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The goal of theoretical physics

‘Is the end in sight for theoretical
physics ?' This was the question posed
by Stephen Hawking in his inaugural
lecture ™ as incumbent of the presti-
gious Lucasian Chair of Mathematics
in the University of Cambridge.
Among his many other accomplish-
ments, Hawking has successfully
brought together ideas from particle
physics, from general relativity and
from thermodynamics (see October
1977 edition, page 334) which have
greatly influenced thinking on the
origin of the Universe.

We are publishing the text of the
lecture in two parts, the first dealing
with the motivations for constructing
unified theories in physics, and going
on to describe current efforts to unify
the electroweak picture with that of
quark dynamics. As an influential phy-
sicist not directly involved with parti-
cle research, Hawking's views on par-
ticle theory make interesting reading.
In the second part, to be published in
our March issue, Hawking goes on to
cover the subject of gravity, where his
pronouncements always provide sub-
stantial food for thought.

‘| want to discuss the possibility that
the goal of theoretical physics might
be achieved in the not too distant
future, say, by the end of the century.
By this | mean that we might have a
complete, consistent and unified
theory of the physical interactions
which would describe all possible
observations.

Of course one has to be very
cautious about making such predic-
tions: we have thought that we were
on the brink of the final synthesis at
least twice before. At the beginning

* ’Is the end in sight for theoretical physics?’
by Stephen Hawking, published by Cam-
bridge University Press.
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of the century it was believed that
everything could be understood in
terms of continuum mechanics. All
that was needed was to measure a
certain number of coefficients of
elasticity, viscosity, conductivity etc.
This hope was shattered by the dis-
covery of atomic structure and quan-
tum mechanics. Again, in the late
1920s Max Born told a group of
scientists visiting Gottingen that
‘Physics, as we know it, will be over
in six months.” This was shortly after
the discovery by Paul Dirac of the
equation which governs the behav-
iour of the electron. It was expected
that a similar equation would govern
the proton, the only other sup-
posedly elementary particle known
at that time. However, the discovery
of the neutron and of nuclear forces
disappointed these hopes. We now
know that neither the proton nor the
neutron are elementary but that they
are made up of smaller particles.
Nevertheless, we have made a lot of
progress in recent years and there
are some grounds for cautious
optimism that we may soon see a
complete theory.

Even if we do achieve a complete
unified theory, we shall not be able to
make detailed predictions in any but
the simplest situations. For example,
we already know the physical laws
that govern everything that we
experience in everyday life: as Dirac
pointed out, his equation was the
basis of ‘most of physics and all of
chemistry’. However we have been
able to solve the equation only for
the very simplest system, the
hydrogen atom consisting of one
proton and one electron. For more
complicated atoms with more elec-
trons, let alone for molecules with
more than one nucleus, we have to
resort to approximations and intui-
tive guesses of doubtful validity. For
macroscopic systems consisting of

1023 particles or so, we have to use .

Paul Dirac, who discovered the equation
which describes the behaviour of the
electron. He has pointed out that this
equation is the basis of ‘most of physics
and all of chemistry’.

statistical methods and abandon any
pretence of solving the equations
exactly. Although in principle we
know the equations that govern the
whole of biology, we have not been
able to reduce the study of human
behaviour to a branch of applied
mathematics.

What would we mean by a com-
plete and unified theory of physics?
Our attempts at modelling physical
reality normally consist of two
parts:

1. A set of local laws that are obeyed
by the various physical quantities.
These are usually formulated in
terms of differential equations.

2. Sets of boundary conditions that
tell us the state of some regions of
the Universe at a certain time and
what effects propagate into it sub-
sequently from the rest of the Uni-
verse.

Many people would claim that the
role of science was confined to the
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first of these and that theoretical
physics will have achieved its goal
when we have obtained a complete
set of local physical laws. They
would regard the question of the
initial conditions for the Universe as
belonging to the realm of metaphy-
sics or religion. In a way this attitude
is similar to that of those who in
earlier centuries discouraged scien-
tific investigation by saying that all
natural phenomena were the work of
God and should not be inquired into.
| think that the initial conditions of
the Universe are as suitable a sub-
ject for scientific study and theory as
are the local physical laws. We shall
not have a complete theory until we
can do more than merely say that
‘Things are as they are because they
were as they were.’

The question of the uniqueness of
the initial conditions is closely
related to that of the arbitrariness of
the local physical laws: one would
not regard a theory as complete if it
contained a number of adjustable
parameters such as masses or cou-
pling constants which could be given
any values one liked. In fact it seems
that neither the initial conditions nor
the values of the parameters in the
theory are arbitrary but that they are
somehow chosen or picked out very
carefully. For example, if the proton-
neutron mass difference were not
about twice the mass of the electron,
one would not obtain the couple of
hundred or so stable nuclides that
make up the elements and are the
basis of chemistry and biology. Sim-
ilarly if the gravitational mass of the
proton were significantly different,
one would not have had stars in
which these nuclides could have
been built up and if the initial expan-
sion of the Universe had been
slightly smaller or greater, the Uni-
verse would either have collapsed
before such stars could have evolved
or would have expanded so rapidly
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that stars’ would never have been
formed by gravitational condensa-
tion.

Some people have gone so far as
to elevate these restrictions on the
initial conditions and the parameters
to the status of a principle, the
Anthropic Principle, which can be
paraphrased as 'Things are as they
are because we are’. According to
one version of the principle there is a
very large number of different sepa-
rate universes with different values
of the physical parameters and dif-
ferent initial conditions. Most of
these universes will not provide the
right conditions for the development
of the complicated structures
needed for intelligent life. Only in a
small number, with conditions and
parameters like our own universe,
will it be possible for intelligent life to
develop and to ask the question
‘Why is the Universe as we observe
it?" The answer is, of course, that if it
were otherwise there would not be
anyone to ask the question.

The Anthropic Principle does pro-
vide some sort of explanation of
many of the remarkable numerical
relations that are observed between
the values of different physical para-
meters. However, it is not com-
pletely satisfactory: one cannot help
feeling that there is some deeper
explanation. Also, it cannot account
for all the regions of the Universe.
For example, our solar system is
certainly a prerequisite for our exis-
tence as is an earlier generation of
nearby stars in which heavy ele-
ments could have been formed by
nuclear synthesis. It might even be
that the whole of our galaxy was
required. But there does not seem
any necessity for other galaxies to
exist, let alone the million million or
so of them that we see, distributed
roughly uniformly throughout the
observable Universe. This large-
scale homogeneity of the Universe

makes it very difficult to hold an
anthropocentric view or to believe
that the structure of the Universe
is determined by anything so
peripheral as some complicated
molecular structures on a minor pla-
net orbiting a very average star in the
outer suburbs of a fairly typical spiral
galaxy.

If we are not going to appeal to the
Anthropic Principle, we need some
unifying theory to account for the
initial conditions of the Universe and
the values of the various physical
parameters. However, it is too diffi-
cult to think up a complete theory of
everything all at one go (though this
does not seem to stop some people;
| get two or three unified theories in
the mail each week). What we do
instead is to look for partial theories
that will describe situations in which
certain interactions can be ignored
or approximated in a simple manner.
We first divide the material content
of the Universe into two parts, ‘mat-
ter’ particles such as quarks, elec-
trons, muons etc., and ‘interactions’
such as gravity, electromagnetism
etc.

The matter particles are described
by fields of half-integer spin and
obey the Pauli Exclusion Principle
which prevents more than one parti-
cle of a given kind from being in any
state. This is the reason that we can
have solid bodies that do not col-
lapse to a point or radiate away to
infinity. The matter particles are div-
ided into two groups, the hadrons,
which are composed of quarks, and
the leptons, which comprise the
remainder.

The interactions are divided phe-
nomenologically into four catego-
ries. In order of strength they are: the
strong nuclear forces which interact
only with hadrons, electromagne-
tism which interacts with charged
hadrons and leptons, the weak
nuclear forces which interact with all
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Murray Gell-Mann seen here lecturing at
CERN on the ‘Grand Unification’ of the
different forces in physics. In the audience
is (top left) Stephen Hawking, whose own
ideas on the subject are stimulating.

(Photo CERN 263.3.79)

hadrons and leptons and finally, the
weakest by far, gravity which inter-
acts with everything. The interac-
tions are represented by integer-spin
fields which do not obey the Pauli
Exclusion Principle. This means that
they can have many particles in the
same state.

In the case of electromagnetism
and gravity, the interactions are also
long-range which means that the
fields produced by a large number of
matter particles can all add up to
give a field that can be detected on a
macroscopic scale. For these rea-
sons they were the first to have
theories developed for them, gravity
by Newton in the seventeenth cen-
tury and electromagnetism by Max-
well in the nineteenth century. How-
ever these theories were basically
incompatible because the Newton-
ian Theory was invariant if the whole
system was given any uniform ve-
locity whereas the Maxwell Theory
defined a preferred velocity, the
speed of light. In the end it turned out
to be the Newtonian Theory of Grav-
ity which had to be modified to make
it compatible with the invariance
properties of the Maxwell Theory.
This was achieved by Einstein's
General Theory of Relativity which
was formulated in 1915.

The General Relativity Theory of
Gravity and the Maxwell Theory of

Electrodynamics were what is called -

Classical Theories — they involved
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quantities which were continuously
variable and which could, in principle
at least, be measured to arbitrary
accuracy. However a problem arose
when one tried to use such theories
to construct a model of the atom. It
had been discovered that the atom
consisted of -a small positively
charged nucleus surrounded by a
cloud of negatively charged elec-
trons. The natural assumption was
that the electrons were in orbit
around the nucleus like the Earthisin
orbit around the Sun. However the
Classical Theory predicted that the
electrons would radiate electromag-
netic waves. These waves would
carry away energy and would cause
the electrons to spiral into the
nucleus, producing a collapse of the
atom.

This problem was overcome by
what is undoubtedly the greatest
achievement in theoretical physics
this century, the discovery of the
Quantum Theory. The basic postu-
late of this is the Heisenberg ‘Uncer-
tainty Principle’ which states that
certain pairs of quantities, such as
the position and momentum of a
particle, cannot be measured simul-
taneously with arbitrary accuracy. In
the case of the atom this meant that
in its lowest energy state the elec-
tron could not be at rest in the
nucleus because, in that case, its
position and velocity would both be
defined exactly. Instead the electron

would have to be smeared out with
some probability distribution around
the nucleus. In this state the electron
could not radiate energy in the form
of electromagnetic waves because
there would be no lower energy
state for it to go to.

Inthe 1920s and 1930s quantum
mechanics wa$ applied with great
success to systems such as atoms or
molecules which have only a finite
number of degrees of freedom. Diffi-
culties arose when people tried to
apply it to the electromagnetic field
which has an infinite number of
degrees of freedom, roughly speak-
ing, two for each point of space-time.
One can regard these degrees of
freedom as oscillators, each with its
own position and momentum. The
oscillators cannot be at rest because
then they would have exactly
defined positions and momenta.
Instead each oscillator must have
some minimum amount of what are
called ‘zero point fluctuations’ and a
non-zero energy. The energies of the
zero point fluctuations of all the
infinite number of degrees of free-
dom would cause the apparent mass
and charge of the electron to
become infinite.

In the late 1940s, a procedure
called renormalization was devel-
oped to overcome this difficulty. It
consisted of the rather arbitrary sub-
traction of certain infinite quantities
to leave finite remainders. In the
case of electrodynamics, it was
necessary to make two such infinite
subtractions, one for the mass and
the other for the charge of the elec-
tron. This renormalization procedure
has never been put on a very firm
conceptual or mathematical basis,
but it has worked quite well in prac-
tice. Its great success was the pre-
diction of a small displacement, the
Lamb Shift, in some lines in the
spectrum of atomic hydrogen. How-
ever it is not very satisfactory from
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the point of view of a complete
theory because it does not make any
predictions of the values of the finite
remainders left after making infinite
subtractions. Thus we would have to
fall back on the Anthropic Principle
to explain why the electron has the
mass and charge that it does.

During the 1950s and 1960s it
was generally believed that the
weak and strong nuclear forces were
not renormalizable and would re-
quire an infinite number of infinite
subtractions to make them finite.
There would be an infinite number of
finite remainders which were not
determined by the theory. Such a
theory would have no predictive
power because one could never
measure all the infinite number of
parameters. However, in 1971
"t Hooft showed that a unified model
of the electromagnetic and weak
interactions that had been earlier
proposed by Salam and Weinberg
was indeed renormalizable with only
a finite number of infinite subtrac-
tions. In the Salam-Weinberg theory
the photon, the spin-1 particle that
carries the electromagnetic interac-
tion, is joined by three other spin-1
partners called W*, W~ and Z°.

At very high energies these four
particles are all predicted to behave
in a similar manner. At lower ener-
gies a phenomenon called ‘sponta-
neous symmetry breaking is in-
voked to explain the fact that the
photon has zero rest mass whereas
the W*, W~ and Z° are all very
massive. The low energy predictions
of this theory have agreed remarka-
bly well with observation and this led
the Swedish Academy in 1979 to
award the Nobel prize to Salam,
Weinberg and to Glashow, who had
also constructed similar unified
theories.

The success of the Salam-Wein-
berg theory led to the search for a
similar renormalizable theory of the
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strong interactions. It was realized
fairly early on that the proton and
other hadrons such as the pion could
not be truly elementary particles, but
that they must be bound states of
other particles called quarks. These
seem to have the curious property
that, although they can move fairly
freely within a hadron, it appears to
be impossible to obtain just one
quark on its own; they always come
either in groups of three (like the
proton or neutron) or in pairs consist-
ing of a quark and antiquark (like the
pion). To explain this, quarks were
endowed with an attribute conve-
niently called ‘colour’. The idea is
that quarks come in three ‘colours’,
red, green and blue, but that any
isolated bound state such as a
hadron has tobe ‘colourless’, either a
combination of red, green and blue
like the proton, or a mixture of red
and antired, green and antigreen,
and blue and antiblue like the pion.

The cupola which roofs over the experimental
area at the CERN SPS housing apparatus

for the UAT experiment to study high energy
collisions of protons and antiprotons. High

on its agenda of priorities is a search for

the intermediate bosons of weak interactions,
long predicted but so far not seen.

(Photo CERN 387.11.80)

The strong interactions between
the quarks are supposed to be car-
ried by spin-1 particles called gluons
rather like the particles that carry the
weak interaction. The gluons also
carry colour and they and the quarks
obey a renormalizable theory called
quantum chromodynamics or QCD
for short. A consequence of the
renormalization procedure is that
the effective coupling constant of
the theory depends on the energy at
which it is measured and decreases
to zero at very high energies. This
phenomenon is known as asymp-
totic freedom. It means that quarks
inside a hadron behave almost like
free particles in high energy colli-
sions so that their interactions can
be treated successfully by perturba-
tion theory.

The predictions of perturbation
theory are in reasonable qualitative
agreement with observation but one
cannot yet really claim that the the-
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Setting the scene for the hunting of the
elusive intermediate bosons of weak
Interactions, which according to current
theory should soon be within reach. This
underground cavern at the CERN SPS will
shortly house several of the experiments
being prepared to exploit high energy proton-
antiproton colliding beams.

(Photo CERN 189.12.80)

ory has been experimentally verified.
At low energies the effective cou-
pling constant becomes very large
and perturbation
down. It is hoped that this ‘infrared
slavery’ will explain why quarks are
always confined in colourless bound
states but so far no-one has been
able to demonstrate this really con-
.vincingly.

Having obtained one renormaliza-
ble theory for the strong interactions
and another one for the weak and
electromagnetic interactions, it was
natural to look for a theory which
combined the two. Such theories are
given the rather exaggerated title of
‘Grand Unified Theories’ or GUTs for
short. This is rather misleading
because they are neither all that
grand, nor fully unified, nor complete
theories in that they have a number
of undetermined renormalization pa-
rameters such as coupling constants
and masses. Nevertheless they may
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be a significant step toward a com-
plete unified theory. The basic idea is
that the effective coupling constant
of the strong interactions, which is
large at low energies, gradually
decreases at high energies because
of asymptotic freedom.

On the other hand, the effective
coupling constant of the Salam-
Weinberg theory, which is small at
low energies, gradually increases at
high energies because this theory is
not asymptotically free. If one extra-
polates the low energy rate of
increase and decrease of the cou-
pling constants, one finds that the
two coupling constants become
equal at an energy of about
10'5 GeV. The theories propose that
above this energy the strong interac-
tions are unified with the weak and
electromagnetic interactions but
that at lower energies there is spon-
taneous symmetry breaking.

An energy of 10'5 GeV is way

beyond the scope of any laboratory
experiment: the present generation
of particle accelerators can produce
centre-of-mass energies of about
10 GeV and the next generation will
produce energies of 100 GeV or so.
This will be sufficient to investigate
the energy range in which the elec-
tromagnetic forces should become
unified with the weak forces accord-
ing to the Salam-Weinberg theory
but not the enormously high energy
at which the weak and electromag-
netic interactions would be pre-
dicted to become unified with the
strong interactions. Nevertheless
there can be low energy predictions
of the Grand Unified Theories that
might be testable in the laboratory.
For example, the theories predict
that the proton should not be com-
pletely stable but should decay with
a lifetime of order 103" years. The
present experimental lower limit on
the lifetime is about 103° years and it
should be possible to improve this.

Another observable prediction
concerns the ratio of baryons to
photons in the Universe. The laws of
physics seem to be the same for
particles and antiparticles. More pre-
cisely, they are the same if particles
are replaced by antiparticles, right-
handed is replaced by left-handed
and the velocities of all particles are
reversed. This is known as the CPT
Theorem and it is a consequence of
basic assumptions that should hold
in any reasonable theory. Yet the
Earth and indeed the whole solar
system is made up of protons and
neutrons without any antiprotons or
antineutrons. Indeed such an imbal-
ance between particles and antipar-
ticles is yet another a priori condition
for our existence; for if the solar
system were composed of an equal
mixture of particles and antiparti-
cles, they would all annihilate each
other and leave just radiation.

From the observed absence of
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such annihilation radiation we can
conclude that our galaxy is made
entirely of particles rather than anti-
particles. We do not have direct
evidence about other galaxies but it
seems likely that they are composed
of particles and that in the Universe
as a whole there is an excess of
particles over antiparticles of about
one particle per 108 photons. One
could try to account for this by invok-
ing the Anthropic Principle but
Grand Unified Theories actually pro-
vide a possible mechanism for
explaining the imbalance.

Although all interactions seem to
be invariant under the combination
of C (replace particles by antiparti-
cles), P (change right-handed to left-
handed) and T (reverse the direction
of time), there are known to be
interactions which are not invariant
under T alone. In the early Universe,
in which there is a very marked
arrow of time given by the expan-
sion, these interactions could pro-
duce more particles than antiparti-
cles. However, the number they
make is very model-dependent, so
that agreement with observation is
hardly a confirmation of the Grand
Unified Theories.’

During the inauguration ceremony of the
Synchrotron Radiation Source at Daresbury
Laboratory on 7 November, a bronze plaque
was unveiled by Mark Carlisle, UK Secretary
of State for Education and Science, seen
here (second from right) congratulating Sir
Geoffrey Allen, Chairman of the UK Science
Research Council, with (right) Daresbury
Director Alick Ashmore and (left) project
head Jerry Tompson.

{Photo Daresbury)
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Synchrotron Radiation
Source in action

The.world's first large purpose-built
high energy source of synchrotron
radiation is now in action at the
Daresbury Laboratory. Known as
the SRS (Synchrotron Radiation
Source), the 2 GeV electron storage
ring, which produces the radiation,
has its roots in the developments
made in the early 1970s to use the
radiation emerging from the 5 GeV
high energy physics electron syn-
chrotron, NINA. This demonstrated
the potentiai applications of syn-
chrotronradiationresearchinthe U.K.
and, when itbecame clear that NINA
would be prematurely retired, a pro-
posal was made to build a dedicated
radiation source using many of the
systems which would be left over
from NINA. These systems included
power supplies and some beam
transport equipment together with
suitable buildings. But the most
important resource surviving from
NINA days was the experience at the

Laboratory in all aspects of acceler-
ator design and operation and in
computerized data handling.

In 1975 approval was given for
the construction of a 2 GeV electron
storage ring together with its injec-
tion accelerators, namely a 12 MeV
linac and a 600 MeV booster syn-
chrotron. Phe storage ring has been
built in the building which originally
held NINA power supplies, and the
injectors in the former experimental
hall for high energy physics. As a
consequence of this layout, con-
struction of the storage ring could
not start until the NINA shutdown in
1977, although in the meantime the
linac and booster were rapidly put
together and came into operation in
1978. The storage ring was ready in
the summer of 1980.

The linac has a travelling wave
structure operating at a frequency of
3000 MHz. The electron gun is a
triode and, with 500 MHz applied to
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Drawing of the Synchrotron Radjiation Source
at Daresbury indicating the locations of the
electron linac, the 600 MeV Booster
Synchrotron, the SRS storage ring itself and
several radiation beamlines. The Daresbury
SRS is the first large purpose-built facility
for synchrotron radjiation research to come
into action.

SYNCHROTRON RADIATION SOURCE
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the grid, the beam is prebunched to
assist subsequent capture in the
booster. Depending on the desired
output current, the final energy of the
linac may be selected between 10
and 15 MeV. It is normally set for
12 MeV whichresults in an analysed
pulse current of 30 mA within a
momentum spread of + 0.5 per cent.
The repetition rate is 10 Hz to match
that of the booster.

The booster uses combined func-
tion magnets. The repetition rate of
10 Hz allows the magnets to be
powered by means of a resonant,
White-circuit supply and also
matches the rate at which injection
can be made into the ring. This rate is
low enough to permit an all-metal
vacuum chamber to be used without
the accelerated beam being per-
turbed by the effects of eddy cur-
rents. Under normal conditions,
the booster accelerates 25 mA to
600 MeV but, after fine tuning, over
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40 mA has been measured. The
electrons are distributed uniformly
around the orbit in 53 bunches. As a
prime number, this is an unusual
harmonic number for an accelerator,
but in conjunction with the harmonic
number of 160 in the storage ring it
allows many bunch-filling se-
quences to be used.

The storage ring is a separated
function lattice of eight normal cells
without long straights or inserts. At
2.0 GeV the field in these magnets is
1.2 T which produces a synchrotron
radiation spectrum whose critical
wavelength is 3.9 angstroms. The
storage ring has been designed for a
maximum stored current of 1 A at
which level the total synchrotron
radiation power will be 250 kW. At
present only half the r.f. power is
installed which limits the current to
about 350 mA at 2 GeV.

The first electrons were injected
into the storage ring at the end of

June 1980 and three days later the
beam was successfully stored at the
injection energy of 600 MeV. Since
then the storage ring has been run
for accelerator studies a few days a
week over ten weeks. The remaining
time has been used for further instal-
lation and construction work, partic-
ularly connected with the beamlines
and experimental hall.

The maximum observed stored
current is 200 mA, evenly distri-
buted over the 160 r.f. buckets; no
work has been done yet to establish
the reason for the limitation. Injec-
tion has been successfully made
at a rate of 10 Hz with high effi-
ciency and an accumulation rate of
50 mA/s.

The beam lifetime up to now is
about thirty minutes, limited by the
average vacuum pressure of 3 x 108
torr. This was with the vacuum
chamber unbaked and with-none of
the distributed ion pumps in opera-

9



A section of the 2 GeV electron storage ring
of the SRS. An exit port for synchrotron
radiation adjoining a bending magnet can

be seen in the foreground.

(Photo Daresbury)

tion. During November the whole
chamber was baked in situ to 200°C
which resulted in a considerable
reduction in base pressure and en-
abled the distributed pumps to be
switched on.

The stored electrons have been
accelerated above the 600 MeV
injection energy while increasing the
fields in all the magnets, a process
which is carried out by the computer
control system. The maximum
energy which has been achieved is
1.4 GeV with only one r.f. cavity in
operation. There are a total of four
single cell cavities in the storage
ring and the remaining three are
being brought into operation.

Initially the SRS will supply two
synchrotron radiation beamlines,
one for vacuum ultraviolet physics
equipped with two experimental sta-
tions, and the other for X-ray
research equipped with four experi-
mental stations (two being dual-
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purpose). It is planned to open up
other beam ports as finances permit,
up to a maximum of about twelve.
The first stage of the plan is to have
twelve independent stations, fed
from six ports, operational by about
May 1982.

All accelerators are modified and
refined to meet the changing de-
mands of their users and the SRS
will be no exception. In the imme-
diate future, single bunch option will
be developed to allow various bunch
separation patterns to be filled, thus
catering for the users who need their
radiation in discrete pulses sepa-
rated by well-defined dark spaces.
Also imminent is a high field super-
conducting wiggler magnet which
will generate hard X-raysinits 4.5 T
field. This magnet is being assem-
bled and is due for installation
towards the end of 1981.

Another possible development,
which is being studied, would be to

install extra quadrupoles to increase
the unit cell number from 8 to 16.
This would lead to a reduction in the
beam emittance by over an order of
magnitude and, if it were carried out
in a few years, would ensure that the
SRS remained competitive with
even the second generation of pur-
pose-designed synchrotron radia-
tion sources.

The SRS has been completed
close to programme and within
its financial target of 5.4 million
pounds. Experiments are now start-
ing and some fifty UK groups are
preparing to start work at the
machine.

CERN Courier, January/February 1981



ECFA prepares for LEP

The European Committee for Future
Accelerators had its 28th Plenary
Meeting in November and promi-
nent on the agenda was preparation
for the proposed large electron-posi-
tron storage ring, LEP.

It was decided to organize a ‘Gen-
eral Meeting on LEP’ in the first half
of this year with the aims of inform-
ing the high energy physics commu-
nity of the status of the machine
design (giving the opportunity to
comment on the parameters of the
experimental halls and all other fea-
tures which affect the use of LEP by
physicists) and of discussing the par-
ticipation by physicists and engi-
neers in the Member States in the
building of LEP components. In this
context ECFA strongly endorsed a
resolution of the CERN Scientific
Policy Committee:

‘The Scientific Policy Committee
stresses that the research pro-
gramme for LEP should not be pre-
maturely frozen. Should LEP be
approved in June 1981, a call for
experimental proposals will be sent
out towards the end of 1981. The
first selection of experiments will be
made by an appropriate committee
towards the end of 1982. The Scien-
tific Policy Committee urges that
special attention be given to ensur-
ing that small groups and young
physicists are given every opportun-
ity to take part in LEP experi-
ments.’

It is hoped that the ‘General
Meeting on LEP’ will take place at
Villars-sur-Ollon in the Swiss Alps
in the first week of June. A Working
Group has been set up to prepare
for the meeting with the following
members: J. Mulvey, H. Boggild,
F. Bonaudi, M. Bourquin, W. Braun-
schweig, J. Buon, R. Cashmore,
M. Davier, P. Duinker, T. Ekelof,
J.H. Field, A. Klovning, F. Pierre,
P. Strolin, G. Weber, G. Wolf and
Ch. Redman (Secretary).
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This Group will work in contact
with the LEP Project Committee at
CERN which will put forward all the
problems they feel should be dis-
cussed by the community. The
Group will use the community as the
source of data to solve these pro-
blems. Anyone may contact Group
members to raise any other issues
considered important.

To help the interchange of ideas
on LEP design, especially as it affects
the performance of experiments, the
Project Committee itself is holding
two or three open meetings at
CERN. Each meeting is intended to
concentrate on a limited number of
topics and they will be useful in
preparing for the General Meeting in
June. The first of these meetings
was held on 23 January, and
included discussion of the choice of
intersection regions for the first four
experimental areas.

Among other topics discussed at

New ECFA chairman John Mulvey (left),
who succeeds Marcel Vivargent (right).

the November ECFA Meeting, Bryan
Montague presented prospects for
polarized beams in LEP. This is a
possibility which must be confronted
at the start because if it is decided to
aim for polarized beam, there are
implications for the machine design.
There was a call for all physicists
who have an interest in LEP experi-
ments with polarized beams to make
their interest known so that the deci-
sion on polarization can be taken
early.

E. Lillestgl covered progress in the
ECFA Working Group on Data Pro-
cessing Standards in High Energy
Physics. This also is related to exper-
imentation at LEP where standardi-
zation would greatly ease the parti-
cipation of national groups in big
collaborations. Sub-groups are now
tackling specific topics (see Novem-
ber 1980 issue, page 340).

Gus Voss reported on the status of
the proposed electron-proton ma-
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chine, HERA, at the DESY Labora-
tory (see May 1980 issue, page 99).
The project is now being evaluated
along with several other major pro-
posed scientific facilities in the Fed-
eral Republic of Germany by a com-
mittee set up by the Government.
The committee is expected to report
in March and if its recommendation
is favourable, the Government can
then be approached for finance. All
other preparatory steps in terms of
local authorizations, approval by the
Hamburg authorities and, of course,
continuing development of the de-
sign, are under way.

At the ECFA Meeting, John Mul-
vey of Oxford University was elected
Chairman of ECFA, taking office
from 1 January. He succeeds Marcel
Vivargent of the LAPP Laboratory at
Annecy whose considerable efforts
as Chairman of ECFA in the cause of
LEP have been a major contribution
to the strong support generated for
the project within the European high
energy physics community. He ini-
tiated several working groups on
LEP, including the new one an-
nounced at the beginning of this
article. He also introduced into
ECFA's deliberations very thorough
reporting of the decisions in the
various CERN Committees which
has helped ECFA in formulating its
own policies. John Mulvey now
leads ECFA with the experience
behind him of chairing the ECFA
Working Group which examined the
high energy physics activities and
resources of Europe and emerged
with a very thorough report (see
March issue 1980, page 11). He
was also Director at CERN for sev-
eral years before returning to Oxford
University in 1976.
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Around the Laboratories

BROOKHAVEN
Bouncing neutrinos

During the past year a massive and
heavily instrumented new electronic
detector has been taking shape at
Brookhaven. Its primary purpose is
toinvestigate with high precision the
elastic scattering of neutrinos from
electrons and protons. A wide range
of other reactions will also be looked
at, including a search for neutrino
oscillations (see page 21).

The new detector represents a
major step forward in both size and
complexity from the early electronic
experiments at the Brookhaven
Alternating Gradient Synchrotron
(AGS). It is being constructed by a
consortium of physicists from
Brookhaven, Brown University, the
University of Pennsylvania, the State
University of New York at Stony
Brook, KEK, Osaka University and
INS-Tokyo. A key design goal was to
have almost all of the detector ‘live’,
recording all energy deposition by
charged particles as well as serving
as a target. Most of the mass (170
tons in 128 modules) is in the form
of liquid scintillator which gives good
energy resolution and low multiple
scattering. The liquid is contained in
4-metre-long acrylic tubes which
also serve as light-pipes to carry the
scintillation light to phototubes at
each end. The width of each tube in
the beam direction is only 7.5 cm,
meaning that protons can be de-
tected down to about 300 MeV and
that an electron can be tracked
through a distance of three modules,
on average, before it begins to sho-
wer. This latter feature is important
for precise measurement of the
electron scattering angle.

The tracking is done by propor-
tional drift tubes sandwiched be-
tween the calorimeter modules.
They measure charged particle loca-
tions to a precision of 0.6 mm. The

Brookhaven’s new neutrino detector in the
assembly stage. Liquid calorimeter modules
interspersed with proportional drift tube
planes will provide a fine-grained “live’ target,
recording energy deposition by charged
particles.

gg‘ " ‘J K

tubes also provide dE/dx measure-
ments. This information, together
with the good angular resolution of
the drift tubes, will be used to distin-
guish elastically scattered electrons
from other charged particles and
photon conversions.

The AGS is ideally suited for the
study of neutrino elastic scattering.
The neutrino beam peaks near
1 GeV, with useful flux up to about
5 GeV. The yield of neutrino on
electron scattering events per ton of
detector is approximately the same
from this beam as that from higher
energy accelerators, since the higher
repetition rate of the AGS compen-
sates for the lower cross-section.
The hadronic reactions of neutrinos
at this energy have low multiplicity
and are well understood, with the
result that the background for the
electron scattering signal is ex-
pected to be only 10 per cent. About
two events per day are anticipated,
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Tensioning sense wires in the proportional
drift tube planes for the new Brookhaven
neutrino detector. This is well-suited to study
elastic neutrino scattering from both protons
and electrons.

(Photos Brookhaven)

which should yield a measurement
of the Weinberg angle with high
precision (+ 0.01) and no systematic
error. The same advantages asso-
ciated with low energy apply a for-
tiori with respect to the neutrino on
proton elastic scattering, since the
cross-section for that channel does
not rise linearly with energy but
quickly approaches a maximum.
Construction of the detector has
proceeded smoothly and testing of
components has been highly suc-
cessful. After an initial test run, phy-
sics data-taking runs with 80 mo-
dules in place are scheduled for
March and May. The full apparatus is
expected to be complete by the fall.
One of the interesting results antici-
pated from these first data runs is
related to neutrino oscillations. A
measurement of the ratio of neutral
current to charged current event
rates as a function of energy will set
alow limit for any transition between
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muon and electron neutrinos. A
charged particle spectrometer will
be added downstream of the detec-
tor to provide a measure of the
neutrino flux by normalizing with
-high precison to the charged current
event rate.

CORNELL
B mesons at CESR

Indirect evidence for the production
and decay of mesons containing the
new b-quark (‘beauty’) flavour has
been observed at CESR by both
experimental groups, CLEO and
CUSB. The properties of the fourth
upsilon (see June 1980, page 151)
and of the decays observed appear
to be in agreement with predictions
of the ‘standard’ theory of electro-
weak interactions. The best evi-
dence comes from the number of
high energy leptons in the observed
events at the fourth upsilon reson-

ance. A significant increase in the
number of leptons per event at the

"resonance indicates a new weak

decay channel and thus the produc-
tion of a new ‘flavour’ that can only
decay by flavour-changing weak
decays.

Both groups have observed a dra-
matic increase in the production of
electrons above 1 GeV. (The spec-
trum of electrons and muons from
the decay of lighter hadrons such as
D mesons is weighted towards
lower energies.) The total hadronic
cross-section shows a 50 per cent
increase over the continuum at the
resonance, while the electron yield
increases by almost a factor of four.
The muon cross-section measured
by CLEO shows a similar increase, in
agreement with the electron num-
bers. The branching ratio for naked
beauty B mesons to decay into elec-
trons is 13 per cent (CLEO), 15 per
cent (CUSB), and into muonsis 9 per
cent (CLEQ), all of these being
consistent with each other within
experimental errors.

The CLEO detector has also
observed a significantincrease in the
kaon yield at the resonance. Data
from the time-of-flight counters are
used to select charged kaons, and
neutral vees from the drift chamber
are identified as neutral kaons, giving
a combined rate of about 1.6 kaons
per B decay. This indicates that the B
decays predominantly to charmed
mesons, which then decay predomi-
nantly to strange mesons (kaons).
This mode of decay is expected to
dominate, according to the Kobaya-
shi-Maskawa scheme utilizing six
quark flavours. (This scheme, of
course, also postulates the existence
of a sixth 'top’ quark which has so far
eluded detection at PETRA.)

The CUSB detector, which is
designed to be sensitive to low
energy photons, has not observed a
clear signal of 50 MeV photons at
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the resonance. Such a signal would
be expected from the decay of

excited B mesons which are thought

to be 50 MeV heavier than their
ground-state counterparts. The ab-
sence of a 50 MeV photon peak
indicates that the fourth upsilon
resonance is less than 100 MeV
above the beauty threshold, since
the CUSB detector is sensitive
enough to see at least one of the two
50 MeV photons expected from the
production of excited B mesons.

FERMILAB
Holographic track
chamber workshop

An informal workshop was held
at Fermilab in November on holo-
graphic track chambers, with em-
phasis on high resolution bubble and
streamer chamber vertex detectors
for fixed-target Tevatron experi-
ments. About 85 experimenters par-
ticipated, with approximately equal
numbers interested in applications
to hadron/photon interactions and
to neutrino/beam dump studies.

The possibility of holography of-
fering advantages over conventional
photography of bubble chambers by
providing direct three-dimensional
recording, as well as high spatial
resolution over much larger depths
of field, was explored in the late
1960s. Optics scientists in Britain,
the United States, and Japan partici-
pated in these investigations. Holo-
graphic recording of spark and
streamer chamber track residues
was demonstrated in the early
1970s in the Soviet Union. However
it is chiefly in the last two years that
extensive practical interest has de-
veloped in holographic track record-
ing, principally for studies of short-
lived charmed hadrons and of heavy
leptons (see June 1980 issue, page
154).
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Tests at CERN with the small BIBC bubble
chamber have demonstrated well the
possibilities of using holographic techniques
with bubble chambers.

At the workshop it appeared that
the goal for many experimenters is to
achieve with practical chambers an
order of magnitude improvement in
spatial resolution with holograms as
compared to conventional photo-
graphs. It was emphasized by Leon
Lederman in his welcoming address
that the realization of higher spatial
resolution detectors is both import-
ant for increased physics capabilities
in Tevatron experiments and would
in many cases also allow the use of
smaller and more economical appa-
ratus. '

In the first session T. Jeong (Lake
Forest) provided background and
demonstrations of a variety of
general holographic techniques.
C. Fisher (Rutherford) reviewed limi-
tations of conventional high resolu-
tion track chambers and spectro-
meters, leading to recent European
developments and proposals for
several varieties of small holo-
graphic bubble chambers. P. Lecoq
(CERN) showed reconstructed
images from the first high resolution
bubble chamber holograms, taken
earlier this year at the CERN SPS
with the Berne freon mini-chamber
(BIBC). Videotape test results with
eight micron bubble diameter tracks
were particularly dramatic. Image
resolution of this quality appears to
be needed for efficient observation
of decay vertices for particles with

lifetimes down to 107'3 s,

The second session provided addi:
tional technical perspectives on the
limits for holographic techniques by
F. Eisler (CUNY), and on the charac:
teristics of the required lasers fol
practical holographic track cham:
bers by R. Milburn (Tufts). Aspect:
of high resolution photography anc
holography of streamer chambe
tracks were reviewed by J. Sand
weiss (Yale), and of big bubbl
chambers by H. Bingham (Berkeley,
Designs of two novel holographi
freon bubble chamber proposal
were described by I. Pless (MIT). On
design featured a very small ultrs
sonic chamber for hadronic interac
tions, aiming at about 5 micron
bubble size, the other a 36inc
chamber for Tevatron beam dum
experiments, aiming at about 30 m
cron bubbles resolution. Both de
signs featured classical in-line holc
graphic optics with the addition
auxiliary lenses, providing imac
magnification for the small chamb
and demagnification for the lar¢
chamber for similar 70 mm film fc
mats.

Two parallel sessions were he
one on possible holographic mit
detectors for hadron/photon inte
actions and the other on big hol
graphic bubble chambers for neut
no/beam dump experiments. The
sessions stimulated lively in &
dience participation and int
changes of new ideas.
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pated, as well as visitors from CERN,
DESY and Brookhaven.

Heating of the antiproton target
during the beam pulse can reduce
the antiproton production and sev-
eral ideas were discussed that could
reduce this heating. Possibilities
include targeting segments of the
proton beam sequentially, stacking
the antiprotons from separate seg-
ments together after production and
some cooling. A scheme invented at
an earlier targeting workshop would
move the proton beam laterally
across the target faster than the
shock wave generated by the beam
(the total motion is of the order of
1 mm). It may also be possible to
target the entire beam on a multiple
target system — a sequence of cur-
rent-carrying targets interspersed
with lithium lenses similar to one
developed for Fermilab by a group at
Novosibirsk. Combinations of these
schemes are also interesting and are
being explored further.

During the study week, cooling
scenarios involving only stochastic
cooling were considered. These
schemes are not completely differ-
ent from the CERN AA system, but
one of the targeting-injecting sys-
tems discussed above is needed,
because at Fermilab the initial pro-
ton beam comes in units of Main
Ring Length and must be segmented
tofitin a smaller ring. In addition, any
all-stochastic system needs another
storage ring to accumulate particles
or a shutter system and large aper-
ture like that at CERN. "

Electron cooling at higher energies
was explored. It was shown that
cooling at 380 MeV, the limit of the
present ring at Fermilab, is more
efficient than at 200 MeV. The inter-
esting possibility of cooling at 1 or
2 GeV was also raised. In this
method, a high-voltage power-
supply system, such as a Van der
Graaff or Cockcroft-Walton, would
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be-used in the production of a suit-
able electron beam.

One result of the week was that
many schemes for targeting and
cooling involve precooler rings of
similar radius and aperture. The pos-
sibility of designing a ring that could
accommodate any of these schemes
with only small modifications is
being explored. The study week
showed that a number of scenarios
can meet the Tevatron Phase | goal
of 1030 per cm? per s luminosity,
with room for improvement.

KEK
Superconducting
cavity tested

The study of superconducting r.f.
cavities at KEK was started several
years ago by a small group headed
by Y. Kojima, and has been stimu-
lated by an exchange of scientists

- with groups at Karlsruhe and Stan-

ford. Last year the work focused on
the development of superconduct-
ing cavities for use in the proposed
TRISTAN storage ring at KEK. The
plan is that around 1985, the con-
ventional cavities in TRISTAN would
be replaced by superconducting
ones so as to increase the peak
energy of the electron and positron
beams beyond 35 GeV if a gradient
of 3 MV/m can be achieved.

A spherical cavity was designed
with a frequency of 500 MHz, and a
Q-value of 48 000. The peak surface
electric field was minimized by
adopting an elliptical transition from
the beam tube to the endplate. This
cavity was made from 2.5 mm thick
niobium sheet by spinning with
twelve reinforcement ribs welded to
each cavity section. The material
was of 99.6 per cent purity, the
major culprit being tantalum
(1700 ppm).

A superconducting r.f. cavity which has been
successfully tested at KEK. It is made of
niobium and has external reinforcing ribs.
The aim is to develop superconducting
cavities for use in the proposed TRISTAN
electron-positron storage ring.

(Photo KEK)

Prior to welding (all the welds are
from inside except for the last one at
the beam tube) the individual sec-
tions of the cavity have been electro-
polished, removing 80 microns.
After welding, the cavity was stress-
relieved at 900°C at a vacuum of
about 107® torr and again electro-
polished for 20 microns. Wet as-
sembly was accomplished; no high
temperature degassing was carried
out.

The first measurements in a mu-
metal shielded cryostat resulted in a
Q-valueof3.4x10°at4.2 Kandlow

* field level and of 1.8 x 10° at the

maximum accelerating field of
4.1 MV/m. No multipacting and
only moderate field emission loading
above 3.3 MV/m were encountered
while raising the field in the cavity.
By lowering the temperature to 2 K
the Q-value improved to over 1.1 x
109, while the accelerating field
gradients remained the same.
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James Bradbury, Applications Group leader
at LAMPF, Los Alamos, reporting to the
annual LAMPF Users meeting in November.
He was able to describe work in cancer
therapy, radioisotope production, proton
tomography and special instrumentation.

- (Photo Los Alamos)

Itis intended to confirm the results
of this successful test with a second
cavity of similar geometry. A third
one will be equipped with all the
necessary features (like main power
coupling and higher mode coupling
devices) for testing in the photon
factory ring or the TRISTAN accu-
mulator ring during this year.

LOS ALAMOS
Physics and .
biomedical reports

Reviews of the physics and applica-
tions programme highlighted the
fourteenth annual LAMPF Users
Group meeting held in November.
Director Louis Rosen contrasted the
‘adventuresome’ and ‘bread-and-
butter’ aspects of the nuclear and
particle physics research pro-
gramme now in full stride at the
800 MeV accelerator.
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LAMPF's bread-and-butter is the
structure and properties of nuclei
and nuclear forces. Rosen discussed
new ideas in this traditional field
such as monopole isovector excita-
tion (a breathing or compression
mode of the nucleus with protons
and neutrons out of phase). He also
noted that only 20 per cent of the
nuclei which we believe it is possible
to form have been studied. A better
picture of nuclear forces awaits an
understanding of the short-range
force, modification of the nuclear
potential by resonance formation,
quark effects, multibody correla-
tions, and the complete spin-isospin
analysis. Amongst the recent work
mentioned were the experiments on
dibaryon resonances using polarized
beams and targets.

In particle physics, Rosen cited
recent precision experiments on
quantum electrodynamics using
muons, charge symmetry violation
limits with the three gamma decay
of the neutral pion, and conserved
vector current (CVC) with pion beta
decay. CVC has a close connection
to unification theories, since it was
the first successful theory of unifica-
tion.

Weak interactions and rare decays
form a bridge between established
and speculative physics. An example
which has produced a new physics
result is the neutrino experiment on
lepton conservation, which gave a
limit on antineutrino oscillations.

Rosen suggested that an experi-
ment with high physics impact is
adventuresome if undertaken with
odds against producing a positive,
measureable effect. A list of such
experiments performed or consi-
dered at LAMPF includes rare decay
modes of the muon, parity violation
in the strong interaction, the search
for precursors to pion condensation,
measurement of the strong interac-
tion shift in pionic atoms, neutrino

oscillations, and neutron-antineu-
tron oscillations (where it is not clear
whether a suitable beam-stop neu-
tron moderator is practical).

A political topic of high current
interest, re-establishment of US-
USSR scientific exchange, was also
discussed by Rosen. A possible high-

level meeting this winter may
address this issue.
James Bradbury, Applications

Group Leader, reviewed the LAMPF
biomedical programme. To date,
175 cancer patients have been
given pion therapy and statistically
significant trends are being noted.
An extensive beam catalogue has
been developed with transverse field
sizesupto 14 cmx 19 cm and beam
range in water up to 23 cm. Total
doses are typically 4200 to 4500
rads delivered in 35 fractions over
six to seven weeks. Treatment plan-
ning involves use of an on-site tomo-
graphy scanner to determine tissue
density and tumour location. Beam
delivery may employ a collimator,
bolus, and dynamic range shifter.
Ninety-six patients, who almost
certainly could not have benefitted
from conventional techniques, re-
ceived treatment. Treated sites in-
cluded head and neck, brain, pros-
tate, and pancreas. Local control of
45 per cent has been achieved with
follow-up from six to forty months.
None of the patients with pancreatic
carcinoma have local control, but all
of the prostate cancer cases have
local control. Moderate acute reac-
tions and minimal chronic reactions
have generally been observed. -
Bradbury also described a very
straightforward application of the
LAMPF high-intensity beam for
radioisotope production for the bio-
logical sciences. Many Curies of
strontium and bismuth isotopes
have been produced and a pricing
procedure has been established for
commercial sales. ‘
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Diagram of the circulating saline electrode
developed at Los Alamos in the LAMPF
Applications Group for the treatment of
extreme refractive error in the eye. It allows
r.f. heating of the cornea to correct the error
under much more favourable conditions.

STAINLESS
STEEL
TUBING T

CIRCULATING
SALINE N
ELECTRODE

Ny T SALINE
FLOW
)
! rf

T | = CURRENT

I FLOW

PLASTIC
4 ELECTRODE
MOUNT

SHAPED METAL
ELECTRODE

ANTERIOR CHAMBER

Abiomedical instrumentation pro-
gramme has grown up in the Appli-
cations Group. One rewarding in-
novation is a circulating saline elec-
trode (CSE) for vision correction.
Extreme cases of refractive error in
the eye are often not able to be
treated with external lenses. Up to
now thermal modification of corneal
shape has been an alternative to
corneal transplant, but the technique
has been limited by surface damage
caused in the heating. The CSE per-
mits r.f. heating of the cornea plus
epithelial cooling with the circulating
saline solution to achieve a more
favourable temperature profile.

Bradbury also reported conclu-
sions from the proton computer
tomography (CT) experiment, where
proton and X-ray CT scans were
compared. A well-collimated 230
MeV proton beam was delivered on
phantom targets and organ samples.
A 32-element range telescope col-
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lected range information and a wire
chamber recorded position for about
6 x 107 protons in a scan. The proton
CT reconstructions were computed
using a standard filtered back-pro-
jection algorithm. The experimenters
concluded that the proton scans are
remarkably similar to X-ray scans,
with somewhat poorer spatial reso-
lution but a five-fold dose advantage.
This work was given some promi-
nence in Allan Cormack’'s 1979
Nobel Prize acceptance speech.

RUTHERFORD
Heavy particle search

An experiment at the Rutherford
Laboratory has set very low limits on
the concentration of heavy stable
charged particles in water. The
experiment was proposed and led by

Peter Smith and the team consisted
of G.J. Homer, J.D. Lewin, W. Wal-
ford and W.A. Smith.

The experiment was based on the
principle that if such particles exist,
they would be present in matter as a
result of either a natural abundance
created during the early phase of the
Universe (threoretical estimates sug-
gest that this should be rather high
— typically 1072 or more, relative to
hydrogen) or an accumulated con-
centration arising from cosmic ray
production processes during the life-
time of the earth. In the latter case
charge +1 particles in particular
would form heavy hydrogen-like
atoms X, the majority of which
would end up as a minute concentra-
tion of HXO in water. Depending on
the production process, the ex-
pected concentration (after 3.10°
years) would be in the range 10720 to
1030 for stable particles with
masses from 10 to 100 GeV. This
mechanism is confirmed by tritium
produced by cosmic rays (which has
a lifetime of twelve years) being
observed as a fairly uniform concen-
tration (about 107'7) of HTO in
water.

Inherent  uncertainties  could
account for lower than expected
concentrations of X particles from
the early Universe, but cosmic ray
produced concentrations of the X
particles would be inescapable.

Several mass spectrometry exper-
iments to search for such stable
charge +1 particles have been car-
ried out, the two most sensitive com-
ing from experiments at Berkeley
and at Princeton, which achieved
sensitivities in the region 1078 to
107" for particle masses up to

16 GeV.

In the new experiment, which
used time-of-flight techniques to
analyse a highly enriched heavy
water sample, it was possible to
cover a much larger mass range (up
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The time-of-flight system used in the
Rutherford Laboratory experiment to search
for stable heavy charged particles. None
were found in water down to extremely low
levels of concentration.
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to about 1300 GeV) and to reach
concentration levels in the region
1072% to 10730, Since this is below
the minimum which would result
from cosmic ray pair production of
masses up to about 80 GeV, the
result provides strong evidence that
no stable particles can exist in this
mass range.

The production of the enriched
water sample was itself a major task,
achieved in collaboration with the
United Kingdom Atomic Energy
Commission (Harwell and Winfrith)
by the electrolysis of about six tons
of heavy water. Over a three-year
period an initial 6000 litres was pro-
gressively reduced to 20 microlitres.
The increasing tritium concentration
was monitored throughout to check
the predicted enrichment factors.
Since heavy water itself is manufac-
tured from 20 000 times its volume
of natural water, the overall enrich-
ment factor was between 10'" and
1012,

In 1978, a portion of this sample
was examined by conventional mass
spectrometry at the Atomic Wea-
pons Research Establishment, Al-
dermaston, giving a heavy particle
concentration limit of about 10722,
but very much lower limits have now
been reached by a time-of-flight
spectrometer devised in collabora-
tion with J.R.J. Bennett. Heavy
water molecules (together with im-
purities and any DXO) were ionized
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in a high efficiency ion source and
accelerated to 130 kV. The compon-
ents of the beams were first sepa-
rated in mass to remove the main
heavy water beam and other low
mass components. Everything re-
maining was then recombined into a
single beam, which passed through a
carbon foil to attenuate impurities of
higher charge. Any surviving parti-
cles were individually recorded by a
time-of-flight channel formed by
three thin foils and electron multi-
pliers. From the flight times before
and after passage through the cen-
tral thin foil, events due to residual
highly charged ions or scattered
deuterium could be distinguished
from heavy particle events, which
would have a much lower energy
loss rate.

Recent accelerator searches for
new charged particles, in particular
the data from PETRA, provide null
results up to a mass of 12 GeV.
Accordingly, the time-of-flight sys-
tem was designed for maximum
sensitivity over the range of 12 to
1000 GeV.

The figure (p. 20) shows the sen-
sivity achieved as a function of
mass, together with the calculated
concentrations from cosmic ray
interactions over 3.10° years by the
Drell-Yan pair production mechan-
ism (assuming pointlike particles)
and by typical hadronic production
processes. Particles produced by the

Drell-Yan mechanism would thus
have been seen up to mass 70-80
GeV and particles produced by the
hadronic mechanism up to at least
300 GeV.

Also shown is a possible limit on
the concentration of masses from
102 GeV upwards, obtained from
the observation that the density of
the enriched sample did not differ
significantly from unenriched control
samples. This particular limit de-
pends on the additional assumption
that the surface water from which
the original heavy water was ex-
tracted was not gravitationally de-
pleted in heavy particles (gravita-
tional separation would begin to be
significant in the mass region
100-1000 GeV). However, pro-
vided there is a reasonable degree of
mixing in the oceans every
108 years, this assumption should
be satisfied.

Regarded as a cosmic ray experi-
ment, the quantity of water pro-

‘cessed is equivalent to a detector

covering 50 m? of the earth’'s sur-
face running for 3.10° years. The
sensitivity level of 3.107%° is equiva-
lent to one particle in 10 m3 of
water.

Prior to the spectrometer runs, the
sample was also tested for quasi-
stable heavy particles with lifetimes
in the range 10 to 10 years. In this
part of the experiment (carried out by
Franz Heymann and David Imrie of
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University College and P.T. Trent of
Birkbeck College, London) a small
spark chamber array was used to
detect any high energy decay pro-
ducts emanating from the sample.
The experiment was carried outin an
underground laboratory to reduce
cosmic ray background and no
events attributable to particle de-
cays were observed in six months
running.

Although all of these experiments
were designed primarily for heavy
particles of charge + 1, they are also
relevant to the possible existence of
free fractionally charged quarks
which would also be expected to be
produced by cosmic rays and to form
charged water molecules with frac-
tional charges (HQO). These would
have been similarly enriched by the
electrolysis and would have been
‘clearly observable in the time-of-
flight experiment. However there is
greater uncertainty in the likely his-
tory of water molecules with net
charge, for example in their evapora-
tion mechanism and their response
to the earth’s electric field, giving rise
to a possible deficiency in HQO
molecules in the water from which
heavy water was extracted. For frac-
tionally charged particles, the results
therefore do not necessarily imply a
specific concentration limit, but do
provide some further evidence
against their existence in the form
HQO.

In recent years there have been a
number of predictions and specula-
tions regarding new stable particles
— integrally and fractionally charged
quarks, stable heavy leptons and

The sensitivity achieved in the Rutherford
Laboratory experiment as a function of
particle mass, with the calculated
concentrations which could be anticipated
from cosmic ray interactions during
3.10° years. The dotted lines show
theoretical estimates while the solid lines
show experimentally measured limits.
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The time-of-flight apparatus used in the
heavy particle search. Comparisons between
this experiment and a search made by Lord
Rutherford over 40 years ago reflect the
tremendous progress which has been made
in experimental techniques.

(Photo Rutherford)
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hadrons, and new ultra heavy parti-
cles up to 10'5 GeV in mass. Their
apparent absence in the form of
hydrogen-like atoms at the low con-
centration levels achieved in this
experiment seems to provide strong
evidence against the existence of
stable charged particles with
masses greater than the proton.

The experiment has an interesting
historical parallel. In August 1937,
Rutherford's last paper appeared in
‘Nature’. It described a search for
natural tritium in an electrolytically
enriched sample of heavy water
using Aston’s mass spectrometer.
The search was unsuccessful only
because tritium is unstable, reducing
its concentration to less than 107
rather than 10-? if it had been stable.
Natural HTO was later detected (in
the same sample) by counter techni-
ques.

A comparison between the 1937
experiment and the latest measure-
ments is a nice reflection on the
evolution of our experimental abili-
ties. Lord Rutherford began with
13 000 tons of water and experi-
mented on 11 ml of heavy water (an
enrichment factor of 107). The
Rutherford Laboratory began with
120 000 tons of water and experi-
mented on 0.02 ml of heavy water
(an enrichment factor of over 10"").
Lord Rutherford had a detection sen-
sitivity of 10~° and an overall sensi-
tivity of 107'2. The corresponding
figures for Rutherford Lab are better
than 1077 and 10728,
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Physics monitor

The continuing hunt
for neutrino
oscillations

Last year, evidence from a number of
very different experiments sparked
off a flurry of interest in the possibil-
ity of neutrino ‘oscillations’. After the
discovery in 1962 that neutrinos
come in different kinds, all the evi-
dence had been that these different
neutrinos were immutable and could
not mix. Then suddenly last year,
experiments using low energy neu-
trinos from fission reactors, together
with studies on the beta-decay of
tritium, gave preliminary results
which pointed to a possible mixing
between electron and muon-type
neutrinos (see July/August 1980
issue, page 189). Some initial high
energy neutrino results from CERN
also provided preliminary evidence
for such an effect, although a subse-
quent study using the narrow-band
neutrino beam showed nothing out
of the ordinary.

In classical neutrino theory, the
particle, no matter what species —
electron, muon or tau — is massless
and travels at the speed of light. This
assumption makes the theory neat,
but has yet to be proved. The new
evidence, as yet still slim, points to
the possibility that the different
types of neutrino have different
masses and therefore travel at differ-
ent speeds. If so, the composition of
a neutrino beam would appear to
change as it travels along.

Some of last year's indications for
such neutrino oscillations came from
a reactor experiment comparing the
rates of deuteron dissociation
through the charged and neutral
weak current. Fred Reines’ group
obtained a result which was not in
agreement with the theoretical pre-
dictions using zero mass neutrinos.

In the meantime, other explana-

tions have been proposed which
could account for this result. Nuclear
binding effects in the deuteron,
together with uncertainties in detec-
tion efficiencies and in the reactor
neutrino spectrum, could mean that
the effects seen in the reactor stu-
dies are not ‘clean’. In addition,
results from @nother reactor neu-
trino experiment, this time at Greno-
ble, have given results in agreement
with the simple non-oscillating
theory.

In the search for neutrino oscilla-
tions, experiments which make their
measurements at a fixed distance
from the source of neutrinos are
difficult to analyse as they require a
precise knowledge of the neutrino
flux — notoriously difficult to quan-
tify with confidence. More reliable
indications are expected from exper-
iments which compare readings at
different distances from the neutrino
source, which should be able to
detect any changes in the composi-
tion of a neutrino beam.

To try and provide a conclusive
answer to the neutrino oscillation
question, new experiments are being
considered. Ideally, oscillation ef-
fects should show up best at long
distances from the neutrino source,
and at low neutrino energies, but
because of the difficulties of working
with neutrinos, some optimum solu-
tion has to be reached. At CERN the
possibility of using a lower energy
neutrino beam, derived from the
28 GeV proton synchrotron, is being
looked at. This would be the first
experiment specifically designed to
look for neutrino oscillations in an

~ energy range which favours their

detection. The idea is that near the
new neutrino source, the CERN /
Dortmund / Heidelberg / Saclay
collaboration would have detector
modules identical to those used in
their large WA1 experiment using
neutrino beams from the SPS
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400 GeV proton synchrotron. The
new lower energy neutrinos would
also pass through the main WA1
detector some 1000 m down-
stream, enabling the flux of muon-
type neutrinos to be measured in
two places. The natural divergence
of the neutrino beam over this dis-
tance is known, and any oscillations
changing the level of muon neutrinos
would show up as an additional
small effect. Another possibility with

the same neutrino beam is to look for
transformations of muon-type neu-
trinos to electron-type neutrinos
using a bubble chamber.

A new low energy neutrino experi-
ment is being assembled at Brook-
haven (see page 12) which could
help shed more light on the question,
while further evidence could come
from continuing experiments both at
reactors and using high energy
beams.

Whether successful or not, the
search for neutrino oscillations looks
as though it will add another inter-
esting chapter to neutrino history,
which already includes some of the
most important discoveries in parti-
cle physics.

L 4

Modules of the CERN / Dortmund /
Heidelberg / Saclay high energy neutrino
experiment (WAT) at the SPS. Similar
modules could be used in a new experiment
using a low energy neutrino beam to look
for signs of neutrino oscillations.

(Photo CERN 77.6.76)
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People and things

CERN elections
and appointments

At the CERN Council session in
December, a number of elections
or re-elections were made, all for
a one-year period. Jean Teillac of
France was re-elected as President
of Council while Giinter Lehr of
Germany and Wolfgang Kummer
of Austria were re-elected as Vice-

Presidents. Karl Nielsen of Denmark

was re-elected as President of the
Finance Committee and Valentin
Telegdi of the Ecole Polytechnique
Fédérale in Zurich becomes Presi-
dent of the Scientific Policy Com-
mittee. Other new members of this
committee are Paul Falk-Vairant of

France, Erich Lohrmann of Germany

and Donald Perkins of the United
Kingdom.

Within CERN, the appointment of
Fritz Ferger as ISR Division Leader
was extended for three years, while
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Alan Wetherell becomes Experimen-
tal Physics Division Leader and
Bastiaan de Raad SPS Division
Leader, both for three-year periods.

On people

Volker Soergel has been appointed
Director of the DESY Laboratory

to succeed Herwig Schopper who
became Director General of CERN
at the beginning of 1981. Professor
Soergel has a distinguished career
in nuclear and particle physics, with
major contributions particularly in
the study of hypernuclei as leader
of a team from Heidelberg Univer-
sity. He is also Executive Director
of the Physics Institute of the Uni-
versity of Heidelberg. At CERN, he
was chairman of the Synchro-cyclo-
tron Experiments Committee in
1975 and has been a Directorate

Volker Soergel

On 31 December 1980, the five-year term

of office of CERN Executive Director General
John Adams (left) and Research Director
General Leon Van Hove (right) came to an
end. They hand over to Herwig Schopper
(centre). In the United Kingdom New Year
Honours List it was announced that the former
Executive Director General is to receive the
accolade of Knight Bachelor, becoming

Sir John Adams.

(Photo CERN 504.12.80)

Member since March 1979. At
DESY, he served as Chairman of
the Scientific Council from 1976
to 1979.

It is with deep regret that we have
learned of the death of Carlo Fran-
zinetti of Turin University. He was

a staff physicist at CERN from 1963
to 1968, and was a very active
member of the first large counter
neutrino experiments which used
massive spark chambers to study
neutrino interactions with emphasis
on the search for the Intermediate
Boson. Following these pioneering
experiments, he continued to study
neutrino reactions using the 1.5 m
heavy liquid bubble chamber and
made important contributions in

the study of single pion and strange
particle production. In 1968, he '
was appointed to a Professorship

at Turin and there he collaborated
with the Milan group using the Gar-
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gamelle bubble chamber. He was
also very interested in the 1960s
in starting a muon physics pro-
gramme at CERN but had to wait
until the start of the SPS, where
he participated with a group from
Turin in the European Muon Colla-
boration. In the intervening period,
he carried out a successful experi-
ment to measure the proton form
factors in the time-like region. He
was an excellent researcher and
teacher, with a very good insight
into basic physical processes, and
he was always enthusiastic that
CERN should undertake experiments
of a fundamental nature. He was

a man of high integrity, and will be
sadly missed in the community of
European particle physics.

Collaboration agreement between
Italian INFN and the Sinic Academy
of Sciences

Following an official invitation of
the Academy of Sciences of the
People’s Republic of China,
Antonino Zichichi, President of the
[talian Institute of Nuclear Physics
(INFN), visited China in October.
During his stay Zichichi, the first
Italian high energy physicist to be
officially invited by the Sinic Acad-
emy of Sciences, delivered a series
of lectures and visited the Research
Centres and Laboratories of the
Academy in Peking, Chekiang, Shan-
ghai and Canton. At the end of the
visit, he signed a bilateral agree-
ment for scientific collaboration
between INFN and the Academy
with Tsien San-Tsiang, President
of the Sinic Academy of Sciences.

Going into history

In 1979, the CERN Committee of
Council invited Armin Hermann of
the University of Stuttgart to carry
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out a feasibility study, financed by
the Volkswagen Foundation, on the
writing of a history of CERN. On
the basis of its findings, and a re-
commendation of the CERN History
Advisory Committee, the Committee
of Council has now authorized the
history study which will be carried
out by three European Science his-
torians, led by Professor Hermann
based at CERN. The study will be
financed outside the CERN budget

A new experiment being prepared for the
DORIS electron-positron storage ring at
DESY. Seen here is the end view of the
magnet yoke for the ARGUS detector of a
DESY / Dortmund / Heidelberg / Lund /
Moscow / South Carolina collaboration,
which will be installed towards the end of
the year. The holes are for the light guides
of the end-cap counters.

(Photo DESY)

and it is intended to produce the
history within the next five years.
The study will cover the events
which led to the setting up of CERN
in the early 1950s and continue
through the early years of the
Organization to at least 1963.
Alfred Ginther will be the coordi-
nator between CERN and the histo-
rians and the Scientific Information
Service has set up Historical Ar-
chives to bring together documen-
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The central section of the ‘Big Mac’ detector
at intersection region 4 of the PEP electron-
positron storage ring at SLAC. The PEP
vacuum pipe, the solenoid magnet, the
shower detectors, light pipes from the trigger
counters and parts of the outer drift chamber
can be seen. Latest news from PEP [s that
luminosity is pushing 10 " per em? per s.
‘Mini-beta’ projects are under discussion to
push the luminosity higher at some
interaction points.

(Photo Joe Faust)

tation which will be of use in com-
piling the history of CERN.

Urged on by the American Insti-
tute of Physics, several of the high
energy physics Laboratories in the
USA have fairly recently launched
‘history’ projects. At Brookhaven,
science historian Alan Needell be-
gan to examine archival needs in
1977 and last year a History Com-
mittee was set up under the chair-
manship of John Binnington. Bob
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Wilson set up a History Committee
at Fermilab in 1977 and Lillian Hod-
deson joined as part-time historian/
archivist a year later. The Labora-
tory has a lecture series on the his-
tory of accelerator physics. At Ber-
keley, Vicki Davis has been in place
since 1978 as archivist and a His-
tory Committee has been set up. At
Argonne, Helen Harman and Don
Wood have been gathering data for
a written history of the Laboratory.

‘Technical’ visitors to CERN

A few years ago the National Nor-
wegian CERN Committee proposed
that CERN might open its doors
also to visitors from technical fields
in the Member States. The idea is
that visitors spending up to a year
working in a CERN group, which is
doing some front-line work in a
technological field, will benefit per-
sonally and will carry further exper-
tise back to the home country.

Two visitors, financed from Nor-
way, have now had short stays at
CERN. Arild Jansen, the computer
manager from the University of
Oslo, spent a month in the Data
Handling Division working in the
computer centre. Erik Hoff-Hansen,
from the Norwegian Central Insti-
tute for Industrial Research, spent
three months in the SPS Division
working on advanced computer
control systems.

7100 GeV e*e~ workshop at Cornell

A two-day workshop was held at
Cornell in November to introduce
the high energy physics community
to the design of a new 50 GeV elec-
tron-positron storage ring aimed at
neutral intermediate boson physics.
This new storage ring is being con-
sidered as the next effort at Cornell.
Potential users of such a facility
were invited to Cornell to participate
in the first of a series of workshops
on experiments, detectors and ex-
perimental services. Early involve-
ment of the user community is
sought so that machine design may
be tailored as closely as possible

to experimental needs. The storage
ring design is optimized with the
use of superconducting r.f. cavities
to reach a centre-of-mass energy
of just over 100 GeV and a peak
luminosity of 3 x 103" per cm? per
s. The workshop was attended by
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about. 150 physicists from the USA
and Canada. Chris Quigg from Fer-
milab and Stan Brodsky from SLAC
gave elegant previews of the phy-
sics waiting to be explored at

100 GeV.

Meetings

The 5th High Energy Heavy lon
Study will be held at the Lawrence
Berkeley Laboratory from 18-22
May. The Study will consist of

a fairly relaxed schedule of talks
and discussions, with the focus on
recent experimental and theoretical
results concerning heavy ion colli-
sions from 20 MeV /nucleon up to
colliding beam and cosmic ray ener-
gies. Particular emphasis will be
placed on defining the new direc-
tions of research which will be
opened up with the completion of
the Bevalac upgrading to GeV/nu-
cleon uranium beams. Further infor-

A Bologna / CERN / Frascati collaboration
working at the CERN SPS has searched

200 000 neutrino interactions for signs of
fractionally-charged quarks, which would
show up as tracks with low ionization.
Scanning was assisted by automatic devices
which produced the pictures seen here.
Charged particle tracks show up as a series
of blobs on the film from the large avalanche
chamber. The PEPR computer-assisted
measuring device at Frascati produced these
images of the blobs, each of which is in
reality about 800 microns across. The
analysis can be extended to produce a
density profile of the blobs along a track
(below).

mation can be obtained by contact-
ing Lee Schroeder, Building 70-257,
Lawrence Berkeley Laboratory, Ber-
keley, California 94720, USA.

The 1981 CERN~JINR School of
Physics will be held at Hanho, Fin-
land from 6—19 June. The aim of
these schools, of which this will be
the seventh in the series organized
by CERN in collaboration with
Dubna, is to teach various aspects
of high energy physics, and espe-
cially theoretical physics, to young
experimental physicists mainly from
the Member States of the Labora-
tories. Further information can be
obtained from Miss D. Caton, Scien-
tific Conference Secretariat, CERN,
CH-1211 Geneva 23, Switzerland
or A.l. Romanov, Joint Institute for
Nuclear Research, Head Post Office,
P.O. Box 79, 101000 Moscow,
USSR.

More on proton scattering

A very thorough polarization experi-
ment for the direct determination
of the amplitude in proton-proton
elastic scattering has been carried
out at the SIN cyclotron. At medium
energy, these spin dependent ampli-
tudes are large and of the same
magnitude as the spin-independent
amplitudes. The direct determina-
tion, at several angles and several
energies, of the five complex scat-
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Seasonal activities at CERN . (above) the
traditional childrens’ Christmas Party, and
(below) Theory Division’s Christmas Show,
fast becoming traditional.

(Photos CERN 216.12.80 and 539.12.80)
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tering amplitudes without using any
model such as a phase-shift analy-
sis is a longstanding problem. The
problem has become even more
interesting in the light of the possi-
ble existence of dibaryon reson-
ances.

An experimental programme on
proton-proton sgattering is presently
being conducted at SIN by Geneva
University. Fifteen different polari-
zation parameters have been deter-
mined at 579 MeV between 60°
and 90°. These data give the scat-
tering amplitudes up to an overall
phase.

DORIS workshop

A workshop is being held at DESY
on 10-11 February to discuss the
physics with the 2 x 5 GeV electron-
positron DORIS storage ring and
potential DORIS improvements. The
latest experimental results on heavy
quark systems including the B-
mesons will be presented together
with the theory. Those wishing to
participate should contact

H. Schréder at DESY.

More carbon ions

Following improvements in the ion
source of the CERN 600 MeV
synchro-cyclotron, the operational
intensity of the '2C** jon beam at
an energy of 85 MeV/nucleon has
been doubled since the previous
run a year ago, to reach 5 x 10"
ions per s. The first carbon ion
beam was obtained in August 1979
(see November 1979 issue, page
355).

Accelerator Conference Proceedings

The proceedings of the 11th Inter-
national Conference on High Energy
Accelerators held at CERN from
7-11 July 1980 have now been
published. Edited by W.S. Newman,
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the single 940-page volume con-
tains over 120 invited and contri-
buted papers and summaries of
panel discussions. It can be ob-
tained from the publishers Burk-
héduser Verlag, Elisabethenstrasse
19, CH-4010 Basel (also at Boston
and Stuttgart) at the price of
SFr174 DM 186 or $112.

Interregional use of accelerators

As an appropriate ‘Gooawill to all
men’ message in this first issue of
the New Year we reproduce the
guidelines proposed by the Inter-
national Committee for Future Ac-
celerators for the ‘interregional util-
ization of major regional experimen-
tal facilities for high energy particle
physics research’. This is one of
the themes that ICFA has pursued
for several years and it has been
presaged for example by recom-
mendations of the Fermilab Physics
Advisory Committee and of the
European Committee for Future
Accelerators (see March 1980
issue, page 12).

ICFA made its proposal consider-
ing that, in the future, major exper-
imental facilities for high energy
particle physics research (notably
the large particle accelerators and
colliding beam machines) are likely
to be few in number. There will
probably be only one of each type
covering very high energies and the
machines will be located in different
regions of the world. Nevertheless
experimental physicists from all
regions may wish to gain access
to any of these machines in order
to pursue their particular interests.
ICFA proposed that the regional
Laboratories operating these facill-
ties should adopt a common policy
toward experimental physicists from
other regions. The guidelines pro-
posed are as follows:
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1. The'selection of experiments
and the priority accorded to them
are the responsibility of the Labo-
ratory operating the regional facility.

2. The criteria used in selecting

experiments and determining their

priority are:

(a) scientific merit

(b) technical feasibility

(c) capability of the experimental
group

(d) availability of the resources
required.

3. It is expected that teams from
other regions will normally wish to
Join with local regional teams to
form experimental groups in pro-
posing and carrying out experiments
using a regional facility. The national
or institutional affiliations of the
teams should not influence the sel-
ection of an experiment nor the
priority accorded to it.

4. The availability of the resources
needed for the experiment are ex-
amined at the time of selection of
the experiment. The contributions
of each team and of the operating
Laboratory to an experiment are

the subject of agreements drawn

up between the operating Labora-
tory and the authorized leaders of
the teams in the experimental
group. When appropriate, realization
of the proposals approved may be
effected within the framework of
bilateral and multilateral agreements
in force or newly reached arrange-
ments.

5. Operating Laboratories should
not require experimental groups to
contribute to the running costs of
the accelerators or colliding beam
machines nor to the operating costs
of their associated experimental
areas.

6. It is expected that averaged over
a reasonable period of time the
application of guideline 2. above
will lead to a balanced use of the

major new facilities by the regions
concerned. However, if at any time
an operating Laboratory finds that
the participation of teams from
other regions in their experimental
programme is becoming excessive,
the operating Laboratory may be
obliged to limit that participation.
Any such actlon should be accom-
panied by discussions with the
relevant authorities of the regions
concerned and consultations with
the other operating Laboratories
subscribing to the guidelines.’
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University of California
Lawrence Berkeley Laboratory
Announces an opening effective 1 July 1981 for

Associate Laboratory Director And
Head of the Physics, Computer

science, and Mathematics Division

The Lawrence Berkeley Laboratory is a multi-purpose
research laboratory funded by the Department of
Energy. Its Physics, Computer Science, and Mathematics
Division conducts a multimillion dollar research
program, chiefly in high-energy physics. The Associate
Director and Head of the Division has primary
responsibility for the leadership and management of
this program under the general direction of the
Laboratory Director. Candidates must have had
significant experience as practicing high-energy
physicists and be of the general calibre of persons
holding senior tenure positions in major research
institutions. Appointed as a permanent Staff Senior
Scientist, the successful applicant would be expected
to serve in the administrative role of Associate Director
and Head of Division for an initial term of 3to 5

years, subject to renewal for further terms by

mutual agreement.

The Laboratory is seeking a respected and energetic
high-energy physicist willing to play a strong leadership
role at a challenging time. Qualifications must be such
that it will be natural to consider him or her for a
tenured appointment in the Department of Physics on
the Berkeley campus of the University of California, as
well as at the Laboratory. Interested applicants should
submit a curriculum vitae, together with the names of
three referees, to: Dr. J.D. Jackson, Chairman, Physics
Search Committee, C/0 Director's Office, LAWRENCE
BERKELEY LABORATORY, 1 Cyclotron Road, Berkeley, CA
94720. An equal opportunity employer m/f/h.

Deadline for applications: March 15, 1981

University of Stockholm
Department of Physics

Applications are invited for a position as

programmer/physicist

in the high energy group which is presently
engaged in experiments at the European Hybrid
Spectrometer and the SPS-collider (UAB) at
CERN.

The work consists of development and mainte-
nance of computer programs for experiment
analysis and development and simulation of new
detector components.

Wanted qualifications: Good knowledge and
experience of softwere and computers. Exper-
ience with particle physics experiments.

Salary according to competence in the Swedish
scale F14-F18 (7378 SwCr - 8629 SwCr per
month).

Send curriculum vitae list of publications and
names of referees before 16 February 1981 to

Dr. S.0. Holmgren
Dept. of Physics
University of Stockholm
Vanadisvagen 9

S-113 46 Stockholm
Sweden

Nuclear Power,
Man and the Environment

R. J. Pentreath
Fisheries Radiobiological Laboratory, Lowestoft

No. 51 in The Wykeham Science Series

For better or worse, nuclear power is a reality in our
society. In the vehement discussions taking place in many
countries, a clear understanding of how radioactivity moves
through the environment is essential. The book describes
the nature of radioactivity, how it arises in the day-to-day
running of nuclear reactors, how and why a small fraction
is introduced into the environment in a controlled manner,
and on what basis judgements on these processes

should be made.

0851098401 250pp £6.00 Paper
December 1980

In 1977, Taylor & Francis published Europe’s Giant
Accelerator, by Maurice Goldsmith and Edwin Shaw,
which describes the evolution and realization of the
CERN 400 GeV SPS. Physics Bulletin describes it as
‘a magnificent book . . . a lavishly illustrated, enthralling
account of this massive engineering project’.

085066 121 8 288pp £13.00 Cloth 1977

Further details and a complete catalogue of books and
journals may be obtained from the publishers.

Advertisements in CERN COURIER

All advertisements are published in both English and French
editions. Second language versions accepted without extra
charge.

Space Actual size (mm)

Cost per insertion (Swiss Francs)

(page) width by height 1 3 5 10
insertion | insertions | insertions | insertions
1/1 185x265 1450 1400 1350 1250
1 185x 130
/2 90x 265 800 770 750 700

/4 90x 130 450 420 400 390

TAYLOR & FRANCIS LTD
4 John Street, London WCIN 2ET

Supplement for:
— each additional colour 1350 SwF
— Covers:

Cover 3 (one colour)
Cover 4 (one colour)
Publication date
Closing date for
positive films and copy

1600 SwF
2100 SwF
1st of month of cover date

1st of month preceding cover date
The cost of making films and of
translation for advertisements are
charged in addition.

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st
of month preceding cover date will
be invoiced.

Advertising space is limited to 50% of contents and insertions
are selected on a strict first-come first-served basis.

These rates are effective for the year 1981.

Screen (offset)

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
1211 Geneva 23 Switzerland

Tel. (022) 83 41 03 Telex2 36 98
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DEUTSCHES
ELEKTRONEN-
SYNCHROTRON DESY

Hamburg

has a position available for a

Ph.D.-physicist for work
in the
Theoretical Group.

The main subject is doing research in the field of
high energy theoretical physics.

Candidates are expected to make independent
contributions to the research programme of the
theory group and should have a corresponding

record of scientific work in this field.

conditions of public administration in Germany.

abteilung

DESY, Notkestrasse 85, D 2000 Hamburg 52,
Western Germany.

Salary and social services are equivalent to the

Written application including curriculum vitae,
indication of earliest possible availability, and
references, are to be addressed to the Personal-

R.F. ENGINEER

needed by design group of unique laboratory
under government contract to build two of the
world’'s largest and technically most advanced
cyclotrons. Significant experience with HF power
amplifiers is essential.

Position involves working with other electronics
engineers and technicians, including RF specia-
lists. Possibility for future promotion to RF group
supervisor. Immediate responsibilities include all
aspects of the design of a 250 KW HF power
amplifier, including power stage, driver stage,
automatic tuning, and output phase and ampli-
tude regulation.

Opportunity for continuing education is included
in this position.

Applicants should send a resume including salary
history to

Dr. B. Waldman

National Superconducting Cyclotron Laboratory
Michigan State University

East Lansing, M1 48824

Michigan State University is an equal oppor-
tunity/affirmative action employer.

Experientia Supplementum 40

Just published:

11th International Conference on

High-Energy Accelerators

Geneva, Switzerland, July 7-11, 1980

Organized by the European Organization for
Nuclear Research (CERN), Geneva

Proceedings edited by
W.S. Newman, CERN, Geneva

1980. 940 pages, 200 illustrations, 100 tables.
Hardcover

sFr.174.-/DM 186.-/$112.00

ISBN 3-7643-1215-7

High-energy accelerators, which are used to
study the fundamental forces of nature, are
among the greatest achievements of modern en-
gineering. Sponsored by the International Union
of Pure and Applied Physics (IUPAP), the con-
ference devoted to them reviewed existing and
projected accelerator installations, including
those intended for special purposes. In addition,
reports on novel techniques aimed at improving
the performance and efficiency of these expen-
sive machines were presented. Apart from the
sections on accelerator techniques and technolo-
gy, the book contains chapters on controls and
beam diagnostics, beam dynamics, beam-beam
effects, beam cooling, superconductivity, mini-

30

mization of energy consumption and the applica-
tions of accelerators in the physics of the future.
The book will be of volue to those engaged in
the research and development of magnets,
superconductivity, RF power and vacuum tech-
niques and computer control systems.

Please order from your bookseller

or Birkhiuser Verlag, P.O. Box 34,
CH-4010 Basel/Switzerland

or Birkhduser Boston Inc., 380 Green Street,
Cambridge, MA 02139/USA

Birkhiuser
Verlag
Basel - Boston - Stuttgart
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Computer Communication

We are WOrking on various layers; X.25, X.28, PAD(V-24)

We can help your computer to communicate via:
PRIVATE LINES
SWITCHED TELEPHONE LINES
INTERNATIONAL NETWORKS
e.g. EURONET, EDWP, TRANSPAC, etc.

L d

CONTACT US! We have the HARDWARE
SOFTWARE
FIRMWARE
EXPERIENCE

BORER ELECTRONICS AG

CH-4501SOLOTHURN/SWITZERLAND
Tel: 065-31 11 31 Telex: 34228
Suisse Romande: Tél 022-76 38 46

SUPERCOOL Preclsmn-

& LOW COST Power- -
o LEAST 60 COOLER  Adatr sty wres 5upp||es .

cathode operating Socket Assembly for all
temperature is provided by the standard PMTs. They accept sy
new air- and water-cooled options offered for all Stability up to10°/8h
SUPERCOOL thermoelectric  standard PFR housings. up to150kV, upto20000A, upto 600kW
PMT chambers (Models
p THERMOELECTRIC PMT
TE-206 TSRF and TE-210 [ _—
TE26TSAF and TE210 G, iaMBERS INCLUDE Super—-fiat
compressors, they provide POWER SUPPLY — Low Cost primary switched

excellent temperature stability Model TE-182 TSRF provides

and operating reliability. Both  features noted above and
ot N Dow Window replaces PFR Model TE-102.

Heaters, Front Mounting

Ask about our new )
21-pin Ceramic Socket for ) ’ 0to 30kV-5mA
cooling to dry ice temperatures Call (617) 774-3250 or write:

Witetorcatalogi _ Heppreesirl Y
Products for Research, Inc. TLOBOGY
88 Holten Street, Danvers, MA 01923 [}3 B NZHM@ 66397+66116

CABLE: PHOTOCOOL TELEX 94-0287 Telex:0525777
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PETERLITE -

PRESENTE:

BB RERENEE
EeRRERER

: despatch warldwide in smaH quanmles for research \
ln'rems made to order take a litile longer. .

 Write, telex or taiephone for your copy now'
Telephone Cambridge (0223) 69671 ot from abroad, dial
lng{r‘)ns;/ﬁna! Access Code 1441208469671 Telex B1683

Goodfellow Metals Ltd. ( ‘
ngwb:dg:’Sciagcse Park, Milton Road mGOODFEu'OW
Gambridge CBA 4D, England TREIMETALS

for research and industry

SA CONTRIBUTIONA UA 1...

PETERLIT 2000

DANS UNE REALISATION

DE CALORIMETRES PAR LE LAPP

COLOUR GRAPHIC DISPLAY SYSTEM
FOR COMPUTER GRAPHICS
AND IMAGING APPLICATIONS
AED 512

Easy to use — easy to connect — easy on your budget!

® Resolution512x512, 8to256colours, serialRS232C
or high speed parallel interface
Microprocessor generates vectors and circles and
supports a large set of graphic functions callable by
ASCll-coded commands
Keyboard with function keys includes a joystick
Controller contains Tektronix emulator

' Provision to connect a graphic tablet
\ —_— Attractive price includes a high resolution 14" monitor

Please request for further details.

3 R

@® une gamme de scintillateurs acryliques
@ une infinité de produits personnalisés
® des performances techniques serrées

@ des tolérances d'épaisseur étudiées.

P ET E R I-IT E sa 14, rue de I'Ancien Port - Tél. (022) 32 97 20

39 130 Clairvaux-les-Lacs Télex 23 343 marlich- 1201 Geneva, Switzerland
FRANCE

|
Tél. (84) 2581 14 qul fq
A\ ‘ n |
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Light Collecting

Cone

Maximum Light
Collection Efficiency

Input Rays: Inside 17Omm diameter circle
and angles deviating up to 14°.

Focusing: All such rays are focused inside
a circle 50mm in diameter.

Design: Tilted paraboloid of revolution. -

Material: Precision cast black acrylic plastic,
ideal for machining.

Mirror Finish: Front surface aluminizing
plus MgF, overcoating is available.

For Further Information: Contact
Prof John Poirier, Physics Department,
Notre Dame, Indiana
46556 USA i
(219/283-7588

Heraeus

IS your contact for

erylium

Foil

Sheet

Vacuum hot pressed block
Machined parts

Fabricated components
Radiation windows

Single crystals

W. C. Heraeus GmbH - Produktbereich Verfahrenstechnik
Postfach 1553 - D-6450 Hanau - Telefon 06181/360535
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JOHNSON MATTHEY ‘
+ BRANDENBERGER AG

Glattalstrasse 18, 8052 Zurich
Telephone: 01-302 44 88

Telex: 53072 jmbz

To: Johnson Matthey + Brandenberger AG
Engineering Materials Section
Glattalst 18, 8052 Zuri
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SILENA
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ADVANCED

SILENA

SILENA S.p.A.

SOCIETA PER L'ELETTRONICA AVANZATA
20133 Milano

uffici: Via Negroli, 10/A

laboratorio: Via Negroli, 6

Tel. (02) 7490565 - 713871
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RESEARCH.
LOOKINTO OUR HIGH VOLTAGE SYSTEMS.

Fundamental research is a dynamic
science which must be supported by
constantly improving associated
technologies.

The Hunting Hivolt range of high voltage
DC supplies has now been enlarged to
cover that requirement.

We have sophisticated systems up to
5000 watts with voltages up to 500Kv.
They are being used for high energy
physics applications for many customers,
including the European Centre for Nuclear
Research (CERN), NPL, UKAEA and
several universities.

If you need a high voltage system for a
stringent application based on the latest
technology, look us up.

@ HUNTING
HIVOLT LIMITED

Riverbank Works, Old Shoreham Road
Shoreham by Sea, Sussex BN4 5FL
Tel: Shoreham (079 17) 4511

[ )

POLYRADIAMETER MEASURER

MIP10 MCB1

AN 77
~ 59 FE _ 2,
~ Cd
_—
99 TEO@@G 251
-~ /' 1 ~~
32P|] 203 Hg
/ \
@4 RANGES : 10, 100, 1 000, 10 000 cs™!
® 5 PROBES : ® 3 RANGES : 01t 1000cs!
o SMIBM :Soft B from 30 KeV e Battery life : 40 h with batteries or -
eSMIBG : B from 250 KeV ® accumulator set ° Bﬁatf;‘“; EOT;"’S‘ISO KeV 3
J from 10 KeV elight : 2,1 kg ° Battor e - 100 h o
#SMIG : ¥ from 30 KeV e outputs : scaler .l' a;te.ré 3:2e0.k g
eSMIX :X from 5 KeV e printer o light : 0,320 kg <
e SMIA :o<efficiency 40 % (239Pu) &

Commercial office : Head office :
r 17, rue Paul Bert ZI| La Vallée du Parc
k n E E u x 92120 MONTROUGE (FRANCE) 37600 LOCHES (FRANCE)

Tél. . 655.24.29 Tél. : (47) 59.32.32. - Télex : 750 808 F
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letyour
.» - EL‘?;%%‘Z?Hngers
-Motoréducteurs B -~ clothe

The Shaw
| Automatic

EH

Isthere water Look at these unique
indryairorgas? Nowyoucan | features:Batterycheck
have the answer fast,exact switch—dial readings on air

ZiRRER . . :
: d automatically. or gasirrespective of flow
.e. Réducteurt an .
P educteur type 2/1H Nothing could be simpler. rate— Automatic dry down
1. Switchon. and calibration — Portable -
ZURRER 2. Place fingertip over outlet| Government tested for safe
3. Chamber head rises. usein hazardous areas.
ij‘ Read Ci'_ﬁl' . G#P electronic Ltd
.s omore Thermometers -

z, Entraxes: 47,5 mm Graphs —Pumping - Bernerstrasse 182
Couple max. admissible & l'axe de sortie: cooling - recoating or CH 8064 Zarich/Switzerland
25Nm mathematical gymnastics. | 1e|. 01,6432 31 P. Euler

- . o 64 45 55

m Charge radiale admISSIble' 370 N The Shaw Automatic Dewpoint Meter- Telex: CH 54806 GPEL

Reductions i: 72; 60; 50; 42; 36; 30; 24,5;
20,5;18; 16; 11,7; 8,5; 5

ZiRRER
a combiner avec
ZURRER °
Noteur ype T minntronics co., inc.
HFV 45/65/70 .
(1] ¥ HFvsT4s6570 | 8[ } 4 8K Byte
VFV 50/65/75
VFVST50/65/75 | | ; fcoarcphgpl\ﬁ?%%ry
i R EFV 65 1 : 24 [}
e e Lt et | | 11/35 and 11740
) MFV 65 ei 3?1 s, _“j 1 Mod. [
Z RR!R MFV a 65 w L . 8034P/8040P CSR REGISTER
MFVSTE5 i% = Unique Features: e o
) 38 114 38 — Increases CPU 8YTE A ERROR
LRRLR 190 speed to maximum | @
(20—50% overall '
N improvement)
URR[R ® Qualité supérieure Total hardware and
@ Haute précision software o
@ Stabilité des prix compatibility “o
[t @ Délais raisonnables Large, efficient Dty
® Information compétente 8tK Byte data _
storage capacity
Advanced parity error checking circuitry
sont les avantages qui économisent des Programmable control/status register (CSR)
frais et la base de confiance de nos clients. Adjustable minimum/maximum address limits

“Growability” automatically grows with addi-
tional main memory (no further adjustments)

Th. Zlrrer + Cie
Birmensdorferstrasse 470
o 8055 Zurich (Syisse) s
Telephone 01 352555, Telex 54506 tzco ADCOMP G ‘tlgmgﬁén{:;eme/

ADCOMPAG, Steinwiesenstr3, CH-8952 Schlieren ¢ 01/730 48 48 Telex 58657

HEHEH

£

w
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CAMAC

STAND-ALONE CAMAC COMPUTER

* % ot %

by EPROM

* %

processing application
* Only two units wide

STACC 2107

Powerful 16 bit microprocessor

High speed CAMAC operations

CAMAC stations treated as memory addresses

16 K- 16 bit RAM memory of which upto 12 K can be replaced

Teletype and two RS 232 C interfaces .
Allows Auxiliary Crate Controllers connection for multi-

* Powerful high-level interpreter either EPROM resident or
floppy-disc resident with disc file support

* Software compatible with ACC 2099/ACC 2103

GENERAL DESCRIPTION

The STACC 2107 (Cern SPS 2423) is a new micro-
processor based unit using the 16 bit texas TMS
9900 microprocessor.

It provides autonomous computing power at the
CAMAC level for stand-alone systems.

A link to a host computer is provided through
RS232C 1/0 ports.

The CPU card contains the CPU, the dual port
RAM memory, the TTY interface and the 1/0O bus
connectors. The control station card contains the
N/L drivers, the EPROM section, the two RS232C
interface and a programmable LAM grader.
Debugging of programs is made easy with a front
panel data/address display and a step by step push
button.

SOFTWARE

The standard software consists of a high level
NODAL. interpreter which is very similar to Basic
but provides much more flexible I/O and contains a
line editor. This interpreter is supplied either on
EPROM or as a floppy disc if the STACC 2107 is
used with a floppy disc drive connected to one of
the RS232C attachments.

For ease and efficiency of programming, CAMAC
stations accessed as if they were memory addres-
ses of the TMS 9900's 32 K word address-range,
addresses below 16 K are always interpreted as
references to the physical memory, whereas those
above 16 K are interpreted as addresses and
functions of CAMAC stations.

A console for program control and I/O can be con-
nected through a serial port (current loop) on the
front panel.

A floppy disc can be attached to one of the RS232C
ports.

Inputs for up to 4 real time signals are provided
on the front panel.

A debugger-loader is also available for assembly
written programs.

The debugger allows the user to examine and/or

modify RAM memory, to insert a break-point and

to start execution of programs stored in RAM or

ROM.

France: EG&G Instruments; Zone Silic 428; Tel. (1) 6872571 - Tlx 202653F, F-94583 RUNGIS CEDEX - Germany : SEN
ELEKTRONIK GmbH;Brandstiicken 11; Tel. 041 802046 - TIx 2163705d, D-2000 HAMBURG 53 — DIDAS Digital System;
Radspielstrasse 8; Tel. 089916710 - Tix 529167d - D-8000 MUNCHEN 81 —- Switzerland : SEN ELECTRONIQUE SA; CP 39;
Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 94551 03; Tix 58257ch -
CH-8604 VOLKETSWIL - United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

SEN ELECTRONICS S.A.; Avenue Ernest-Pictet 31; Tel. (022) 442940 - TIx 23359ch - CH-1211 GENEVE 13. ELECTRONIQUE



_ dlimages obturateurs
a l'échelle de la nanoseconde.
Photomultiplicateurs et cellules Klystrons
du-photon unique jusqu'a 1 MW (cw)
jusqu'a plusieurs Ampéres. et 25 MW (créte)

130, AVENUE LEDRU-ROLLIN - 75540 PARIS CEDEX 11 - TEL. (1) 355.44.99 - TELEX : 680-495 F

La Chesnay Associés Communications . 543
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 micovor

Le téléphone «mains libres»

des PTT

(Modele 150 avec clavier normalisé PTT,
pour une meilleure commutation automatique
parole-écoute et I'atténuation des bruits)

Pour que le chef de service,
la secrétaire,
le mandataire et tous les autres
«gros utilisateurs»
puissent téléphoner et travailler
plus facilement, commodément
et efficacement ou organiser

une conférence téléphonique.
M Ericsson SA
Télécommunications

1022 Chavannes-Renens 2, rue de la Mouline

Tél. 021/35 45 21

Le service clientéle de votre Direction
d'arrondissement des téléphones (tél. 13/113)
ou les installateurs concessionnaires
des PTT de votre région vous fourniront
tous les renseignements utiles.
4
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GROUPE

SARTEC

Agence: 231 Gde Rue de la Guillotiére
LYON 7- 16 (1) 858 91 13

» Montage — Entretien
en meécanique-chaudronnerie

» Ventilation — Dépoussiérage

» Traitement des vapeurs
et odeurs

» Transferts d'ateliers et
de matériel

» Transport pneumatique
» Aéroréfrigération

» Informatique

ETUDES et DEVIS

ORGANISATION EUROPEENNE
@‘ POUR LA RECHERCHE NUCLEAIRE
‘ EUROPEAN ORGANIZATION

N7
FOR NUCLEAR RESEARCH

MOVING?

Please remember to let us know
in good time. All notices of
change of address must be
accompanied by old and new
addresses. (Include label from
magazine wrapper.)

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON
CERN COURIER/CERN
1211 Geneva 23 Switzerland
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AcryLic scintillators: altUStlpe

range of inexpenSive scintillating materials

Exists in sheets and thick blocks

Both the scintillating and the W.L.S. (Wave Length Shifters) ALTU-
STIPES are the result of a close collaboration between the French
Atomic Energy Commission (D. Ph P.E./STIPE) and altulor
Corporation, the major French producer of acrylic resins dtuglas

altulor
Group CDF CHIMIE — TOUR GAN — Cedex 13 — F. 92082 — Telex: NORSO 610 804
PARIS LA DEFENSE 2 — FRANCE

When you’re hot and under
pressure feed through
with Ferranti

Ferranti supply ceramic to metal seals for all kinds of
situations where a leak tight insulated connection is needed into high
pressure or high vacuum systems, especially where high temperature
Is involved.

~ We have been making ceramic to metal seals for many years
for use in the nuclear power, aircraftand communication industries,
and for lots of other special applications.

For further information and literature, contact
Ferranti Electronics Limited, Fields New Road, Chadderton, Oldham,
Lancs. OL9 8NP

Tel: 061-624 0515 Ext. 215 & 249
L s FERRANTI
Ceramic to metal seals
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CONTROLE NON DESTRUCTIF
garantie de sécurité et de fiabilite

@ Contréle d’étanchéité ® Montage, Contréles dimensionnels
(Hélium, Ammoniac, Fréon, Héxafluorure de soufre) @ Essais d’installation, Reception, Inspection

® Radiographie X et gamma @ Etablissement de cahiers des charges

® Ultra-sons ® Recette en usine

® Magnétoscopie @ Travaux de laboratoire : (Métallographie,

@ Ressuages liquides pénétrants Essais chimie, Contréles non destructifs)

® Courants de Foucault (mono et multi-fréquences) @ Contréles des matiéres premiéres
® Etudes, Essais, Assistance Technique, Formation

HOTCHKISS-BRANDT
SOGEME groupe THOMSON-BRANDT >, 4 Y

25, rue de CHONY 26500 BOURG-LES-VALENCE — BP 434 26004 VALENCE — Tél. (75) 42.91.42 — TELEX 345741 BRGLV.
239, Boulevard ANATOLE FRANCE 93200 SAINT - DENIS — Tél (1) 243.32.62 —

CAMAC - CRATES

B Cern - standard 099 approved 1978
FHD-HV1-with a new designed digital
display

New in production:

B Cern - standard 199 approved 1979
FHD - HV 4 - for RMH - Systems

Il Cern standard 299 approved 1980

FHD - HV 5 - with uprated X 24 Volt

Pleaseaskfordetailedtechnicaldatas.

D k Switzerland Spaldingstr. 74
anmark. witzerland:

i/s trimatic Canberra-Stolz AG karl Wehrmcnn 2000 Hamburg 1
Telefon: (02) 650089 Telefon: (056) 84 01 51 Tel. (040) 241511

We are looking for further agencies in several | | I  ab Febr. 1981: 231025 )
countries. ES
Telex 2163043
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The Proven Kicker Switch

For more than ten years EEV has been supplying thyratrons used
to energise kicker magnets. These tubes are installed and working
successfully in every major High Energy Nuclear Physics Laboratory
in the world.

Hundreds of thousands of hours of reliable service have been
achieved and are substantiated by recent reports.

Copies of these along with tube data and technical information
can be obtained from Roger Snelling at Chelmsford,
telephone (0245) 61777 ext: 428.

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM12QU, ENGLAND. TEL (0245) 61777. TELEX99103. GRAMS ENELECTICO CHELMSFORD
A MEMBER OF THE GEC GROUP

S734
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drift chamber digitizing

TECHNICAL DA \
wa | \eCroy |

System 4290
Drift Chamber Time Digitizing System .
« Selt-calibrating anaiog technque "
» 4

32.Channet TO
g

* High-density packsaing
", Dedicated monolithic YOO chip,

D emon svart o common sop opertiion
"+ Wigh reiabllity

oy Controties
[oder 4298

Fast DATABUS

CAMAG Memoty
Wodel 4299

Chamber Amﬁhl\nﬂﬂ\pcﬂm\'\n\o' Cords g'd'\c.\.d
(e.g., Model 7781 of 4292) CAMAGC cr
{nnovators in Insuumenlahon
E A ATT
EET « SPRNG VALLEY. N
ST eLEPHONE 818 425200

700 SOUTH MA

RATION *
ERESCO

MS CORPO
CABLE:\

LeCROY RESEARCH SYSTE!
TWX: 710577 2832

Fo




fibres o INFD
optiques §* cut

Machine a

—fracturer
Evitez le polissage, ,
obtenez en quelques ‘ '
secondes des faces

optiques d’'extrémités,

planes et

pgr.pendiculaires, Polyvalente
utilisables Permet des fractures

directement sur la plupart des
fibres verre ou silice
gainées plastique de

125 1 a 1000 u de ¢

Utilisations : laboratoires,
controles, mesures, laser de
puissance, montage de connecteurs,

AT I : épissurage par fusion, etc.
electronique | ——

6 rue Jean Mermoz Z.l. de St Guénault
91031 EVRY CEDEX
Tél. 0779010 - Telex 600827 : Démonstrations sur demande

RAPY

SELF-EXTINGUISHING AND CHLORINE-FREE CABLES

BaBaBs

VYWV

' SOCIETE ANONYME DES ©
/_\\ ' CABLERES & TREFILERES
w DE COSSONAY

, Vente par CABLEX S.A., B.P. 274, 1110 MORGES, Tél. 021/7109 81, Télex 257 84
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CERN COURIER

A unique advertising medium for
scientific and technical equipment

CERN COURIER is the internationally recognized
news magazine of high energy physics. Distributed
to all the major Laboratories of the world active
in this dynamic field of fundamental research, it is
compulsive reading for scientists, engineers, ad-
ministrators, information media and buyers. Written
in simple language and published simultaneously
in English and French it has become the natural
communication medium for particle physicists in
Europe, the USA, the Soviet Union, Japan—every-
where where the fundamental nature of matter is
studied.

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,

Berkeley, Brookhaven, Cornell, Fermi, Los Alamos -

and Stanford in the USA, Darmstadt, DESY and
Karlsruhe in Germany, Orsay and Saclay in France,
Frascati in Italy, Daresbury and Rutherford in the
U.K., SIN in Switzerland, Dubna and Novosibirsk
inthe USSR, KEKinJapan, TRIUMF in Canada and
Peking in China.

The annual expenditure on high energy physics
in Europe is about 1000 million Swiss francs. The
expenditure in the USA is about $ 300 million.
There is similar expenditure in the Soviet Union.

CERN COURIER is the way into all high energy
physics research Laboratories. If you have a
market in this field, there is no surer way to make
your products known than by advertising in CERN
COURIER.

All enquiries to:

Advertising Manager
Micheline Falciola
CERN COURIER
CERN

CH - 1211 GENEVA 23
Tel. (022) 834103
Telex 236 98

FLOWMETERS

Calibrated and =
non-calibrated instruments &
for liquids and gas

Available from our stock type 1100

in Zurich

Heraeus

WITTMANN

Heating bands
Heating cables
Heating tubes

Power and tension
regulators

Ask for further information A

WISsAE

form. Wismer AG

Oerlikonerstrasse 88
Tel. (01)311 4040
8057 Zurich

)

WE ROUTINELY BUILD THE UNIQUE W

Scattering chambers, sliding window target
chambers, beam collimators, spectrometer slits
and . .. something for you?

%
FELDL CORPORATION

>
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40083 7th Terrace S., St. Petersburg, Florida 33711 U.S.A.
Phone: (813) 821-6759 J
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~ App ‘ &
tdaa DC highllow con ngurattons
Wire Chambers ~

* resistive charge-division apphcatlons
® proportional mode calorimetry
lonization Chambers
® liquid argon calorimetry
* solid state detectors

-

v g —HWHM ~0.31C

sy

Moo
avae Carran

N
‘,\\\A\\b\“\"‘ = :

Linearity
< 2 counts in 4095

i
%
o
-
i
-
.
i
E
i

. Contact your local LeCroy representative for
¢ i =~ complete details. A technical brochure is
¥ 2282A Multichannel ADC available on System 2280 describing three dif-
g 48 ADC'S per #1 CAMAC ferent ADC’s and the data preprocessing
. 12 bits—4095 counts. scheme. The data sheet on the TRA1000 gives
- current integrating high complete information and test results on 14
r sensitivity—0.25 pClcount ADClamiplifier configurations.

| excellent linearity

. TRA1000 Monolithic

. Transimpedance Amplifier

. low noise

. excellent linearity

2 adjustable gain

o current-to-voltage operation

. charge-to-voltage operation

i Headquarters 700 S. Main St., Spring Valley, N.Y, 10977. Offices: Chncago (312) 626-6726; New England, (603) 483-8755; New York, (914) 425- 2000 Palo
. Alto, (415) 856-1806: Geneva, Swnzerland (022) 98 97 97; Hexdelberg, W, Germany, (06221) 28192; Hamburg. W. Germany, (040) 54 2713; Orsay, France
i 907.38. 97; Botley, Oxford, England Representatwesthroughout the world.
b

}
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Pulse Height Distribution
I I N For Photo and Dark For Dark Only

§ 50 Wavelength: 800nm[ | Dark Pulse! 10 cps

< ‘g- m:gsﬁzegdﬁ\&egtgrrnnm 3::5 Peak to Valley Ratio: 1.8——
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R943.03— A photon counting PMT with a GaAs (Cs)

photocathode which is ideal for plasma or laser fusion

Single Photon PHD diagnostics and fluorescent spectroscopy. The R943-03
10000 i Photo Counts: 2760cps provides a typical dark count rate of 10 counts per
- [ {Stbply Voltage: 1850V second (at -20°C) and a 2.2 nanosecond rise time.
"é’ 8000 I lLight Source: 400nm
5
2 6000
8 i FWHM R1391—A 5" hemispherical PMT
§ 0 / providing good quantum efficiency,
£ / l timing chardcteristics and light
8§ 2000 \ acceptance significantly greater
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R1262— A GaAsP high gain first dinode PMT
capable of excellent single and multi-photon
discrimination.

Pulse Response

R647—A 2" end-on
photomultiplier
workhorse for

CAT scanners

and the ideal choice
when high density
detector packing is
required.

A

4 R1294X— A Microchannel
Plate PMT for use in high

{ magnetic field environments
7 asops | offering 350 picosecond rise
time and excellent gain

Supply Voitage: aooov || Stability beyond 10 coulomb
lluminated Area:2mm dia)  gccumulated charge. The
R1294X also provides
immunity to after-pulsing.

Take advantage of Hamamatsu’s state-of-the art hemispherical photomultiplier tubes for precise
detection of Cerenkov light in photon decay or neutrino-type experiments. Use our more traditional
end-on PMT’s in calorimeter, hodoscope and plasma applications.

CALL OR WRITE FOR LITERATURE

HAMAMATSU

HAMAMATSU CORPORATION ¢ 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE: 201/469-6640
International Offices in Major Countries of Europe and Asia.
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renforce le systeme
d’ordinateurs décentralisé

Un systéme informatique décentralisé pour Norsk Data est
fondé sur une relation homme-machine, dont I'axiome de
base est que tout besoin de capacité de calcul est local. Nos
systemes d'ordinateurs sont ainsi adaptés aux besoins locaux
comme support et outil dans la production, la recherche et
I'administration.

La possibilité de connecter plusieurs systémes locaux indé-
pendamment de leur emplacement permet la communication
entre systémes et la création de puissants réseaux d’'ordina-
teurs.

Les systétmes NORD sont entierement modulaires. Chaque
matériel ou logiciel peut étre développé et adapté aux besoins
qui évoluent sans que des unités couteuses deviennent super-
flues. Nos systémes s’étendent du mini-ordinateur 16 bits aux
complexe d'ordinateurs 32 bits avec une capacité de mémoire
virtuelle de 4,3 G-octets pour les données comme pour les
instructions.

Nos dépliants d’information sur le NORD 100, NORD 500, et
sur le traitement décentralisé des données en relévent les pos-
sibilités et les avantages. :

Les ordinateurs NORD — élément fondamental d’un traite-
ment efficace des données.

| Norsk Data sarl.» Le Brévent ». Averte de Jura 01210 B

Norsk Data sarl, » Le Brévent », Avenue de Jura, 01210
: Ferney-Voltaire

I Oui
| de traitement « élargi » des données.

Nom

je veux en savoir plus sur le systeme Nord

Téléphone

|
|
|
|
: Entreprise
|
|
|

IPR 015

Siége :

Paris :

Norsk Data

« Le Brévent », Avenue du Jura, 01210 Ferney-Voltaire
Tél. : (50)408576

120 Bureaux de la Colline, 92213 Saint-Cloud

Tél.: (1)6023366

NORD — Une alternative a etudier
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Stesalit resolves your
individual problems

in fiberglass and carhon fiber
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters.
Parts and profile material

of all types, also in combination
with carbon fiber.

Upon request parts

can also be laminated

with copper or aluminium foil.

Stesalit AG

Kunststoffwerk

CH-4249 Zullwil SO

Telefon 061-8006 01

Telex 63182 03.003

CAMERA HEAD

INFORMATIONS ABOUT OUR CAMERA

NAME

TITLE

COMPANY

ADDRESS

CITY

COUNTRY

S

CAMERA CRATE

RADIATION RESISTANT VIDEO CAMERA
REF. CERN (CH), SACLAY (FR), ORSAY (FR)

CONSTRUCTIONS
ELECTRONIQUES ET MECANIQUES
DU LEMAN - C.EM.E.L.

Rue Léone de Joinville

01170 GEX FRANCE

Tél. (50) 41 50 07
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EIMAC 8973 tetrodes
helped bring fusion power

a step closer at Princeton.

Project PLT—a significant

achievement

On August 5, 1978 scientists at Princeton
University Plasma Physics Laboratory succeeded
in heating a form of hydrogen to more than 60
million degrees Celsius and produced the high-
est temperature ever achieved in a TOKAMAK
device—four times the temperature of the in-
terior of the sun, thus bringing fusion power a
step closer for mankind.

EIMAC tetrodes for switching

and regulating.
Four EIMAC super-power 8973
(X-2170) tetrodes were used to con-
trol and protect the four sensitive
neutral beam sources in this scien-
tific achievement. The next
experiment in this series
(PDX) will also utilize
EIMAC 8973 tetrodes to
control the neutral beam
sources. The EIMAC
8973 is also being used
at Oak Ridge National
Laboratory, another

major research facility involved in the Depart-
ment of Energy’s program to develop practical
fusion power. The 8973 is a regular production
tube designed for high power switching and
control by EIMAC division of Varian.

January 1980

EIMAC 8973 provides over one megawatt
CW power output at 78 MHz with 14 dB
stage gain.

or information

_— Contact Varian, EIMAC
Division, 301 Industrial Way,

San Carlos, California 94070.
Telephone (415) 592-1221. Or
any of the more than 30 Varian
Electron Device Group Sales
Offices throughout the world.

varian
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