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Cover photograph: A view of the new science exhibition ‘Infinitos’ illustrating our
current understanding of the Universe on all scales, from the innermost structure
of matter to the far flung galaxies. A new joint venture by CERN and the European
Southern Observatory (ESO), it was formally opened in Lisbon on 22 April in the
context of Lisbon’s programme as 1994 European City of Culture. The joint
CERN/ESO exhibition will go on to visit other European cities, beginning with
Berlin and Stockholm.
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The top in sight

O n 22 April, after many months of
careful analysis, the CDF
collaboration at Fermilab’s Tevatron
proton-antiproton collider proudly
submitted a 150-page paper to The
Physical Review reporting evidence
for the top quark. At a Fermilab
seminar four days later, CDF co-
spokesmen Melvyn Shochet of the
University of Chicago and William
Carithers of Lawrence Berkeley
Laboratory described the analysis of
a trillion proton-antiproton collisions
which had netted a dozen candidate
top events.

The top quark, the partner of the
bottom quark discovered at Fermilab
in 1977, is required if the Standard
Model of particle interactions (see
page 4) is correct. At the Tevatron,
top quarks are produced in pairs.
Each top quark promptly decays into
a bottom quark and a W boson, the
carrier of the weak nuclear force.

CDF used data collected between
August 1992 and June 1993 for three
top quark searches, differing in the
way the W bosons and bottom
quarks are observed. In each search,
top candidates emerge from the
background non-top processes that
can mimic top decay. When the three
searches are combined, the excess
is statistically more significant.
Although the total excess could be a
rare statistical fluctuation, it is natural
to interpret it as evidence of top
quark production.

When interpreted this way, the top
quark mass is 174 GeV, with an
uncertainty of 17 GeV - the top quark
is almost as heavy as an entire gold
nucleus! It has yet to be explained
why the top quark is far heavier than
any other elementary particle yet
observed.

Another Tevatron Collider run has
recently started. If the accelerator
can continue to run for the next 15 to
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24 months, the sample of data could
increase by a factor of five or more,
allowing the effect to be confirmed
and the mass uncertainty to be more
than halved. Measuring the proper-
ties of the top quark is now a major
physics priority, and for the next
decade this work can only be carried
out at Fermilab’s Tevatron, the
world’s highest energy accelerator.

The search for the top quark

At Fermilab, top quarks can be
created by the energy released in
proton-antiproton collisions. When
this happens, a top quark and its
antimatter partner, the top antiquark,
are released together. The top quark
decays almost immediately into its
quark pair partner - a bottom quark,
together with a W boson, the carrier
of the weak nuclear force. The W, in
turn, also rapidly decays into any of
the quark or lepton pairs, for example
an electron and an electron-neutrino.

At a media briefing at Fermilab on 26 April,
Melvyn Shochet of the University of Chicago,
co-spokesman for the CDF experiment at
Fermilab’s Tevatron proton-antiproton collider,
presents evidence for the sixth - top - quark.

Each final quark is seen as a colli-
mated jet of particles in the detector.
The CDF experimenters searched
for the top quark in three ways. In the
first, events were sought in which the

W bosons from both the top quark
and the top antiquark decayed into
lepton pairs, either electron and
electron-neutrino or muon and muon-
neutrino. Two such events were
observed compared to the expected
background of approximately one
half of an event.

The other two methods searched
for events in which one of the two W
bosons decayed into an electron and
electron-neutrino or a muon and
muon-neutrino, with the other W
decaying into a quark pair. The
expected rate of such top events is
considerably larger than in the first
search mode, but there is also more
background. To reduce this back-
ground, both the second and third
searches identify one or more of the
produced b quarks.

The second search looked for the



The top in sight

small flight distance a b quark travels
before it decays. Six such events
were observed, compared to an
expected background of approxi-
mately two.

The third search looked for an
electron or a muon from the decay of
a b quark. Seven such events were
seen, compared to three expected
background events. (Three of the
events seen in the third search were
also caught by the second method.)

The probability that the background
could fluctuate up to at least the
number of events observed is one in
four hundred. Although this appears
very small, scientists generally need
to be more confident, and more data
is needed to confirm the top quark.

To exploit the different kinematic
features expected in top quark and
background events, an additional
analysis looked for events with the
expected features of top quark
production. An excess of such events
over background included many of
the events with an identified b quark.

Seven of the events have enough
information to allow the top quark
mass to be calculated. Six cluster
between 160 and 190 GeV, and
together they give a top quark mass
of 174 £17 GeV, close to the centre
of the top mass range predicted by
the Standard Model using precision
data from Z boson decay at CERN
and SLAC, W boson decay at the
Fermilab Collider, and neutrino
interactions at Fermilab and CERN.

The CDF data were in hand over
nine months ago and candidate top
quark events were soon identified,
with the candidate sample becoming
stable in August. Then much of the
CDF effort on the top quark search
became focused on background
processes that can mimic a top quark
event.

It is the complexity of top quark

CDF
Lepton + Jet Event '92

= 3

events that makes this background
so difficult to handle. Once elemen-
tary particle discoveries could be
based on a few particle tracks. The
heavier the parent particles, the more
offspring they can produce, and the
top, the heaviest of them all, is the
most prolific. In addition, a proton-
antiproton collision produces other
particles, as well as a top quark and
a top antiquark. Each top quark then
quickly decays into a bottom quark
and a W boson. However these
particles are also unstable and thus
decay into electrons, muons, neutri-
nos, pions, kaons, etc. For a typical
top quark event approximately 100
particles enter the CDF detector. This
background was the subject of
painstaking analysis and continual
discussion, and the lessons learned
will continue to be useful in the
search for other rare particles.

Calorimeter Lego

Top quark candidate event display from the
CDF detector at Fermilab’s Tevatron. The top
quark does not live long enough to be visible
directly. However one of the top quarks from a
quark-antiquark pair decays into a b quark
which is seen to decay in the silicon vertex
chamber (bottom right) close around the beam
pipe, while the muon from this decay is also
identified (bottom left). The calorimeter lego
plot shows how the detector resolves individual
jets from quark processes. Unravelling the
kinematics gives a top mass of 169+10 GeV.

Electromagnetic Energy

Hadronic Energy

32.7GeV

/

Radius = 1.0 cm.
-

The CDF experiment contains
approximately 100,000 individual
particle detectors around the proton-
antiproton collision point. Most of the
apparatus was constructed between
1981 and 1987 with funds provided
by the US Department of Energy, the
Italian Institute for Nuclear Physics
(INFN), the Japanese Ministry of
Science, and the US National Sci-
ence Foundation. Improvements
were added in 1988, 1992, and this
past summer. The collaboration
currently consists of over 440 physi-
cists, including 142 graduate stu-
dents from the United States, Italy,
Japan, Canada, and Taiwan.

(The DO collaboration, CDF’s
companion experiment at the
Tevatron, has seen a few similarly
interesting events but these do not
emerge significantly from the back-
ground.)
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The Standard Model

by Christine Sutton

The initial evidence from Fermilab
(see previous article) for the long
awaited sixth (‘top’) quark puts
another rivet in the already firm
structure of today’s Standard
Model of physics. Analysis of the
Fermilab CDF data gives a top
mass of 174 GeV with an error of
ten per cent either way. This falls
within the mass band predicted by
the sum total of world Standard
Model data and underlines our
understanding of physics in terms
of six quarks and six leptons.

In this specially commissioned
overview, physics writer Christine
Sutton explains the Standard
Model.

t is nearly 100 years since the

discovery of the first subatomic
particle, the electron, which we still
recognize as one of the basic build-
ing blocks of matter. Since then
research has revealed a rich
“microworld” of particles, from pro-
tons and neutrons to quarks, gluons,
and W and Z particles. The field has
flourished particularly during the past
40 years, culminating today in what
we call the Standard Model of parti-
cle physics.

Standard models arise in many
different parts of science. They
provide a basis for understanding the
behaviour of a particular system. The
Ancient Greeks, for example, had
their own standard model of matter
built from four “elements” - earth, fire,
air and water - with which they tried
to explain various phenomena in the
world about them. Nowadays,
astrophysicists talk of a “standard
solar model”, which follows the
evolution of the Sun from an initial
prescription to its present state.

In particle physics, the Standard

Model encompasses all the elemen-
tary particles we now know and three
of the fundamental forces. The basic
building blocks are two sets or
“families” or “matter particles” - the
guarks and the leptons (see page 5).
These particles interact with each
other through the exchange of force
carriers or “messengers”. (These
messengers are also particles, but
they are distinct from matter particles
as we shall see.) The three forces of
the Standard Model are the electro-
magnetic force, which acts only on
charged particles; the strong force,
which acts only on quarks and is
ultimately responsible for binding
protons and neutrons within the
nucleus; and the weak force which
acts upon all quarks and leptons,
including those with no electric
charge, and which underlies radioac-
tive beta-decay. (A fourth force,
gravity, remains outside the Standard
Model, but this does not invalidate
the model as gravitational effects on
particles are far smaller than the
effects of the other forces.)

The Standard Model is a synthesis
of our present understanding of the
quarks and leptons and the forces
that act upon them. The key word
here is “synthesis”, for the model is
not an elegantly hewn theory from
which the quarks and leptons and

In May 1983, the central detector of the UA1
experiment at CERN’s proton-antiproton
collider showed the tell-tale signature of the
long-awaited Z particle as it decays into an
electron-positron pair (arrowed). As the
electrically neutral carrier of the weak force,
the Z° plays a vital role in the Standard Model.

their interactions emerge. Instead it is
an amalgam of the best theories we
have, which we can bolt together
because they have enough in com-
mon to suggest an underlying unity,
although due to our ignorance the
joins still clearly show.

The structure as a whole rests on a
single theoretical framework known
as quantum field theory. This has its
roots in attempts to understand the
most familiar of the three forces of
the Standard Model, the electromag-
netic force, which acts upon anything
with an electric charge. The charge is
the source of an electromagnetic
field, and it is our understanding of
how this field works at a fundamental
level that has led to quantum field
theory, and the concept of the mes-
senger particles.

Quantum field theory treats the
electromagnetic field as a sea of tiny
lumps of energy, or photons, the
“particles” of light. In electromagnetic
radiation, such as visible light, the
photons are “real”; in other words,
energy is conserved when they are
emitted or absorbed. However
photons that do not conserve energy
can also exist, albeit only temporarily.
Their “borrowed” energy must be
repaid according to the dictates of
Heisenberg’s Uncertainty Principle,
which limits the time for the “loan” -
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The matter particles - quarks and leptons - of
the Standard Model. (On the right are the
‘messenger’ or field particles which carry the
different forces of Nature.)

the time between emission and
absorption. In this way, the imbal-
ance is not observable, but is
masked by the uncertainty inherent in
processes that occur at a quantum
level. Such photons living on bor-
rowed energy are known as “virtual”
photons, and they are the messenger
particles of electromagnetism. It is
they that carry the electromagnetic
force between electrically charged
particles.

Quantum electrodynamics (QED),
the quantum field theory of electro-
magnetism, is arguably the best
theory we have, the effects of the
electromagnetic force being predict-
able to better than 1 part in 100
million. One of the theory’s most
important features is its “gauge
symmetry”, which means that when
independent changes to local field
values are made at different points in
space the equations of QED are not
changed. However, this symmetry is
ensured only if the quantum descrip-
tion of a charged particle contains an
electromagnetic field with its messen-
ger particle; in other words, gauge
symmetry demands the existence of
the electromagnetic force and the
photon! Moreover, the symmetry is
intimately linked to the ability to
“renormalize” QED, so that it yields
sensible, finite results.

The messenger particle must have
an intrinsic angular momentum, or
spin, of one unit, just as the photon
does. Particles that have whole units
of spin are known as “bosons”, so the
photon, which ensures the gauge
symmetry of QED, is referred to as a
“gauge boson”. This property of spin
distinguishes the photon (and other
messengers) from the matter parti-
cles (quarks and leptons) which have
half a unit of spin, and are known as
“fermions”.

QED appears to be much more
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The Standard Model

charm

down strange

Quarks and leptons

Research in particle physics has
revealed a wide variety of suba-
tomic particles, from the long-lived
proton and electron to the
resonances that live for only 10%
seconds, no longer than it takes
for light to cross them. Beneath
this rich world, however, lies a
deeper simplicity, for we have
found that it is built from only two
types of building block - the quarks
and the leptons.

The quarks are distinguished by
the fact that they feel the strong
force, and that they carry “frac-
tional” electric charge, either 2/3 or
-1/3 the size of the electron’s
charge. The strong force binds the
quarks within the larger clusters
we observe as particles. Three
quarks form a baryon, such as the
familiar proton, while a quark
coupled with an antiquark together
form a meson, for example the
pions and kaons common in
cosmic rays and in accelerator
experiments.

To make all the known baryons
and mesons, five quarks are
needed - up, down, charm,
strange, and bottom - with the
sixth quark - top - completing a
pattern of six pairs. Only the
lightest quarks of each charge, up
(2/3) and down (-1/3), are needed
to build the protons and neutrons
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of everyday matter. Nature how-
ever apparently requires the
existence of two additional,
heavier “generations” of quark
pairs - charm and strange, top and
bottom.

The lepton family also contains
six members, but in this case they
can be grouped in pairs with
charges -1 and 0. The most
familiar lepton is also the lightest
charged lepton, the electron. This
occurs in stable matter, while its
neutral partner, the electron-
neutrino, is emitted naturally in
beta-decay when radioactive
nuclei change to more stable
forms. As with the quarks, this pair
of leptons is repeated in two more
generations, in which the charged
member increases in mass. The
neutral members - the neutrinos -
have little mass by comparison,
and may indeed all be massless.

In 1989, some of the first results
from the new SLD and LEP
electron-positron colliders at
Stanford (SLAC) and CERN
respectively showed that there are
no further types of lightweight
neutrino like these to be discov-
ered, and this in turn implies that
there are probably no more gen-
erations of quarks and leptons like
these. Why there are three gen-
erations, but no more, is a mystery
that remains to be solved.



Evidence for the gluon, the carrier of the
strong inter-quark force, emerged in 1979,
when the TASSO experiment at the DESY
Laboratory, Hamburg, saw three clear sprays,
or fets’, of particles coming from electron-
positron collisions in the PETRA collider. Two
of these jets come directly from the produced
quark and antiquark, while the third is from a
gluon radiated by the quark or the antiquark.

than an arbitrarily successful theory.
It has therefore rightly served as a
blueprint for theories of the other
forces that act upon matter particles -
the strong force and the weak force.
Although QED deals specifically with
the interactions of charged particles,
its underlying structure provides a
guide to the essential nature of a
workable theory for any force be-
tween particles.

The range of the electromagnetic
field is infinite, and so gives rise to
large-scale phenomena. The weak
and strong forces, on the other hand,
appear to have ranges limited to sub-
nuclear dimensions. It might seem
natural, therefore, to place the weak
and strong forces within the same
theory, as indeed Hideki Yukawa
attempted in his meson theory in the
1930s. However, the big step forward
with the weak force proved eventu-
ally to come through linking it inti-
mately with the wide-ranging electro-
magnetic force. Surprisingly, the
phenomena of electrostatics and
magnetism have a common origin
with the weak processes of radioac-
tive beta-decay and proton-proton
fusion in the Sun.

The link between the electromag-
netic and weak forces seems remark-
able when you consider that the short
range of the weak force implies that
the messenger particle must be
heavy, unlike the photon which is
massless. The time for which the
energy of the massive particle can be
borrowed is short so that it cannot
move far, even at the speed of light;
the massless photon, on the other
hand, can take an infinitely small
amount of energy and travel an
infinite distance.

However, during the 1960s, at-
tempts to find a theory of the weak
force with gauge symmetry sug-
gested that the correct theory should

The Standard Model
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indeed include both weak and elec-
tromagnetic interactions. Such an
“electroweak” theory requires four
spin-1 massless messenger parti-
cles, or gauge bosons - two charged
(+,-) and two neutral. The two
charged messengers explain weak
reactions such as beta-decay where
charge changes hands (a neutron
decays into a proton, for example).
However, the messengers must be
heavy to explain the short range of
the weak force and introducing
masses for these at first seemed to
wreck the gauge symmetry! As for
the neutral messengers, while one
could be the massless photon, what
of the other?

The solution to the difficulty with the
massive messenger particles came
with the introduction of a new field,
which we now call the higgs field,
with its own messenger particle, the
higgs boson. The charged messen-
gers of the electroweak theory - the
particles known as W+ and W- -
appear massive in our experiments
as a result of their interactions with
the higgs field. The neutral states of
the underlying theory behave in a
slightly more complicated manner to
produce one neutral messenger that

remains massless, the photon, and
one that has a similar mass to the
charged messengers. This massive
neutral messenger should give rise to
a weak “neutral current” - a weak
interaction with no change of charge.
The patrticle is now well known as the
Z°, although by the end of the 1960s
there was still no evidence for the
weak neutral currents that it should
mediate.

The introduction of the higgs field
into electroweak theory solves the
problem with the gauge symmetry
because in the basic theory the
messenger particles have no mass,
and so the symmetry remains unbro-
ken. It is only at the relatively low
energies of our experiments that the
underlying symmetry appears bro-
ken, because at low energies the
higgs field is not zero. At higher
energies, the higgs field goes to zero
(rather as the field in a magnet
disappears above the Curie tempera-
ture) and the symmetry is there for all
to see!

One question that remained by the
end of the 1960s was whether the
unified electroweak theory was
renormalizable - in other words,
would awkward infinities that natu-
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The Standard Model

Just ten years after the discovery of the Z° at
CERN, the LEP electron-positron collider now
mass-produces them. In 1993 the four
experiments together saw 3 million Zs, making
a total of some eight million since LEP began
operating in 1989. This hefty slice of precision
data has played a vital role in refining the
Standard Model parameters.

’lntegrofed luminosities seen by experiments 1990 -> I993i

rally occur in the theory cancel out,
so that it could, like QED, make
sensible predictions? In 1971, the
young Gerard ‘t Hooft made the
breakthrough that proved this was
indeed the case. Two years later a
last missing piece of experimental
evidence fell into place. The
Gargamelle team at CERN found the
first neutral current events: neutrino
interactions that could be explained
only by the existence of the predicted
massive neutral messenger particle,
the Z°.

By 1979 the accumulated mass of
evidence for electroweak theory had
become unavoidable, and the Nobel
committee duly awarded the main
protagonists, Sheldon Glashow,
Abdus Salam and Steven Weinberg
with the Nobel Prize for physics.
Then in 1983, CERN'’s proton-
antiproton collider yielded sufficient
energy and intensity to shake loose a
handful of real (as opposed to virtual)
W and Z particles. The Nobel Prize
followed swiftly for CERN’s Carlo
Rubbia and Simon van der Meer, and
electroweak theory, one of the

mainstays of the Standard Model,
was here to stay.

The second important structural
element of the Standard Model deals
with the third of the forces, the strong
force. Like electroweak theory (and
QED contained therein), the theory
for the strong force is a quantum field
theory with gauge symmetry. In this
case the theory has again to deal
with a force that acts over a short
range but this time only on quarks,
and in such a way that quarks are
unable to exist on their own. Quarks
always occur bound within larger
particles: clusters of three quarks
form baryons, such as the proton and
neutron, while quark and antiquark
pairs form the various kinds of
meson. If you try to knock a quark
out of a proton by hitting it with
another high-energy proton, say, you
succeed only in creating new quarks
and antiquarks, that is, new mesons.

However, a clue to understanding
the strong force comes from studying
it at high energies, which in the
quantum world is equivalent to
probing small distances. (The higher

a particle’s energy, the shorter its
associated wavelength.) At these
small distances, the force between
quarks is weaker than it is across the
dimensions of a proton. This behav-
iour contrasts sharply with that of the
electromagnetic force, which dimin-
ishes as the distance between
charges increases.

Surprisingly enough, a theory very
similar to QED has been constructed
to explain the strong force. Instead of
being built on the property of electric
charge, the new theory is built on a
“strong charge” that occurs on quarks
(but not on leptons, which do not feel
the strong force). This strong charge
differs markedly from electric charge
in that it must occur in three forms,
with three opposite “anticharges”. (By
contrast, positive and negative
electric charges are just one form of
charge and its anticharge.) Because
it occurs in three varieties, the strong
charge has been given the name of
“colour”, in analogy with the three
primary colours of light. The quarks
occur in each of the three colours,
but it seems that they can together
form only particles that are neutral, or
“white”, in colour. Baryons, with three
quarks, contain a quark of each
colour, while mesons contain a
quark-antiquark pair with opposite
colour and anticolour.

The theory, in which colour charge
replaces electric charge, is known as
guantum chromodynamics, or QCD,
emphasising the structural similarities
with QED, although the more com-
plex origin for the strong force leads
naturally to a more complex theory.
Instead of one messenger particle as
in QED, the theory of QCD contains
eight messengers - the gluons -
which are massless particles, like the
photon, with one unit of spin. At first
sight, this might seem unlikely, as the
strong force is short range, acting
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only at sub-nuclear distances. How-
ever, a crucial difference between the
strong force and the electromagnetic
force lies with the fact that while the
photon itself has no electric charge,
the gluons carry colour. This means
that gluons can interact among
themselves, with fascinating conse-
quences for the strong force.

A virtual photon emitted by an
electron can in principle travel off
towards infinity, unaffected by other
nearby photons. A gluon, however,
feels the influence of any other
gluons, and their interaction can
indeed lead to more gluons. So a
virtual gluon emitted by a quark, say,
cannot proceed far before it is in
effect caught in a net created by its
interactions with other gluons. The
result is that the strong force has a
short range.

In summary, the Standard Model
sees the world as built from two sets
of particles, the quarks and leptons,
whose interactions are described by
two similar theories, electroweak
theory and QCD. In these theories,
forces are transmitted by messenger
particles - the gauge bosons - some
of which acquire mass through their
interactions with an additional field,
the higgs field. The model is a
curious amalgam, evolved over years
of wrong turns and dead ends. So
far, it has worked much better than
we have any right to expect.
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The development of science

this century

2 - from 1946 to 1970
by Victor F. Weisskopf

This is the second in a series of
three articles which together are a
slightly revised version of a talk
delivered at the meeting of the
American Association for the
Advancement of Science, in
Boston, on 14 February 1993, and
at a CERN Colloquium, on 5
August 1993, entitled ‘Science -
yesterday, today and tomorrow’.
Together they describe the tre-
mendous growth of scientific
knowledge and insights acquired
since the beginning of this century.
In a highly abridged form, some of
these ideas were used in an
earlier CERN Courier article
(‘Crisis - the Weisskopf view’;
October 1993, page 22). Because
of the restrictions of a single issue
of the CERN Courier, the text has
been repackaged as three articles,
each covering an identifiable
historical epoch. The first, covering
the period from 1900 to World War
Il, was published in the May issue.
The third article will cover the
period from 1970 to the end of the
century.

he time from 1946 to about 1970

was a most remarkable period
for all sciences. The happenings of
World War Il had a great influence,
especially on physics. To the aston-
ishment of government officials,
physicists became successful engi-
neers in some large military research
and development enterprises, such
as the Radiation Laboratory at MIT,
the Manhattan Project, and the

Eugene Wigner - instrumental in designing
reactors that produced plutonium.
(Photo Kathleen Blumenfeld)

design of the proximity fuse. Scien-
tists who previously were mainly
interested in basic physics, con-
ceived and constructed the nuclear
bomb under the leadership of one of
the most ‘esoteric’ personalities, J.R.
Oppenheimer. E. Fermi constructed
the first nuclear pile, E. Wigner was
instrumental in designing the reactors
that produced plutonium, and J.
Schwinger developed a theory of
waveguides, essential for radar. It
was more than that: some of these
people were excellent organizers of
large-scale research and develop-
ment projects having good relations
with industry, such as the aforemen-
tioned military projects.

When World War Il was over, the
public was under the impression that
the physicists had won it. Of course,
this was a vast exaggeration, but it is
a fact that radar saved the United
Kingdom and reduced the submarine
threat to transatlantic convoys, and
that the atomic bomb led to an
immediate end of the war with Japan.
Physics and science in general
earned a high reputation. This led to
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higher salaries and to generous
financial support from government
sources such as the Office of Naval
Research (ONR), the creation of the
National Science Foundation (NSF)
with the purpose of supporting basic
research, the National Institutes of
Health (NIH) supporting biology and
medical research, and the Atomic
Energy Commission (AEC) support-
ing basic research in nuclear and
particle physics. The rationale for the
support of basic science by govern-
ment sources, irrespective of military
and other applications, was twofold.
First, the war experience engendered
a strong belief that any basic science
research will lead to useful applica-
tions; second, the desire to keep
scientists happy and numerous since
they might be needed again. The
lavish support, without any regard as
to the type of research, lasted for
about a decade after the war; later
government sources became in-
creasingly interested in more specific
research directed at military or
commercial applications. Still basic
science fared well until the seventies.
The results of this support were
truly amazing. The progress of natu-
ral science in the three decades after
the war was outstanding. Science ac-
quired a new face. It would be impos-
sible in this essay to list all the signifi-
cant advances. We must restrict
ourselves to an account of a few of
the most striking ones without men-
tioning the names of the authors. The
choice is arbitrary and influenced by
my restricted knowledge. In quantum
field theory: the invention of the
renormalization method in order to
avoid the infinities of field theory that
made It possible to extend calcula-
tions to any desired degree of accu-
racy. In particle physics: the recogni-
tion of the quark structure of hadrons
establishing order in their excited
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states, the existence of unstable
heavy electrons and of several types
of neutrinos (two were discovered in
Period I, the third in the next period),
the discovery of parity violation in
weak interactions, and the unification
of electromagnetic and weak forces
as components of one common force
field. In nuclear physics: the nuclear
shell model, an extensive and de-
tailed theory of nuclear reactions,
and the discovery and analysis of
rotational and collective states in
nuclei. In atomic physics: the Lamb
shift, a tiny displacement of spectral
lines which could be explained by the
new quantum electrodynamics, the
maser and the laser with its vast
applications, optical pumping, and
non-linear optics. In condensed mat-
ter physics: the development of semi-
conductors and transistors, the
explanation of superconductivity, sur-
face properties, and new insights into
phase transitions and the study of
disordered systems. In astronomy
and cosmology: the Big Bang and its
consequences for the first three min-

While the US almost monopolized natural
science in the 1950s, the establishment of
CERN was a signpost to the future. The
picture shows a 1953 session of the provi-
sional CERN Council in Amsterdam.
(Photo CERN 4.10.52)

utes of the Universe, the galaxy clus-
ters and the 3K radiation as the opti-
cal reverberation of the Big Bang,
and the discovery of quasars and
pulsars. In chemistry: the synthesis
of complex organic molecules, the
determination of the structure of very
large molecules with physical
methods such as X-ray spectroscopy
and nuclear magnetic resonance,
and the study of reaction mecha-
nisms using molecular beams and
lasers. In biology: the emergence of
molecular biology as a fusion of
genetics and biochemistry, the identi-
fication of DNA as carrier of genetic
information followed by the discovery
of its double helical structure, the
decipherment of the genetic code,
the process of protein synthesis,
and the detailed structure of a cell
with its cellular organelles. In geol-
ogy: the development and refine-
ment of plate tectonics using newly
available precision instruments, and
the discovery of ocean floor spread-
ing by means of sonar and other
electronic devices.
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The 1962 discovery at Brookhaven by Leon
Lederman, Jack Steinberger and Mel Schwartz
that neutrinos came in two kinds was one of
the fruits of the support for US basic science in
the 1960s. Long tracks in the experiment’s
spark chambers showed when neutrinos
produced muons, rather than electrons.

Many of the new results and discov-
eries were based upon the instru-
mental advances in the field of
electronics and nuclear physics due
to war research. One of the most
important new tools decisive for all
sciences was the computer. The
development and improvements of
this tool are perhaps the fastest that
ever happened in technology. It
brought about new methods of
evaluation of experimental data, new
ways to model and simulate natural
processes. To quote a remark of S.
Schweber: ‘There are now three
types of scientists: experimental,
theoretical and computational.’

In spite of the tremendous boost
that all sciences owe to computers,
there are dangers connected with the
use of them. If the computer is used
to determine the consequences of a
theory, then who has understood it,
the computer or the scientist ? The
computer sometimes replaces
thinking and understanding. The
same danger occurs in the overuse
of computers in science education.

12

Character and sociology of science in
Period Il

Striking in the first two decades of
Period Il is the preponderance,
almost monopoly, of the USA in
natural science. Most of the amazing
advances in science during the
period 1946-1960 were made in the
USA. Obviously, the leading cause
was the condition of the other coun-
tries after the ravages of the war.
Europe and East Asia had to be
rebuilt. All the more we must admire
certain pioneering efforts carried out
mainly in England, Italy, and France,
such as cosmic-ray research in
England under Powell and in France
under Leprince-Ringuet, and the
important ltalian meson absorption
experiments by Conversi, Pancini
and Piccioni. The situation was the
opposite of that in the 1920s. Euro-
pean and East Asian scientists had
to spend some time in the USA in
order to play a role at home. Europe
was ‘provincial’ and the USA was

‘central’ in science.

After the 1960s, European and
Japanese science became more
independent, and could compete with
the USA. A number of European
international organizations were
created, such as CERN in particle
physics, the European Molecular
Biology Laboratory (EMBL) in biol-
ogy, and the European Southern
Observatory (ESO) in astronomy. A
standard of research was developing
in Europe and Japan which was
equal and even superior to the USA
in some fields.

Important changes in the social
structure of science took place,
especially in particle physics, nuclear
physics, and astronomy. The rapid
developments in these fields required
larger and more complex accelera-
tors, rockets and satellites in space,
sophisticated detectors, and more
complex computers. The government
funding was ample enough to provide
the means for such instruments. The
size and complexity of the new
facilities required large teams of
scientists, engineers, and techni-
cians, to exploit them. Teams of up to
sixty members were organized,
especially in particle physics. (In
Period lll the sizes of teams reached
several hundred.) Other branches of
science, such as atomic and con-
densed matter physics, chemistry
and biology, did not need such large
groups; these fields could continue
their research more or less in the old-
fashioned way in small groups at a
table top with a few exceptions, for
example, in the biomedical field,
where larger teams are sometimes
necessary.

The large teams brought about a
new sociology. A team leader was
needed who had the responsibility
not only for intellectual leadership,
but also for the organization of
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subgroups with specific tasks, and for
financial support. A new type of
personality appeared in the scientific
community with character traits quite
different from the scientific leaders of
the past. The participation in these
large teams of many young people,
graduate students and postgradu-
ates, creates certain problems. It is
hard for them to get recognition for
their work, since their contributions
get lost in the overall effort of the
team. In order to attract young
researchers to join big teams, the
subgroups must have some inde-
pendent initiative for well-defined
tasks, so that the performers of these
tasks can claim credit for their work.
The development of huge research
enterprises caused a split in the
character of science into ‘small’
science and ‘big’ science. Small
science consists of all those fields
that can be studied with small groups
at relatively small cost, whereas big
science is found in particle physics,
in some parts of nuclear physics and
astronomy, in space exploration, and
in plasma physics. There is also big
science in condensed matter physics
and in biology: the use of synchrotron
radiation in the former and the
human genome project in the latter.
Big science needs large financial
support, so that the question of
justification plays a decisive role.
This has led to another kind of split,
related to the applicability of a branch
of science in industry, in medical
practice, and also in being useful for
other sciences by providing tools and
insights. Thus, we may distinguish
‘applicable’ and ‘non-applicable’
science. Both of these terms must be
qualified. We understand ‘applicable’
science as research for which appli-
cations are obvious or easily fore-
seen; ‘non-applicable’ is meant to
indicate that no or only very few
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applications are visible today. The
philosophical and intellectual signifi-
cance is not counted as an ‘applica-
tion’. One can never exclude that
some present or future discoveries
may lead to applications after several
years or decades of further develop-
ments. This is why we will use the
term ‘presently non-applicable’.

Applicable science includes parts of
nuclear physics dealing with reactors
and radioactivity, atomic and molecu-
lar physics, certainly condensed
matter physics, plasma physics,
chemistry, the earth sciences, and, of
course, biology with its vast applica-
tions in medicine, agriculture and
food production.

Particle physics, some parts of
nuclear physics, astronomy and
cosmology are examples of sciences
extremely important intellectually and
philosophically but whose applica-
tions are not presently tangible. They
are characterized by what may be
called a ‘leap into the cosmos’. Let us
call these topics ‘cosmic sciences’
whereas the obviously applicable

The ultra-sensitive and discriminating detec-
tors that had to be developed in high energy
physics turned out to be most useful in
medicine, biology, and materials science. In
1992 Georges Charpak was awarded the
Nobel prize for his detector achievements,
particularly his 1968 invention of the multi-wire
proportional counter.

(Photo CERN 62.10.92)

fields may be referred to as ‘terres-
trial sciences’. The processes studied
in the cosmic sciences are too far
away in time and space to be of
immediate interest under terrestrial
conditions, such as the Big Bang and
its consequences, or the discovery of
mesons, quarks, and heavy elec-
trons. Unquestionably, it is a great
achievement to be able to study the
formation of galaxies in the Universe,
or what goes on in the interior of
stars and, in particular, to be able to
create conditions at the targets of our
accelerators that existed fractions of
seconds after the Big Bang. Naturally
this kind of research is expensive. It
is hard to establish cosmic conditions
on Earth. But these phenomena are
in many ways detached from human
environments, and decoupled from
other sciences. (The point of view
expressed here is different from the
one | expressed twenty years ago in
an article ‘The significance of sci-
ence’, Science 176 , 138 (1972). At
that time | was more optimistic as to
possible future applications of parti-
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cle physics and astronomy.)

The division into applicable and
presently non-applicable fields is not
as sharp as indicated here. Even
particle physics has led to applica-
tions; it almost did a few decades
ago when L. Alvarez suggested that
hydrogen molecules made of protons
and muons could perhaps initiate
fusion processes, but it turned out to
be impossible. Most of the applicable
items come from what is sometimes
called ‘spinoff’. Techniques used to
satisfy the unusually severe de-
mands of accuracy and reliability do
have some use in other fields. In
particular, the ultra-sensitive and
discriminating detectors that had to
be developed in high-energy physics
turned out to be most useful in
medicine, biology, and material
science. G. Charpak was awarded
the Nobel prize for this. Furthermore,
some of the intricate mathematical
developments in quantum field theory
have been successfully applied to
problems of condensed matter
physics. There are good reasons to
expect more of such spinoffs in the
future.

The present non-applicability of
cosmic science is connected with an
interesting phenomenon that oc-
curred in the physical sciences, a
hierarchy of different subjects that
have become to an increasing extent
decoupled from each other. We
distinguish particle physics on the
‘highest’ level (no value judgment
intended), nuclear physics, atomic
and molecular physics, condensed
matter, etc., being consecutive lower
levels. Each level has its own laws
and concepts based upon the inter-
action of quasi-elementary units that
are composed of more elementary
units of a higher level, but remain
fixed in their ground states under the
weaker energy exchanges character-

14

istic of the lower levels. Thus, the
internal composition of those units is
not important for these levels. There
are ‘effective’ theories describing the
conditions at each level that disre-
gard the internal structure of the
units. For example, certain parts of
nuclear physics deal with protons
and neutrons as quasi-elementary
particles, whose quark structure is
irrelevant; atomic and molecular
physics deals with interacting elec-
trons and atoms and nuclei, the inner
structure of the nuclei being insignifi-
cant. Certainly the quark structure of
nucleons is irrelevant for biology,
which has its own concepts, laws,
and relations. In every step from a
higher to a lower level, complexity
increases; new laws and regularities
appear that are not in contradiction
with the more ‘basic’ laws at higher
levels, but they emerge from the
complex interactions of the relevant
units without being directly derivable
from the laws at a high level. When
the Universe cooled down and
expanded, it seemingly went through
stages from the highest levels up to
lower ones, creating at each step
new diversity and complexity, until it
reached life on Earth and perhaps on
other planets.

The existence of more or less
decoupled levels of physics had an
undesirable effect: over-specializa-
tion. The scientists working in one
level do not know much of what is
going on in other levels because they
mostly do not need that knowledge
for their research. Furthermore, the
pressure of competition and the need
to follow the ever-increasing literature
in their own fields does not give them
time to be interested in other levels.

Around the
Laboratories

CERN
LHC dipole prototype
success

I n a crash programme, the first
prototype superconducting dipole
magnet for CERN’s LHC proton-
proton collider was successfully
powered for the first time at CERN on
14 April, eventually sailing to 9T,
above the 8.65T nominal LHC field,
before quenching for the third time.

The next stage is to install the
delicate measuring system for
making comprehensive magnetic
field maps in the 10 m long, 50 mm
diameter twin-apertures of the
magnet. These measurements will
check that the required LHC field
quality has been achieved at both the
nominal and injection fields.

This first valuable prototype will be
trained to its maximum field, ex-
pected to be close to 10T, only after
completion of the magnetic field
measurements. Seven prototypes
have been ordered from four different
industrial consortia. All are expected
to be complete before the end of the
year. The first prototype was ordered
by the Italian INFN and built by
Ansaldo.

On 15 April, while the magnet was
being put through its paces, a special
session of CERN’s governing body,
the Council, adopted the following
resolution on the LHC and CERN’s
long-term scientific programme
pending final approval.

“Council, confirming its belief as
stated in the Council’'s December
1991 resolution that the LHC is the
right machine for particle physics and
for CERN, and being impressed by
the scientific case and by the eco-
nomical utilization in the LHC project
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of investments previously made at
CERN;

* notes the overall strategy of CERN
proposed for the years 1995-2005
and supports the Management in
promoting the LHC as the central
element of the long-term programme
of CERN;

* wishes to see the LHC imple-
mented as part of the basic pro-
gramme of the Laboratory, and
wishes the project and its financing to
be approved by general consensus;

¢ is conscious of and welcomes the
world interest in the project, wishes
that involvement of non-Member
State physicists should be on the
understanding that usage on a
significant scale must involve the
contribution of resources to the
project by the non-Member States
concerned, and supports the pros-
pect of creating an appropriate status
for the participation of Non-Member
States making significant contribu-
tions;
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« notes that a flexible range of
funding options exists, building where
appropriate on current expectations
concerning supplementary contribu-
tions, including options which would
allow the LHC to be constructed
without such contributions;

* endorses the proposed compre-
hensive review of the progress of the
project, to be carried out at an
appropriate moment and in any case
before the end of 1997 in order to
define more precisely the timetable
for the execution of the project in the
light of the foreseen funding; and

e expresses its best intention to
move to a decision to approve the
LHC during the first half of 1994."

In April the first LHC dipole prototype was
successfully powered for the first time, sailing
to 9T prior to its third quench, above the 8.65T
nominal LHC field

BROOKHAVEN
Major detectors for
RHIC under
construction

O n March 9-10, a cost and
schedule review at Brookhaven
verified construction readiness for the
PHENIX detector (May 1993, page
10). PHENIX thus joins STAR
(Solenoidal Tracking at RHIC -
November 1991, page 17), whose
construction plan was ratified in
January 1993, as a major detector to
take data when the RHIC heavy ion
collider is completed in mid-1999.

The goal of both detectors is to
search for the transition from ordinary
nuclear matter to a new state of
matter consisting of (momentarily)
unconfined quarks and gluons. This
transition to a “quark-gluon plasma”
(QGP) is predicted to occur under
extreme conditions of temperature
and energy density, as is likely to be
the case in the collision of heavy ions
of sufficient energy. RHIC is ex-
pected to produce the highest energy
densities ever observed on the
nuclear scale.

The focus of the STAR detector is
the measurement of hadrons, which
comprise 99.99% of the particles
produced in heavy ion collisions, with
large acceptance and good spatial
and momentum resolution. A typical
“interesting” collision at RHIC is
expected to radiate many thousands
of particles. The measurement of
“global” observables, such as multi-
plicity and energy flow, serve to
characterize the degree of
thermalization and nuclear excitation
in such collisions.

The emphasis in STAR will be the
measurement of such observables,
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Schematic of the STAR detector which will
emphasize hadron measurements at
Brookhaven’s RHIC heavy ion collider. Some
of the systems shown represent potential
upgrades to the detector.

SILICON VERTEX TRACKER
BEAM PIPE
VERTEX POSITION DETECTORS

MAGNET YOKE

SOLENOID COIL

and their correlations, on an event-
by-event basis as well as making use
of hard scattering (by the measure-
ment of jets and mini-jets) to probe
the properties of high density nuclear
matter. The detector should be
sensitive to a wide variety of hadronic
“signatures” which have been pre-
dicted to be indicative of the plasma
state, including event-by-event
fluctuations in the global
observables, anomalous strange
particle production, and “jet quench-
ing.”

The core of the STAR detector is a
large Time Projection Chamber
(TPC) immersed in a solenoidal
magnetic field. Charged track mo-
mentum measurements will be made
within a relatively large solid angle
with full azimuthal coverage. Particle
identification is made by measure-
ment of ionization energy loss within

CERN Courier, June 1994

a limited (< 0.7 GeV/c) momentum
range and a restricted angular
interval.

A number of upgrades are already
planned which should significantly
increase its physics capabilities.
These include a silicon vertex tracker
(SVT) and an electromagnetic
calorimeter (EMC). The SVT will
improve momentum and energy loss
resolution, and locate secondary
vertices to better than 100 microns.
The electromagnetic calorimeter is
required for the measurement of jets,
direct photons and leading pion
production.

Correlation of the information from
the EMC and central trigger barrel
detector will enable STAR to trigger
on events exhibiting unusual pion
isospin abundances (such as the
Centauro events in cosmic rays)
which have been suggested as a

signature of exotic nuclear matter in
high energy nucleus-nucleus colli-
sions. Additional tracking at smaller
angles to the beams, using TPCs
outside the magnet (not shown in the
figure) is also being considered, as
well as a time of flight array to en-
hance particle identification.

PHENIX, although measuring
hadrons within a limited acceptance,
and therefore having some overlap
with STAR, emphasizes detection of
the rare (.01%) leptons and photons.
In the conceptual picture of a heavy
ion collision, after a formation time of
about 1 fm/c (3 x102%*s) a
thermalized plasma of quarks and
gluons begins to expand and cool.
When a critical temperature is
reached, hadrons begin to form and
the system becomes a gas of inter-
acting hadrons. As expansion contin-
ues, a “freeze-out” density is reached
after which the hadrons no longer
interact with one another. Information
from the hot interior of this expanding
volume (at an early time) is efficiently
carried to the outside by radiation
that is not coupled to the strong
interaction. Such signals can be
carried by photons, which may be
“real” (gamma rays), or virtual,
appearing as electron-position or
muon-antimuon pairs. Thus PHENIX
emphasizes detection of particles
which are created early in the space-
time evolution of the system.

Special emphasis is placed on
measuring many potential signatures
of the QGP as a function of a well-
defined common variable related to
the energy density to see if any or all
of these signatures show a simulta-
neous anomaly due to QGP forma-
tion. Among such signatures are
possible changes in the mass, width,
and branching ratios of vector
mesons, the energy spectrum of
directly produced photons and lepton
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Schematic of the RHIC PHENIX detector
which will emphasize photon and lepton
signals. Instrumenting the muon tracking
system shown will require an upgrade of the
basic detector.
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pairs, and the (much discussed)
possible suppression of J/psi and
upsilon resonant states .

To accomplish these ambitious
goals, PHENIX must of necessity
incorporate many sophisticated
technologies for particle identification
and tracking. The central arms are
dominated by a 9.5-metre high, 450
ton magnet, and include many
systems for particle identification and
tracking. Closest to the interaction
point are the inner detectors - 20 two
arrays of beam-beam counters which
provide a rough vertex location and a
precise event time; and a silicon
multiplicity detector (MVD) which
measures charged particle multiplic-
ity and provides a precise vertex
location. These inner detectors are
followed by: a drift chamber, for
transverse momentum determination;
a ring-imaging Cerenkov detector
(RICH) for electron identification; pad
chambers for tracking; a time-expan-
sion chamber for both tracking and
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electron identification; time-of-flight
(TOF) detectors for hadron identifica-
tion; and an electromagnetic (EM)
calorimeter for photon and electron
identification. PHENIX also has a
muon arm with magnetic analysis
covering a large fraction of one
forward hemisphere. The objective of
this arm, whose full implementation
will require an upgrade of the detec-
tor, is the detection of high mass
muon pairs to complement the
electron pair signal in the central
portion of the detector.

The STAR and PHENIX detectors
represent nearly 700 collaborators
from 68 institutions in 13 countries.
Present plans for the initial physics
programme at RHIC also include a
complement of small detectors. Two
experiments, PHOBOS and
BRAHMS, have been approved to
develop conceptual designs.
PHOBOS will employ a large array of
silicon strip detectors for measuring
charged particle tracks in the central

region, while BRAHMS is a two-arm
spectrometer to measure single
charged patrticle inclusive spectra
over a broad region which includes
forward angles.

Thomas W. Ludlam

SERPUKHOV
UNK transfer beamline
commissioned

t the end of the 1000 hour

February-March run of the 70
GeV proton synchrotron at the
Institute for High Energy Physics
(IHEP), Serpukhov, near Moscow,
the new 2.7-kilometre UNK Beam
Transfer Line (BTL) was commis-
sioned with proton beam.

BTL will eventually transfer beam
from the existing U70 proton accel-
erator to the first stage of the UNK
(UNK-1, now under construction)
where it will be accelerated in the 21-
kilometre ring up to 600 GeV. BTL
was designed for proton energies
between 60 and 70 GeV, momentum
spread +2 x 10 and beam emittance
2 mm.mrad, with systems for fast
ejection, beam transfer and injection
into UNK-1.

The successful operation of the
transfer beamline gives confidence to
the main push towards UNK. (At
CERN, electrons were precision
injected into the first complete portion
of the 27-kilometre LEP electron-
positron collider tunnel well before
the completion of the project in
1989.)

The U70 fast ejection system is
used to direct beam to BTL. It in-
cludes full aperture kicker and two
septum magnets as well as the U70

CERN Courier, June 1994



Giant Read-Out Boards?

Epoxy laminates FR-4
1300x4400 mm
produced by

NN
DITRON; -

have been chosen for the
construction of the “Read-
Out Board” of the hadron
calorimeters of the ALEPH
and DELPHI detectors.

Standard production:

e FR-4, G-10, G-11 rigid laminates
for printed circuit boards

e thin laminates and prepreg
for multilayer boards

DITRON srl

Via Mulino Vecchio, 85 - 28065 CERANO (NO) ITALY
Tel.: 0321/772181 - Telex: 331565 PENCO |

Telefax: 0321/721645

Zero-flux measuring systems

made by Holec for high-precision measurement

ZERO-FLUX MEASURING
SYSTEMS

¢ wide current range: up to 50,000 A

analog and VME-bus output

L]

unequalled accuracy

¢ [ow power consumption

POWER ON
: OUTPUT VALID
* ZERO CURRENT

true bipolar operation

fully magnetically screened

highly EMI protected

without any temperature control devices

"ZERO-FLUX

high reliability: MTBF of 30 years

* POWER ON

HOLEC HH

Holec Systemen en Componenten, P.O. Box 23, 7550 AA Hengelo, The Netherlands,
tel.: +31.74.462850, fax: +31.74.464818

CERN Courier, June 1994



Around the Laboratories

bump system for closed orbit distor-
tion. The beam transfer part consists
of a matching section for adjusting
the beam phase spread and disper-
sion with bend section, a 64-degree
bend section and a second matching
section to adjust the beam param-
eters to the UNK lattice.

The considerable distance between
the UNK ring and U70 injector is a
result of the geological conditions on
the IHEP site. The BTL lattice has
strong focusing FODO structure with
88 quadrupoles, 52 5.8m dipoles and
56 corrector magnets.

The UNK orbit plane is 6 m below
that of U70. Beam diagnostics
include beam current monitors, 46
beam position monitors, 26 profile
monitors and loss and halo monitors.

The final U70 radiofrequency is 6
MHz, while a 200 MHz accelerating
system will be used for UNK-1. A
recapturing station is installed in U70
to match the longitudinal phase
space.

The first BTL beam test was suc-

W
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cessfully carried out on 14 March,
when U70 beam from was trans-
ferred to a beam stop two kilometres
from the ejection point. A small
fraction of normal U70 beam intensity
(5 bunches from 30) was accelerated
to 65 GeV and captured by the UNK
200 MHz system with some further
acceleration.

Using corrector magnets and
adjusting the bending magnet current
the beam was negotiated through the
BTL. The emittance of the beam with
intensity 3.5x 10" protons per pulse
at the stopper was 1.6 mm.mrad. The
beam size was in a good agreement
with calculations.

A PC-based control system was
implemented for BTL commissioning,
with four console computers and
equipment controllers connected to
the console via serial communication
lines and line multiplexes. Magnet
power supplies used more then 50
homemade equipment controllers,
each one consisting of a separate
Multibus-1 crate with LSI-11 type

processors, 1/0 and timing modules.
Beam instrumentation electronics
was implemented in CAMAC with
Intel auxiliary crate controllers inside.

At the same time a prototype UNK
control system, developed in collabo-
ration with CERN, was successfully
tested. The system consists of an
ULTRIX DEC station and a diskless
front-end computer linked through
MIL-1553 with equipment controllers.
Two buildings were connected by a
fibre optic computer link with TCPIP
communication protocol. All power
supplies for the magnet lattice and
beam instrumentation (profile and
intensity monitors) were controlled
through the prototype. A modern
graphical interface was developed
based on the Motif toolkit. Currents in
the magnet elements were set and
final beam steering was carried out
optimizing the beam profile and
intensity.

In parallel a commercial software
package was under evaluation, with
applications for BTL equipment
control. Good operational reliability
and perfect flexibility in interface
design were demonstrated.

During the run, four U70 experi-
ments (VES - spokesman A. Zaitsev,
SVD - spokesman P. Ermolov,
CHARM - spokesman V. Kekelidze
and Neutrino Detector - spokesmen
S. Bunyatov and A. Vovenko) took
data for one month.

Recently the new 2.7-kilometre UNK Beam
Transfer Line (BTL) at the Institute for High
Energy Physics (IHEP), Serpukhov, near
Moscow, was commissioned with proton
beam. BTL will eventually transfer beam from
IHEP’s existing U70 proton accelerator to the
first stage of the UNK (UNK-1, now under
construction) where it will be accelerated in the
21-kilometre ring to 600 GeV.
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The superconducting Nuclotron at the Joint
Institute of Nuclear Research, Dubna, near
Moscow, has begun operations for physics. In
the foreground is the internal target in a
straight section of the machine, with a
Nuclotron cryostat in the background.

DUBNA
Relativistic deuterons
in the Nuclotron

t the Laboratory of High Ener-

gies of the Joint Institute for
Nuclear Research - JINR, Dubna -
17-29 March saw the first physics run
of the superconducting Nuclotron
(July/August 1993, page 9).

The run began just after completion
of a synchrophasotron polarized
deuteron run. In accordance with the
programme, a polarized deuteron
beam was injected and accelerated
up to 100 MeV nucleon. Subse-
quently the “Polaris” polarized deu-
teron source was replaced by the
duoplasmatron (providing unpolar-
ized particles) and Nuclotron opera-
tion continued for physics.

The magnetic field cycles were 6,
8.5, 10 kGs with a rise of 6 kGs/s.
Beam dynamics were stable, with no
particle losses observed after 500 ms
of acceleration time. The maximum
momentum of deuterons of 3.5 GeV/
¢ per nucleon was reached for a
beam intensity of 2 x10° per cycle.
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A deuteron beam accelerated to 3.7
GeV/c was provided for the SPHERE
spectrometer, the Spectrometer of
Recoil Nuclei (SYAQ), and the
DELTA Experiment of the Institute for
Nuclear Research (INR) of the
Russian Academy of sciences
(Troitsk).

Measurements were performed with
the internal target to study the yield
of pions, kaons, and nuclear frag-
ments (from protons to helium and
lithium isotopes) in deuteron-nucleus
collisions. For instance the INR team
recorded 10° events, enough to
identify some 50 rare examples of
positive kaon production below the
kinematical limit of nucleon-nucleon
collisions.

Various technical detector ques-
tions were investigated, including the
operation of lead glass electromag-
netic calorimeters in the background
environment of the ring tunnel. UV
and X-ray radiation produced by
beam particles in film target material
was used to study the radiofrequency
structure of the accelerated beam.

The next Nuclotron run - with heavy
ions - is scheduled for the summer.

FERMILAB
Bob Wilson 80

O n March 4, an international
symposium and tribute was
held at Fermilab in honour of the
Laboratory’s founding director Robert
Rathbun Wilson on the occasion of
his 80th birthday.

The symposium - ‘Celebrating an
Era of Courage and Creativity’ -
featured talks and reflections by
many of Wilson’s colleagues and
friends including Fermilab Director
John Peoples and Director Emeritus
Leon Lederman.

The symposium talks also featured
Golden Ages, by Chris Quigg of
Fermilab’s Theoretical Physics
Department; Top and B Physics, by
Paul Tipton of Rochester; Fixed
Target Physics, by Heidi Schellman
of Northwestern; Machine Physics,
by Gerry Jackson of Fermilab’s
Accelerator Division; The Resurrec-
tion, by Bill Foster of CDF at
Fermilab; Wilson’s Way, by Lillian
Hoddeson, historian at University of
lllinois and Fermilab; and Art and
Architecture at Fermilab - The Wilson
Legacy, by Paul Karchin of Yale.

Ned Goldwasser summarized
Wilson’s contributions to both
Fermilab and the scientific commu-
nity:

“In achieving his dream for
Fermilab, Bob Wilson exercised all of
his many talents: a good nose for
quality physics and technology,
boldness in accelerator design, and a
strong sense of aesthetics, anchored
by his unwavering conviction that the
best science can thrive only in an
environment of respect for the right
and dignity of all human beings.
Those qualities formed the character
of the Laboratory from the beginning
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and bestowed a heritage that en-
dures today as Fermilab begins what
promised to be a great decade of
discovery.

For most of his 80 years, Bob
Wilson has been an eloquent
spokesman for the value and beauty
of science. Who can forget his
response during a 1969 Congres-
sional hearing, when Senator John
Pastore pressed him to explain what
the new accelerator the Laboratory
proposed to build had to do with
defending the United States against
its enemies?

‘It has nothing to do directly with
defending our country,” Wilson told
the senator, ‘except to make it worth
defending.’

Today, on his 80th birthday, we
celebrate Bob Wilson’s life and his
unique contributions, not simply to
particle physics, but to the much
broader worlds of science and art
and to the bond that joins them. His
life’s work has shown the transcend-
ence of national boundaries by the
exploration of our universe and the
search to understand the truth.”

Fermilab founding director Robert Rathbun
Wilson at an international symposium and
tribute held at the Laboratory to mark his 80th
birthday.
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ECFA SURVEY
Germany

F ew nations can match the scope
of German basic physics contri-
butions. Earlier this century, illustri-
ous names (Rdéntgen, Franck, von
Laue, Planck, Sommerfeld,
Heisenberg,.....) kept Germany
among the front runners. Subsequent
history has given German physics a
very different profile - the country
now participates massively in interna-
tional projects and is the largest
single contributing nation in CERN’s
research programme. At the same
time, an impressive high energy
programme at the German national
Laboratory at DESY, Hamburg,
centred around the 6.3 kilometre
HERA ring, the world’s only high
energy electron-proton collider,
attracts scientists from all over the
world.

In addition, accelerators at the GSI
heavy ion Laboratory at Darmstadt
and the Julich KfA Laboratory,

H.C. Eschelbacher (left) of the German
Ministry for Research and Technology, seen
here with former CERN Director General
Herwig Schopper, visited CERN on 18 April.

together with installations at indi-
vidual universities (notably Bonn’s
ELSA electron stretcher ring and
Mainz’ MAMI microtron), round out
an already full picture. In parallel
there are wide ranging activities in
theory, phenomenology and accel-
erator research and development.

Today, the deep scientific commit-
ment in Germany has to be seen
against a complicated political and
economic backdrop. Already delving
deep to finance the unification of
East and West Germany, the nation
is also supporting projects in several
Central and Eastern European
countries, all during the deepest
economic recession of the post-war
period.

With cuts applied across the board,
the national science budget has to
share the burden. At CERN Council,
the German delegation has often
alluded to these difficult circum-
stances, and special temporary
concessions have been made for the
German contribution to CERN.

German particle physics and its
current setting were explained at a
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recent meeting of the European
Committee for Future Accelerators
(ECFA) in Dortmund, continuing the
ECFA tradition of holding regular
meetings in national centres. (A
separate meeting will be scheduled
for the DESY Laboratory, Hamburg,
where as well as the major pro-
gramme based on the HERA elec-
tron-proton collider and neighbouring
installations, the integration of the
former East Germany has brought
the Zeuthen Laboratory in former
East Berlin into the DESY fold.)

A recent survey of the German
Physical Society showed that there
are some 900 active German experi-
mental particle physicists, some 2/3
of whom work at CERN. Of these,
the largest contingent (230) works at
the LEP electron-positron collider.

The numbers have considerably
increased over the past decade. As
well as increased interest and higher
student numbers, this follows from a
reorientation of some research lines.
With the increasing awareness of the
role of the quark and gluon constitu-
ents of nuclear particles in the
broader aspects of nuclear physics,
heavy ion research, once part of the
nuclear physics scene and with a
sizeable community in Germany
through the Darmstadt GSI Labora-
tory, has found a new focus. After
LEP, the second largest contingent of
German physicists at CERN - 140 - is
engaged in heavy ion experiments.

At DESY, the 260 German physi-
cists who carry out their research at
the HERA collider are among a total
of 800 users, showing that the HERA
programme has wide appeal. In
Germany, international physics
collaboration means not only CERN
but also DESY.

Funding is split fairly evenly be-
tween CERN (195 million Swiss
francs per year) and DESY (185
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million Swiss francs equivalent -
federal funding accounts for 90% of
DESY’s budget, the remaining 10%
coming from regional government).
Some 21 MSFr of federal physics
spending goes into university-based
research, also funded by regional
governments. Additional resources
come from the Max Planck
Gesellschaft.

From 1982-92, the decade of HERA
construction, Federal German fund-
ing for particle physics grew from 0.2
to 0.28 per mil of GNP. It has subse-
quently declined to 0.18 per mil.

With the major Zeus and H1 experi-
ments at HERA now completed and
in operation, attention is turning
towards the major detectors to exploit
CERN’s proposed LHC proton-proton
collider. 21 of the 22 German univer-
sities involved in particle physics are
now active in LHC work. Detector
components for high radiation and
counting rates are being developed
in Aachen, Bonn, Dortmund,
Freiburg, Hamburg, Heidelberg,
Karlsruhe and Wuppertal. Tracking
work for heavy ion collisions is
underway in Darmstadt, Giesen,
Frankfurt and Munich, muon cham-
bers are being developed at Aachen,
Freiburg, Munich (MPI and Univer-
sity) and Siegen, calorimeters at
Aachen, Heidelberg and MPI Munich,
triggering and data acquisition at
Aachen, Heidelberg, Jena,
Mannheim, Munich and Zeuthen,
and beam extraction by crystals in
Stuttgart.

At HERA, the results now emerging
from Zeus and H1 studies provide
valuable insights into the quark and
gluon content of composite particles
in unexplored kinematical territory.
New HERA projects still in the
pipeline include the Hermes experi-
ment using a polarized gas jet target
and a polarized electron beam to

look at the spin dependence of quark
and gluon structure, while there is
also interest in exploiting HERA’s
proton beam for B physics, continu-
ing the heavy quark physics theme
which had been prominent at earlier
DESY machines.

Germany’s illustrious physics tradi-
tion is also reflected in the 200 theo-
rists in 24 universities, with strong in-
volvement in phenomenology.

The high proportion of German
students’ work carried out in large
collaborations makes for valuable
experience outside the realm of pure
science and is beneficial in subse-
quent careers in industry and com-
merce. At the ECFA meeting, Helmut
Hufnagel from H1 at DESY gave
thoughtful presentation of the current
scene as seen from a student’s point
of view.

While the Dortmund ECFA meeting
painted an impressive picture of
German science, the preoccupation
of this powerhouse nation with major
political and economic themes could
not be forgotten.

Linear colliders for
photon collisions

he enthusiasm of the first inter-
national workshop on photon-
photon colliders and associated
physics, held at the Lawrence
Berkeley Laboratory from 28 March -
1 April, could have set a ball rolling.
According to proponents of this
physics, the particle physics one can
study with a high energy linear
collider is special and complements
that of a hadron supercollider.
They say that to be most effective,
this collider should give from the start
electron-positron, electron-photon,
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Realtime Data Acquisition
in VXlbus

Looking for a reliable VXI vendor, but unsure of new players and
their ability to deliver ?

Need experienced leadership in data acquisition, but find yourself
configuring systems with instruments from a variety of vendors ?

Want high speed... realtime performance... and flexibility, but ALSO
a system solution that can start small and grow as your needs
change ?

Call KineticSystems. We've offered award-winning, proven per-

formance in data acquisition and control systems based on interna-

tional IEEE standards for more than 20 years. NOW we offer one of

the most extensive VXI product lines in the industry — everything you

need to configure data acquisition and control systems.

e Analog & digital I/O... register-based for higher speeds

e Signal conditioning... for RTDs, thermocouples, and strain gages

e Counters... to 100 MHz

e Transient recorders... to 100 MHz, with 16 megasamples of
storage

e Monitors and controllers... for pressure scanners, MIL-STD-
1553B, and ARINC-429.

So contact us today. Why ‘mix and match’ you instrumentation when
there is a one-stop-shop that can meet all your demanding VXI
needs ?

. 6oB0066s

Realtime. Real World. Results.

Kinetic Systems
International

3, chemin Taverney 1218 Geneva, Switzerland

Tel. (41/22) 798 44 45 - Fax (41/22) 798 05 25

Outside Europe: 900 N. State Street » Lockport. IL. 60441 « USA
Tel. (815) 838 0005 - Fax (815) 838 4424

Think Big Physics.

Thi Oxford.

P Did you realise the scope of Oxford

: Instruments’ long term commitment to the
world of particle detection in high energy
physics? Our expertise is in the engineering
of complex superconducting magnet systems,
for detectors large and small, to your
specification. With a track record including
solenoids for Cornell, GSI and a large six coil
toroidal magnet system for CEBAF, you can
trust Oxford Instruments to deliver an expert
solution for your research needs.

Call or fax Will Clark at Oxford Instruments
for a copy of our “Special Projects” brochure.
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Physics monitor

Principle of the photon-photon collider. Laser
beams are fired into the path of high energy
electrons, producing gamma rays which are
pushed forward by the high electron energies.
Recoil electrons can be magnetically swept
aside. Using one laser rather than two gives
an electron-photon collider.

laser

laser

and photon-photon collisions. The
physics capabilities and systematics
of the different modes are often dif-
ferent and unique. The study of both
electron-photon and photon-photon
collisions would provide unique ac-
cess to some areas of fundamental
physics, together with some useful
overlap with measurements from
electron-positron collisions.

Initial studies and working group
results have revealed no show-
stoppers - these different types of
colliders are within technical reach.
Therefore even the first conceptual
design of a linear collider should
include multiple interaction regions,
with one dedicated to electron-
photon and photon-photon collisions.
With electron-positron, electron-
photon and photon-photon colliders
the same except for the interaction
region, the incremental cost of
adding photon collisions at one of the
interaction regions is relatively small.

While the various forms of linear
colliders all require extensive R&D,
that required for electron-photon and
photon-photon colliders is no more
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difficult or technologically risky than
that for an electron-positron collider,
and should be integrated immediately
into present programmes.

This R&D has both immediate and
long term aspects - detectors and
masking, high power lasers including
free-electron lasers, special final
focus components, bright sources of
polarized electrons, and high power,
low-loss optical components.

The Stanford SLC could provide a
realistic testbed for a higher energy
photon-photon collider and, further-
more, would give interesting new
physics - many of the problems faced
by developing detectors, the final
focus geometry, and high power
lasers for SLC-Il are almost the same
as those for a higher energy collider,
and the cost-effective upgrade of the
SLC to allow for electron-positron,
electron-photon and photon-photon
collisions will provide an opportunity
too good to miss.

The Workshop identified R&D that
should be initiated immediately - the
development of free electron lasers,
experiments in the SLC final focus

area, development of a low-rep rate
collider at SLC, and implementation
of a high-rep rate, high luminosity
photon-photon collider at SLC.

Photon-photon physics goals

The quark-gluon structure of the
photon is a fundamental and largely
unresolved area of investigation.
Clearly the electron-photon collision
option would provide a powerful tool
for these studies. Photon-photon
collisions would allow studies of the
top quark threshold region that would
complement electron-positron colli-
sions. Here unique measurements
are possible using polarized photon
beams: large circular polarization will
allow direct observation of toponium
angular momentum states not acces-
sible in electron-positron collisions,
while with linear polarization it may
also be possible to make very sensi-
tive measurements of the strong
coupling constant. Study of W boson
pair production in photon-photon
collisions provides the most sensitive
tests for anomalous interactions of
these particles, while the photon-
photon option also provides some
unique advantages for higgs studies.

Cosmology in
miniature

he high energies of particle

collisions recreate conditions
similar to those a tiny fraction of a
second after the Big Bang. Clues
from these collisions help reconstruct
how the infant Universe was
moulded.

One cosmic possibility, suggested

in the 1970s by Yakov Zeldovich, 1.
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Eurorean SyncHROTRON RabpiaTion FaciLity
INSTALLATION EUROPEENNE DE RADIATION SYNCHROTRON

In Grenoble, France, the ESRF has constructed a state-of-the-art storage ring for 6 GeV electrons to be operated 24 h/day as a high brilliance synchrotron radiation
source in the field of X-rays. Financing of the ESRF is shared by twelve European countries. In 1994, routine operation will start with at least seven beamlines, to be increased to 30
by 1998. The ESRF will thus support scientists in the implementation of fundamental and applied research on the structure of condersed matter in fields such as

Physics Chemistry, Crystallography,

Earth Science, Biology and Medicine, Surface and Materials Science.

The Machine Division has designed, constructed and commissioned the accelerator complex of the facility. In a second phase, it now operate and develop this complex. As
part of this division the Diagnostics Group focuses on instrumentation for electron and synchrotron radiation characterization. For this group we seek to recruit a

Physicist/Engineer (m/f)
responsible for the beam diagnostics group

THE FUNCTION :The successful candidate will lead a group of 2 engineers and 5 technicians responsible for the operation, maintenance and further development of
diagnostics devices of the accelerator complex. He/she will bring new ideas and design skills for the large range of electron and X-rays beam instrumentation. He/she will also
contribute to the continuous operation of the facility for up to 15% of his/her total working time on shifts. |

QUALIFICATIONS: Candidates should have higher education in physics (MSc, Diploma or Doctorate) and several years of experience with electron and/or photon beam
diagnostic instrumentation. Additional background in electronics and/or optics would be an advantage.

The working language at the ESRF is English, knowledge of French is desirable.

OUR OFFER :

The ESRF offers you an interesting opportunity in an international atmosphere with high technology equipment. New staff coming from outside the Grenoble area
benefit from installation allowances, non-French staff also benefit from an expatriation allowance in accordance with specific regulations.

If you are interested, please send us a copy of your CV and a letter, and we shall provide you with an application form.

Deadline for returning the application forms : 30 June 1994

ESRF * Personnel Service * Ref. 4122/6564
BP 220 * F-38043 Grenoble Cedex 9 * FRANCE

EurorEaN SYNCHROTRON RabpiaTion FaciLiTy
INSTALLATION EUROPEENNE DE RADIATION SYNCHROTRON

In Grenoble, France, the ESRF has constructed a state-of-the-art storage ring for 6 GeV electrons to be operated 24 h/day as a high brilliance synchrotron radiation
source in the field of X-rays. Financing of the ESRF is shared by twelve European countries. In 1994, routine operation will start with at least seven beamlines, to be increased to 30
by 1998. The ESRF will thus support scientists in the implementation of fundamental and applied research on the structure of condersed matter in fields such as

Physics Chemistry, Crystallography,

Earth Sciencc. Biology and Medicine, Surface and Materials Science.

The Technical Services Division is in charge of, at the ESRF, of general support functions such as mechanics, vacuum, alignment, building and infrastructure.

They are now seeking to recruit a :
Vacuum Technician (m/f)

THE FUNCTION :The successful candidate will participate in the installation and maintenance of the large vacuum systems of the ESRF. The candidate will also
be involved in the construction of the vacuum interlock systems based on the use of programmable logic controllers (PLC). This requires familiarity with standard
vacuum techniques and components as well as experience in electronics and micro process control.

He/she will also contribute to the continuous operation of the facility and work for up to 15% of the total working time outside the normal working hours.
QUALIFICATIONS AND EXPERIENCE :Candidates should have an advanced technical qualification ( DUT, BTS, HNC, HND, or equivalent). A few years of
experience in the above fields will be appreciated. Familiarity with computing systems and popular application programmes is necessary.

The working language at the ESRF is English, knowledge of French is desirable.

OUR OFFER :

The ESRF offers you an interesting opportunity in an international atmosphere with high technology equipment. New staff coming from outside the Grenoble area
benefit from installation allowances, non-French staff also benefit from an expatriation allowance in accordance with specific regulations.

If you are interested, please send us a copy of your CV and a letter, and we shall provide you with an application form.

Deadline for returning the application forms : 30 June 1994

ESRF * Personnel Service * Ref. 4122/6564
BP 220 * F-38043 Grenoble Cedex 9 * FRANCE
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Physics monitor

Kobzarev and Lev Okun in Russia,
and by Tom Kibble of London’s
Imperial College, is that the initial
phase transition in the proto-Universe
could have contained defects - tiny
regions of space trapped in the ‘old’
high energy phase. These defects
could have gone their own way,
developing into separate structures
which helped to seed the subsequent
evolution of galaxies into clusters and
sheet-like ‘superclusters’.

When this happened just 103
second after the Big Bang, the
energy densities were out of reach of
anything that can ever be recreated
directly on Earth, and scientists, for
whom ingenuity is an everyday tool,
have to be especially resourceful.

In 1985 W.H. Zurek of Los Alamos
suggested experiments to look for
signs of such defects in model
systems, for example the delicate
phase transitions of superfluid
helium-4 transforming into a normal
fluid at about 2K. In this way labora-
tory studies could be used as models
for the infant Universe.

Subsequent experiments saw
suggestions for such defects in
another delicate system, the rod-like
molecules of liquid crystals. Now a
British group (Lancaster/Exeter) has
seen signs in a liquid helium-4
system. With a sample of highly pure
(possibly perfect) helium-4, the team
hoped to avoid problems with defects
from nucleation around impurities.

One problem with such cryogenic
experiments is that any defects are
not easy to spot. The trick is to detect
them through the attenuation of
sound waves across the 4-millimetre
space of the experiment. The ob-
served strong attenuation suggests
the creation of an excess of vortex-
type activity, difficult to explain by
hydrodynamics alone.

These defects induced by phase
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transitions are possible analogues of
cosmic seeds.

P.C. Hendry et al, Nature,-Vol. 368,
p. 315 (24 March 1994)

Bookshelf

Neutrino Interactions with Electrons
and Protons - Edited by Alfred K.
Mann, published by the American
Institute of Physics (ISBN 1-56396-
228-4)

Subtitled ‘an account of an Experi-
mental Program in Particle Physics in
the 1980s’, this book is a collection of
13 reprinted papers presenting
experimental results from experiment
E-734 originally proposed in 1978 to
measure the elastic scattering of
neutrinos and antineutrinos from
electrons and protons using the
neutrino beam at the Alternating
Gradient Synchrotron (AGS) at
Brookhaven National Laboratory.

This experiment took data during
the 1980s and the apparatus was
dismantled in 1990. Its main results
cover measurements of the weak
mixing angle, and some measure-
ments which were not in the original
proposal, such as limits on the
electromagnetic properties of the
muon neutrino and on the mixing
between electron- and muon-neutri-
nos. The collaboration, with 35
physicists participating, included
Osaka and KEK and was the earliest
formal collaboration in high energy
physics between American and
Japanese institutions.

This book gives only a very partial
account of neutrino physics in the
1980s. Because of the relatively low
neutrino energy of only few GeV, E-
734 physics did not include the study
of deep inelastic scattering which has

greatly contributed to the understand-
ing of the nucleon structure in terms
of quarks, antiquarks and gluons.
Furthermore, because of the low
event rate at the low neutrino energy,
most of the E-734 results have been
superseded by the more precise re-
sults obtained by higher energy neu-
trino experiments at CERN and
Fermilab, however with the excep-
tions of the limits on neutrino mixing
and of the measurement of the neu-
tral current cross-section for neutrino
and antineutrino elastic scattering. It
is not clear to me why the American
Institute of Physics has chosen to
publish this book in a series ‘Key
Papers in Physics’.

Luigi Di Lella
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People and
things

On 15 April, Haim Harari of the Weizmann

Institute, Israel, was guest speaker at a
symposium to mark 20 years of accelerator

operation at the Paul Scherrer Institute, Maurice Jacob’s roving camera caught Murray
Villigen, Switzerland. Gell Mann in a London pub with the manu-
(Photo Armin Mtiller) script of his book ‘The Quark and the Jaguar’.

20 years of PSI

In April, the Swiss Paul Scherrer
Institute celebrated 20 years of
accelerator operations. Originally
built for particle research, these
facilities now extend over a wide
spectrum of applications, from
molecular structure to cancer
therapy. Each year over 400 visiting
researchers make use of PSI particle
beams.

Meetings

An international symposium on
strangeness and quark matter will be
held from 1-5 September in Crete,
covering 1. strangeness and quark-
gluon plasma, 2. strangeness con-
densation, 3. strange astrophysics, 4.

LAPP, Annecy, well known authority

French Academy of Sciences on non-Abelian gauge theories, and

strangelets, 5. dedicated instrumen- Michel Davier, long-time specialist in
tation for strangeness and quark Among the new corresponding electron-positron collision physics
matter. Information from the Secre- members of the French Academy of and former Director of the Orsay
tariat, University of Athens, Physics Sciences (Academie des Sciences Linear Accelerator Laboratory. Other
Dept., Nuclear & Particle Physics de Paris) are Raymond Stora of new members are Alain Aspect,

Division, Panepistimioupolis, Greece-
15771 Athens, tel. (30-1)7247502,
7243362, 7243143, fax (30-
1)7235089, email

gvassils @atlas.uoa.ariadne-t.gr

At a special colloquium held at CERN on 20
April to mark Carlo Rubbia’s 60th birthday and
the tenth anniversary of his Nobel Prize award
with Simon van der Meer, left to right -
Canadian TRIUMF Laboratory Director and
former UA1 co-spokesman Alan Astbury, LHC
Project Director Lyn Evans, Carlo Rubbia,
Director General Chris Llewellyn Smith, and
former UA1 co-spokesman John Dowell. At the
colloquium, Evans described Rubbia’s major
impact on the accelerator field while Dowell
covered his considerable contributions to
physics. ‘Carlo Rubbia’s physics achievements
put CERN on the world map and got Europe
behind the LHC,’ said the Director General in
his introduction.
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People and things

Alexei Petrovich Rudik 1921-93

Signing the CERN VIP visitors’ book on 22
April is Swedish Minister of Labour Bérje
Hérlund, accompanied by CERN Director of
Administration Helmut Weber (left) and
Maurice Jacob, CERN Advisor on Relations
with Member States.

(CERN HI34.4.94/3)
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whose elegant experiments verified
the Bell inequalities of quantum
mechanics; Denis Gratias, one of the
discoverers of quasi-crystals; and
Bernard Castaing, who among other
accomplishments developed a new
technique for polarizing helium-3.
Three weeks previously, Stora also
received the prestigious award of the
French Legion of Honour.

Alexei Petrovich Rudik 1921-93

A senior staff member of Moscow’s
Institute for Theoretical and Experi-
mental Physics and a student of .
Ya. Pomeranchuk, Alexei Petrovich
Rudik left a legacy both in particle
physics, in work on discrete
symmetries, and in the theory of
nuclear reactors, where he applied
Pontryagin’s optimization method.
Almost blind and deaf in his later
years, he nevertheless continued to
be active in research and to write
books. He was the author of nine
monographs and numerous papers.

External
correspondents

Argonne National Laboratory, (USA)
D. Ayres

Brookhaven, National Laboratory, (USA)
P. Yamin

CEBAF Laboratory, (USA)
S. Corneliussen

Cornell University, (USA)
D. G. Cassel

DESY Laboratory, (Germany)
P. Waloschek

Fermi National Accelerator Laboratory,
(USA)
J. Cooper, J. Holt

GS| Darmstadt, (Germany)
G. Siegert

INEN, (ltaly)
A. Pascolini

IHEP, Beijing, (China)
Qi Nading

JINR Dubna, (Russia)
B. Starchenko

KEK National Laboratory, (Japan)
S. lwata

Lawrence Berkeley Laboratory, (USA)
B. Feinberg

Los Alamos National Laboratory, (USA)
C. Hoffmann

Novosibirsk, Institute, (Russia)
V. Balakin

Orsay Laboratory, (France)
Anne-Marie Lutz

PSI Laboratory, (Switzerland)
R. Frosch

Rutherford Appleton Laboratory, (UK)
Jacky Hutchinson

Saclay Laboratory, (France)
Elisabeth Locci

IHEP, Serpukhov, (Russia)
Yu. Ryabov

Stanford Linear Accelerator Center, (USA)
M. Riordan

TRIUMF Laboratory, (Canada)
M. K. Craddock
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PHYSICIST- Silicon Detector Systems

The LBL Physics Division is seeking a technically oriented
physicist to participate in the design, fabrication, and test
of silicon detector systems for large-scale vertex and track-
ing detectors in high-energy physics experiments, specifi-
cally at the SLAC B-Factory and the LHC (ATLAS).

The responsibilities of this position include: Analyze overall
detector layout using computer simulations to assess phys-
ics performance. Determine requirements for sensors and
electronic readout, and optimize configuration. Perform
electrical measurements on silicon sensors before and
after radiation damage, and, together with process engi-
neers, determine implications for fabrication technology.
Working with engineering staff, develop specifications for
front-end electronics, including radiation effects, and take
responsibility for testing and characterization. Assume
responsibility for development of detector modules and
readout hybrids that combine sensors, readout ICs, and
power/data cabling. Take on major role in system tests,
both in the laboratory and in beam tests. Assume signifi-
cant responsibilities in installation and commissioning of
experiments.

LBL offers a wide range of technical expertise, including
semiconductor device design and fabrication utilizing the
LBL Microsystems Laboratory. Our IC design group has

extensive experience in conventional and radiation-hard
technologies.

Applicants must have experience in the technical design,
installation, and use of complex detector systems in large-
scale experiments in elementary particle or nuclear physics.
The tasks require a thorough understanding of electronic
detectors and measurement techniques, coupled with
experience in the conceptual design of small mechanical
systems. The ability to contribute to multiple projects, move
easily from one to another, and interact with a diverse group
of scientists and engineers is essential. Ph.D. in experimental
elementary particle or nuclear physics preferred.

This is a two year term staff position, with prospect of a
career appointment. Please send your resume, with refer-
ences and salary history, to: Lawrence Berkeley Laboratory,
Staffing Office, Box #)CEN2417, One Cyclotron Road,
MS. 938A, Berkeley, CA 94720. Questions regarding job
content can be directed to Helmuth Spieler
(spieler@LBL.gov). Closing date: July 15, 1994. LBL is an
equal opportunity employer.

LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
Bmm U.S. Department of Energy

FREE Factory Recalibration of
PARAMETRIC CURRENT

TRANSFORMERS

Senior Research Engineer in
Accelerator Physics at
The Svedberg Laboratory in Uppsala,
Sweden

After several years of operation, Parametric Current Transformers
installed on the following accelerators can avail of a free*

recalibration in our workshop:

* AGS and booster at BNL ¢ ESRF in Grenoble

e« ALS at LBL ¢ GANIL in Caen

¢ AmPS at NIKHEF-K * HIMAC at NIRS Chiba

« ASTRID in Arhus « INDUS at CAT Rajendranagar
¢ BEPC in Beijing e TUCF in Bloomington

*« BESSYI & I at PTB  JET at Culham

¢« CAMD atLSU e LEP at CERN

* CEBAF in Newport News ¢ Loma Linda Cancer Therapy
¢ CESR at Cornell ¢ MIT-Bates South Hall Ring

¢ ChalkRiver in Ontario ¢ Photon Factory at KEK

* COSY at KFA Jiilich e PLS in Pohang

¢ CRYRING in Stockholm » PS at KEK

« CWDD at ANL ¢ SRRC at Hsinchu, Taiwan

e DESY III at DESY e TARN-II at INS Tokyo

e ELETTRA in Trieste ¢ TRISTAN MR & AR at KEK
* ELSA at Bonn University « TSR at MPI Heidelberg

On AGS, Tristan AR and KEK-PS some beam profiles caused
sudden PCT saturation. The engineering change developed to cure
this problem will be installed free of charge on recalibrated units.
On-site recalibration also available for a flat fee.

Please contact Anny Murtro for shipping instructions.

Tel.: +33 50.41.00.89 Fax: +33 50.41.01.99

Precision Beam
Instrumentation

*Offer valid until August 1994

The The Svedberg Laboratory (TSL) is a national research
facility equipped with a cyclotron for light and heavy ions,
and a storage and cooler ring (CELSIUS), with maximum
energy for protons of 180 and 1360 MeV, respectively, and
correspondinﬁ energies for heavy ions. The cyclotron is
equipped with an external polarized ion source and an
external ECR ion source. The research at TSL covers a
wide range of fields : from elementary particle nuclear and
atomic physics to physical biology, medicine and industrial
applications. The staff at TSL consists of about 45 scien-
tists, engineers and technicians. We now wish to extend
thhe staff with a Senior Research Engineer in accelerator
sics.
[IJ'h)é successful candidate is expected to take part in the
operation and development of the ion sources, accelera-
tors and beam transport systems, and to have responsibil-
ity for parts of this development. The work is of both
;lJ_ractical and theoretical nature. . o
he applicant must have a masters degree in engineering

or a corresponding education. Theoretical knowledge of
accelerator physics as well as practical experience with
accelerators are important merits. A doctors degree in
accelerator engineering or other relevant fields is also a
merit.
A letter of application with a curriculum vitae, copies of
degrees, and names and addresses of three references,
should reach Claes Fahlander at the The Svedberg Labo-
ratory in Uppsala before August 15, 1994. For inquiries
about the position, please contact :

Claes Fahlander

The Svedberg Laboratory

Box 533, S-75 121 Uppsala, Sweden

Tel. : +46-18-183051

Fax : +46-18-183833

Bitnet address : CLAES@TSL.UU.SE
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People and things

The first meeting of the Programme Advisory
Council (PAC) for Particle Physics at the Joint
Institute for Nuclear Research (JINR) Dubna,
near Moscow, was held on 12-13 April. Left to
right - I. Ivanov (JINR), G. Zinoviev (Ukraine),
A. Baldin (JINR), A. Sissakian (JINR), P.
Spillantini (Italy, Chairman), N. Tyurin
(Russia), R. Voss (CERN). J.E. Augustin
(CERN), S. Vokal (Slovakia) and N.
Russakovich (JINR).

At the end of March, President of the Peoples’
Republic of China Jiang Zemin (right) dis-
cussed Chinese patrticipation in the CERN
programme with CERN Director General Chris
Llewellyn Smith.

CERN Courier
contributions

The Editor welcomes contribu-
tions. As far as possible, text
should be sent via electronic
mail.

The address is
courier@cernvm.cern.ch

Plain text (ASCII) is preferred.
lllustrations should follow by
mail (CERN Courier, 1211
Geneva 23, Switzerland).

Contributors, particularly
conference organizers, con-
templating lengthy efforts
(more than about 500 words)
should contact the Editor (by
e-mail, or fax +41 22 782 1906)
beforehand.
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With Lasers, Electron Beam and Water Jet

Flexibility
Short time delivery

Feasibility analysis

What do we have?

- 2.5 kW CO:z Laser with a 1.2x0.9m X-Y table CNC
- 900W Nd/YAG Laser with a CIM CNC
- 80W, 400Hz excimer laser with a high precision X-Y-6 table controlled by PC
- 7.5kW electron beam with a 0.8m?3 vacuum chamber with a X-6 table
- 15kW electron beam equipment with a X-Y-6 table CNC controlled
with a 1m3 vacuum chamber
- 3800 bar high pressure water jet pump with 1.3x2.0m X-Y table CNC

What can we performe?

special parts requiring precision and high quality:
* cutting
* welding
* surface hardening and alloying
* marking and engraving

Any enquiries regarding our services should be addressed to:
Mr. Dias Lopes
Address: Estrada Nacional 249 - Km3 Cabanas - Leido (Tagus Park)

instituto de soldadura Laboratério de Feixes de Elevada Apartado 119 2781 OEIRAS Codex - Portugal

e qualidade

Densidade de Energia E.Mail: dLopes @isq.pt Telf. (351) (1) 9149107/9130223 Fax: (351) (1) 9137831

| 2/} INFORMATIQUE |

Des professionnels a votre service:

Recrutement de personnel
Délégation d’'informaticiens

LAUSANNE 021/320 11 41 - GENEVE 022/732 20 76
NEUCHATEL 038/25 28 00
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4 N

GANILL

GRAND ACCELERATEUR NATIONAL D’IONS LOURDS

RESEARCH & DEVELOPMENT STAFF ENGINEER
GANIL, CAEN, FRANCE

The GANIL (Grand Accélérateur National d’lons Lourds) at Caen, France, is seeking to fill the position of target-ECRIS
staff engineer.

This staff engineer is to become a member of the group in charge of the SPIRAL project, the new radioactive ion beam
facility under construction at GANIL.

Duties include general design, commissioning and development of a new target-ECR ion source system for radioactive
ion production. This ensemble is one of the most essential parts of the SPIRAL project.

The candidate is required to work closely with the ‘target-ECRIS’ group and to lead discussions with other concerned
groups at national and international level.

Requirements include an engineering degree ora PhD and a sound knowledge in accelerator technigue. Relevant work
experience in remote handling and material behaviour in a radioactive environment would be taken into consideration.
Applicants should send Curriculum Vitae with referees to:

GANIL, Service Personnel-Accueil, BP 5027, 14021 CAEN CEDEX FRANCE.

How to visit CERN
7 Comment visiter le CERN

Organized visits take place only on Saturdays, at 9.30 a.m.,
and/or 2.30 p.m. The visits last about three hours and are free.
The minimum age limit is 16 years.

Les visites commentées ont lieu seulement le samedi, a 9 h. 30
et/ou_é 14 h. 30. Elles durent environ trois heures et sont
gratuites. La limite d’age minimum imposée est de seize ans.

Please write or call: CERN

Ecrire ou téléphoner:  Visits Organization / Organisation des visites
1211 GENEVA 23 Switzerland
Tel. 022/767 84 84
Telex 419 000 CER
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Polysoft Consulting présente

Polysoft Consulting
3, rue des Buis
1202 Genéve

Tél. 022 732 43 02
Fax 022 738 24 64

Messi & Schmidt

le logiciel de CFAO TELLRISC

Basé sur un procédé

de travail nommé
PROCESSUS ISOLOGIQUE,
TELLRISC met fin au

labyrinthe des menus.

® o 0o 0 00000 0 0 P>

_Teillrisc by /98 Polysoft Consulting

Your partner for a full service:
prepress — printing — binding -
distribution

lannoo

LANNOO PRINTERS
Kasteelstraat 97, B-8700 Tielt-Belgium
Tel. 3251424211 -Fax 3251407070

New PS1800 Photomultiplier Power
Supply

The PS1800 is a compact, programmable, 1800 V
power supply. With a power consumption of only
100 mW, the PS1800 is ideal for battery operated
equipment. It uses the Cockcroft Walton multiplier
principle to provide all dynode potentials directly to the
pins of a B14B photomultiplier socket.

Integral assemblies incorporating any of the range of
THORN EMI Electron Tubes 30 mm, 11 stage, photo-
multipliers are available to customer specifications. An
BS 5750/I1SO 9001 registered company.

THORN EMI Electron Tubes

Bury Street, Ruislip, Middlesex, HA4 7TA, England.

Tel: +44 (0) 895 630771, Fax: +44 (0) 895 635953.
Electron Tubes Inc, 100 Forge Way, Unit F, Rockaway,
NJ 07866, USA.

Tel: (800) 521 8382, Fax: (201) 586 9771.
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tment, print shop, bindery -
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i combiby with ;
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ganisation.

ELGIUM o TEL. 3251/4242 11 « FAX 3251/407070

The FPX800 pulse generator produces fast, high power,
high fidelity pulses for applications requiring high voltage
or high current. Uses include instrument calibration, com-
ponent testing, and time-of-flight mass spectrometry.
FPX800 SPECIFICATIONS*

Pulse Amplitude >750V
Rise & Fall Time <30ns

Pulse Width <80ns to 10psec
PRF Single shot to >10KHz,
2MHz Burst

*Measurements into 50Q

The FPX800 is pulse width,
amplitude and frequency
agile, and is protected
against arcs, short circuits
and load transients.

Vo = 750V; PW = 63ns*

DEI

Call today for information on DEI Products

303-493-1901 . FAX 303-493-1903
2301 Research Blvd., Suite 105 : Fort Collins, Colorado 80626

Advertisements in CERN COURIER

Format A4 Monthly publication

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

Cost per insertion (Swiss Francs)
Space Actual size (mm) -
(page) width by height | 1 3 5 10
insertion | insertions | insertions | insertions

A 185 x 265 1980 1900 1830 1730

4 185 x 130

/2 90 x 265 1170 1100 1040 960

Y4 90 x 130 690 630 590 550

These prices include no entitlement to special placing.
Supplement for:

— one additional colour 1500 SwF
— 1/2 page 900 SwF
— Covers:

Covers 2 and 3 (one colour) 2000 SwF

Cover 4 (one colour) 2500 SwF

Publication date 1st of month of cover date
Closing date for
positive films and copy 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.

These rates are effective for the year 1993

Screen (offset)

Inquiries for Europe:

Micheline FALCIOLA / CERN COURIER — CERN
CH-1211 Geneva 23 Switzerland
Telephone: 022/767 41 03
Telefax 022/78219 06

Inquiries for the rest of the world: please see page lIl.

Telex 419 000 CER CH
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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 compul-
sive reading for scientists, engineers, administrators,
information media and buyers. Written in simple
language and published simultaneously in English
and Frenchithas become the natural communication
medium for particle physicists in Europe, the USA,
Russia, Japan — everywhere 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 Seclay in France,
Frascati in Italy, Rutherford in the U.K., PSI in
Switzerland, Serpukhov, Dubna and Novosibirsk in
Russia, KEK in Japan, TRIUMF in Canada and
Beijing in China.

The annual expenditure on high energy physics in
Europe is about 1800 million Swiss francs. The
expenditure inthe USA is about $ 1100 million. There
is also considerable expenditure in Russia.

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:

Rest of the world
Laurie Shapiro

Europe
Advertising Manager
Micheline Falciola Advertising Manager, USA
CERN COURIER Gordon and Breach Publishers
CERN P.O. Box 20009

CH-1211 GENEVA 23 Riverfront Plaza Station

Tel. (022) 767 41 03 Newark, NJ 07102-0301

Telex 419 000 CER Tel.: 201-643-7500 (ext. 228)
Telefax (022) 782 19 06 Fax: 201-643-7676

. Written by experts in the field

Neutron and Synchrotron
Radiation for Condensed
Matter Studies

Edited by

J. Baruchel, J.-L. Hodeau, M.S. Lehmann, J.-R. Regnard, C. Schlenker
The articles in these volumes are based on lectures given in a two-month course,
HERCULES (Higher European Research Course for Users of Large Experimental
Systems), to train biologists, chemists and physicists. The short chapters are
written by experts in the field and can be read independently.

Volume 3:

Applications to Soft Condensed
Matter and Biology

1994. XII, 308 pp. Softcover DM 68,-

ISBN 3-540-57693-2

Selected applications of neutron and synchrotron radia-
tion to soft condensed matter and biology are covered
in this volume.

Volume 2:
Applications to Solid State
Physics and Chemistry

1994. XV, 317 pp. Softcover DM 68,-
ISBN 3-540-57691-6

This volume is devoted to selected applications in
physics and chemistry of solids. The fourteen chapters
range from general considerations of symmetry in con-
densed matter to the most recent developments in mag-
netic excitations and electron spectroscopies in high

T . superconductors.

Volume 1:
Theory, Instruments and Methods

1993. XII, 444 pp. Softcover DM 82,-
ISBN 3-540-56561-2

Basic information required for experiments in neutron
or X-ray scattering or spectroscopy is given here.

Distribution rights for France: Les Editions de Physique

Prices are subject to change without notice.
In EC countries the local VAT is effective.
Customers in EC countries, please state your
VAT-Identification-Number if applicable.

Springer

Ppro.1692.MNT/SF

For information on prices in Austrian
schillings and Swiss francs please consult the
German book directory “VLB - Verzeichnis
lieferbarer Biicher” or our general catalogue.
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A whole new generation of PMTs

Hamamatsu Photonics is pleased to announce the birth of a whole new generation of Photomultiplier Tubes.
The METAL PACKAGE PMT features all of the high sensitivity and fast response of its predecessors, .
but is only 1/7th the size. With the development of miniature metal vacuum packages

and ultra-thin dynodes, you now have a whole new world of PMTs to choose from.

Hamamatsu Photonics first put the most modern technology available to work

in designing the electrodes for the multiplier section, using computer simulations of electron trajectories,
and then turned to our own original precision processing technology to make a new dynode

to within 1/10th thickness its conventional size. With these breakthroughs, we are proud to bring you

a new modular configuration with a built-in power supply and drive circuit.

And what’s more, it runs on a low voltage of only +12 V.

Soraenaeoes | METAL PAGKAGE
The smallest photomultiplier tube in the world
(Diameter: 15mm, Length: 10mm, Weight: 4.1g)
Current Amplification: 3 105 (Supply Voltage 800V) pM I
Time Response: 0.65nsec. Pulse Linearity: 30mA

PHOTOSENSOR MODULES |
Left: H5783 (cable output type) Center: H6773 (on-board type which allows
to mount directly on a printed circuit board) Right: H5773 with fiber connector

HAMAMATSU PHOTONICS K.K., Electron Tube Center HAMAMATSU

314-5, Shimokanzo, Toyooka-village, lwata-gun, Shizuoka-ken, 438-01 Japan. TEL:81-539-62-5248 FAX:81-539-62-2205 TLX:4289-625
U.S.A. : Hamamatsu Corporation. TEL: 1-908-231-0960 FAX: 1-908-231-1218 United Kingdom : Hamamatsu Photonics UK Limited. TEL: 44-81-367-3560 FA 4-81-367-6384
Germany : Hamamatsu Photonics Deutschland GmbH. TEL: 49-8152-3750 FAX: 49-8152-2658 North Europe : Hamamatsu Photonics Norden AB. TEL: 46-8-703-2950 FAX: 46-8-750-5895

France : Hamamatsu Photonics France S.A.R.L. TEL: 33-(1) 49 75 56 80 FAX: 33-(1) 49 75 56 87 Italy : Hamamatsu Photonics Italia S.R.L. TEL: 39-(02)935 81 733 FAX: 39-(02)935 81 741
: Spain : Hamamatsu Photonics Espana S.L. TEL: 34-3 699 65 53 FAX: 34-3 588 19 66
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