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Progress towards LEP

At a special session on 30 October,

the CERN Council voted for the con-

struction of the large electron-posi-
tron storage ring, LEP. Nine of the

Member States (Austria, Belgium,

Denmark, Federal Republic of Ger-

many, France, Greece, Italy, Switzer-

land, UK) had been able to vote in
favour of the project at the Council
session in June. They have now
been joined by the remaining Mem-
ber States — the Netherlands, Nor-
way and Sweden (subject to certain
conditions). This vote opens the way
to negotiations with the Host States

(France and Switzerland) which must

precede the start of construction

work.

Following many years of discus-
sion and study, the present version
of the LEP project has emerged as
the best facility to ensure continued
excellence in particle physics re-
search in Europe. With the present
state of experimental knowledge
and theoretical speculation, the con-
sensus is that the collision of elec-
trons and positrons at high energies
is the best way to find the answers to
many of the important questions
about the behaviour of matter which
can now be posed. (For a review of
the physics interest in LEP and des-
cription of features of the machine
see the March 1980 issue, page 5.)

The vote which has just been ob-
tained concerns Phase 1 of the pro-
ject as accepted by Council in 1980.
Some of the main technical features
of Phase 1 are:

— Main Ring circumference of the
order of 30 km,

— initial design energy of 50 GeV per
beam of electrons and positrons
at aluminosity sufficient for the ini-
tial research experiments,

— equipping four of the eight possi-
ble experimental areas with suffi-
cient technical infrastructure to
enable the initial experiments to be
installed and operated,
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— use of the existing CERN Proton
Synchrotron (PS) and Super Pro-
ton Synchrotron (SPS) as part of
the injection complex to provide
LEP with electrons and posi-
trons.

(However the definitive paramet-
ers of LEP and the exact position of
the ring have yet to be fixed.)

In further Phases, the remaining
experimental halls can be brought
into action and the energy of the col-
liding beams can be increased. The
move to significantly higher energies
is likely to be dependent on the de-
velopment of superconducting ra-
diofrequency accelerating cavities
so as to limit the power consumption
of the machine. Also in the long term,
the link with the proton synchrotrons
gives the possibility of electron-pro-
ton colliding beams. ‘

Obviously there is great satisfac-
tion in the European high energy phy-
sics community that the Member

.

States have again demonstrated
their belief and confidence in the re-
search at CERN. However it is also
realized that CERN has not escaped
the financial pressures which prevail
in the Member States. At the CERN
budget levels anticipated during the
many years of LEP construction, it
will be difficult*to build the new ma-
chine while sustaining a vigorous
programme of research on the exist-
ing machines.

The special session of CERN Council on 30
October at which the remaining Member
States voted in favour of the LEP project.
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Balance of interregional collaborations

The increasing cost of the accelera-
tors and storage rings which are
needed for front-line high energy
physics is understandably reducing
the number of these facilities availa-
ble for research. Different world re-
gions no longer have their own high
energy machines with much duplica-
tion of experimental possibilities
within or between regions. Instead,
we are likely to see each region spe-
cializing in different types of physics.
Already the front runners, in terms of
approved or proposed new projects,
give a worldwide spread of physics
opportunities with less duplication
than in the past.

In the USSR the plan is to construct

the UNK fixed target 3 TeV proton

synchrotron (with the possibility of
colliding beams later). In Japan the
emphasis is on the TRISTAN high
energy electron-proton colliding
beam machine (however beginning
with a lower energy electron-posi-
tron phase). In Europe the main pro-
ject is the LEP high energy electron-
positron machine at CERN, while the
HERA electron-proton project is be-
ing pursued at DESY, and the
270 GeV proton-antiproton scheme
is in operation at the CERN SPS. In
the USA, Fermilab is aiming for 1
TeV protons from the Tevatron plus
proton-antiproton physics at that en-
ergy. Brookhaven has the ISABELLE
400 GeV proton-proton project and
both Stanford and Cornell have
schemes for high energy electron-
positron colliding beams.

In these circumstances it would
seem desirable to have an even
greater mobility of physicists be-
tween the different regions, so that
they can find the most appropriate

machine to investigate the physics .

which interests them. Such inter-
changes have been going on mod-
estly for many years and, in order to
plan for their future development, a
small group (John Mulvey, John Peo-
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ples, Karl Strauch and Gus Weber)
has taken a look at the way in which
interregional collaborations have
worked.

They concentrated on collabora-
tions between the most active re-
gions, the USA and Western Europe,
during the period 1974 to 1980. It
became clear that the uniqueness of
a research facility (which is exactly
the situation that can be anticipated
in the future) was the main spur in
initiating the collaborations. Thus the
existence of the Intersecting Storage
Rings at CERN drew many scientists
from the USA (as many as 25 per
cent of the users in 1978) and, in the
other direction, the earlier start up of

the Fermilab 400 GeV machine drew

many scientists from Europe until the
CERN SPS began operation.
There is every reason to expect

this pattern to continue with, for ex-

ample, the Tevatron, LEP and ISA-
BELLE. A Working Group of the Eu-

A mock-up of the LEP tunnel. It is not too
early to look ahead at the implications of
LEP for future international collaboration in
physics experiments.

(Photo CERN 426.5.81)

ropean Committee for Future Accel-
erators estimated that the number of
scientists from the USA using high
energy physics facilities in Europe,
and vice versa, may be double the
1978 figure (about 90) by the late
1980s.

One of the surprising findings was
how very evenly balanced, over a
period of years, the exchange of peo-
ple and resources has been.

The collaborations were con-
sidered under the headings of ‘major’
(involving the transfer of equipment

worth over 100 thousand dollars)

and ‘smaller’ (less than 100 thou-
sand dollars but still involving a visit-
ing team of several scientists). The
major collaborations were examined
in some detail to discover their ori-

gins and how they operated, and

how costs for detectors and com-
puting were shared.

In the period covered there were
six major US participations at CERN

CERN Courier, December 1981



and DESY and nine Western Euro-
pean involvements at Fermilab,
Stanford, Cornell and Argonne. For
the smaller collaborations the cor-
responding figures were sixteen and
twenty-three. The smaller number of
US collaborations reflects the fact
that US teams were predominantly
involved in colliding beam physics
where teams are larger and costs of
detectors and computers are corres-
pondingly higher.
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Interregional collaborations have
always involved many physicists
from the host region. Acceptance of
proposals at the different Laborato-
ries has been mainly on physics merit
with some regional considerations,
particularly at CERN, on the overall
composition of the experimental
team. Accelerator time has always
been made available free and detec-
tor and computing costs have been
shared after negotiation. No excep-

tional difficulties were found in inter-
regional collaborations.

The investigators maintained that
the collaborations between high en-
ergy physicists in the US and West-
ern Europe have made significant
contributions to the success of the
research programmes in each re-
gion. There has been a good balance
between the efforts made in each
direction. For the continued good
health of these interregional collabo-
rations it is important that they con-
tinue to be in the interest of the
regions concerned (which the devel-
opment of unique facilities guaran-
tees) and that this balance of ex-
change is maintained. There seems
no need to change existing proce-
dures in order to sustain this good
health. Provided that flexibility con-
tinues in the future and scientific mer-
it remains the main criterion, interre-
gional collaborations should contin-
ue to be of great benefit to high ener-
gy physics research.

Installation of superconducting magnets
for the Fermilab Saver/Doubler. The
availability of 1000 GeV protons could
provide a major attraction for physicists all
over the world.

(Photo Fermilab)
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25 years of the Joint Institute for Nuclear

Research

Progress in science during the last
thirty years has been marked by a
great increase in international scien-
tific collaboration. The creation of
the Joint Institute for Nuclear Re-
search (JINR) at Dubna in the USSR is
one vivid example of this important
trend. This year Dubna celebrates its
25th anniversary.

In the early 1950s, progress in
nuclear physics and technology de-
manded new forms of scientific col-
laboration. The installations to carry
out experiments took on industrial
dimensions and became complex
and expensive. Many scientific staff
were needed to do the experiments
and to handle the enormous amounts
of data. Therefore the Governments
of the socialist countries embarked
on a project to coordinate the activi-
ties of scientists and to pool financial
and technical resources for the de-
velopment of fundamental research
in particle and nuclear physics.

In 1956 in Moscow, the delegates
of the Member States signed a Con-
vention establishing the Joint Insti-
tute for Nuclear Research. The Con-
vention defined the main purpose of
the Organization as a research col-
laboration which would lead to wider
possibilities in the peaceful use of
atomic energy. The principal tasks of
the Organization are to promote the
development of science in the Mem-
ber States, to help in establishing
national scientific Laboratories and
to develop international cooperation
with research centres throughout the
world.

Today Dubna is known as a lead-
ing scientific centre and is one of the
largest in the world. Scientists from
Bulgaria, Cuba, Czechoslovakia, the
German Democratic Republic, Hun-
gary, Mongolia, the Korean People’s
Democratic Republic, Poland, Rou-
mania, the USSR and Vietnam work
at the Institute. Also, in accordance
with its Convention, JINR keeps in
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contact with the research centres in
Member States and with corre-
sponding international organizations
and research centres in other coun-
tries.

There are fruitful contacts with
CERN, Fermilab, the ltalian institutes
of physics in Turin, Milan and Frasca-
ti, the Niels Bohr Institute in Copen-
hagen, the International Centre for
Theoretical Physics in Trieste, the
French research centres at Orsay,
Saclay and Grenoble, and research
centres in Great Britain, West Ger-
many, Finland and Yugoslavia. JINR
grants fellowships to scientists from
non-member countries, and physi-
cists from the IAEA, UNESCO and
from different countries in Europe,
Asia and Africa have worked in Dub-
na as fellows.

Scientists at Dubna have made an
important contribution to the devel-
opment of modern physics. They
have initiated new research trends

Dubna’s largest accelerator, the
synchrophasotron, which when operated
as a proton machine in 1957 was the
highest energy machine in the world. Since
1970 it has been used to accelerate heavy
ions to relativistic energies for nuclear
physics research.

and have discovered new phenom-
ena. Results in theoretical physics,
particle physics, nuclear and neutron
physics and in the development of
accelerators and detectors have
brought JINR international recogni-
tion and esteem.

Development of accelerator tech-
nology has always had a lot of atten-
tion. The synchrophasotron was the
first relativistic accelerator of nuclei
— it accelerates deuterons, alpha
particles and carbon, nitrogen and
oxygen nuclei. Heavy ion accelera-
tion is also provided by a powerful
4 m isochronous cyclotron and a fa-
cility based on the collective acceler-
ation method proposed and devel-
oped by JINR scientists. A new pow-
erful pulsed reactor, IBR-2, has been
constructed for neutron physics.
JINR scientists take part also in the
project for the new UNK 3 TeV accel-
eration and storage complex at Ser-
pukhov.
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The 680 MeV synchro-cyclotron which
began operation at Dubna in 1949 before
JINR formally came into existence. It is
being reconstructed to provide more intense
particle beams.

(Photos JINR Dubna)

The activities of the Joint Institute
for Nuclear Research are based on
international cooperation  which
meets the demands of modern
science. It takes a variety of forms,
the main one being experimental re-
search conducted by teams of scien-
tists from different Member States.
There is collaboration with national
research centres in the Member
States in theoretical and experimen-
tal work. This form of cooperation
covers more than 90 per cent of the
whole scientific programme.

Great importance is attached to
the visits of JINR scientists to other
countries for completing joint pro-
jects, giving lectures, consulting and

Scientists from the Member States play
leading roles in the administration of the
Joint Institute for Nuclear Research and the
work of its consultative committees. JINR
Director N.N. Bogolubov (centre) is seen
here flanked by Deputy Directors M.
Sowinski from Poland (left) and I. Zlatev
from Bulgaria (right).
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for exchanging experience. Annually
there are over 500 visits of JINR spe-
cialists to the Member States and
over 2000 visits to JINR from the
Member States.

Dubna also provides excellent
conditions for the training of scien-
tists, giving them the opportunity to
work with modern installations.
Hundreds of scientists and engineers
have been trained and have left Dub-
na highly qualified in many fields of

modern science and engineering.

JINR scientists participate in im-
portant international and national
scientific meetings. Reciprocally the
Institute has sponsored many inter-
national conferences and work-
shops. Every other year JINR and
CERN organize joint Schools of Phy-
sics for young scientists.

The work at Dubna over the past
25 years has more than fulfilled the
expectations of the scientists and
governments who decided to create
the Institute. ‘

The anniversary ceremony

Scientists, engineers and workers
from all the Member States, together
with those who helped to build the
Laboratory’s equipment, gathered at
Dubna to celebrate the 25th anniver-
sary. They were joined by many who
had participated at different times in
the research and in developing inter-
national cooperation. The meeting
also brought together Heads of di-
plomatic missions, delegates of the
Member States, representatives of
Ministries of Atomic Energy, leading
scientists and the local public.

Leonid Brezhnev sent a Salutory
Address which was read out at the
gala meeting. He expressed his con-
fidence in future achievements by the
international staff of the Institute and
gave high praise to its contributions
to science and technology, to the
consolidation of détente and to
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peace. Addresses were also sent by
Todor Zhivkov, Pham Van Dong, Fi-
del Castro Rus, Jumjagijn Tsedenbal,
Gustav Husak and other Heads of
Member States.

JINR Director Nikolai Bogolubov
said: ‘Today, when we celebrate the
25th anniversary of the creation of
the Institute, we remember the deep
intuition and firm decision of the so-
cialist countries that made possible
research in nuclear physics to pro-
mote the peaceful use of atomic re-
search for the benefit of all mankind.
Our Institute has made many great
achievements and has excellent tra-
ditions, which ensure a promising
future. There is no doubt that the
international staff of the Institute will
accomplish still more in the quest to
uncover the secrets of Nature.

There have been many collaborations
between JINR and CERN. Recently, toroidal
magnet cores for a muon experiment at
the CERN 400 GeV Super Proton
Synchrotron were constructed in Dubna’s
Experimental Physics Department.
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CERN SPS looks forward

The experiments committee of
CERN's SPS 400 GeV proton syn-
chrotron met recently at Cogne in the
Aosta valley, Italy, to review the ex-
perimental programme and to look
ahead at future possibilities.

For convenience, the physics dis-
cussions were divided into four ar-
eas — ‘soft’ physics (covering total
cross-section measurements, spin
physics, resonance production,
etc.), new particles (charm and beau-
ty), experiments with neutrino and
muon beams, and hard hadron phy-
sics (constituent quark interactions).
A useful comparison was provided
by Peter Koehler, who described the
Fermilab experimental programme.

In the field of 'soft’ physics, high
quality measurements had got under
way right from the start of SPS oper-
ations in 1976. Over the years an
impressive array of results has been
provided by a range of experiments
covering diverse areas such as pho-

toproduction, hyperon studies, small
angle scattering, electromagnetic
form factors, etc. To a large extent,
this research at the SPS is seen as
naturally nearing its end, at least for
fixed target experiments. However
the European Hybrid Spectrometer
now operational in the North Experi-
mental Area could still have impor-
tant contributions to make. At the
proton-antiproton collider, UA4 (to-
tal proton-antiproton cross-sec-
tions) and UAG6 (gas jet target in the
antiproton beam) will probe fresh en-
ergy regions and provide new re-
sults.

The conclusion reached at Cogne
was that while soft physics is not
seen as a major part of the future SPS
programme, the intrinsic flexibility of
the available large detectors could
still be used to test out any new ideas
which might emerge in this field.

In the search for new particles,
charm physics could benefit consid-
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erably from the new techniques
(small bubble chambers, holography
and novel electronic methods) devel-
oped to cope with the very short life-
times which are involved. In the
search for beauty particles, it was
felt important to establish an optimal
mix of searches which would avoid
the twin pitfalls of putting too much
emphasis on a few experiments on
"one hand and on the other hand
spreading the effort too widely. It
was thought that new particle
searches would be prominent in the
future SPS experimental pro-
gramme.

Physics with neutrino and muon
beams is one of the strongpoints of
the SPS programme. The determina-
tions of nucleon structure functions
in different experiments are generally
compatible, but it was felt that one
more round of high precision

measurements is required to confirm
this. In fragmentation studies which
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look at the hadrons liberated in quark
interactions, the muon experiments
are consolidating what has been
learned previously with neutrinos
and what is being learned from ex-
periments at electron-positron ma-
chines. Also covered under this
heading was another SPS speciality
— neutrino beam-dump experi-
ments. With the improved facilities
now being installed in the West Ex-
perimental Area, together with im-
provements to existing experiments,
neutrino beam-dumps could make
further physics discoveries.

In the area of hard hadron physics,
important contributions have come
from the SPS — for example in the
study of the electromagnetic interac-
tions of quarks (Drell-Yan mecha-
nism) and of hadron production at
large momentum transfer. However,
there was a feeling that perhaps the
fixed target energies at the SPS are
not high enough to probe the areas

where interesting behaviour can be
found. The higher energies available
with colliding beams, notably the In-
tersecting Storage Rings and the SPS
proton-antiproton collider are proba-
bly better suited for this kind of
work. However there could still be a
demand for special experiments to
test specific new ideas.

A proposal to extract 270 GeV an-
tiprotons from the SPS for fixed tar-
get experiments was not recom-
mended for a variety of reasons. It
was felt that the physics potential of
this project was covered to a certain
extent by the UAG6 antiproton experi-
ment with its gas jet target. This pro-
ject would also imply increased oper-
ational difficulties for a machine al-
ready having to cope with a crowded
fixed target schedule and operation
as a proton-antiproton storage
ring.

An optimistic note was provided
by the prospects for the SPS proton-
antiproton project, where the im-
pressive experiments are now well
instrumented. Everyone joined in
wishing the experiments high lumi-
nosities to capitalize on the unique
physics opportunities which the anti-
proton project offers.

In the Cogne discussions, one un-
welcome but nevertheless important
consideration was money. Financial
restrictions are now becoming a fact
of life, and availability of future funds
could dictate the evolving pattern of
experiments at the SPS.

Assembly of the rapid cycling bubble
chamber which forms the central detector
of the European Hybrid Spectrometer. This
could go on to make additional contributions
to the ‘soft’ physics discoveries already
amassed at the CERN SPS.

(Photo CERN 131.8.80)
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Around the Laboratories

CERN
Antiprotons again

At the end of October, the CERN
machines once more supplied anti-
protons, and experiments at both the
big SPS proton synchrotron and the
Intersecting Storage Rings were able
to record data from proton-antipro-
ton collisions. This time the big
streamer chambers of the UAS ex-
periment (Bonn / Brussels / Cam-
bridge / CERN / Stockholm collabora-
tion) came into action at the SPS (see
June 1980 issue, page 148) and re-
corded some 2000 good examples
of proton-antiproton collisions at
540 GeV total energy. Also in the
SPS, the big UA1 experiment took
more data to supplement that gath-
ered in its first run in August. How-
ever this time the UA 1 central detec-
tor came into action for the first time,
supplying detailed information on the
interaction vertices. Initial physics in-
formation from these experiments
could soon emerge.

In the SPS, a bunch of some 10°
270 GeV antiprotons circulated
against two proton bunches, each
containing about 5x10'° particles.
Thus both UA1 and UAS, in different
regions of the ring, were able to stu-
dy collisions in parallel. The SPS
beams were twice stored overnight.
In the near future it is hoped to test
the new SPS low beta magnets in

readiness for increased antiproton
luminosities.

Also during this run, the ‘Roman
pots’ — drift chambers mounted in
movable sections of beam pipe — of
the UA4 experiment took their first
samples of forward proton-antipro-
ton elastic scattering at the SPS. This
technique was first used in the early
days of the CERN ISR to measure
total reaction rates in the newly-
available energy range. The UA4

Two views of a 540 GeV total energy
proton-antiproton collision, as recorded in
one of the big streamer chambers of the
UAS5 experiment at the CERN SPS.

Below left, a representation of the UA 1
apparatus used to study the energy flow

in 540 GeV proton-antiproton collisions at
the CERN SPS, showing the signals recorded
in the calorimeters. The central
electromagnetic calorimeters are enclosed
by the large cubic instrumented return yoke
of the magnet. The forward detectors
extend on either side in the SPS tunnel.

Below right, the signals picked up in the
middle cell of the cylindrical central detector
which surrounds the beam pipe. These are
the first tracks seen in the detector, with

a small fraction of readout installed for the
October run.
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Layout of the ARGUS detector scheduled
for the revamped DORIS-II electron-positron
ring at DESY.

group (Amsterdam / CERN / Genoa /
Naples / Pisa) soon hopes to provide
a value for the total proton-antipro-
ton reaction rate at 540 GeV.

While all this action was going on
at the SPS, a two milliamp antiproton
beam was quietly circulating in the
ISR. The highly successful run was
terminated on 2 November after the
antiprotons had been kept for more
than thirteen days! With a proton
beam of 12 A, the proton-antiproton
luminosity attained 9 x 1026 cm™?2
s~'. As a result of the run, a new
lower limit for the antiproton lifetime
was established.

Baryons from quarks

According to our present picture of
the deep inelastic interactions of high
energy leptons, the incoming lepton
penetrates into the interior of the
struck nucleon and interacts with
one or other of its constituent
quarks. Both the struck quark (cur-
rent fragmentation) and the specta-
tor quarks (target fragmentation)
then produce sprays of hadronic
matter. In principle, the hadrons from
the struck and spectator quarks
should be distinguishable, although
this distinction only becomes really
clear at higher energies. Because
only one quark is assumed to be
struck per interaction, the current
fragmentation would be expected to
be dominated by mesons (containing
a quark and an antiquark), while ba-
ryons (three quarks) would be pro-
duced in the target fragmentation.
The European Muon Collaboration
(EMC) experiment in the North Exper-
imental Area of CERN's SPS 400
GeV proton synchrotron has studied
the interactions of 120 and 280 GeV
muons with protons and finds not
“only mesons, but also protons and
antiprotons in the hadronic debris of
current fragmentation. This baryon
production had not been seen at
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lower energies with electron beams,
and could turn out to be related to the
unexpectedly high baryon yields
seen in high energy electron-posi-
tron annihilations at DESY's PETRA
ring.

According to simple quark count-
ing rules, equal numbers of baryons
and antibaryons should be seen,
however the EMC data show an ex-
cess of protons over antiprotons.
This is puzzling, but could be due to
the difficulty of separating the pro-
ducts of current and target fragmen-
tation, even at SPS energies. It could
also be due to one of the mechan-
isms of current fragmentation.

The EMC experiment is now em-
ploying a streamer chamber as ver-
tex detector together with more
sophisticated particle identification
immediately downstream. The new
apparatus will be described in detail
in our January/February 1982 is-
sue.

DESY
New detector
for DORIS-II

ARGUS is one of the two big detec-
tors which will be installed next
spring at the revamped DORIS-II
electron-positron storage ring at
DESY (see November issue, p. 397).
The second interaction region will
house the Crystal Ball detector from
SPEAR. The improved running con-
ditions, in particular the higher lumi-
nosity expected at total energies up
to 11.2 GeV, make DORIS-Il an ex-
cellent tool for studying upsilon par-
ticles and beauty mesons. However
DORIS-Il also covers the entire charm
production region, down to the J/psi
at 3.1 GeV.

ARGUS is a universal detector with
magnetic momentum analysis of
charged particles, shower counters
and muon identification covering
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most of the solid angle around the
interaction point.

The large ARGUS magnet is of the
solenoid type and weighs about 400
tons. A field of 0.8 T is provided by
13 separate coils about 3 m in dia-
meter. This unusual design allows
installation of a system of lead/scin-
tillator shower counters (a so-called
‘sampling calorimeter’) inside the so-
lenoid. The corresponding light-
guides pass between the coils to
reach the photomultipliers outside.
There is very little material in front of
the shower counters and therefore
good energy resolution is expected
down to energies as small as
50 MeV. The shower counters, built
at the Physics Institute of the Univer-
sity of Dortmund, are read out
through wavelength-shifting light-
guides. The complete calorimeter
covers about 95 per cent of the solid
angle and consists of 1760 shower
counters, providing efficient recon-
struction of particles decaying into
photons.

Further components of ARGUS
detect charged particles. A set of
160 time-of-flight counters, built at
the Institute for High Energy Physics
of the University of Heidelberg, helps
to identify them. Resolution time is
270 picoseconds. They surround the
main track measuring device, a large
cylindrical drift chamber designed to
reach a maximum of precision for
measuring coordinates and for parti-
cle identification. About 30 000
wires are distributed over a volume
2 mlongand 1.7 min diameter. They
define 5940 drift cells with square
cross-section, arranged in 36 cylin-
drical layers. Half of them are slightly
inclined, so as to provide three
stereo views. Simulations showed
that a reliable track reconstruction
can be performed even for very com-
plex events. Momentum resolution is
good and ionization loss is measured
in each drift cell. Using this informa-
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tion, kaons can be separated from
pions up to 900 MeV. These proper-
ties will come in useful for the recon-
struction of mesons carrying charm
and beauty. v

The ARGUS magnet is surrounded
by a muon detection system consist-
ing of 2000 proportional tubes and
covering 80 per cent of the solid
angle. To reach these tubes, muons
must penetrate 5.1 absorption
lengths of material in the lead of the
shower counters, the copper coils
and the iron flux return.

The mini-beta quadrupoles (see
July/August issue, p. 237) required
to achieve high DORIS-II luminosities
had to be integrated into the detec-
tor. They are surrounded by small
compensation coils which protect
them from the high field of the main
ARGUS magnet. To compensate the
field along the beamline, two long
solenoids are placed around the va-
cuum pipe leaving only its central

Carefully does it. Threading the 30 000
drift chamber wires for the new ARGUS
detector. i

(Photo DESY)

region free. This part of the pipe is
made of a thin carbon-fibre tube
which minimizes the amount of mat-
ter placed in the way of particles
going into the sensitive part of the
detector. Particles leaving the inter-
action region at more than 13.5 de-
grees will reach the drift chambers
through this tube.

The physics programme concen-
trates on the study of beauty quarks,
covering both strong and weak inter-
actions. The beauty quark-antiquark
ground state, the upsilon, decays
into three gluons and provides an
excellent ‘gluon factory’ for investi-
gating quantum chromodynamics.
The spectroscopy of the excited up-
silons and their transitions are also of
great interest. The theory of weak
interactions has to be extended to
include the fifth quark, which re-
quires the study of beauty meson
decays. The ARGUS detector is
ideally suited for this work.

CERN Courier, December 1981



Practical work was an important part of
the recent ‘College on Microprocessors’
held at the International Centre for
Theoretical Physics, Trieste.

TRIESTE
College
on Microprocessors

The International Centre for Theore-
tical Physics, set up at Trieste in
1964, has as its major task the pro-
vision of a stimulating intellectual en-
vironment for physicists from devel-
oping countries. This goal is fur-
thered by a varied programme of
courses for visiting scientists. Not all
the courses remain in the rarefied
atmosphere of theory and in Sep-
tember a very successful ‘College on
Microprocessors: Technology and
Applications in Physics’ was held. It
‘was a prime example of the efforts
being made to spread important
modern technology into the develop-
ing countries.

The College attracted some 140
physicists, mainly from the Far East,
Middle East, Africa and South Amer-
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ica. Held at ICTP, it consisted of four
weeks of intense lectures and practi-
cal sessions on microprocessors
and their applications. The College
was directed by Andy Van Dam from
Brown University and Rinus Verkerk
and Paolo Zanella from CERN.

When ICTP decided to include a
course on microprocessors, scien-
tific programme director Professor
Bertocchi contacted CERN for help in
drawing up a series of appropriate
lectures. It was at CERN that the
ideas for the practical sessions
emerged and where most of the ne-
cessary hardware and software
were prepared. In his opening ad-
dress, Bertocchi paid tribute to these
contributions, referring to ‘the usual
CERN style, which means perfec-
tion’.

Each morning there were lectures
on the basics of microprocessors
and their potential uses, and cover-
ing some broader topics in computer

science (such as programming tools
and techniques). Microprocessor ap-
plications in many areas of physics
were described.

However it was the practical ses-
sions which really rubbed home the
messages from the lectures. These
were held in the afternoons in three
shifts, each imvolving forty students
for two hours at twenty work sta-
tions, with a team of instructors
headed by Wolfgang von Rueden
and Robert McLaren. The stations
had a terminal and monitor, prepared
at CERN, and were linked by tele-
phone line to the CDC computer at
the University of Trieste 9 km
away.

The physicists participated very
enthusiastically in the long hard
course. Each of them left carrying a
mountain of lecture notes and micro-
processor kit to help spread their
newly-gained knowledge in their
home universities. The College was
so successful that the possibility of
making it “transportable’ to other ap-
propriate international audiences is
under discussion.

DARMSTADT
5 years of UNILAC

With the UNILAC heavy ion acceler-
ator switched off for its energy up-
grade from 10 MeV/u to 20 MeV/u,
a two-day meeting was held recently
at GS| Darmstadt to summarize five
years of research with UNILAC and
to look to the future.

It was especially interesting to
compare actual results with previous
predictions, beliefs and projections.
In particular, the boundaries of nu-
clear stability are not as easily acces-
sible as was once thought. In trying
to reach these boundaries, much has
been learned about heavy nuclei and
more than 70 new isotopes have
been found. These include two very
neutron-deficient nuclei—lutetium
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151 and thulium 147—whose ra-
dioactive decay gives protons (see
October issue, page 357. Some er-
rors crept into our coverage of this
discovery, which was made using a
nickel 58 beam on a ruthenium 96
target). Another nuclear achieve-
ment is the identification of an iso-
tope of the heaviest known element
with mass number 262 (see May
issue, page 164).

These activities will be continued
using more sophisticated instrumen-
tation and an extended scale of avail-
able energy to learn more about the
forces that drive unstable nuclei to-
wards their ground state. Nuclear fis-
sion induced by Coulomb interaction
could be demonstrated by firing hea-
vy projectiles at uranium 238 and cu-
rium 248.

Deep inelastic scattering has been
exploited as a special kind of reaction
mechanism between heavy nuclei.
As well as nucleon exchange, this
type of reaction also shows the
transfer of a considerable fraction of
relative kinetic energy and angular
momentum into excitation energy
and spin. The neutron-proton ratio in
the reaction system comes into equi-
librium in about 10~22s, a process
which is not yet well understood.
However a net mass transfer takes a
hundred times longer to come about.
It could be shown that nuclear struc-
ture influences the initial phase of
deep inelastic -reactions, but more
study is required before the whole
process can be revealed. This kind
of reaction has been used to synthe-
size an excited compound nucleus
containing 114 protons and with a
measured lifetime longer than 10720
seconds.

Analysis of deep inelastic reaction
data allowed the timescale 10722 to
10720 g, typical of this kind of pro-
cess, to be calibrated. With higher
energies, this ‘clock’ can be re-
fined.
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Unexpected and extensive activi-
ties have developed in atomic phy-
sics. With energetic heavy ions avail-
able, spectra of hydrogen- and he-
lium-like atoms with nuclear charge
up to 40 can be studied. In addition it
was found that heavy ions could pro-
duce unexpectedly high target ioni-
zation of atoms in a gas, allowing the
study of electron capture to be ex-
tended. Energetic collisions of very
heavy ions opened up the spectros-
copy of electronic states in Coulomb
fields far stronger than those of the
heaviest elements. If in these quasi-
atomic transient systems the com-
bined charge exceeds 173, the elec-
tronic binding energy in the lowest
atomic level should exceed twice the
electron rest mass. A vacancy in this
level could be filled by spontaneous
creation of an electron-positron pair
with emission of the positron.
Whether this mechanism can occur
or not has yet to be determined.

The GSI Laboratory, Darmstadit, recently
the scene of a meeting to review five years
of operation of its UNILAC heavy ion
accelerator. The large building on the
extreme left is the main UNILAC
experimental hall.

(Photo Aero-Lux)

However energy spectra of posi-
trons of atomic origin could be meas-
ured in several heavy collision sys-
tems and throw light on the possibil-
ity of spontaneous electron-positron
production in very strong atomic
electromagnetic fields.

BROOKHAVEN
Exotic nuclei
at TRISTAN

This year saw the initial operation of
the TRISTAN on-line mass separator
at the Brookhaven National Labora-
tory High Flux Beam Reactor. This
TRISTAN, not to be confused with
the electron-positron project under
way at the Japanese KEK Labora-
tory, is a counterpart to CERN's

ISOLDE and is devoted to the pro-

duction of exotic nuclei whose ratio
of neutrons to protons departs from
what is found for stable nuclei.
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The TRISTAN on-line mass separator at
Brookhaven. The ion source (behind the
shielding blocks, top left) is in the neutron
beam of the High Flux Beam Reactor. Fission
fragments are extracted and the desired
isotope is selected by the curved magnet
(centre). The particles are directed to the
appropriate detector by a switching magnet.

(Photo Brookhaven)

In the case of TRISTAN, these
exotic nuclei are those neutron-rich
isotopes produced as a by-product
of thermal neutron fission. Other
devices, such as ISOLDE, take ad-
vantage of high energy reactions to
produce isotopes on the proton rich-
side, as well as the neutron-rich side
of stability.

The emphasis at TRISTAN is on
the nuclear spectroscopy of neutron-
rich nuclei, and the various radioac-
tive emanations are detected as the
nuclei decay back to stability. Syste-
matic checks of various nuclear
models are explored along the decay
chain. Such checks carried out off the
line of stability provide stringent
tests of models developed largely on
the basis of stable or near-stable nu-
clei.

TRISTAN uses an external beam of
2 x 10"° nuclei per cm? per s on an
in-beam integral-target ion-source
assembly. These targets consist of
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uranyl nitrate embedded in graphite
cloth and heated to about 2000 de-
grees C. Various techniques are used
to ionize the fission product atoms
—the most successful one em-
ployed in initial TRISTAN experi-
ments has been that of surface ioni-
zation. This method is successful in
producing intense beams of the alkali
metals rubidium and caesium, as well
as interesting amounts of barium,
strontium, and praseodymium iso-
topes. A curved magnet sub-
sequently analyses the ion beam,
which after passing through a defin-
ing slit falls on a mylar tape. This tape
travels past various detectors in a
series of motions which can be se-
quenced in such a way as to enhance
the counting rate for a particular half-
life in the decay chain at the detector
locations.

One of the more notable achieve-
ments of the early TRISTAN opera-
tion was the first detection of

two-neutron emission from a fission
fragment rubidium-98. This phe-
nomenon, which has also been sys-
tematically studied at CERN, occurs
when the available beta decay ener-
gy exceeds that of separation energy
for two neutrons in the daughter nu-
cleus. Other achievements include
the observation of the variation in
energy of the first excited spin-zero,
positive parity levels in even mass
number cerium nuclei.

A rather sophisticated data reduc-
tion and analysis system is used to
analyse the results. A unique feature
is a four-detector analyser to simul-
taneously collect coincident gamma
ray decay radiation in four high-reso-
lution detectors positioned at var-
ious angles in the reaction plane.

The four-detector system is being
extensively used in gamma ray angu-
lar correlation studies, which are cru-
cial in making level/spin assign-
ments. The computer-based data
system features distributed data
processing and can multiplex eight
experimental inputs at a time.

BERKELEY
Electron microscopy

A National Center for Electron Mi-
croscopy was recently opened at
Berkeley. It houses a 1.5 MeV High
Voltage Electron Microscope
(HVEM), and a 1 MeV Atomic Reso-
lution Microscope (ARM) is sched-
uled to come into operation in about
two years.

Commercial microscopes typically
operate at about 100 keV but these
new instruments will make it possi-
ble to investigate specimens under
realistic conditions and to image
them with the highest achievable res-
olution, so that individual atoms can
be seen. When complete, the facility
is expected to cost about $8 mil-
lion.
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The centre is open to all scientists
meeting the DOE Materials Science
Division’s ‘relevancy criteria’.
Proposals for experiments are
screened by a steering committee of
researchers from Berkeley and else-
where. K.H. Westmacott, HVEM Fa-
cility Manager, reports that over thir-
ty projects are already approved.

Advanced as itis, the HVEM is not
a marked technological improve-
ment. However the ARM, now under
constructionin Japan, will break new
ground. R. Gronsky, ARM Facility
Manager, calls it ‘the moonshot of
electron microscopy’. The prime
goal will be to break the 2 angstrom
barrier (the present limit of transmis-
sion electron microscopes). Any-
thing greater than 500 keV is con-
sidered a high voltage electron mi-
croscope and there are a dozen such
instruments in the United States, but
none has as high an energy as the
HVEM and none has atomic resolu-
tion.

The centre was pioneered by
Gareth Thomas, now its Scientific
Director. He arrived at Berkeley in the
early 1960s when a 200 keV mi-
croscope was the state-of-the-art,
but by the end of the decade, he had
a 650 keV machine. In the early
1970s, he teamed with biologist Ro-
bert Glaeser of Berkeley and physi-
cist John Cowley of Arizona State
University to propose a national
centre with an atomic resolution in-
strument.

One advantage of high accelera-
ting voltages is that the electron
beam can penetrate thick samples. In
materials science, for example,
specimens are thinned to 1 micro-
meter or less so that electrons can
pass through and be focused into an
image. However if the material is too
thin, most of its atoms are close
enough to a surface to have their pro-
perties altered; there is a critical
thickness below which surface-dom-
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inated rather than bulk behaviour
prevails. If the electrons can pene-
trate thicker sections, it is easier to
be sure one is observing bulk struc-
ture.

Also, with the HVEM, biologists
do not have to resort to serial sec-
tioning of thick samples, but can
study entire specimens at once be-
cause of the great penetration.

Material scientists and solid-state
chemists are becoming interested in
in-situ studies. Rather than studying
the oxidation of a metal alloy by heat-
ing it in a furnace and later thinning it
and transferring it to the microscope,
the oxidation can be done directly in
the microscope’s specimen cham-
ber. High voltage instruments have
quite large specimen chambers al-
lowing ‘mini-labs’ to be constructed
within the chambers for high temper-
ature, high pressure, or other stu-
dies. Also, the more penetrating el-
ectrons again allow the use of thick
samples rather than a thin alloy foil,
which may oxidize differently than a
bulk specimen. Alternatively, in stu-
dies of gas-solid surface interac-
tions, the more penetrating high en-

ergy electrons allow the use of higher,

gas pressures.

Radiation damage is still a problem
in the imaging of biological material.
The energetic electrons ionize atoms
and break chemical bonds and there
is no guarantee that the structure
does not change as aresult. There is
considerable evidence that the dam-
age from very high electrons is less
than that from electrons with the
typical 100 keV energies.

However in metals and alloys a
second type of radiation damage —
displacement of atoms by collisions
between electrons and nuclei — is
increased by high electron energies.
There is a threshold electron energy
below which no displacement occurs
and heavier elements have higher
thresholds. High voltage machines

can therefore be used to study this
kind of damage in metals as heavy as
uranium.

High voltages have two effects on
resolution — one good and one bad.
The good effect is that the resolution
improves as the electron energy in-
creases (although not linearly). The
bad effect is slight fluctuations giving
rise to the equivalent of chromatic
aberrations in light optics (because
the electron wavelength depends on
its energy) due to the inability to keep
the voltage absolutely constant. In
general, it is harder to keep the vol-
tage stable as the voltage in-
creases.

The choice of 1 MeV for the ARM
was a compromise between these
two effects. By means of very pre-
cise feedback system, its 1 million
volts should be kept steady to within
0.1 volt.

With atomic resolution, many in-
vestigations in materials science,
chemistry, geology and biology will
become feasible. One that is espe-
cially interesting is the study of the
atomic structure of the boundaries
between crystalline regions in met-
als. These grain boundaries can gov-
ern mechanical properties. From the
biologists’ point of view, studying
cell membranes might represent a
problem of comparable interest.
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Physics monitor

Exploiting liquid argon

Detectors using liquid argon as an
ionization medium are now an inte-
gral part of the current physics
scene.

In a recent development at Fermi-
lab, good space and time resolution
has been achieved using a new liquid
argon photon detector. With posi-
tion measurement to within 700 mi-
crons and time resolution of 6 ns,
applications are envisaged in the
high interaction rates expected in
many forthcoming experiments at
high energy fixed target proton ma-
chines.

The liquid argon calorimeter (LAC)
technique was developed in the early
1970s at CERN by W. Willis and col-
laborators for measuring energies of
photons and electrons. The first LAC
at ‘Fermilab was built by a Fermi-
lab/Minnesota team and was used in
an experiment to measure radiative
decays of mesons. Last winter, the
group (now augmented by physicists
from Michigan State and Northeast-
ern) completed a study whose main
aim was to assess the feasibility of a
LAC for studying the production of
direct photons in violent (large trans-
verse momentum) hadronic interac-
tions.

Quantum chromodynamics inter-
prets these events as coming from
quark-gluon interactions, thus pro-
viding a probe of gluon behaviour.
Direct photon production has now
been studied in a number of experi-
ments (see April issue, page 116).

Because of the low rate at which
these large transverse momentum
events occur, the experiments must
be carried out at least at megacycle
interaction rates. However because
of their long charge collection times,
LACs are inherently slow. To circum-
vent this problem, the Fermilab ex-
perimenters put time-to-digital con-
verters on each of the LAC channels
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so that the time of arrival of the ener-
gy pulses could be timed precisely. A
3 mdiameter calorimeter using these
techniques is being considered for
use at the Tevatron.

At CERN, a large liquid argon de-
tector came into operation at the In-
tersecting Storage Rings in 1975 for
an experiment by an Athens/Brook-
haven /CERN/Syracuse collabora-
tion. This detector was primarily de-
signed to look for electron pairs and

Apparatus of the Athens/Brookhaven/
CERN/Syracuse group at the CERN
Intersecting Storage Rings. Nearest the
intersection region are lithium foil transition
radiation detectors, while top and bottom
are the liquid argon calorimeters.

(Photo CERN 172.3.76)

provided some early evidence for the
upsilon particle. However its main
physics achievement was probably
its measurements on the production
of single photons (see June 1979
issue, page 153).

Its electronics was carefully de-
signed to eliminate spurious noise
and be able to detect the small
charge deposited by electromagnet-
ic particles, while the detector itself
was built with an eye to good spatial
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resolution and electron/hadron dis-
crimination. Suitable arrangements
of the ionization sampling electrodes
provided the spatial resolution and
enabled the shape of the developing
shower to be monitored, so that
showers of electromagnetic and ha-
dronic origin could be clearly distin-
guished. Lithium foil transition radi-
ation detectors provided additional
electron identification power.

In the single photon experiment
which began in 1978, the lithium foil
detectors were removed and the li-
quid argon calorimeter was moved
further from the interaction region to
increase the photon separation in
closely spaced pairs and facilitate
the isolation of a signal due to ge-
nuine single photons.

In 1980-81, this detector oper-
ated in tandem with the new Axial
Field-Spectrometer of a Brookhaven
/ CERN / Copenhagen / Lund /

Pennsylvania / Rutherford / Tel-Aviv'

collaboration (see April 1979 issue,
page 65). This apparatus measures
the charged particles produced with
the single photons and is used to test
the prediction that in proton-proton
collisions, the jet recoiling against
the single high transverse momen-
tum photon originates predominant-
ly from a quark. (In proton-antiproton
collisions in the ISR, the recoiling par-
ticles should come from gluon jets
rather than quark jets.)

To extend the study of single
photons, a new experiment (Athens
/ Bonn / Brookhaven / CERN /
Moscow) is being prepared to run
alongside the Axial Field Spectro-

meter, making use of the uranium

calorimeter. The new experiment will
pick up photons using an array of
sodium iodide blocks mounted in
front of the uranium calorimeter, and
using existing electronics from the
old liquid argon detector. The
CERN/Columbia/Rockefeller experi-
ment at the ISR has also been up-
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graded to make further studies of
single photon production.

At the SPS 400 GeV proton syn-
chrotron, a liquid argon detector is
incorporated in the apparatus used
by a Bristol/Geneva/Heidelberg/
Lausanne/London/Rutherford colla-
boration studying the interactions of
charged hyperons.

Liquid argon detectors have also
made significant contributions at
electron-positron machines, with
Mark Il at the SPEAR and PEP rings at
SLAC and with TASSO and CELLO at
the PETRA ring at DESY.

Technicolour; oasis
or mirage?

This is the intriguing title of the talk
given by CERN theoretician John Ellis
at the recent Topical Conference on
Particle Physics at SLAC.

Spurred by the promise of quan-
tum chromodynamics in describing
quark interactions and the successes
of the unified electroweak theory,
new ‘grand unified’ theories have
been proposed which attempt to
bring together the strong and the
electroweak sectors. These
schemes carry implications of a phy-
sics ‘desert’ with no radically new
phenomena waiting to be discovered
at energies accessible in the labora-
tory (see for example October issue,
page 347). Meanwhile others, par-
ticularly at Harvard and Stanford,
have been proposing different me-
chanisms, such as ‘technicolour’,
which could soon provide a rich pat-
tern of new physics. These adventu-
rous theorists propose that the so-
called Higgs particles are no longer
indivisible, but appear as compo-
sites, in much the same way that
hadrons are composites of the more
elementary quarks.

The standard theory of electro-
weak interactions rests solidly on
ideas of symmetry breaking which

John Ellis— ‘adventurous (or foolhardy)
souls are riding off into the sunset, looking
for deeper theory’.

Baart g«t,ﬁ LATL

y)c“ cabubalde g,.t,":‘v.-"&f.i"a& Cpeelibrdas

: =% Tacteitalien
P S e
SNSRI e

demand the existence of the Higgs
particles, as yet unobserved. Even if
the weak bosons predicted by the
standard theory are discovered, all
will not be finally wrapped up until
the Higgs particles too appear.

However these ideas are also a
prolific source cf other possibilities,
which as Ellis explains could make
the desert of orthodox theory bloom
with many kinds of exotic new phe-
nomena.

‘By now the orthodox picture of
quantum chromodynamics (QCD)
combined with the electroweak in-
teraction is the generally accepted
theory of fundamental physics at
energies up to about 100 GeV. The
model seems to pose few remaining
problems of principle, and most
work on it now concentrates on tink-
ering with technicalities, such as
confining quarks in QCD so that they
do not appear as free particles, and
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the existence of intermediate weak
bosons.

It is not surprising that some ad-
venturous (or foolhardy) souls are
already riding off into the sunrise,
looking for the deeper theory beyond
the standard model. There is no con-
sensus about which direction to ride
in, or even how far one must ride until
the next landmark is reached.

Perhaps there is indeed a great
desert to be crossed first, as advo-
cated by the ascetic minimalist devo-
tees of grand unified theories of
strong and electroweak interactions
who suggest that there is no new
interaction scale below 10'® GeV.
They extrapolate the behaviour of
the known coupling constants until
they converge in a grand unified the-
ory at the ‘Planck’ energy of 10"®
GeV where quantum gravity effects
are predicted to appear.

In making this enormous extrapo-
lation, they assume that there are no
intervening oases out in the great
desert. In particular, they assume
that the elementary quantities of
existing theories — intermediate
bosons, quarks, leptons and Higgs
particles — remain structureless and
pointlike down to distances of 102°
cm or smaller.

However many physicists con-
sider this grand scenario either a dan-
gerous manifestation of hubris, tech-
nically unsound, or just boring. They
prefer to replace it with a picture in
which the great desert is riddled with
oases caused by the onset of new
types of strong interactions, wheth-
er they be called techni-, extended
techni-, metahyper-, super- or heavy
colour. These theories are certainly
richer at low energies than the mini-
mal grand unified theories, and all
share the general feature that some
or all of the particles now considered
elementary take on a structure on an
energy scale of 1 to 100 TeV. This
new compositeness is accompanied
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by an embarrassing rash of new bos-
ons, quarks and leptons, and possi-
bly some new flavour-changing neu-
tral interactions.

However these various possible
oases may be judged on the grounds
of aesthetics or theoretical plausibili-
ty, one thing cannot be denied. In
contrast to prospects of a great de-
sert, they do provide plenty of exper-
imental tests to be performed at pre-
sent accelerator energies. Contem-
porary experiments can prove these
ideas right or wrong.’

Before the first three
minutes

Steven Weinberg's book ‘The First
Three Minutes’ has quickly estab-
lished itself as a classic of modern
physical theory. It uses ‘Big Bang’
cosmology and standard particle
physics ideas to chart the probable
formation of the universe. However
even these imaginative ideas are in-
sufficient to get to grips with the con-
ditions immediately (less than one
hundredth of a second) following the
initial cataclysm.

Since the book’s publication in
1977, theoreticians emboldened by
the continued successes of the elec-
troweak theory have embarked on
ambitious ‘grand unification’
schemes encompassing electro-
magnetism and both the strong and
the weak nuclear interactions.

When injected into cosmology,
these new ideas push back the time
frontier which can be probed, and
can predict what happened as close
as 1073 seconds after the Big Bang.
Describing these speculations in an
invited paper earlier this year at the
Lisbon particle physics conference,
Qaisir Shafi upstaged Weinberg,
proposing the title ‘Before The First
Three Minutes’!

The temperature of this primaeval
fireball exceeded 10'® GeV and the

full grand unified symmetry was ex-
act—no degrees of freedom had
yet had a chance to ‘freeze’ out and
produce the physics we now know.
Even at temperatures above a few
hundred GeV (verging on the Wein-
berg era), quarks would not have
been confined. The universe was
then a quarke-gluon plasma (a condi-
tion increasingly being sought in high
energy experiments).

The excess of matter over anti-
matter in a universe whose equa-
tions of motion are largely mat-
ter/antimatter symmetric has long
puzzled cosmologists, amateur and
professional alike. However grand
unified theories, with their concomi-
tant prediction of the unstable pro-
ton (see May 1979 issue, page 116),
together with the more familiar me-
chanism which violates the com-
bined charge/parity symmetry (in
kaon decays for example), provide
the ingredients for a possible answer
to this hoary question.

The idea is that the rapid expan-
sion of the early exploding universe,
which initially contained matter and
antimatter in equal amounts, forced
mechanisms out of thermal equili-
brium, thus upsetting the parti-
cle/antiparticle balance. Numerous
detailed explanations have been pro-
posed.

Another remnant of this genesis
could be free magnetic monopoles.
These electromagnetic oddities
were first proposed 50 years ago by
Dirac but have never been observed.
Interest has recently revived as mod-
ern theories, including grand unifica-
tion, predict the existence of mas-
sive (about 10'® GeV) monopoles.
These would have been plentiful in
the initially symmetric universe and
could still be around. However gen-
eral arguments of the mass density
of the universe deem that such su-
perheavy particles should make up
no more than 10°'* of the whole.
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People and things

Sir Geoffrey Allen

CERN Director General Herwig Schopper
(left) with Chang Wen-Yu, Director of the
Chinese Institute of High Energy Physics
(centre) and Xia Gia-Lin, leader of the design
study for an electron-positron storage ring.

(Photo O. Lock)

Sir Geoffrey Allen has completed
his term of office as Chairman of
the UK Science and Engineering
Research Council and has been
appointed Research Director for
Unilever. As a result, he will no
longer attend CERN Council ses-
sions as the principal UK delegate.
Sir Geoffrey, a leading expert on
polymers, was formerly Professor
of Chemical Physics at Manchester
and then Professor of Chemical
Technology at Imperial College,
London. Despite his recent heavy
administrative duties, he has par-
ticipated in experiments at the
CERN synchro-cyclotron as a mem-
ber of an Imperial College / Parma
/ Rutherford collaboration using
muon spin rotation to study poly-
mer structure. He is a keen
supporter of CERN and under his
guidance the UK was the first
Member State formally to approve
the LEP project.
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CERN-China contacts

At the end of September and dur-
ing early October CERN Director
General Herwig Schopper, together
with Owen Lock and Ted Wilson,
spent some time in China at the
invitation of the Institute of High
Energy Physics of the Academia
Sinica. They gave a number of lec-
tures and seminars at the Institute
in Beijing and discussed ways and
means of continuing the collabora-
tion with CERN in the future, in
view of the postponement of the
50 GeV BPS (proton) project in
China. They learnt that emphasis
is at present placed on design
studies of an electron-positron
collider of 50 metres radius with
an initial energy of 2.2 GeV per
beam, which could be increased
to 5.7 GeV per beam in a second
stage by the addition of more r.f.
power. The injector would be a 1

GeV electron linac. Hence there is
now a common interest not only
in the construction of electron ac-
celerators but also in the carrying
out of experiments with electrons
and positrons, and the possibility
of Chinese participation in experi-
ments at CERN, including LEP ex-
periments, was raised during the
discussions.

During his visit the Director Gen-
eral met Vice-Premier Fang Yi who
is State Minister for Science and
Technology and until recently also
President of the Academia Sinica.
Fang Yi expressed his support for
the development of the collabora-
tion between CERN and China in
the coming years. The Director
General and Professor Chang Wen-
Yu, Director of the Institute of High
Energy Physics, signed a memo-
randum outlining the specific forms
the collaboration could take for
the three-year period 1982—4, and
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Some of the participants at the ‘Physics in
Collision” meeting held earlier this year in
Blacksburg, Virginia.

in particular providing for the ex-
change of a number of scientists
and engineers whose living ex-
penses would be paid by the host
Laboratory. Owen Lock will act as
‘link-man’ for CERN for the detailed
implementation of this agreement
after its formal approval by the
appropriate authorities, together
with an opposite number to be
nominated by the Chinese.

Collision course

A new appearance on the physics
scene this year was an inter-
national conference ‘Physics in
Collision’ to look at electron-posi-
tron (lepton-lepton), electron-pro-
ton (lepton-quark) and proton-pro-
ton (quark-quark) interactions. This
year’s meeting was held in the
scenic Appalachian mountain town
of Blacksburg, Virginia, and was
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organized by G. Bellini of Milan
and W.P. Trower of Virginia, to-
gether with an international com-
mittee.

The aim of the meeting was to
examine the possible analogies
among the different types of inter-
actions, with particular emphasis
on experimental data. It concluded
with a comparison of proton-pro-
ton and electron-positron pro-
cesses, and with a talk by Malcolm
Derrick entitled ‘Physicists in Col-
lision” which covered production
mechanisms of particles carrying
charm and beauty.

The Organizing Committee res-
ponded to requests that the Con-
ference become an annual affair
by accepting the offer of the Uni-
versity of Stockholm to host the
meeting from 2—4 June next year.
Meanwhile the proceedings of the
Blacksburg meeting will be availa-
ble soon.

History of particle physics

An international colloquium on the
history of particle physics will be
held at the Collége de France, Pa-
ris, from 21-23 July next year,
just before the 2 1st International
Conference on High Energy Phy-
sics. It will cpver the period from
the 1930s to the 1950s when
particle physics emerged as a sep-
arate subject to nuclear and cosmic
ray studies. The programme is
planned to include the main discov-
eries, together with the origin and
evolution of concepts, fields of
study and new theories. Develop-
ment of new techniques will also
be covered.

Participation is foreseen as being
limited to about 150 persons ac-
cepted by the Organizing Commit-
tee. For further information, write
to Marie-Simone Detoeuf, Secre-
tariat, Colloque International sur
I’Histoire de la Physique des Par-
ticules, 20, rue Berbier du Mets,
75013 Paris, France.
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ITALY AT CERN

27 ITALIAN COMPANIES: LATEST EQUIPMENTS
AND KNOW-HOW

1-4 DECEMBER 1981

GILARDINI SpA — Divisione Flexider

Corso Romania, 501
10156 — TORINO
Telefono 011/2392 e e
Telex 221329 GILATO | e

Product line:

— Expansion joints bellows type
— Metal bellows

= Flexible metal hoses

|

Pipe spring supports

Pipe rigid supports
Industrial filters

Gilardini S.p.A. — Flexider Division — Expansion joints and metal
— Shock absorbers bellows

IND. POLITECNICA MERIDIONALE 1.P.M. S.p.A.

Components Division

Via Rettifilo al Bravo, 90/92
80022 — ARZANO (NAPOLI)

Telefono 081/7312033
Telex 710518 IPM |

Product line:
— Tantalum and polyester professional capacitors

— Professional film capacitors such as Styroflex;
policarbonate, polipropilene

— Hybrid thick and thin film circuits and electronic  papia) view of the winding department for the production of film
modules. capacitors
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Ing. BRIZIO BASI & C. S.a.S.

Viale Monza, 198/200

20128 — MILANO

Telefono 02/2572914-2573582
Telex 313842 BASIMI |

Product line:
— Vacuum pumps, gauges, valves

— Freeze drying, impregnation, insulating oils treat-
ment plants Double stage vacuum pump model BHD 14

LA METALLI INDUSTRIALE S.p.A.

Borgo Pinti, 99
50121 - FIRENZE
Telefono 055/49741
Telex 571598 SMIFI |

Product line:

Complete range of semis in copper and copper alloys,

i.e.:

— Mineral insulated heating cables (cables and ele-
ments)

— Mineral insulated thermocouples (cables and ele-
ments)

— Mineral insulated wiring cables

— Heat exchangers copper tubes S .
- C opper stranded wires The cross-section of the hollow Niobio-Titanio supgrconductmg

‘ . . conductor of the SULTAN magnet, a new test facility at the SIN
— Superconducting wires and cables Centre near Zurich.

LARES C0ZZI S.p.A.

Via Roma, 88/92

20037 — PADERNO DUGNANO (M)
Telefono 02/9181363-9181026
Telex 330119 LARES |

Product line:

— Rigid circuit boards, one or two sided, with and without pth
— Flexible circuit boards, one or two sided, with and without pth
— Rigid multilayer boards

— Mixed rigid-flexible boards
Surfaces:
Nickel, -gold, tin-lead, tin-lead reflown, bright tin, solder
mask, component printing

— Power supplies
— TV tuners

— FM tuners

— Storage units
— Infrared remote controls Trimosfet tuner with Prescaler for frequency synthesis
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LA ZINCOCELERE S.p.A.

Via Abate Bertone, 12
13042 — CAVAGLIA (Vercelli)
Telefono 0161/96195
Telex 200039 Zinco |

Product line:
Professional printed circuit boards:

multilayers (more than 20 layers)

Mass moulding

Flexible

Flexo rigid

Homologations: UL (USA), BPO (UK), CNET (F), IEC (I)
Specifications: UL, MIL, IPC, IEC (TC 52), BS, DEF

Full automatic galvanic lines

Via L. Magrini, 7
24100 — BERGAMO

MAGRINI GALILEO

Telefono 035/235444
Telex 301535 MAGGAL |

Product line:

— Low oil content and magnetic and sulphur-hexafluoride (SF6)
breakers for medium voltage

— H.V.and E.H.V. sulphur-hexafluoride (SF6) metal-clad switch-
gear

— H.V.andE.H.V. sulphur-hexafluoride (SF6) and low oil content
circuit breakers :

— H.V. and E.H.V. rotating and knee type isolators

— Oil insulated and epoxy-resin insulated instrument transform-
_ ers for medium voltage

— H.V. and E.H.V. instrument transformers

— Indoor and outdoor metal-clad drawout switchboards for low
and medium voltages

— Low voltage moulded case circuit breakers
— Low voltage switchboards, panel-boards and cabinets
— Protection relays and auxiliary relays

Pole of circuit breaker type MBM — 1050 KV — in test labo-
ratory

NORD ELETTRONICA S.p.A.

Localita Molino Vecchio

17041 — ALTARE (Savona)
Telefono 019/584031/2/3/4
Telex 213172 NO-EL |

Product line:

Professional printed circuit boards:

— double sided plated through holes
Homologations: UL (USA), BPO (UK), CNET (F), IEC (I)
Specifications: UL, MIL, IPC, IEC (TC 52)

Nc drilling machines
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OFFICINA ELETTROMECCANICA LOVATO & C. S.p.A.

Via Don E. Mazza, 12
24020 - GORLE (Bergamo)
Telefono 035/340088
Telex 334019 LOVATO |

Product line:

Production of contactors, relays, switchboards, start-
ers, electronic devices and commercialization on the
world market of products including measuring instru-
ments, control accessories, capacitors, microproces- CIRREREEREA
sors and speed controls of various ltalian firms. Control board of automated plant

OFFICINE GALILEO S.p.A.

Localita Tomerello

50013 — CAMPI BISENZIO (Firenze)
Telefono 055/89501

Telex 570126 GALILE |

Product line:

— High vacuum components
9 P Compact diffusion pumping group, with 200 I/s ‘Ecojet 63"

— Hardness testers pump

OFFICINE MECCANICHE LATINE S.p.A.

Via Nettunense, Km 7,200
00040 ARICCIA (ROMA)
Telefono 06/9342151
Telex 614568 AVIOML |

Product line:

— Equipment for aeronautic, military and nuclear
industry. Same example of OML metalworking
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ORMIC S.p.A.

Via G. da Procida, 10
20149 — MILANO

Telefono 02/315845/6/7
Telex 333209 ORMIC |

Product line:
— Fork lift truck

Fork lift truck "ORMIC 10" Mod. W 10—36 P —Triplex

POLETTI & OSTA S.p.A.

Strada Provinciale Casale — Valenza Km. 0,5
15033 — CASALE MONFERRATO

Telefono 0142/74851

Telex 210540 POLOST |

Product line:

— An integrated line of speed controls for the auto-
mation of coperating machines, machine tool and
graphic units and A.C./D.C. converters for general
purposes

— Isopower DC motors constant power — isoflux per-
manent magnet DC servomotors

— Automation, control and adjustment electronic sys-
tems for the automation of operating units

IRCIDCIEN O

M execution: Motovariator series 3.

Alternate/Direct current thyristors convertor.

M execution : particularly designed to control d.c. motors speed
executed with hybrid blocks using thick film technology.

A execution : specific use as power supply.

POLIVAR S.p.A.

Via Naro, 72 P.O. Box 111
00040 — POMEZIA (Roma)
Telefono 06/9121061
Telex 611227 PLV |

Product line:

— Cast acrylic sheets, bars, blocks, scintillators, light
guides
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RACK PERUZZI S.r.l.

Viale A. Volta, 3
10090 — BRUINO (Torino)

Telefono 011/9086253 — 9086261
Telex 211679 RACKRP |

Product line:

— 19" Rack cubicle
— Console

— Working table

— Cabinet

— Chassis

Bearing slides

— Several containers and accessories Cubicle Mod. Euro

SAES GETTERS S.p.A.

Via Gallarate, 215

20151 — MILANO

Telefono 02/306541/2/3
Telex 331108 SAESGT |

Product line:

Getters — Components for the production and main-

tenance of vacuum in pumped sealed off machines or  Getter coated strips and getter rings produced by SAES for
devices vacuum systems and devices

SICILIANI EMILIO S.p.A.

Via Vincenzo Bellini, 13
20095 — CUSANO MILANINO (M)
Telefono 02/6196421

Telex 331029 ESTEL |

Product line:

— Electrical junction and connecting boxes

— Junction connecting waterproof composite boxes,
complete with swichgears, lighting, warning, de-
vices

— Plugs and sockets, flat and torpedo type

— Coupling sockets under CEE 17 standards — sock-
ets with locking safety device and fuse-holder

— Terminal strips

— Fuse-holders . ) Junction and connecting boxes for low tension plants, terminal
— Panel connecting articles strips, fuse-holder, panels connecting articles
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SOCIETA CAVI PIRELLI S.p.A.

Viale Sarca, 202 Export Sales Office:
20126 MILANO - ITALIA
Tel. (02) 64421 — CABLEXPORT S.p.A.

Telex 310135 PIREMI | Via Vespucci 2

20124 MILANO - ITALIA
Tel. (02) 64421

Telex 310135 PIREMI | —
314018 PIRECX |

Area manager for Europe:
Mr. A. Decorato

(phone 02 64422932)

LV, MV, HV power cables, telecommunication and special applica-
tions cables

A barrier to fire

Pirelli technology for safety of persons and equipment with a new
line of cables that has won fire

— AFUMEX® fire retardant cables with low emission of smoke and
toxic fumes

— RETOX® fire retardant cables with low emission of corrosive
fumes

— FP 200 fire resistent cables

A. PASTA S.p.A.— PIRELLI GROUP

Via Giovanni XXIll, 23
20098 San Giuliano Milanese (Milano) ITALIA
Tel. (02) 9848671 — Telex 321304 PASTA |

Export Sales Office:
CABLEXPORT S.p.A.

— High temperature cables (SUPERTHERM ®)

— Cables and wires with special behaviour when ex-
posed to fire (low toxicity, low fumes, low corro-
sion, fire resistant, fire retardant)

Coaxial cables for high frequency, standard G and
special types

— Control and signaling cables

— Compensating cables for thermocouples

— Flat ribbon cables for multiple connections

— Radiation resistant cables

CEAT CAVI S.p.A.

Largo Regio Parco 9
10100 TORINO — ITALIA
Tel. (011) 26081 —Telex 221603 CEAT |

Export Sales Office:
CABLEXPORT S.p.A.

Power, telecommunication and control cables, such
as:

— LV — MV and HV power cables
— Radiation resisting cables

Non fire propagating cables
— Non toxic and low smoke gas evolution cables

Cables for special applications
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SILENA S.p.A.

SOC. IND. PER L'ELETTRONICA AVANZATA
Via Negroli, 10/a

20133 — MILANO

Telefono 02/7490565-713871
Telex 310514 ENCOS |

Product line :

— Spectroscopy amplifiers

— Timing single channel analyzers

— Analog-to-digital converters

— Charge, amplitude and time converters
— High-speed analog-to-digital converters
— Single input multichannel scaling units
— Display units

— High voltage power supply

— Bin/power supply

— Silena spectrum stabilizers

— 4-INPUT MIXER routing units

Silena NIM Multichannel analyzer

VARIAN S.p.A.

Via F.lli Varian, 54

10040 LEINI’ (Torino)

Tel.: 011 -9968086
Telex: 210228 VARSPA |

Product line:

High vacuum and ultra-high vacuum pumps, valves,
flanges, fittings and accessory components

Pressure measurement instrumentation
LLeak detectors

Ultra-high vacuum pumping systems
Vacuum coaters

Vacuum furnaces

Semiconductor processing equipment

Assembly of UHV pumping systems in the Torino plant

FULGOR CAVI S.p.A.

Via del Crocefisso, 04100 — BORGOPIAVE (Latina)
Tel. 0773/481011 / Telex 680012 FULGOR |

Product line :

Power cables: for medium and high voltage, paper insulated mass
impregnated, plastic, rubber or pipe insulated ; special purpose ship-
wiring cable ; signal cables — arcs conductors for high tensions over-
head lines ; enamelled copper winding wires ; bare stranded conduc-
tors ; telephone cables for trunk connection, coaxial pair and micro-
coaxial pair types ; copper rod by continuous casting and rolling from
cathodes, copper bare drawn wires ; PVC granulated compounds for
insulating and covering cables rubber compounds for insulating and
covering cables.

FILIPPO FOCHI S.p.A.

Via Portanova, 3, 40123 — BOLOGNA
Tel. 051/267983/4/5 / Telex 511020 FOCHI |

Product line :

Construction and erection of steel structures, vessels, and piping systems for nuclear
power plants.

LABEN-DIVISIONE DELLA SI.EL. S.p.A.

Via E. Bassini, 15-20133 — MILANO
Tel. 02/2365551 / Telex 312451 — LABEN |

Product line :

Semiconductor detectors for Alpha, X and Gamma particularly devoted to small dimen-
sions gas cooled detectors ; analogic electronics for nuclear spectrometry, in particular for
high rate and high resolution measurements or multiple acquisitions with thick films
technology ; high speed and high resolution analog-to-digital converters for spectrometry
and multiacquisitions ; high and low voltage power supplies; laboratory and portable
multichannel analyzers with 1 to 4 K memory ; microprocessed systems for data pro-
cessing ; multiparameter and multiacquisition systems with camac interfaces ; installed
and portable monitoring and analysis systems ; peripherals with relevant interfaces.

PIANELLI E TRAVERSA FINANZIARIA S.p.A.

Corso IV Novembre, 55-10090 — CASCINE VICA — (To)
Tel. 011/9591555 / Telex 210171 PTR |

Product line :

Material handling and warehousing equipment and relevant engineering ; special iron and
light alloy castings, investment castings, drop forged steel parts.

PRO.CU.RA IMPIANTI S.r.l.

Via dei Guarneri, 14-20141 — MILANO
Tel. 02/5390281 / Telegramma PROCURAMA — MILANO

Product line :
Machines, gauges and equipments for vacuum freeze — dried products — microwaves.
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High Energy
Experimental Physics

A position is available in high energy experimental
physics for physicists from outside Germany.

The position offers the opportunity to participate
in any of the experiments at et e- storage rings
PETRA and DORIS.

The appointment will be for one year, renewable
for a second year. Travel expenses (including the
family) between the home country and DESY and
back will be recovered. Salary will be according to
experience and qualifications.

Please apply to
Professor Erich Lohrmann

Deutsches Elektronen-Synchrotron DESY
NotkestraBe 85

2000Hamburg 52
Germany

including a list of publications, curriculum vitae and
names of two references until December 15, 1981

TRIUMF

(A research facility located on
the University of British Columbia campus)

CRYOGENIC TARGET PHYSICIST

The TRIUMF Cryogenic Targets Group has an opening for a
physicist to assist in the development of frozen spin polarized
proton targets. Initially this appointment will be for two years
and on demonstration of satisfactory performance will lead to
an appointment without definite term.

Candidates should have a recent Ph.D. and previous experience
in cryogenics, NMR, PF, or microwave would be a definite asset.
The successful candidate will be expected to spend up to 30
percent of his time directly involved in experiments involving
cryogenic targets.

Applications will be accepted until December 31, 1981.
Please send a curriculum vitae, names of three referees and a
list of publications to:

TRIUMF

Personnel Office (competition No. 302)
University of British Columbia

4004 Wesbrook Mall

Vancouver B.C. V6T 2A3/Canada

We offer equal employment opportunities to qualified male and
female applicants.

Canadians or landed immigrants preferred.

PHYSICS DEPARTMENT
OF
STANFORD UNIVERSITY
announces an opening for the position of

PROFESSORSHIP
IN EXPERIMENTAL
HIGH ENERGY PHYSICS

The Physics Department of Stanford University has an
opening for a tenured faculty position in experimental
high-energy physics. The applicants must have demon-
strated ability to do significant independent work and
must show promise of making a major impact on the
field in the years to come. Excellence in the teaching of
physics at both the undergraduate and graduate levels is
an important requirement for the position.

Stanford University is an equal opportunity employer.
We are especially interested in having applications from
women and minority physicists.

Interested persons are requested to send a resume
containing curriculum vitae, a lis® of publications and
names of at least three references to:

Chairman, High-Energy Appointment Committee
Physics Department
Stanford University
Stanford, California 94305

Those wishing to draw the Committee’s attention to
potential candidates are invited to write to the same
address.

The Nature
of Matter

Edited by J.H. Mulvey

The nature of matter presents afundamental
challenge to man in his attempt to understand the
world of which he is a part. What is matter made of
and how do the parts hold together?

The discoveries made in search of answers to these
guestions have transformed the material basis of
society and its structure. They underlie the whole

of modern science and allow the human mind to
explore cosmic events almostinfinitely remote
inspace and time.

This book includes the work of eight scientists
involved in recent discoveries, and gives an over-all
picture of the present state of this quest and the
directions it might take in the future.

Illustrated £8.95

Oxford University Press
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Low energy gamma rays are now resoived more accurate— |

ly and economically. Our new SCG-1 scintillation glass has

a per volume cost roughly 50% higher than SF5 lead glass, :

but less than 10% of the cost of sodlum |od|de (Nal)t
SCG-1 Characteristics:

‘Radiation Length (cm)

Refractive Index (nd)
Density (g/cm?3)

Linear Coefﬁcnent‘of
Thermal Expansxon (100 300"0)
¢

: Excmng Wavelen_gth (nm
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CALSI 11- u PROC.

. Crate Controller with buildt-in microcom-
puter LSI-11/2 or LSI-11/23

. Real time clock

Les CALSI-11 . Console — interface
; i 50 to 19200 bits per sec.
§ ,’f o O . Memory 32 k words (16 bit)
: “5‘5 I @ @ expandable to 64 k words
Lo Ll 1 . E-Prom Memory 2 k words optionally

4 2006 1

5 e m? . Two port memory:
b= access by LSl and CAMAC-Dataway
possible

. CAMAC Interface according to Eur 4100

. ACB according to Eur 6500

. Calsi can be used optionally as auxiliary
Controller

. Five Hardware implemented Blocktransfer
modes:ACA,UCS,UQC,ULS and Listmode

Spaldingstr. 74
— Switzeriand: karl wehrmann S .

i/s trimatic Canberra-Stolz AG | ES Tel. (040) 23 10 25

Telefon: (02) 65 0089 Telefon: (056) 84 01 51 Telex 2 163 043

PRECISION ENGINEERING FOR INDUSTRY

Number of employees: 70

Design Office and Inspection Dept. on site

Mechanical sub-contracting

Welding sub-contracting

Construction of machines for the food-processing industries
Designing and building of automatic screwing unit

Building of special machines to customers’ specifications
Manufacture of special items for the nuclear industry and
research centres.

Tel.: (75) 61 24 22 (several lines)

Lucien Durand Ltd. cozioeax . Tran s
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IS A DETECTOR
WITH SUB NANOSECOND
RISE-TIME
OF VALUE TO YOU?

PHOTO CATHODE 100

’ —52.0$ - 1— ] ANODE
-—32.0¢—

2 SENSITIVITY (mAW)

——

\

TYPICAL RESPONSE \
CURVES \\
\

—
6.000 o
WAVELENGTH (A)

12,000

IF YES

Can you live with an S-1, S-5, S-13, S-20, or S-25 cathode?

IF YES

Will you pay $225 for it? Or $625 in a housing?

IF YES

Write, or call and talk to us about our fast rise time
phototubes and photomultiplier tubes.

IFNO

But you do need quality detectors such as Photomultipliers,
Vidicons, Silicon Detectors, InAs, InSb, and others ranging
in price from $1 to $6,000 send for our full catalog.

CALL OR WRITE FOR LITERATURE

HAMAMATSU

HAMAMATSU CORPORATION » 420 SOUTH AVENUE « MIDDLESEX, NEW JERSEY 08846 « PHONE: 201/469-6640
International Offices in Major Countries of Europe and Asia.

]

: D NAME

1 Quick, send complete

! information on the super speed TITLE PHONE

[ detector. COMPANY

: L] Not interested, but send the ADDRESS

! catalog anyway.

: talog anyway CITY STATE ZIP
]
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FLEXWELL® Transfer Lines
for Liquid Gases

@ vacuum insulated lines @ no continuous pumping
@ completeley assembled @ extremely low heat-inleak

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, itis

N
FLEXWELL® type N2 S consists of two corrugated flexible stainless steel

CqmpU|Slve r.eadlng f.OI‘ scnentlsts, englneers,_ ad- pipes. Installation work on site is minimized. Standard lines with four
ministrators, information media and buyers, Written differentinner diameters (14 mm —21 mm—30 mm —39 mm) are available.

. . . . ther t .
in simple language and published simultaneously Other types on request

in English and French it has become the natural

communication medium for particle physicists in kabelmetal

Europe, the USA, the Soviet Union, Japan—every-

where where the fundamental nature of matter is electro

studied. kabelmetal electro Gesellschaft mit beschrénkter Haftung

Postfach260 - D-3000 Hannover1 - Telefon (0511) 676-1

Published from CERN, Switzerland, it also has
correspondents in the Laboratories of Argonne,
Berkeley, Brookhaven, Cornell, Fermi, Los Alamos , @ A+D P,RODUCTS SA
and Stanford in the USA, Darmstadt, DESY and 2502 Bienne r. Albert Anker 23
Karlsruhe in Germany, Orsay and Saclay in France,

Frascati in Italy, Daresbury and Rutherford in the Tél.032 236312/235582  Télex. 34834 ADPRO
U.K., SIN in Switzerland, Dubna and Novosibirsk

inthe USSR, KEK in Japan, TRIUMF in Canada and CIM Modules

Peking in China.
A + D PRODUCTS manufactures currently CERN
Instruments Modules (CIM) and compatible

~ The annual expenditure on high energy physics POWERSUPPLIES for use with the CERN chassis
in Europe is about 1000 million Swiss francs. The system 8905

expenditure in the USA is about $ 300 million.
There is similar expenditure in the Soviet Union.

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

o el oo B
‘ VN

COU RIER. TABLE of available models
MODEL VOLTAGE RANGE CURRENT LIMIT SIZE
151/ 5V 2A 48..55v 2,1 A 3HXI1L
152/ 5V 5A 4,8...55V 525A 3Hx2L
153/ 5V 5A 4,8...55V 5,25A S5Hx2L
. 154/ 5V 10A 48...55V 10,5 A 5Hx2L
All enquiries to: 155/ 215V £1 A £12...217V £1,05A 3HXx2L
Advertising Manager 156/ £15V £1A $12...417V +1,05A 5Hx2L
157/ 24V 2A 23,8... 25V 2,1 A 3Hx2L

Micheline Falciola

CERN COURIER VIR < B25h Hilsthy
CH - 1211 GENEVA 23 Please contact us for additional information

Tel. (022) 834103 We also represent for Switzerland:

Telex 236 98 Delta Elektronika BV (NL)

Wallis Electronics Ltd (UK)
E/M Electronic Measurements Inc. (USA)

Cle
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Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistance.

Such parts can also be
manufactured in combination

with carbon fiber.

Stesalit AG

Kunststoffwerk

CH-4249 Zullwil SO

Telefon 061-8006 01

Telex 63182 03.001

winkelnkemper

ELEKTRONIK & MESSTECHNIK

HYBRID INTEGRATED CIRCUITS
for nuclear radiation spectrometry

A complete line of low power (10 to 40mW), medium-speed
(risetime 10 to 100ns) hybrid ICs is available:

® charge-sensitive amplifier,

® pulse amplifier,

® multiplexer,

® peak detector.
The gain-bandwidth product and power dissipation can be
tailored to meet a variety of particular applications, where
small size and low power consumption is a must: inside
vacuum chambers, on scientific missiles and spacecrafts,
in portable equipment.
The circuits are packed in 20-pin, hermetically sealed cera-
mic or metal flatpacks of 5/8” x 5/8" size, the temperature
range is —-55°C to 125°C.
MIL-STD 883 B processing is available.
Prices are between 800,— and 2000,— DM/piece, depen-
ding on type and qualification.

WINKELNKEMPER, Elektronik &
MeRtechnik

Dahlhauser Str. 38

D-4320 Hattingen

Tel.: 02324 83010
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Preclsmn-
Powe

Stability up to 10°%8h
up to150kV, upto20 000A, upto 600kW

Super-—filat—-

primary switched

Happinger Str.71
D-8200Rosenheim
Tel:08031/6 41 41
Telex:0525777

e
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High Gaind~70% SER

SINGLE

PHOTOELECTRONS?

New XP2262 facilitates multiplier noise discrimination

A complete range of fast 2’ PMTs fqr physics and industry
. number f pulse
T e B oh 0 ey
XP2262 : 12 2,0 3,0 | 0,50 0,70 250
XP2242B | 6 1,6 2,4 - 0,70 350
XP2020 12 1,5 2,4 0,25 | 0,25 ‘ 280
XP2230 12 1,6 2,7 0,35 | 0,60 ‘ 280
High sensitivity bialkali ,44 mm d:iameter éathode
XP2262 replaces XP2232. Other fast tubes:
3/4" PM1911 3" PM2312

*SER = Single Electron Resolution 1”

PM2082 5" XP2041

tr =anode pulse rise time fora
delta light pulse

tw = anode pulse duration FWHM
for a delta light pulse

Oy =transit time spread for single
electron mode

Atge = transit time difference
centre-edge

Philips Industries
Electronic Components and
Materials Division
Eindhoven, The Netherlands

We'’ve set the standard forover 20 years

Electronic
Components
and Materials

PHILIPS

&

PHILIPS



JMM Bursting Disc Systems

Integrity engineering with economy in mind

A complete range
e Conventional

e Reverse

e Graphite

Tested to
destruction at
pressure and
temperature

MY

Johnson Matthey Metals Limited

100 High Street, Southgate
LondonN14 6ET

Tel:01-8826111

Telex: 267711 IMHQG

Ll

Jwy ‘; .
/ / Johnson Matthey Metals Limited

100 High Street, Southgate
LondonN14 6ET
Tel:01-8826111

Telex: 267711 IMHQ G

Please send me your catalogue on JMM Bursting Disc Systems

Name
Position

Company

Address




CANVAC

Join the SEN "“"ACC USERS CLUB~”

OUR DYNAMIC SOFTWARE TEAM,

WHICH IS ALWAYS READY FOR CHALLENGING JOBS IN THE FIELDS OF :
- SYSTEM DESIGN

- APPLICATION SOFTWARE (SCIENTIFIC, MICROPROGRAMMING, ETC...)

announce the creation of a Users Club for the ACC family (2099, 2103, 2107
and the new SFP Super Fast Processor).

Among the Clubs many activities is a vast applications program library of
all that has been written thus far in this field. The programs are all
user-contributed programs and will be available to all ACC users for a
very nominal charge. The forthcoming catalogs will be up-dated regularly.

France: EG&G Instruments; Zone Silic 428; Tel. (1) 6872571 - Tix 202553F, F-34583 RUNGIS CEDEX - Germany : SEN
ELEKTRONIK GmbH;Brandstiicken 11; Tel. 041 802046 - Tix 2163705d, D-2000 HAMBURG 53 — DIDAS Digital System;
Radspielstrasse 8; Tel. 089916710 - TIx529167d - D-8000 MUNCHEN 81 - Switzerland : SEN ELECTRONIQUE SA; CP39;
Tel. (022) 442940 - TIx 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103; Tix 58257ch -
CH-8604 VOLKETSWIL — United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. 9328.66744 - GB -
KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

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




Advertisements in GERN COURIER

Format A4 Monthly publication
All advertisements are published in both English and French
editions. 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

/4 185x265 1550 1500 1450 1350
185x 130

/2 90 x 265 850 820 800 750

/a 90x 130 480 450 430 410

Supplement for:
— each additional colour 1450 SwF
— Covers:

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

1750 SwF
2250 SwF
1st of month of cover date:

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

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

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

These rates are effective for the year 1982.

Screen (offset)

All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
CH-1211 Geneva 23 Switzerland

Tel. (022) 8341 03 Telex2 36 98

ORGANISATION EUROPEENNE
‘ POUR LA RECHERCHE NUCLEAIRE
A\

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

MOVING?

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

Any enquiries regarding subscriptions
should be addressed to:

Monika WILSON
CERN COURIER/CERN
1211 Geneva 23 Switzerland

NMR
Magnetometer

for the precise measurement
of magnetic fields.

TR FOWER 21! i

An economical and easy to use
NMR Magnetometer for the accurate
measurement of magnetic fields.

With the Model 1000 you get these features:

o 11to 68 kGauss field range

7 digits display in Gauss

0.01 Gauss resolution

+ 10? absolute accuracy, =5 x 107 relativ
Automatic field tracking

Error voltage output for feedback control
Packaged in double-width NIM Module
BCD output

Accessories available include Probes, Multiplexer,
CAMAC Interface and NIM Module Display
Oscilloscope.

Please call or write for literature and pricing.

SENTEC S.A.
13, Avenue Ste-Clotilde, CH-1205 Geneva
Tel.: (022) 28 87 19 / Telex: 421 254 anec

In the USA and Canada:

ANAC Inc.
3200, Scott Blvd., Santa Clara, CA 95051
Tel: (408) 727-5221 | Telex: 172 108 anac snta

In Japan:

DAIEI MUSEN DENKI Co. Ltd.
10-10, 3 Chome, Soto Kanda, Chigoda-Ku, Tokyo
Tel: Tokyo 03-255-0931 / Telex: J 23923 daiei
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VACUUMSCHMELZE GMBH - Griiner Weg 37 - D-6450 Hanau - Tel.: (06181) 362-1
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NEW SOFTWARE-MINDED
SYSTEM CONCEPT

GENERAL: MEMORY MAFFED CaAMAC ACCESS
STRUCTURELD FOR TRUE NESTED INERRUFT HANDLING
RUNS ALL UNMODIFIED STANDARD DEC SOFTWARE
CAMAC DIAGNOSTICSs FORTRAN: BASIC» ASSEMEBLER
SINGLE INSTRUCTION DATA TRANSFER (16 RITS)

|

I

|

{

|

|

!

|

l

I

|

|

I

: FEATURES: USES ORIGINAL DEC LSI-11/2 DR LSI-11/23 CFU ROARDS
| HAS FULL AUXILIARY CONTROLLER RUS (ACE) LOGIC

| HAS Q-~RBUS CONNECTOR

I INCORFORATED ASYNCHRONOUS SERIAL LINE INTERFACE
l COMFLETE SYSTEM {(CFU»&64KRs20MAa CL)Y IN A 3 WIDTH UNIT
: INDIVIDUAL VECTORS FOR ALL LAM’S. Qs X» ETC.

| CAN ALSO HANDLE 24 RITS OF DATA

| HAS F CODE STORAGE FOR REFETITIVE USE

! HAS AUTOMATIC CAMAC N AND A SCANNER

' HARDIWARE Q-SCAN AND Q-REFEAT MODES

' CAN CONTROL SEVERAL CRATES

: CAN WORK WITH CAMAC SHORT CYCLE (IN IIMA)

| SFECIAL HARDWARE TO SIMFLIFY SOFTWARE

|
!
|
I
I
|
|
[
|
|

FACKAGES: WITH EXTENSION MEMORIES, FLOFFY DISC SYSTEMSs ETC,

BORER ELECTRONICS AG

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

LSI'T1ICAMAC

RADIAMETRE PORTATIF
PORTABLE RADIAMETER
DEBITMETRE X ET GAMMA A SEUILS D’'ALERTE

DOSE RATE INDICATOR FOR X AND GAMMA
RADIATIONS WITH ALARM THRESHOLDS.

G‘égiaz;m:'tsg B W gD
Geiger Muller compensé NOU\'

Autonomy : 1200 hours

RPI 1244

Autonomie : (1200 heures
en fonctionnement continu)

Measurement of dose rate for X
and y radiations

Mesure du débit de dose X ety

I Indicator with audible alarm
Indicateur sonore d'alerte

Manufactured by... Systéme CEA
Fabriqué par... CEA System
Nardeux Alarm thresholds{O,S -25-10-20m rad/h

Seuils d'alerte { 50 - 100 - 200 - 500 m rad/h

‘> nardeu x Siege Social : BP 109 - Z.I. La Vallée du Parc - 37600 LOCHES
Head-Quarters : Tél. (47) 59.32.32 - Télex : 750 808 F
Agence Commerciale ; Z.A. de Courtabceuf - Av. d'Islande EVOLIC 4 - 91940 LES ULIS
Commercial Branch : Tél. (6) 928.59.46 - Télex : 691 259 F

CERN Courier, December 1981 477



Now available!

3090
prou oyt QU
PROTAAWMER  NEGISTER REGHTER

with

Now you can realize all the advantages of
a cost-effective, compact LSI-11 micro-
computer system within a standard
CAMAC crate. Utilizing the powerful
LSI-11/23 processor as its central pro-
cessing unit, the 8033 CONCEPT is
composed of three major CAMAC
modules - a crate controller for the LSI-
11, a processor adapter unit, and a
peripheral adapter unit. This modular
system is easily expandable and incorpo-
rates standard off-the-shelf LSI-11 mod-
ules for both stand-alone and distributed
control.

The 8033 offers you a unique |/O-ad-
dressable crate controller concept where
four registers in the crate controller can
be mapped anywhere in the LSI-11’s 1/0
page. This concept eliminates address

* new DMA option X

the 8033 CONCEPT

CAMAC contra and LSI-11 powenr

B, W W Wy

M S M S

3 o140 150 150 17 18+ 19 SETEEC SRR gn )
R e B R ER M el
] =, T 7t

o°°,'-°-¢

restraints on the 1/O page and permits
your application software to take full
advantage of the LSI-11/23's speed.

& ok %
COMING SOON

Look for FASTBUS interface capa-
bility from Kinetic Systems with these
new FASTBUS products now under
development:

If transfer speed is important to your
application, your 8033 system can also
have all the power of DMA block
transfers as an option. DMA operating
modes include Q-Stop, Q-Repeat, and
Address Scan.

e Active Segment Extender -
Other 8033 features include: full LS/-11
bus compatibility e four strap-selectable
LSI-11/23 interrupt levels e real-time .
clock e support for multiple crates on a
single LSI-11 bus e field selection as
either main or auxiliary crate controller .
e software drivers and FORTRAN-call-
able subroutines available and supported
by Kinetic Systems.

e Segment Display Module

Register and Scaler Modules

e Test and Data Storage Modules
Data Filter and Processing Modules

Watch for more information.

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC121 * 3 Cheminde Tavernay * 1218 Geneva, Switzerland * Tel. (022) 984445 + Telex 289622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, lllinois 60441 * Tel. 815838 0005 * TWX 910 638 2831



furthér“Surface 'barrier‘ detectors a new step :
‘passivated ion implanted silicon junction detectors

Reverse current 50 to 100 times lower
than for surface barrier detectors
therefore optimali resolutions for
charged particles.

X rays spectroscopy at room
temperature.

Design adapted to any needs : from
mosaic assemblies with a minimum
dead region down to strip detectors.
Partially or totally depleted detectors,
heavy ions detectors, X rays detectors,
position sensitive detectors, strip
detectors.

A complete range available.

ENERTEC
Schlumberger

ENERTEC
NUCLEAR INSTRUMENTATION BRANCH
1, Parc des Tanneries
67380 LINGOLSHEIM (France)
TEL : (88) 78.57.10. Télex : 890177F

ESAP0010 PPCM
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Diffusion pumps have an uiiending need for
liquid nitrogen. And LN,’s not inexpensive
these days! The new DISPLEX Refrigerated

. Cold Trap can quench that thirst forever.

The DISPLEX unit shown here is saving the
Cornell Chemistry Facility For Laser
Spectroscopy at least 350 liters weekly in
LN, consumption.*

It’s a simple system, comprising a reliable
DISPLEX closed-cycle cryocooler with
water-trapping panels, packaged in a ‘
compact spool assembly. It can replace your
LN, guzzler in minutes!

® No more boil-off losses

® No more messy (and tricky) fills and spills
®.No more consummables. A dime’s worth
of electricity an hour powers it.

Payback? With steady use, a DISPLEX Cold
Trap can pay for itself in as little as six
months. Send for details.

*Cornell had been using more than 50 liters a day in
maintaining continuous vacuum on this multiphoton
ionization source mass spectrometer used for studies
of photofragmentation dynamics.

Air Products and Chemicals, Inc.

1919 Vultee Street, Allentown, PA 18103
(215) 481-8355 ® Telex: 84-7416
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