKKEL")
: {Mul!aple-Counter Experlment Logfc}

- alamsiy af!CIog:c cards and Bing: .. -
. for versatile counterlcomputer mterfacmg

o Innovated at UCRL and developed

farther by SAC, MCEL is the broadest and-
" most economical Ioglc system

- available today for use wsth Earge

arrays of counters




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

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

Input Impedance 50 ohms + 29,
Reflections 509/, max. below + 1V
109/, max. below 4 10 V (tr = 1 ns)
Current, max. cont. 75 mA
Rate Greater than 50 MHz
Output Impedance Current source, must be terminated, dc
return path 125 ohms max.
Rise time 2.5 ns max.
Linearity Better than 0.25°/, (over range of
+ 16 mA)
Transmission attenuation 50/, approx. Output limited to 4+ 22 mA
Pedestal Adjustable to zero
Stabilized to better than + 05mV over
50 ohms
Signal feed-through 50 mV max., capacitively

differentiated, for an input signal of 10V
and 1 ns rise time. Nett charge is zero

Gate Input impedance 50 ohms + 29,
Input level —400 mV to —4 V to open gate
Signal duration 10 ns min. Maximum duration unlimited
Opening time 3 ns max.

" . i
Closing time A max.}m 900/, of max signal amplitude

Transients 30 mV max. from base line to worst peak,
nett charge adjustable to zero .

Great Britain: 35 High Street, Shoreham-by-Sea

Sussex BN4 5DD

Tel: Shoreham-by-Sea 5262 Telex: 87274

Germany: Verkaufsbiiro Mlnchen, Kaiserstrasse 10 ELECTRONICS
8000 Miinchen 23

Tel: 348016
France: Numelec, 2 Petite Place, 78-Versailles Bl Iw + Switzerland: P. 0. Box, 4500 Solothurn 2
Tel: 951-20-30 ,| Tel: (065) 4 88 21, Telex 34228




