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Lift-off for STELLA

After an ill-fated first attempt last
September when the launch rocket
had to be destroyed soon after blast-
off, the successful launching on 8 May
from Cape Kennedy, Florida, of the
European Space Agency’s new Orbital
Test Satellite (OTS) marks the begin-
ning of an important new data com-
munications project. The project (first
mentioned in the September 1977 is-
sue, page 292) involves European high
energy physics Laboratories. For the
first time, it will test the techniques in-
volved in moving data accurately over
large distances at very high speeds.
The experience which it will provide
could have a significant impact on
working methods for high energy
physics and for other mass-producers
of data in Europe.

Called STELLA — Satellite Trans-
mission Experiment Linking LAbora-
tories — the new project is a col-
laboration between the European
Space Agency (ESA), the European
Economic Community (EEC), CERN,
Rutherford Laboratory in the UK, DESY
in Germany, Saclay in France and Pisa
in ltaly, together with the Post and
Telegraph (PTT) authorities in the
respective countries. It is receiving
financial support from ESA, the EEC
and the national PTTs.

The project has been promoted and
coordinated at CERN by Mervyn Hine.
Ifit succeeds, it will ensure that Europe
is not left behind in this technology
which has already been supported by
considerable investment in the USA.
The participation of the national PTTs
in the project means that the benefits
should be quickly realized in general
communication systems.

The objectives of the exercise are
manyfold. ESA can explore the poten-
tial of satellites for multipoint high
speed data links. The EEC can gain
valuable experience for the develop-
ment of European data transmission
projects. The participating Labora-
tories can evaluate the use of such
links to improve the operation and

management of high energy physics
experiments.

In the project itself, ESA is providing
the communications satellite and ex-
pertise in the design of ground trans-
mitting and receiving stations at the
participating Laboratories. The EEC is
contributing funds mainly for the
ground station and other equipment at
CERN, while the national authorities
are providing equipment for their
respective participating Laboratories.

Lift-off from Cape Kennedy. On 1 May, a
modified Thor-Delta rocket launched the new
European communications satellite OTS-2,
which will be used in experiments on high-
speed data transmission between Laboratories.

{Photo US International Communication
Agency)

The increasing size and scope of
high energy physics experiments
together with the increase in man-
power required for each experiment
and the growing sophistication of ex-
perimental techniques, have added to
the difficulties of planning and manag-
ing the research. At CERN, additional
complications arise because of the ex-
tent of international collaboration,
where the accumulated data has to be
shared out between physicists whose
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home institutes are often hundreds of
miles apart in different countries.

The bulk of the experimental data at
present has to be sent to scientists’
home Institutes by mail or by courier
for processing and analysis on their
home computers (possibly after copy-
ing to allow full sharing of data
between participants). On the other
hand, the necessary rapid analysis of
small data samples to check the
progress of the experiment can, today,
only be done at the accelerator
Laboratory, whose computers are not
necessarily compatible with those at
the home Institutes.

The extra costs in using and
programming computers at the central
Laboratory as well as those at home
Institutes, together with the delays
resulting from this primitive form of
data ‘communications’ add to the
overhead of experiments in terms of
time, manpower and money. The hope
is that they could be reduced signi-
ficantly using high speed communica-
tions by satellite, once the necessary
techniques and expertise have been
developed and perfected.

The aim is to be able to transmit
data from CERN to the distant com-
puter centres at speeds comparable to
the processing speeds of the com-
puters {about 10 Megabits per second)
and at extremely low error rates. In this
way the power of the home computers
is added to those at CERN and the
home Institutes have a degree of
remote control over the running of an
experiment. Satellite communications
also offer the possibility of sending
data to several receiving stations
simultaneously at no extra cost and of
allowing interconnection between
pairs of stations.

However, this is still a relatively un-
explored field and one major objective
of the STELLA project is to evaluate
the potential of existing equipment us-
ing the 11-14 GHz frequency band.

Once the necessary techniques have
been perfected, the full implications of
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the scheme can be assessed. Many

factors in the management of experi-

ments could be influenced, including:

— the design and cost of data han-
dling systems for experiments

— the requirement for computing
power and computer expertise at
the accelerator Laboratory where
the experiments are carried out

— the balance of manpower between
the accelerator Laboratory and
scientists’ home Institutes

— the sharing of computer resources
between Institutes

— the general efficiency of large-
scale collaboration in a big experi-
ment.

After operational tests of the OTS
satellite, 1979 should see the installa-
tion of earth transmitting and receiv-
ing stations at the participating
Laboratories and the first satellite links
established. Regular operation of the
scheme would eome later, in 1980-
1981. Only then could final conclu-
sions be drawn as to the value and
potential of these far-sighted new
communications schemes.

Parity

Although confirmation has yet to come
from other Laboratories working on
the same problem, experiments at
Novosibirsk seem to have detected a
tiny atomic physics effect due to the
neutral weak current interaction
between nuclei and orbital electrons.
Its observed magnitude agrees with
the standard theery.

The effect measured at Novosibirsk
is due to the parity-violating com-
ponent of the neutral weak current,
and, as well as being the first evidence
of the neutral current outside of experi-
ments at accelerators, is also the first
sign of parity violation in neutral cur-
rent interactions. That this observed
parity violation is as predicted by the
theory is a great success for the
standard ‘Weinberg-Salam’ model of
weak and electromagnetic interac-
tions, as well as being a tribute to the
ingenuity of the Novosibirsk experi-
menters in carrying out such delicate
measurements.

Parity violation — the non-
existence of a universal right-left sym-
metry — has been seen in charged

current interactions for some 25 years
and the theory says that a similar right-
left asymmetry should also show up in
neutral current interactions. In the
absence of experimental evidence for
such parity violation, many theorists
tinkered with the original model to
produce a framework which required a
smaller level of parity violation in
neutral current interactions. However,
this can usually only be done at the ex-
pense of introducing extra parameters;;
a theory with a minimum of input in the
form of unknown parameters is always
more attractive.

The Novosibirsk experimenters
looked at the rotation of the direction
of polarization of light passing through
bismuth vapour. Similar experiments
have been carried out at the Univer-
sities of Oxford and Washington (see
May 1977 issue, page 156) but, so far,
have not detected comparable levels
of parity violation.



violation and neutral currents

The idea of these experiments is that
in a heavy atom like bismuth, atomic
electrons can be close enough to the
nucleus to be affected by the weak
neutral current. Any parity-violating
component in this interaction would
affect the polarization of a beam of
laser light passed through the bismuth
vapour.

One big problem has been that dif-
ficult calculations are required to quan-
tify the effect of nuclear mechanisms

on the orbital electrons. The results of”

these calculations, which include com-
plicated screening effects, have been
constantly on the move, making it dif-
ficult to draw definite conclusions.
However, the detected rotation of the
plane of polarization in the Soviet ex-
periment averages about 7 x 1078 ra-
dians, which agrees with the predic-
tions of the Weinberg-Salam model to
within 25 per cent. This microscopic
angle of rotation is roughly equivalent
to the width of a needle seen from five
miles away !

This agreement is good news for the
Weinberg-Salam model but it is not
the end of the story. Other Laboratories
are still looking at this minute effect,
some using atoms whose structure is
much easier to handle than that of
bismuth. The problem is also being at-
tacked directly in electron-nucleus col-
lision experiments at SLAC. While the
atomic physicists strive to perfect both
their experimental techniques and
their calculations, it might require this
additional evidence from free particle
interactions at accelerators before the
situation can be resolved. The results
from SLAC are therefore eagerly
awaited. ¥

Until this problem of parity violation
in neutral current interactions is finally
resolved, the theory of weak inter-
actions is still on uncertain ground,
and progress is difficult.

From dream to reality,
almost ‘

Addressing the Nobel symposium at
Lerum, near Géteborg in Sweden in
1968, Abdus Salam spoke of the
‘dream’ of unifying weak and electro-
magnetic interactions in a single
theory. Apart from the aesthetic appeal
of having one single theory instead of
two separate ones, Salam pointed out
that there are a number of clues which
point towards such a unification. Both
weak and electromagnetic interactions
affect leptons and hadrons; both are
‘vector’ interactions involving ex-
change of quantities with unit spin and
negative parity; both have their own
universal coupling constant.

Salam was certainly not,the first to
dream of such a unification. Quite
apart from the attempts of Einstein and
other general relativists to achieve a
grand unification of all fields of force,
Enrico Fermi had proposed a synthesis
of weak and electromagnetic forces
back in 1934. By 1961, theoreticians
such as Sheldon Glashow were putting
forward detailed models. These came
to rely on ‘spontaneous symmetry
breaking’ in which degrees of freedom
are ‘frozen’ out of a theory in much the
same way as the formation of ice
crystals destroys the symmetry
properties of water.

There were two big obstacles in the
path of this unified theory. The first
was the embarrassing proliferation
of unwanted massless ‘Goldstone
bosons’ in such theories. The way
around this obstacle was provided by
the so-called ‘Higgs mechanism’ in
which gauge particles acquire mass
and can be identified with the in-
termediate bosons which bring about
the weak interactions. It was Weinberg
and Salam who, working independent-
ly, showed how this idea could be ex-
ploited to produce a unified theory of
weak and electromagnetic interactions

*At a press conference on June 10,

SLAC announced the observation of
parity violating effects in neutral
current interactions which agree with
the standard theory. More details in
the next issue.

which  was  hopefully free of
"unphysical’ particles.

The second big obstacle was the
lack of a method to handle calcula-
tions. The way around this obstacle
was provided by Gerard 't Hooft, who
demonstrated how calculations could
be handled in a consistent way. The
developmens of these theoretical
techniques has been described at
length in a previous article (see
September 1977 issue, page 271).

In the Weinberg-Salam formulation,
the neutrino and its appropriate lepton
{(electron or muon) are put together
into a doublet of ‘left-handed’ parti-
cles which appear to spin anti-
clockwise when viewed from behind
(the neutrino only exists as such a left-
handed particle), while the right-
handed component of the lepton re-
mains as a separate singlet. In this
way, leptons and neutrinos can be link-
ed together in a framework which
describes both their weak and
electromagnetic interactions.

One important consequence of this
synthesis is the neutral current of weak
interactions, which co-exists with the
more well-known charged current
responsible for beta decay and other
conventional weak interaction effects.
The discovery of this neutral current at
Gargamelle in 1973 provided impres-
sive evidence for the Weinberg-Salam
theory and since then further support-
ing evidence has accumulated stea-
dily.

However, the recent results from
Gargamelle on high energy electron-
neutrino scattering (see May issue,
page 151) indicate that leptonic weak
interactions do not behave according
to the basic set of Weinberg-Salam
rules. To explain the results, new
intermediate vector bosons and new
currents, could be introduced. Another
idea involves bringing in a new right-
handed lepton to join the right-handed
component of the electron forming
another doublet. Such a new right-
handed lepton would have to be heavy,
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otherwise it should have revealed itself
by now in experiments.

The charged and neutral interme-
diate vector bosons held to be respon-
sible for weak interactions are among
the experimental fruits expected from
the next generation of colliding beam
machines. However, even if these par-
ticles are found, the unified gauge
theory of weak and electromagnetic
interactions would still stand on uncer-
tain ground. The real proof would
come from the discovery of the Higgs
particle, or other similar mechanism,
which lies at the heart of the symmetry
breaking effects.

The finding of the upsilon luckily coincided with
the official visit at DESY of Bundesprésident
Walter Scheel. From left to right: Herwig
Schopper (Director of DESY), Walter Scheel,
Dieter Biallas 2nd Mayor of the City of
Hamburg, Gus Voss (member of the DESY
Directorate leading the PETRA project) touring
the Laboratory.

(Photo DESY)
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Around the Laboratories

DESY -
The upsilon at DORIS

As was briefly announced in the May
issue, upsilons have been seen at
DORIS. DESY physicist Tom Walsh fol-
lowed the developments and wrote the
following notes on how this important
result was achieved:

The DESY storage rings, DORIS,
started life as a double ring multibunch
electron-positron machine. Electrons
and positrons were segregated in dif-
ferent rings (one stacked on top of the
other) and collided at two points where
the beams crossed at a small vertical
angle. In this form, DORIS contributed
greatly to the exciting physics of the
past four years. It discovered char-
monium states and the strange and
charmed F* (2060) meson, and added
decisive evidence for the existence of
the new tau heavy lepton with a
precise determination of its mass. But

in this multibunch mode, the maximum
energy of DORIS was limited.

DORIS is now a single ring machine
with one bunch of electrons and one
bunch of positrons circulating in the
upper of the two vacuum chambers. In
this reincarnation DORIS saw the up-.
silon (9460) as a narrow resonance in
electron-positron. annihilation into
hadrons. The upsilon was seen by two
groups - one (a newly formed collabo-
ration of physicists from DESY / Dort-
mund / Heidelberg / Lund) using the
detector built by the original DASP col-
laboration and the other {the PLUTO col-
laboration) using the PLUTO detector.

The two groups established the
mass of the upsilon to be 9460 + 10
MeV and its width for decay into
electron-positron pairs to be 1.3+ 0.4
keV which is about one fourth of the
width for J/psi decay to electron-
positron pairs. This favours the view of
the upsilon as a bound state of a new
quark and antiquark of charge 1/3. In



The rate for particle production at different
centre-of-mass energies in the DORIS storage
ring at DESY, as seen by the two detectors
DASP and PLUTO. The enhancement at the
upsilon mass is found exactly at the same
position by both groups. The absolute height of
the curves comes from the detector geometry
and the event selection criteria.
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addition, the PLUTO collaboration has
convincing evidence at these energies
that the hadronic final state in one
photon, electron-positron annihilation
off resonance consists predominantly
of two back-to-back jets.

The decision to convert DORIS to
single ring operation was made about
a year ago when upsilon was found in
proton-nucleon collisions. The conver-
sion was not easy since at the
maximum energy, DORIS’ magnets
are 10% into saturation and non-
linearities have to be taken into ac-
count. Even now, each filling (every 2
to 3 hours) requires the magnets to be
run through a full hysteresis loop {up to
b GeV, down to 500 MeV and then up
to injection energy). The injection ‘win-
dow’ is small at high energy, requiring
carefully coordinated efforts of the
DORIS and the DESY synchrotron
groups. A small undetected drift of
some component can still cause an oc-
casional failed injection.

Providence allowed the chromati-
city of the machine to be controlled by
the old sextupoles and another piece of
good fortune was the availability of
PETRA r.f. cavities (6 now, 8 after
June). Without these, operation at up-
silon energies would not have been
possible. A new feedback system was
built to damp coherent beam oscilla-
tions and works well. After learning
how to improve control of the closed
orbit distortions, stable running condi-
tions at 9.2 GeV centre of mass energy
were attained for experimental shifts
on 10 April. This was the date
promised months earlier by the
machine group led by D. Degéle.

The -scan for upsilon began after a
period of running at 9.2 GeV and was
only briefly interrupted by minor
machine mishaps. On April 22-23
there was some evidence for a signal
at 9.41 GeV but it was a false alarm.
On the last week-end in April the DASP
2 and PLUTO collaborations found up-

silon (9460). To date about 200 nb™*
integrated luminosity has been col-
lected on resonance and the same
amount off resonance. This corre-
sponds to a sample of about 1500 to
2000 upsilon decays. For PLUTO in
particular, the upsilon sighting is an
achievement. As well as contending
with the new DORIS energies, PLUTO
was scheduled to be moved in May to
its new position in the PETRA electron-
positron colliding beam machine,
which is now nearing completion. The
search for upsilon at PLUTO was
therefore a race against time.

The two groups have submitted
their first publications and continue to
analyse data. PLUTO has now left
DORIS for PETRA (soon to follow as
the highest energy electron-positron
machine). The DASP 2 group con-
tinues together with a new group
(DESY / Heidelberg / Munich /
Erlangen) in the old PLUTO zone.
Hopes are high that DORIS can be
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coaxed over 5 GeV to reach upsilon
prime. The attempt begins in July.

Much excitement surrounds the ex-
perimental study of upsilon decay. The
new colour gauge theories of the
strong interactions imply decays into
three gluons (elementary vector gauge
quanta). If these gluons evolve into jets
as do quarks, a fraction of upsilon
decays should involve three jets. (Two
of the three jets are sometimes ex-
pected to be close in angle, giving an
apparent two jet structure.) If three jets
are seen and if angular distributions
support the spin one assignment for
the gluons, these would be established
as elementary constituents on the
same level as the quarks. If the three
jet search is inconclusive, it can be
repeated at the next quark-antiquark
bound state confidently expected at
PETRA.

SIN
New injector cyclotron
approved

Construction of a new injector
cyclotron for SIN received final ap-
proval by the Swiss Parliament on 28
February. This new machine, which
has been under study since 1972, will
provide at least 1 mA of protons for in-
jection into the main ring accelerator
and is expected to be operational by
1982. It will be constructed by SIN.

The present accelerator system con-
sists of two isochronous cyclotrons. A
small Philips accelerator is normally
used for nine weeks in every eleven as
injector for the main ring accelerator.
For the other two weeks it provides a
variety of beams for low energy
physics research in separate ex-
perimental areas and, during this time,
about 85 % of the financial investment
(namely the main ring cyclotron and all
the high energy beams and experimen-
tal equipment) cannot be used.
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Plan view of the new two stage injector (on the
left) to be built at SIN together with part of the
main experimental hall and accelerators. A
Cockcroft-Walton pre-accelerator feeds a 0.8
MeV beam line which crosses a sector magnet
3 m above the mid-plane of a new 72 MeV
infector ring cyclotron entering the centre of the
machine vertically. The new injector will be
installed in a separate building to be erected
north of the present experimental hall. The
extracted proton beam will partially use the
present beam line for infection into the 590
MeV Main Ring.
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Another consideration is that the for a new 72 MeV injector were es-
present injector cannot provide ex- tablished:average beam current about
tracted proton currents above 100 pA. 1 mA, energy spread below 150 keV,
The injéctor is designed as a multi- pulse repetition rate of 50.7 MHz,
particle machine and as such its pulse width of about 20° (r.f.) and axial
mechanical system is very complex. and radial beam quality of 2m mm
Maintenance and repair work in the mrad.
future will become extremely difficult The protons will be accelerated in
because of the activation levels two stages. The first is a d.c. ac-
generated by the beam losses during celerator of the Cockcroft-Walton type
extraction. with an energy of about 0.8 MeV. The

Over the last few years the ring ion source and the accelerating
machine has proved very reliable. It column are key elements in achieving
has also been found that, given a suf- high currents of good quality. In order
ficiently high quality injected beam, ex-  to study the general performance of
traction from the ring can be virtually these components, a development
complete (over 99 %). Therefore, with  programme has started with special
increased r.f. power and flat-top ac- emphasis on space charge effects. The
celeration, beam currents above 1 mA  second stage is an isochronous
could be used without inducing an in- cyclotron with the unique property of a
tolerable level of radioactivity. The large ratio of extraction energy to in-
theoretical limit of the ring is believed jection energy.
to be 2 to 4 mA. The new machine employs many

Starting from the 590 MeV ring re- ideas of the 590 MeV ring and is
quirements, the following design goals  similar in size. It consists of four



magnets with a magnetic field of 1 T
and an azimuthal width of 28°. The
weight of each magnet is approximate-
ly 180 t. The accelerating frequency is
50.7 MHz {as for the big machine) and
the harmonic number is 10.

The 0.8 MeV d.c. beam of protons
from the pre-accelerator is guided
towards the centre of the ring
cyclotron and injected on a quasi-
equilibrium orbit by a magnetic cone in
the gap of one sector magnet.

Two different r.f. systems with a
total of four resonators are used.
The acceleration is achieved by two
Delta-type half wavelength cavities
operating at peak voltages of 100 to
250 kV from injection to extraction
radius. Maximum energy gain per turn
varies from 400 keV to 1 MeV. Flat-
topping is achieved with two separate
cavities operating at 152 MHz situated
90° apart from the main cavities,
superimposing a third harmonic oscil-
lation on the fundamental accelerating
voltage. A turn separation of 2 cm at
extraction radius allows an extraction
efficiency of 100 %.

No sizable modification in the ex-
perimental hall will be needed for cur-
rents up to 400 to 500 pA but above
these intensities, the beam lines and
associated equipment will have to be
extensively modified. This is under
study and is closely connected with
considerations about setting up a spal-
lation neutron source at SIN. A discus-
sion meeting on this subject was held
on 14 April and a great deal of
enthusiasm for the idea was expressed
by solid state physicists, chemists and
biologists who would eventually use
such a facility.

Schematic diagram of the various stages in the
acceleration of polarized electrons in the Bonn
synchrotron. It is the first time such
acceleration has been achieved in a
synchrotron with electrons.

BONN
Acceleration of
polarized electrons

In the course of improvements to the
2.5 GeV electron synchrotron at Bonn
University, polarized electrons have
been accelerated. It is the first time
that this has ever been achieved in
an electron synchrotron. Previously,
polarized electrons have been moved
across resonances in the VEPP storage
rings in Novosibirsk but not ac-
celerated in a synchrotron.

The polarized electron source
developed at Bonn, is a pulsed source
with high intensity and repetition rate.
It employs the Fano effect on alkali of
rubidium — by ionizing unpolarized
alkali atoms with circularly polarized
light of the appropriate wavelength
(UV-region) photoelectrons can be
produced with a high level of polariza-

tion. A quadrupled Nd-YAG Ilaser
(1064 to 266 nm) with a repetition
rate of 50 Hz is used as an intense light
source and a quarter-wave plate con-
verts the polarization from linear to cir-
cular. This polarized light pulse in-
teracts with an array of rubidium
atomic beams to give 2 x 10°
electrons / pulse within a pulse length
of 20 ns and with a polarization of
65 %.

The extracted photoelectrons are
polarized longitudinally. Reversing the
sense of the circular polarization of the
light also reverses the longitudinal
polarization of the electrons. This is
done regularly by rotating the quarter-
wave plate (from pulse to pulse) in

order to avoid systematic asym-
metries.
After accelerating the extracted

electrons to 120 keV, the polarization
vector is rotated from longitudinal to
transverse by a Wien filter. A switch
magnet makes it possible to direct the

’ momentum vector

 potarization vector

I source
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electrons either to a Mott scattering
detector for polarization measure-
ments or to the linac for further ac-
celeration. The beam transport system
between the switch and the linac can
adjust the direction of the polarization
vector parallel to the guide field of the

synchrotron.
During acceleration in the syn-
chrotron the electrons may be

depolarized by two different resonance
effects. Depolarization occurs if the
Thomas frequency of the electrons is
an integer multiple of either the
cyclotron or betatron frequencies. In
the first case, the energies of the
respective resonances are multiples of
0.44 GeV independent of the machine
optics. The second type of depolariza-
tion resonances depends in energy on
the working point chosen. At Bonn one
energy for such a depolarization
resonance is 1.5 GeV. For the first test,
the synchrotron was run to 0.85 GeV
{above 0.44 GeV, just below 0.88 GeV
and well below 1.5 GeV). The
troublesome resonance energy could
be passed through quickly to limit the
decrease of the polarization.

The polarization of the ejected
electron beam is measured by ex-
ploiting the spin dependence of the
elastic’ electron-electron scattering
(Moller scattering). This process shows
a large asymmetry in the cross sec-
tions for polarizations of the projectile
electrons parallel and antiparallel to
the polarization of the target electrons.
The ejected electrons from the syn-
chrotron, which are transversely pola-
rized, become longitudinally polarized
by deflecting them in the plane of their
momentum and polarization vectors.
The polarized electron target is a
fragmentation foil of a special alloy
magnetized by an external field.

Due to a small target polarization
and to the fact that at this energy the
beam polarization vector is not rotated
completely into the longitudinal direc-
tion, the expected asymmetry of the
counting rates is only about 1.5%.
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Thus other sources of asymmetry have
to be carefully avoided ; the direction of
the beam polarization is reversed from
pulse to pulse, as mentioned previous-
ly.

The first test showed a considerable
polarization for the ejected electron
beam. The mean value for both direc-
tions of target polarization was (50 +
7)%. During the measurements, the
source delivered electrons with an
average polarization of (61 + 5)%.
Thus the level of polarization after ac-
celeration in the synchrotron was still
more than 80 % of the value before ac-
celeration. This proves that polarized
electrons can be accelerated in a syn-
chrotron while maintaining a high
degree of polarization.

It is hoped that further studies, in-
cluding those at higher energies, will

reveal ways of maximizing the
polarization of the accelerated
electrons.

CERN
Cooling in three
dimensions

For the near future, the most exciting
advance in the research facilities
available at CERN is likely to be the
proton-antiproton project which s
now at the stage of decision as regards
its definite parameters. The project will
make available colliding beams of
protons and antiprotons in the SPS
and ISR. It requires the accumulation
of intense beams of antiprotons to
achieve usable beam luminosities and
for this the stochastic cooling techni-
gue invented by Simon Van der Meeris
to be used.

In May there were further tests of
this technique in the ICE (Initial Cool-
ing Experiment) storage ring from
which we reported encouraging results
in the April issue, page 112. There had
been a worry, following some theo-
retical work at Novosibirsk, that reduc-

ing the beam cross-section by cooling
might give an increase in momentum
spread or vice versa. This worry was
removed in May when contraction of a
proton bunch was achieved in all
three dimensions simultaneously. The
resulting beam lifetime was 20 hours
(compared with about half an hour
without cooling) ,which is consistent
with the anticipated losses due to gas
scattering.

Three stochastic cooling systems
were operating — two of the type
used in the earlier work at the ISR and
one using a new ‘filter method’ in-
vented by Lars Thorndahl who was
also responsible for preparing the
equipment and the tests for stochastic
cooling.

There were several important
results. With a beam of 7 x 107
protons {which is a higher intensity
than is anticipated per injected bunch
of antiprotons in the cooling ring of the
final project) a cooling time ofonly 15 s
was observed. In addition, an increase
in momentum density by a factor of 20
was achieved.

Perhaps most satisfying of all is that
the results are in excellent agreement
with the theory of stochastic cooling as
refined particularly by Frank Sacherer.
This gives confidence in the predicted
performance of the cooling ring for the
proton-antiproton project.

Tests of electron cooling in ICE are
being prepared by Frank Krienen and
his group. For this equipment was
moved into the hall where the ICE
storage ring is installed early in June
and tests in the ring itself start in the
summer.

Helium (and other) ions
for nuclear research

By changing its radiofrequency range,
the CERN synchro-cyclotron (SC) can
now provide 900 MeV helium-3 ionsin
addition to the standard 600 MeV
protons. This extends considerably the



Design work to adapt the 600 MeV synchro-
cyclotron (SC) at CERN for use with 900 MeV
helium ions was helped by this fifth-scale
model. To handle the helium ions, the r.f. range
covered by the real machine is shifted from 30-
17 MHz (150-85 MHz with the model) used for
protons to 20-14 MHz (100-70 MHz with the
model). This is accomplished by using an
additional length of transmission line, seen here
between the rotating capacitor (left) and the
dee electrode (right). With the SC model is
Reinhold Hohbach of the SC r.f. group.

{Photo CERN 236.5.78)

physics potential of both the SC and its
ISOLDE on-line isotope separator.

Despite being the oldest machine on
the CERN site, the SC, which began
operation in 1957, continues to be a
major research tool for nuclear
physicists and the availability of new
ion beams will ensure that it maintains
this position.

The main motivation for the new
helium-3 ion (*helion’) beam has come
from the ISOLDE collaboration, which
relies on ‘spallation’ reactions for the
production of exotic unstable nuclei. In
these reactions, the incident particle
probes deeply into a target nucleus
and releases many neutrons and
protons, thus transforming the target
into a highly unstable isotope.

Only a small fraction of all reactions
transfer enough energy for deep spal-
lation, so these reactions are relatively
rare. In addition, the residual nucleus
will normally be left in an excited state,
so that subsequently it rapidly loses

some of its interesting excess of
protons.

The hope is that a heavier composite
incident particle like a helion will, on
average, increase the amount of
energy deposited in each collision and
so boost the deep spallation yield. In
addition, the extra protons, which can
be transferred from the incoming ions
to the target nuclei will enable new
nuclear products to be manufactured.
Particularly interesting are tellurium
(atomic number 52) and thallium
{atomic number 81) which lie very near
the ‘'magic numbers’ of proton stability
at b0 and 82.

The interaction of helions with
nuclei is relatively unexplored and the
full potential of the new SC beam is as
yet unknown. However, preliminary
tests, when helions were accelerated
to 335 MeV using the old SC r.f.
system, showed that at these energies
some of the properties of the helions
were already comparable to those of

protons. This bodes well for the new
higher energy 900 MeV helion beam.

Besides investigating the general
form of the helion-nucleus interaction,
initial experiments using the new 800
MeV helion beam at the SC will also
study the production of pions and
kaons in nucleus-nucleus interactions.
In these «&oherent interactions of
nuclei, the thresholds for meson
production are lower than with free
nucleons.

A Cagliari / Strasbourg / Torino col-
laboration (unofficially burdened by
the name ‘Castrato’) will investigate
pion production in nucleus-nucleus
collisions in a pilot experiment which
could open up a whole new field of
nuclear study.

To accelerate the helions in the SC,
an additional 120 cm of transmission
line had to be inserted between the
machine’s rotating capacitor and the
dee electrode. This shifts the r.f. range
from 30-17 MHz for work with protons
to 20-14 MHz for helions with their
lower charge to mass ratio.

The same machine conditions which
produce a 3 pA 600 MeV proton beam
provide 1 pA of 900 MeV helions.
Apart from the additional transmission
line, the only other change required is
the exchange of one gas bottle for
another in the ion source. The
change-over from protons to helions
takes less than a day.

From this development with helions,
it is a logical step to still heavier ions.
For fully stripped ions, the provision of
a suitable ion source in the existing SC
configuration becomes a problem.
Fortunately, with the present type of
source {a Penning lon Gauge), a
number of partially stripped ions can
be produced. Attention at CERN is now
turning to carbon atoms stripped of
four electrons (12C47),

To handle these particles, the r.f.
system has to cover an even lower and
smaller range (11-8 MHz). Itis planned
to achieve this again by increasing the
effective length of the transmission
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An interaction ‘star’ produced in emulsion by an
incoming high energy photon seen by a
collaboration working at the Omega
spectrometer at CERN. The candidate charmed
particle track, decaying into a trident of
secondary particles is arrowed. It is only about
20 microns long, indicating a very short-lived
particle.

line of the dee. Investigations on an ex-
isting fifth scale model of the SC r.f.
system have shown that this can be
achieved economically by placing
another inner conductor inside the ex-
tension used for the work with helium
ions.

To supply a sufficient number of
ions, the arc current in the ion source
must be increased considerably and
this requires the development of a
cooled source chimney. Reducing the
vacuum level in the machine could also
pay dividends, as the electron con-
figuration of the partially stripped ions
is affected by collisions with residual
gas.

Already in the first physics runs with
the new helium beam, dramatic in-
creases were seen in the production
yields of some exotic nuclear states,
and physicists expect further in-
teresting results from this new lease of
life at the SC.

A Charmed Life

Candidate events from an experiment
at CERN looking for the decays of
charmed particles in nuclear emulsions
at the Omega spectrometer suggest
that the lifetime of charmed particles
could be smaller than expected. While
still requiring further confirmation, this
ties in with recent results from ‘beam
dump’ experiments at CERN.

The emulsion experiment is being
carried out by a Bologna / CERN /
Florence / Genova / Paris / Santander /
Valencia team working with another
collaboration using a high energy
photon beam at the Omega spectro-
meter in the West Area of the SPS.
These photons come from the secon-
dary electron beam produced from the
SPS protons and are ‘tagged’ to give
the energies of the individual photons.

A specially-built pneumatic loading
device places successive plates of
emulsion, 0.6 mm thick, in the path of
the photon beam and particles emerg-
ing from interactions in the emulsion
are detected by Omega. From this in-
formation, the Omega event recon-
struction program indicates the inter-
action vertices in the emulsion. The
regions of the emulsion plates around
the interaction vertices are then ex-
amined under a microscope to search
for signs of charmed particle produc-
tion.

Inarunin May 1977, 680 emuision
plates were exposed, and a total of
some 450 events were obtained in
which the photons produced hadrons
which correlated with the triggers in
Omega. This is the largest number of
matched events ever collected in a
single emulsion experiment.

Estimates, applying conventional
beta-decay formalism to the decay of a
charmed quark, give a lifetime for
charmed particles of some 1073 se-
conds. At SPS energies, this lifetime
corresponds to a particle track a few

trident
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hundred microns long, which should
show up in an emulsion. In the Omega
experiment, single tracks emanating
from interaction stars in the emulsion
are followed for a distance of up to
3 mm to search for any characteristic
charm decay.

In the 450 plates scanned so far, no
candidates for chgrm decay have been
found with paths longer than 20
microns, while candidates have been
found with decay paths of the order of
15 microns. If confirmed as charmed
particles, these would indicate that the
lifetime of charmed particles is in the
range of 107** to 107'%s, about an
order of magnitude smaller than the
theoretical estimate.

This brief lifetime ties in with the
results of neutrino beam dump experi-
ments carried out at CERN in the last
experimental period of 1977 (see
March issue, page 80), which un-
covered signs of short-lived secondary
particles decaying very quickly before
they are absorbed in the beam dump
material itself.

While these short-lived particles
showed charm-like behaviour, produc-
tion rates did not tally with previous
results on charm production in an early
experiment at Fermilab using 300 GeV
proton interactions in emulsion. The
fact that no charm decays were
observed in this Fermilab experiment
(involving a European collaboration)
gave an upper limit for charm produc-
tion which was subsequently used as a
yardstick. However searching for
charm decays in the complex interac-
tions of protons at 300 GeV, with high
multiplicities of secondary particles
produced at small angles, is no easy
business and short paths are difficult to
spot.

The photon-emulsion collaboration
at CERN has now exposed a new batch
of 4500 plates. If results from this new
run confirm the behaviour seen with
the initial candidates, it will give a new
yardstick to measure charm produc-
tion.



FERMILAB
Single prompt muons

In recent years, experiments studying
direct lepton production by hadrons
have had a major place in the Fermilab
experimental programme. Earlier ex-
periments found that prompt leptons
are produced copiously over a wide
range of kinematics: muons (or
electrons) are produced with about
0.01 % the rate of pions in high energy
hadron-hadron collisions.

The latest experiments have been
concerned with the mechanisms for
producing these leptons and they were
reviewed in the February issue 1977
under the title ‘Dileptomania’, since at
that time they consisted mainly of ex-
periments studying production of
electron and muon pairs. These experi-
ments led to the discovery of the up-

large muon-pair continuum at relative-
ly low invariant mass {Chicago /
Princeton group), and substantial
evidence that the bulk of the observed
direct lepton signal is accounted for by
production of electrons or muons in
pairs.

The sources vyielding pairs of
charged leptons are electromagnetic
decay and pair production. An impor-
tant question remains — when are
direct leptons produced weakly from
the semileptonic decays of short-lived
states such as charmed particles?
These weak decays would have the
characteristic signature of only a single
observed charged lepton emerging
from the interaction since the other
lepton is a neutrino.

The production mechanism for such
new heavy states is not well under-
stood theoretically and. predictions
vary widely. Also, a variety of charm
searches in hadronic collisions, using

A single muon emerging from the interaction at
Fermilab of a 400 GeV proton in the calorimeter
of experiment E 379 and traversing the 3.5

diameter muon spectrometer. Shown below

the calorimeter are the measured parameters
for this event and above the calorimeter are the
readings from the ‘thermometers’recording the
longitudinal distribution of the hadronic energy.

leptons, have indicated that the cross-
section might be small. A new experi-
ment at Fermilab, E379, has carried
out a direct measurement of what frac-
tion of direct muons are produced
singly. The experiment was done by a
Caltech / Stanford group under the
leadership of B. Barish and S. Wojcicki.

A 400+ GeV proton beam was
brought to the Caltech / Fermilab
neutrino apparatus and the protons in-
teracted in a highly-instrumented
target-calorimeter followed by a 3.5 m
diameter muon spectrometer. This
combination provided almost com-
plete solid angle acceptance for the
detection of muons. Data were taken in
two different kinematic regions, using
different  configurations of the
spectrometer — first, events were
recorded with a muon of transverse
momentum greater than about 8
GeV/c and, second, events were
recorded with a muon of lower

silon (Columbia / Fermilab / Stony other methods than the direct transverse momentum but of signifi-
Brook group), the observation of avery measurement of single prompt cant longitudinal momentum. The
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prompt muon signal was extracted by
varying the target density to determine
any contribution from decays of long-
lived particles (pions, kaons or
hyperons).

The first results have been an-
nounced. The experiment has pro-
duced convincing evidence for the
production of prompt single muons in
hadronic collisions. In the events hav-
ing no second muon, a comparison of
the average final-state energy (ob-
tained from the hadron calorimeter
plus the muon spectrometer) with the
known incident beam energy gives the
missing energy carried away by the un-
seen neutrino.

The results are complementary to,
and qualitatively agree with, those of
the CERN neutrino beam dump experi-
ment (see March issue, p. 80). Both
indicate a substantial cross-section for
charm production in hadronic colli-
sions. It is interesting to note that
for transverse momentum of about
1 GeV/c the single muon rate is
comparable to the muon-pair rate. This
region, where the largest signal has
been observed, is precisely the region
where M. Bourquin and J.-M. Gaillard
predicted a significant charm signal
several years ago.

Upsilon production

A unique magnetized solid iron muon
spectrometer at Fermilab has provided
an independent observation of upsilon
production. The spectrometer, oper-
ating in a high intensity proton beam
in the Meson Laboratory, was con-
structed and operated by a group from
Michigan / Northeastern / Seattle
(University of Washington) / Tufts. By
now the experiment has observed
more than three thousand upsilons.
The spectrometer consists of a
series of three solid iron magnets fol-
lowing a tungsten target. This provides
a very large acceptance for muon pairs,
covering essentially the forward
hemisphere in the centre-of-mass
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The di-muon mass distribution measured in the
Michigan | Northeastern / Seattle | Tufts
experiments at Fermilab where the upsilon
appears clearly.
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system, which permits measurements
of upsilon production over a wide
kinematic range. Typical mass resolu-
tion {one standard deviation) at the up-
silon is 6 %.

The spectrometer is able to handle
high beam intensities — in excess of
10" protons per beam pulse — and
through the efforts of the Meson
Department, the M2 beam has been

.specially modified to provide these in-

tensities. Principally by providing more
shielding, M2 can operate at beam
rates that exceed earlier operating
parameters by more than a hundred.

First data for the experiment was
taken in April 1977 and results from
that run already showed evidence for
the upsilon. Since then the beam rate
and the upsilon harvest increased
dramatically. Recent attention has
concentrated on the spectrum at
higher mass and a search for signalsin
the multi-muon (three or more)
spectrum.

Workshop
on channelling

Channelling of relativistic particles by
single crystals is an interesting con-
junction between high energy and
solid state physics. The interface be-
tween these two fields has long been
recognized as important in detector
systems but in channelling it is even
more direct and symbiotic. Exploration
of the status and prognosis of particle
channelling at high energies was the
subject of an Informal Workshop at
Fermilab on 7-8 April, co-sponsored by
the State University of New York at
Albany (SUNYA) and Fermilab.
Descriptions of experiments carried
out at CERN by the Aarhus /
Strasbourg / CERN collaboration and
at Fermilab by the Dubna / Fermilab /
Lehigh / SUNYA / UCLA collaboration
comprised the status, and contribu-
tions from Dubna, SLAC, Livermore,



Particle energy loss as measured in an oriented
single crystal of germanium at 250 GeV. The
positive particles lose much less energy in the
crystal when they travel along a crystal axis.

Yerevan, and Moscow supplied the
prognosis.

High energy channelling was
described in the September 1977 is-
sue, page 280. Briefly, a charged parti-
cle moving through a crystal at a small
angle to a row or plane of atoms, ex-
periences correlated deflections from
each atom that can add up to a gentle
steering of its trajectory away from the
row or plane (if the particle is positive)
or towards the row or plane (if the par-
ticle is negative). If the transverse
energy of the particle exceeds the
electrostatic potential of the crystal
structure, the particle is not so gently
steered away and the whole picture
breaks down.

This leads to the idea of a critical
transverse energy or {for a given parti-
cle energy) critical angle between the
row or plane direction and the particle
direction of motion. According to the
electrostatic model this angle depends
on the inverse square root of the parti-
cle momentum-velocity product.

Experiments have demonstrated
that the critical angle scales over the
energy range from 10 keV up to recent
250 GeV measurements at Fermilab.
Such tests of scaling are one reason for
studying high energy channelling.
Also, the stability of channelled parti-
cle trajectories is of central impor-
tance. This is, from the channelling
point of view, the main reason for do-
ing such measurements at very high
energies.

Destruction of channelling trajec-
tories, appropriately called dechannel-
ling, comes about by multiple scatter-
ing of particles from electrons or from
thermally displaced nuclei in the
crystal. This scales in angle as the in-
verse of the particle momentum-
velocity product ; hence, as the energy
increases, channelling should become
more stable. Dechannelling lengths (at
which half of a channelled beam is lost)
should increase from tens of microns
at a few MeV particle energy to tens of
centimetres at 250 GeV/c and the Fer-
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increased stability at high energies
may make it possible to see effects
that would otherwise be masked by
dechannelling and may also be impor-
tant for possible applications.

The energy loss of channelled parti-
cles was reviewed in some detail at the
Workshop.: Well-channelled positive
particles lose energy in the crystal less
rapidly than non-channelled particles
because they are confined to low den-
sity regions. These differences are easy
to measure if the crystal is itself a
semiconductor detector. Applications
for selection (or identification) of parti-
cles, which are well-channelled and
therefore have specific directions of
motion, are obvious.

At energies as high as 250 GeV/c,
density effects are expected to be im-
portant in the energy loss process.
These should effect non-channelled
and channelled particles differently so
quantitative analysis of the ratio of the
energy loss of channelled and non-
channelled particles may provide a
sensitive test of the theory.

One of the most interesting applica-
tions of channelling (actually of its
complementary effect involving parti-
cle emission from crystals called ‘par-
ticle blocking ), is the measurement of
short nuclear decay times. Decays
as short as one atto-second (107'8 s)
have been measured. For relativistic
particles it should be possible, in prin-
ciple, to go to even shorter times
because of the Lorenz contraction —

systematic survey of possibilities by
the Aarhus group shows the eta
lifetime to be a promising candidate for
measurement by this technique.

The newest, and perhaps the most
exciting, possibility from high energy
channelling involves  synchrotron
radiation from channelled particles.
Channelled particle trajectories oscil-
late with a short period and these
curved trajectories will result in syn-
chrotron radiation. The effective
bending radius can be very small
{about 2 cm for 100 GeV/c) and for
planar channelled particles the radia-
tion should be tightly collimated along
the particle direction, perhaps produc-
ing coherent interference between
successive oscillations.

It was generally concluded at the
Workshop that the radiation intensity
and frequency should scale as Y 32
There was lots of speculation as to
how this phenomenon can be used. No
measurements have yet been made of
channelled particle synchrotron radia-
tion but experiments are planned or
under way. Saclay and Livermore will
soon start measurements on positron
and electron beams up to about 40
MeV; SLAC, Dubna and Serpukhov
studies will go to higher energies.

There was discussion concerning
the possibilities of bending or cooling
beams using channelling but experts
very much discount these possibilities.
There is now some evidence that the
most probable angle of a distribution of
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particles moves towards the crystal
axis but that the net distribution
preserves phase space. This looks pos-
sible from channelling theory and is
not cooling in the accepted sense.

It isn’t yet possible to say with con-
viction what high energy channelling
has to offer either for solid state or for
high energy physics. The effect is,
however, well established up to the
highest available particle energies.
Thus far, only dislocation-free ger-
manium and silicon have been iden-
tified as being perfect enough to use
for such studies, since the extremely
small critical angles (about 40 micro
radians at 250 GeV/c) require nearly
perfect crystals.

The experimental challenges to con-
tinue and extend these studies are for-
midable but the promise makes such
efforts worthwhile. Perhaps one great
benefit is the stretching of minds that
accompanies the marriage of such dis-
parate disciplines.

TRIUMF
120 pA to Thermal
Neutron Facility

Last July we reported the delivery of a
114 pA proton beam to a temporary
beam stop at the TRIUMF cyclotron in
Canada. Between September and
December the high intensity proton
line was rebuilt and extended and the
permanent beam stop-cum-Thermal
Neutron Facility (TNF) was completed.
The new line received its first proton
beam (0.1 pA) on 10 January.

The intensity was gradually raised
over the next month while the perfor-
mance of the TNF and the spills along
the beam line were carefully monitor-
ed, culminating in a run of well over an
hour at 120 pA on 13/14 February.
The longest high intensity run before
the spring shutdown took place on 7/8
April when a 75 pA beam was
delivered for sixteen hours. For the mo-
ment, only a limited number of 100 pA
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The 180 kW beam stop and thermal neutron
facility at the TRIUMF cyclotron. 500 MeV
protons enter from the right and are stopped in
a cylindrical lead target (centre), surrounded by
a water/heavy water moderator and steel and
concrete shielding. Thermal neutron channels
at 60° and 120° radiate from points below the
target. Immediately upstream are target
mechanisms for producing isotopes and a
muon beam.

shifts are scheduled but their fre-
quency will be increased in pace with
improvements in remote handling
capability in the cyclotron and along
the beam lines.

The TNF is designed to produce
thermal neutron fluxes of 10'2to 103
neutrons per sq. cm per s forirradiation
and neutron beam experiments, the
nearest Canadian reactor providing
fluxes approaching this being 1900
kilometres away. The proton beam is
stopped in a lead target contained in
an evacuated stainless steel can,
which is surrounded by a moderator of
light and heavy water. The target is
designed to dissipate a maximum
beam power of 180 kW (400 pA at
450 MeV). At beam intensities above
25 pA of 500 MeV protons, an increas-
ing fraction of the total lead volume is
molten. The power is dissipated by
convection in the molten lead, by con-
duction through the can wall to the
moderator water and then by heat ex-
change to a cooling water supply. An

extensive array of interlocks, involving
temperatures, flow rates, and vacuum
readings, is part of the cyclotron safety
system to interrupt beam to the TNF
should parameters depart from the
nominal range.

During the high current test
temperatures in the lead, moderator
water and cooling circuits behaved as
had been predicted from heat transfer
experiments in 1977. On 10 March,
the target was withdrawn for inspec-
tion and there was no apparent
damage and negligible distortion of the
front wall, about which there had been
some concern. Radiation levels in the
TNF cave, outside the shielding, and
from the target and other components
during inspection, were all acceptable
and within predictions. The commis-
sioning tests provided the information
necessary to design the active gas ef-
fluent holding system. The system,
which is more elaborate than initially
envisaged because of the large quan-
tities of mercury isotopes that evolve



from the molten lead, will be installed
during the summer.

Alterations to the high intensity
proton line feeding the meson area
were undertaken for many reasons.
The first was to extend the line 20 m
beyond the thick pion production
target (T2) to the TNF; this section in-
cludes collimators and scrapers to in-
tercept protons multiply-scattered
through too large an angle at T2 (up to
25 % of the primary beam). The second
reason was to install a new thin target
(T1) for two new secondary lines — a
high resolution line (M11) collecting
forward pions at small angles and a
low energy line {M13) collecting pions
or muons emitted at a backward angle
of 135°. The third reason was to install
the front end of a new proton line
(BLIB) for polarized proton and other
low intensity proton experiments; this
line, along with M11 and M13 will be
completed later this year. Finally, the
opportunity was taken to radiation
harden the high intensity proton line

and improve its remote handling
capability; this process is now com-
plete downstream of T2.

For the cyclotron and the proton
area the autumn shutdown was limit-
ed to less than two months and the
remaining period, overlapping with the
meson area reconstruction, was
dedicated to polarized beam operation.
Highlights of the shutdown were r.f.
reliability improvements with more
cooling in the dee gap region, more
diagnostics, and upgrading of remote
handling in the cyclotron tank. In the
proton area, the beam stop on line 4A
and the 500 keV medium resolution
spectrometer (MRS) were completed
for fixed angle operation along the 100
nA bean line (4B).

During the seven week spring shut-
down work has continued on new lines
in the meson area and preparations
have been made for extending M9 with
an electrostatic separator as a muon
channel. The main emphasis, however,
has been on the cyclotron and the

proton area. In the cyclotron the items
installed included an improved align-
ment system for the resonators, a port
for 100-180 MeV beam extraction,
and a port and stripping mechanism for
extracting 65-100 MeV beams for
isotope production. In the proton area
the MRS spectrometer moving system
was installed, and the beam line 4B ex-
tended to a permanent beam stop out-
side the building.

Beam lines at the TRIUMF cyclotron. Those
drawn as full lines are already in existence and
those drawn as dashed lines are under
construction.
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A ‘minimal spanning tree’ of the reaction
ntp —> 0t ntp in the prism plot. The xy-plane
corresponds to a Dalitz plot, the z-axis is the
Van Hove longitudinal phase space angle. The
structure shows (from top to bottom) proton
diffraction dissociation, forward rho, AT
backward rho production.

and

NIJMEGEN
Analysis meeting

As a sequel to similar meetings held at
CERN in 1974 and 1976, a topical
meeting on Multidimensional Analysis
of High Energy Data was held in
Nijmegen from 8 - 11 March.

After a review of the previous
meeting by T. Ludlam (Yale), the
meeting started with presentations
of recent results on the application
of ‘non-parametric multidimensional
cluster searching’ techniques. The use
of information on shape and direction
in space was generally found impor-
tant for the separation of physical-
ly meaningful clusters. For these
methods, crucial support from display
techniques was demonstrated on short
films and on  the Nijmegen Vector-
General 3D display system.

Another topic of central interest was
the application of analytical methods
to multi-dimensional data. Results
were presented from Prism Plot, Chan-
nel Likelihood and Multichannel
Analyses. In particular, it was convin-
cingly shown that these techniques al-
low detection, isolation and study of
low cross-section channels and in-
terference effects usually hidden when
using conventional techniques.

Resulting models have to be tested
in multi-dimensional space as well.
J. Friedman (SLAC) made use of the
‘minimal spanning tree’ to show how
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two one-dimensional tests (Wald-
Wolfowitz test and Smirnov test) can
be elegantly generalized to more
dimensions.

The importance of multi-dimen-
sional analysis of inclusive data
was demonstrated by L. Van Hove
(CERN) in the framework of the

analysis of quark and gluon structure
of hadrons. In the closing lecture the
statistician J. Benzécri (Paris) con-
gratulated high energy physicists on

their techniques for handling multi-
dimensional problems and encouraged
continuing work on applications and
on perfection of the techniques.

The ring tunnel for the Berkeley/Stanford
electron-positron storage ring, PEP, being built
at SLAC is advancing steadily around its
circumference. This shows a ‘cut and fill’
section in regions 5, 6 and 7.

{Photo Dick Muffley)



Physics monitor

Heavy quark-antiquark bound states —
experiment and theory: the left-hand side
shows the observed spectra of psions and
upsilons (the psions labelled 13S, and 23S,
correspond to the J/psi and the psi prime). The
right-hand side gives the predictions of a non-
relativistic quark-antiquark potential which
behaves logarithmically. In this picture, the
level spacing between the ground state (1S)
and the first excited state (2S) is the same for
psions and upsilons.

Quarkonium quantum
mechanics

The discovery of the J/psi and upsilon
families of new particles has had a
revolutionary effect upon particle
physics. The rich array of states
observed with the psions and expected
with the upsilons has given rise to a
new spectroscopy. This has en-
couraged the hope that heavy quark-
antiquark systems might serve as a
‘hydrogen atom’ of hadron physics.

High energy physics is concerned
with the relativistic domain in which
particle creation and annihilation are
routine. However it has frequently
been possible to find restricted situa-
tions in which non-relativistic quantum
mechanics is useful. Some familiar il-
lustrations are the application of the
Weisskopf-Wigner formalism to the
mixing of short and long-lived kaons
and the meson classification scheme
based on the non-relativistic harmonic
oscillator model for quark-antiquark
states.

In scattering theory, non-relativistic
examples have been an important
source of inspiration for the relativistic
domain. Regge poles, on which the
phenomenological description of high
energy scattering is based, were
derived and understood in non-
relativistic theory and applied to the
relativistic problem by conjecture.
Similarly, the Glauber multiple scatter-
ing approach emerged from non-
relativistic theory and optics. With the
discovery of the psion and upsilon
families, theorists are turning again to
“non-relativistic gquantum mechanics
for inspiration and understanding.

Candidate gauge theories of the
strong interactions {(see November
1977 issue, page 380) suggest that
the force between quarks is weak at
short distances but becomes very
strong at large distances. This ‘ex-
plains’ the paradox where quarks ap-
pear to behave as quasi-free particles
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within hadrons but cannot be liberated
from the hadrons. On the basis of these
arguments it was conjectured that
heavy quarks would move non-
relativistically within hadrons. Thus
bound states of a heavy quark and anti-
quark should be a hadronic analogue of
the positronium system of a bound
eléctron and positron.

This so-called quarkonium system
might then be interpreted according to
the familiar rules of non-relativistic

quantum mechanics using a potential
to describe the inter-quark force. An
explicit form for this potential has not
yet been derived from the general
theory but forms for very short and
very long distances can be suggested.
At very small distances the potential is
expected to take a form like the
Coulomb force, corresponding to the
exchange of a single massless gluon.
At very large distances a linear confin-
ing potential seems to be appropriate.
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Looked at from the left, this diagram represents
the decay of a vector meson, V°, into an
electron and positron through an intermediate
photon (wavy line). The meson could be a psion,
an upsilon, or any other heavy vector (spin one,
negative parity) particle. Looked at from right to
left, the diagram shows the production of the
vector meson in an electron-positron collision,
via an intermediate photon.
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The first opportunity to test the ap-
plicability of atomic physics ideas to
hadrons came with the discovery in
1974 of the J/psi and psi prime which
are long-lived by strong interaction
standards. These particles could readi-
ly be interpreted as the first two levels
of a charm quark-antiquark system. A
natural starting point is to regard the
potential as a combination of the
Coulomb and linear forms, and then to
vary potential strengths and the
charmed quark mass to reproduce the
experimental results.

The masses of the psions are eigen-
values of the Schrédinger equation.
Another observable, the square of the
charmonium wave function at the
origin, is measured by the leptonic
decay widths of the spin one levels
where the quark and antiquark have
their spins pointing in the same direc-
tion. In the quarkonium picture, the
decay of a.vector (spin one, negative
parity) meson into a lepton pair is
described by the annihilation of the
quarks into a virtual photon, which
subsequently decays into the lepton
pair. The rate of the process is
governed by the probability for the
quarks to coincide, i.e. the square of
the charmonium wave function at zero
separation.

Having adjusted the potential to fit
the J/psi and psi prime positions and
leptonic widths, it can predict the posi-
tions of other levels and rates for
radiative transitions among levels,
along with other quantities. Many of
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the predicted levels have been found
with masses remarkably close to the
theoretical expectations. For those ac-
customed to a purely descriptive
hadron spectroscopy, this agreement
supported the non-relativistic potential
model approach. Inevitably, complica-
tions appeared in the form of
relativistic corrections, tensor forces,
and coupled-channel effects.

New opportunities arose with the
discovery of the upsilon family. If these
particles are a heavier quarkonium
family, the non-relativistic approxima-
tion should be more reliabie than for
the psions, because the new quark is
two or three times more massive than
the charmed quark. The comparison of
the psion and upsilon families should
provide an incisive probe of the poten-
tial.

An elementary way to make this
comparison is to exploit the variation in
behaviour due to different simple
potentials. So far, the only data to
which these considerations can now
be applied is the apparent equality of
the three lowest level spacings for the
psion and upsilon families. This dis-
agrees with the prediction of the most
popular charmonium potential, but is
reproduced instead by a logarithmic
potential, which has been adopted as a
simple form useful for making predic-
tions.

What lies ahead ? Theorists are busi-
ly refining potential models and
calculating the potential from the

presumed underlying field theory of
the strong interactions. Many useful
theorems can be proved and the use of
special techniques to reconstruct the
potential from the data is an appealing
dream. Experiment, of course, will be
the final arbiter of the value of the non-
relativistic approach. With work con-
tinuing on the ppsilon at Fermilab,
DESY and the ISR, and with the advent
of higher energy electron-positron col-
liding beams at PETRA, SLAC and
CESR, the best is yet to come.

This article is based on material sup-
plied by Chris Quigg.

Imps at large

The puzzle behind the success of the
quark model is the continued non-
appearance of any free quarks. The
classic way out of this dilemma is to
buy the idea of quark confinement and
to believe that the quarks are there but
somehow permanently trapped inside
hadrons. Another way out of the quark
dilemma has been suggested by Barry
McCoy and T.T. Wu, who say that in-
stead of being single particles of
definite mass, quarks (and possibly
other particles toc) could have indeter-
minate mass and other unconventional
properties.

In conventional field theory, the
‘propagator’  which describes the
simplest possible interaction between
two particles has in its mathematical
structure a point singularity (pole). This
pole is interpreted as a single particle
passing between the two external par-
ticles and the position of the pole de-
pends on the mass of the exchanged
particle. Such single particle poles are
the most convenient objects to handle
mathematically but there is no other
reason why they should be the only
singularities in the mathematical
description of the interaction.



McCoy and Wu suggest that line
singularities (branch cuts) could also
appear. These cuts can be looked at as
the limiting case where the mass
spacing of a whole series of single par-
ticle exchanges gets smaller and smal-
ler, so that they eventually fuse
together into a continuous spectrum.
Instead of having a series of single par-
ticle exchanges, each having a definite
mass, such a cut describes a particle
with a continuous mass distribution.
This is embodied in the name imp
(indeterminate mass particle) and the
idea is that quarks are imps.

For a series of very close energy
levels, the Uncertainty Principle says
that the corresponding spatial wave
functions must be broad. Looked at as
the. limiting case of closely-spaced
levels, an imp also has a broad wave
function and so is a large object.

However, it is unlikely that an imp
quark can be created directly in a high
energy collision as a large particle. The
most plausible idea is that quarks are
created as small particles but subse-
quently expand. If so, quarks would
only be able to ionize or excite an atom
for a short time and over a short dis-
tance, possibly smaller than a mil-
limetre, after which they would grow
too large and too diffuse to affect
atoms in the normal way. This could
explain the non-appearance of quarks
in flight in conventional detection
equipment.

Although imps would be difficult to
detect directly, an imp production
process still has to obey conventional
conservation laws of electric charge,
etc., so that a non-detected imp carry-
ing off electric charge would result in
conservation law problems with the
remaining observed particles. Such
non-conservation of charge could be
seen, in principle, in a bubble chamber
experiment using a ‘hard’ collision
process where the incident particle
probes deep inside the target nucleons
and unleashes quarks. Neutrino in-

teractions would be one possibility
{seé April issue, page 123).

Just to make things more difficult,
there is no reason why quarks should
be the only kind of imps at large in high
energy particle interactions. The
gluons acting between the quarks
could also be imps !

Rutherford Laboratory Director Godfrey
Stafford and former Director T. G Pickavance
together press the button at the official
closing ceremony of the Nimrod proton
synchrotron on 6 June.

{Photo Rutherford)

People and
things

End of an era

The 7 GeV proton synchrotron,
NIMROD, at the Rutherford Laboratory
closed down on 6 June. This, coupled
with the closure of NINA in April 1977,
brings to an end an era of home-based
research fgcilities for UK particle
physicists, who now rely on CERN for
their work.

NIMROD came into operation in
1963 and the research programme
began in February the following year.
The synchrotron has been successfully
operated during fifteen years,
providing about 60000 hours of beam
time for about 80 experiments.

There has been great variety in the
research programme which we hope
to report in a forthcoming issue of the
COURIER.

Some of the NIMROD components
are now to be incorporated into a lower
energy proton synchrotron to provide
intense neutron beams by spallation.
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The multiparticle spectrometer at the
Rutherford Laboratory finished its first
experiment before the closure of the 7 GeV
proton synchrotron, NIMROD. The
spectrometer is being prepared for shipment to
CERN for research at the 28 GeV PS.

{Photo Rutherford)
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These neutron beams will be used by a
new generation of research workers at
Rutherford Laboratory.

On People

Professor Touschek died on 25 May at
the age of 57. Bruno Touschek was
born in Vienna in 1921. In his early
career he studied at several Univer-
sities, including periods of time with A.
Sommerfeld and W. Heisenberg,
developing a lasting affection for
theoretical physics where most of his
research was done. His most signifi-
cant contribution, however, came in
accelerator physics, a field he came to
know particularly in the 1940s work-
ing with Rolf Wideroe. In 1952 he
moved to [taly, which remained his
home base until his death, with periods
at Varenna, Frascatiand Rome, becom-
ing inextricably linked with physics in
Italy.

It was at the Frascati Laboratory in
1960 that he was the first to see the
feasibility and the physics potential of
electron-positron storage rings, now
such a vital element of the high energy
physics armoury. He pushed the con-
struction of the first storage ring of this
type, ADA, which Frascati operated in
collaboration with Saclay, and directly
contributed to it which his own hands.

Bruno Touschek was a man of very
broad vision and deep insight in
science with a rare ability for synthesis
of knowledge from many fields. This
ability was also reflected in the fact
that he was an exceptionally good lec-
turer. All who met him came away
enriched and his death has taken an
important personality from science.

The fifth meeting of the USA-USSR Joint
Committee on Cooperation in the Peaceful
Uses of Atomic Energy took place in April. The
photograph shows Robert Thorne (left, USA
Acting Assistant Secretary for Energy
Technology) and A.M. Petrosyants (right, USSR
Chairman of the State Committee for the
Utilization of Atomic Energy) signing the
meeting record in Washington. The Soviet
visitors toured American nuclear and high
energy physics Laboratories.

(Photo DOE)



Edwin L. Goldwasser is to leave
Fermilab to take up un appointment as’'
Vice-Chancellor for Research and
Dean of the Graduate College at the
University of lllinois at Urbana-
‘Champaign as from 1 September. Ned
Goldwasser has been Deputy Director
at Fermilab since 1967 and has been
influential in USA high energy physics
policy for many years. He is currently
also Chairman of the [UPAP
Commission on Particles and Fields.
His broad knowledge of the physics
programme and his personal charm
will be sadly missed at Fermilab while
the Chancellor of Urbana, William
Gerberding welcomes a ’distinguished
scientist and humane scholar’.

We welcome Tu Tung-sheng to the list
of CERN COURIER correspondents. Tu
Tung-sheng heads the Theory
Department at the Institute of High
Energy Physics of the Academia Sinica
in Peking and his nomination as

2.

COURIER contact is a further sign of
the growing involvement of Chinese
scientists in the world of high energy
physics.

A Jubilee Conference was held at
Florida State University 6-7 April to
mark the fiftieth anniversary of
publication of the Dirac equation.
Gerard t'Hooft, Ken Wilson, J.J.
Sakurai, John Ellis and Yuval Ne’eman
spoke on ‘Current Trends in the Theory
of Fields” and Paul Dirac himself
discussed his theory on the time
variation of the gravitational constant.

A collection of papers covering
contemporary aspects of high energy
physics and related topics, under the
title ‘Physics from Friends’ has been
published, dedicated to Charles Peyrou
on the occasion of his sixtieth birthday.
Copies (470 pages at a cost of 100
Swiss francs) are available from Mrs. J.
Ruiz, CERN, CH-1211 Geneva 23,

1. Paul Dirac at a Conference to mark the 50th
anniversary of publication of the Dirac equation.
2. Ned Goldwasser who is leaving Fermilab to
become Vice-Chancellor at Urbana.

3. Charles Peyrou whose sixtieth birthday is
celebrated by a ‘Festschrift’.

3.

Switzerland and payment should be
made in advance directly to the
Société de Banque Suisse, Agence du
CERN, Account No. C7-754.676.5
‘Peyrou Festschrift”.

Many leading figures in the USA
accelerator world gathered in
Princeton on 18 May to mark the
retirement of Professor Milton G.
White. Milt White had a distinguished
career in accelerator physics. In 1954
he proposed (with Frank Shoemaker
and Gerard O'Neill) the building of the
fast cycling proton synchrotron which
became known as the PPA (Princeton
Pennsylvania Accelerator). The
machine operated from 1963 to 1972
with Professor White as Director of the
Laboratory. He remains active on the
high energy physics scene and is at
present Chairman of the Board of
Trustees of the Universities Research
Association which operates the
Fermilab.

219



Nice summery picture. A deer has joined the
famous buffalo herd on the Fermilab site.

(Photo Fermilab)

Accelerator Conference

The USA 1979 National Particle Ac-
celerator Conference will be held in
San Francisco from 12-14 March.
Further information can be obtained
from the Conference Chairman,
Richard Neal, at SLAC and abstracts
should be sert to the Program
Chairman, Dennis Keefe, at the
Lawrence Berkeley Laboratory, before
1 November.

Ten accelerator specialists from the Institute of
High Energy Physics, Peking have begun
several months of study at Fermilab. They are
photographed here with Lee Teng the
accelerator theorist from Fermilab (left to right)
— Wang Shu-hung, Mao Chen-lung, Pan Hui-
pao, Hsieh Chia-lin, Sui Ching-yi, Lee Teng,
Hsiao Yi-hsuan, Shen Pao-hua, Chen Sen-yu,
Hsu Chien-ming and Chung Hui.
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ISABELLE

at BROOKHAVEN

Beam Research
Facility -3

\_

. NATIONAL LABORATORY

Proton-Proton Colliding

We are a leading scientific research establishment with 3500
employees located in mid-Suffolk County, Long Island, on a
pleasant campus-like site of 5000 acres. Working conditions and
fringe benefits are excellent.

Please send two copies of resume and salary history to Building
185, referring to Position 10252:

bhnl
aul

ELECTRONIC DESIGN ENGINEERS

Minimum BSEE, with substantial experience in
one or more of the following areas: fast pulsed
high-voltage power supplies; high bandwidth
high current programmable power supplies;
power equipment for magnet systems.

MECHANICAL ENGINEERS

Minimum BME with experience in general
machine design and high precision
manufacturing processes. Knowledge of
cryogenic or vacuum technology desirable.

ENGINEER OR PHYSICIST

Ph.D. or equivalent. Requires solid experience
in low level rf phase, frequency and wave shape
feedback control using digital and analog
techniques. A knowledge or interest in beam
cavity interaction essential.

BROOKHAVEN
NATIONAL
LABORATORY

Associated Universities, Inc.

Upton, New York 19973 ‘
An Equal Opportunity M.F

Staff Physicist

The Experimental Facilities Department at
Stanford Linear Accelerator Center has an open-
ing for a Staff Physicist. The work will be a mix-
ture of experimental research and support func-
tions. The support functions could include
responsibility for design, installation and testing
of particle transport systems and planning and
design of new detector facilities. Opportunities for
elementary particle research exist at PEP, SPEAR
and in the linear program at SLAC. This is a per-
manent career position.

A Ph.D. and experience in elementary particle
physics experimentation, and familiarity with par-
ticle detection apparatus, data acquisition
systems, and data analysis are required.

Applicants should send a resume to:
Lewis Keller
c/o Employment Office, Bin 11
Stanford Linear Accelerator Center
P.O. Box 4349
Stanford, California 94305.

Equal Opportunity through Affirmative Action

Sill

Group Leader
of On-Line Computing

Applications are requested for the position of group
leader of the SIN on-line computing group. Applicants
should have several years of experience in the pro-
gramming of on-line computers in a scientific environ-
ment, and should preferably have experience with both
PDP-11 and Camac systems.

The applicant must also have proven leadership capabi-
lities.

The chief responsibility of the group leader will be to
direct the development and implementation of a flexible
physicist oriented software for use in on-line data collec-
tion and analysis. In addition he will be expected to
coordinate the support to the user groups, plan the long
range development of the SIN on-line system, and insure
that SIN keeps abreast of the latest developments in
on-line computing.

Applications should be sent to:

SIN, Swiss Institute for Nuclear Research, Personnel
Div., CH-5234 Villigen, Switzerland
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POSITION OPPORTUNITY POSITION OPPORTUNITY

RESEARCH SCIENTIST
IN PARTICLE PHYSICS RESEARCH ASSOCIATES

IN PARTICLE PHYSICS

The INSTITUTE OF PARTICLE PHYSICS OF
CANADA invites applications for Research

Scientist positions. Applicants should have The INSTITUTE OF PARTICLE PHYSICS OF
proven ability in Experimental Particle Physics. CANADA invites applications for Research
Initial appointments will be for three vyears Associate positions. Openings exist in the
followed by a review which, if favorable, will lead Canadian experimental particle physics groups
to a continuing career appointment. Initially located at Carleton, McGill, Ottawa, Toronto and
Research Scientists will be expected to join one York Universities. These groups are collaborating
of the existing I.P.P. collaborations at Fermilab in experiments at Fermilab and SLAC.
or SLAC but the opportunity to initiate new
experiments will also exist. Applications including curriculum vitae, tran-
Applications including curriculum vitee, tran- scripts and the names of 3 referees should be
scripts and the names of 3 referees should be sent to:
J.D. PRENTICE J.D. PRENTICE
Department of Physics Department of Physics
University of Toronto University of Toronto
Toronto, Ontario M5S 1A7 Toronto, Ontario M5S 1A7
Canada Canada

STATIONARY DIESEL GENERATING SET
FOR SALE

v‘ As part of the plan to renew and increase the power of its stand-by electricity generating plant,
CERN is closing down a complete 1500 HP generating set and replacing it by a larger power unit.

The set is of the stationary diesel-alternator type, designed to operate round the clock, and is in full working order. The
set will be available on the CERN-Meyrin site from 1st October 1978. A batch of spare parts is also for sale.

The main characteristics of the set are as follows: — Alternator : OERLIKON. Type SGD - 450 - 62.

: Star connection: 300 r.p.m., 230-400 V, 1810 A.
Exciter fitted to end of drive-shaft. Type E 3 - 30.
13.6 kW at 300 r.p.m. - 136 V, 100 A.

Weight of alternator: 7500 kg.

— Method of starting: automatic, by means of com-
pressed air cylinders, 35 bar compressor, all included

— Firstyear of operation: 1956.
— Number of hours of operation: 17 500.

— Diesel motor: SULZER, Type: 8 TF 36. in the equipment for sale, together with:
8 cylinders in line, producing 1520 HP at 300 r.p.m. — control console:
Two-stroke. Weight: 57 tonnes. — voltage regulation switchboard ;
— Fuel : DIESEL grade. — circuit diagrams and instruction manuals.

For further information please contact

CERN - Stores/Salvage Service, 1211 Geneva 23, Switzerland - Telex 23698 CH

or phone:

For commercial information: Mr. F. SPYSE - Tel. 022/832180
For technical information: Mr. P. CIRIANI - Tel. 022/834183 Mr. R. RAZUREL - Tel. 022/832177
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And has been
since the very
beginnings of
the radiation
protection
industry.

Today, with a growing ;
need for radiation protection
within rigorous industrial
safety standards, James Girdler is one of the few
manufacturers in the world with the skills to meet

the exact specifications of individual clients, including
the UKAEA.

JAMES GIRDLER & COLID.

SPECTALISTS IN SOLVING RADIATION PROBLEMS

Member of the Billiton Group
Upper Ordnance Whart, 458 Rotherhithe Street,
London SE16 1EG, United Kingdom.
Telephone 01-237 0048 A72P078

RF
ENGINEER

Brookhaven National Laboratory is seek-
ing an experienced electrical engineer (BS
or equivalent) to design, procure and com-
mission the high power rf systems (up to 0.5
MW, cw, 50 MHz) for the electron storage
rings/booster accelerator of the recently
funded NATIONAL SYNCHROTRON

LIGHT SOURCE project. Overseas candi-
dates will be considered.

Please respond with copies of your
resume including salary history to Building
185, referring to Position 10262K:

bl BEoousavEm
(Ul LABORATORY

Associated Universities, Inc.
Upton, Long Island, New York 11973
(USA)

An Egual Opportunity Employer M/F

MY

Produits pour la technique réacteurs

Notre programme de vente
comprend:

@® Appareils de laboratoire
Creusets, capsules et électrodes en
platine, rhodium, iridium, or et argent
Fours de laboratoire jusqu’a 1775°C
Appareils de diffusion pour la
fabrication d’hydrogéne ultrapur

® Terres rares -
Métaux, oxydes, sels, Ce, Dy, Er, Eu,
Gd, Ho, La, Lu, Nd, Pr, S¢, Sm, Tm, Tb,
Y, Yb

® Semis en platine, palladium,
rhodium, iridium, tantale, niobium,
tungsténe, molybdéne
en fil, baguette, anneau, feuillard
thermocouples, thermocouples
cryogénigues ainsi que
thermocouples a gaine métallique

® M 1000
Matériel de haute densité pour la
protection antirayons

® Produits pour usines chimiques
Catalyseurs sur base de platine,
palfadium et argent
Disques de rupture, supports et
supports a vide

@® Produits chimiques
Produits SPECPURE® et
PURATRONIC® de trés haute pureté
pour le laboratoire et I'analyse

® Brasures a l'argent et soudures
spéciales palladium, or, décapants,
« Brazepaste »

JOHNSON MATTHEY &
BRANDENBERGER AG

Glattalstrasse 18
8052 Zurich
Téléphone 01/514488
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Our recently introduced A150 power amplifier may B db d
be just right for your exacting needs of rf drive power. roa an
Covering the frequency range from 0.3-35 MHz with

50 dB gain the A150 produces 150 watts of linear f
Class A power. If distortion is unimportant the A150 r' = power' um
...by ENI
But.-.

will deliver up to 250 watts of CW and pulse power.
If your requirement is beyond the capability of the

A150 maybe another amplifier from our wide
catalogue would be more suitable. Here is just a brief
selection

Model 240L 20KHz-10MHz 40 Watts

Model 3100L 250KHz-105MHz 100 Watts

Model 440LA 150KHz-300MHz 35 Watts

Model 503L 2-510MHz 3 Watts

All ENI amplifiers are fully protected against load
mismatch and will deliver constant forward power
regardless of load impedance.

&

For more data contact your loeal
Representative or direct to ENI.

-
ENI ErMs:rzis o

3000 WINTON ROAD SOUTH 23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE
ROCHESTER, NEW YORK 14623 SG5 2JS ENGLAND
Tel.: 716-473-7330; Telex 97-8283 ENI ROC Tel.: {0462) 51711; Telex: 825153 ENI UK G

PRECISION COMPONENTS
FOR NUGLEAR RESEARGH & NUGLEAR POWER

BELLOWS EXPANSION JOINTS

VACUUM VESSELS
TOKAMAKS
BEAM TUBES
THIN-WALL FABRICATIONS
METAL SEALS
FLEXIBLE METALLIC HOSE
. riiniidll [ ANSFER LIVES
Totlj?/il.(Ef.(/);. TC?J?hgﬁeLXapbengli?; " dismantling facility — COUPLINGS
Protot\ggeui:::;&eactor,

Avica Equipment Ltd., Avica International

Mark Road, Hemel Hempstead, BP147 Principauté de Monaco

Hertfordshire. HP2 7DQ Telephone : (93) 30-09-39

Telephone : Hemel Hempstead 64711 Telex:469771 MC

GROUP OF COMPANIES Biilall JERICSEIZE
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3528
TEMPERATURE
MONITOR

Temperature
Monitoring RV

OUR 3525 16-channel Temperature

On Monitor module is an exciting new
development at KineticSystems. This
oL module provides the interface 1o

thermocouples without any external
ampilification or signal conditioning;
temperatures are read on the Dataway
in degrees Celsius or Fahrenheit.

comes to
CAMAC

Thermocouple linearization and alarm
limits are provided on all channels. An
on-board microprocessor controls the
scanning of the inputs, calculates the
temperature from the thermocouple
linearization equation, and compares
the current temperature to preset lim-
its. A LAM interrupt can be set when-
ever any temperature is out-of-limits.

Features of the 3525 Module

® On-board microprocessor control

® 16 channels of differential inputs
with guard per channel

® Readout via Dataway directly in
degrees Celsius or Fahrenheit

® Resolution of 0.1° C.

® Accuracy of +0.5° C. (excluding
thermocouple)

® Reference junction input with
optional on-board isothermal panel

Nowv
Available

| N a
16-channel
Nodule

for direct connection of thermo-
couples to module
® Range of-200°C. to +760°C. with

Type J thermocouple

® Optional linearization for various
thermocouple types

® Can be used as general-purpose low-
level monitor without linearization

® Upper and lower alarm limits for
each channel written and read from
Dataway

® | AM interrupt on out-of-limit
temperature

PR e T T T s
seseertevrseserdanioencsean

KineticSystems

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC68 + 6 Chemin de Tavernay = 1218 Geneva, Switzerland » Tel. (022) 98 44 45 « Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive * Lockport, Hinois 60441 = Tel.815838 0005 = TWX 910638 2831
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ORI

electric

The OKI DP-100 Line Printer
Designed to your advantage

Model DP 100
® 22 print wires
® 125 Imp (275 cps)

® 132 column/9 by 7 dot matrix
® Roll- or Fanfold Paper

® 1-Line Buffer
[ J
[ J

96 ASCII characters, true upper/lower case
Double characters width and height
standard

® 12-channel electronic VFU

® Standard Interface: Parallel (Centronics)

® Option: Serie V 24

Prix du modeéle
standard: Fr. 7100.—

(prix OEM sur demande!)

Demandez la documentation.
Nous vous conseillerons volontiers.

Telefon 057 546 55
Telex 54070

Bellikonerstrasse 218

% information 203 CH-8968 Mutschellen




Degussa &

The new Generation

of Platinum Measuring Resistors

Thin-film type
for even more applications

® Small size

® Shorterresponse
times

® Higher possible
ratings "

@® Extremely stable,
even at high
temperatures

® Highly
vibration-resistant

® Verysuitable
for surface
measurement

¥ Degussa (Schweiz) AG

Postfach 2050 - 8040 Zurich
Telefon 01-54 3900 - Telex 57946

Pt1000

RICO-Gouttiéres a cables
Chemins de cables

Eléments fabriqués en série, disponibles
de stock, préts a étre assemblés selon le principe
de la boite de construction, permettent

des gains de temps importants dans
I'établissement des plans, dans les

bureaux d’études, sur le chantier et a I'atelier.

RIETH & Co.

Fabrik fiir Eisenkonstruktionen Max Banninger AG
D-7312 Kirchheim-Teck 8050 Ziirich

Tel. (07021) 45051 Nansenstr.1

Telex 07267881 Tel.1/463642

S 6.‘9\\"%‘0\)\‘(6
\“0 \“G o
3

a second
prefabrication

plant :

after the plant in Montelimar FRANCE,

the plant in Olazagutia SPAIN

has become operational .

You can :

M |eave to us the installation of
500 t/menth of piping circuits

m be sure that the quality
requirements and delivery date

Qur 2 prefabrication plants
Assembly area

occa

DESIGN, SUPPLY, FABRICATION AND INSTAL-
LATION OF PIPING SYSTEMS FOR RESEARCH,
OFFSHORE OIL EXPLORATION AND REFINING
o CHEMICAL AND PETROCHEMICAL INDUS-
TRIES @ IRON & STEEL INDUSTRY @ NU-
CLEAR POWER STATIONS...

2000 People - 500 Licensed welders

Sté BOCCARD

© BP 6080 - 69604 Villeurbanne Cedex
FRANCE - Tél. (78)68 34 35 Télex 300426 F

@ Tervuerenlaan 42 - 1040 Brussel 4
BELGIQUE

@ Edificio Deusto - Avenida del Ejercito 3
Deusto - Bilbao 14 - ESPAGNE

@ Qlazagutia - (Navarra) - ESPAGNE
® Via Gozzi N° 5 - 10121 Torino - ITALIE
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GOT MULTIWIRE PROPORTIONAL CHAMBERS ?

Save the pain of designing your own read-out system!
Here is the off-the-shelf answer from the european semiconductor industry

MONOLITHIC INTEGRATED CIRCUITS

associated to a fast, compact and powerful CAMAC system

From your MWPC requirements you can choose among three highly modular systems. Look...

MWPC 2000 System

ECL 2-channel frontend (RBAI.C.)
8nstime slewing, 2 Xt0 20X

PMOS 8-channel logic. processor {(RBB I.C.)
—250 pV threshold {on 100 Qt0 250 Q)
Delay adj. from 250 ns to 600 ns

Dual monostable delay stacks

Double memory points

350 mW dissipation per channel

Size 170 x 225 x 40 mm

Bus oriented outputs

32-channel on chamber 2001 modules
Low cost: about 68 FF per channel
Already 30000 channelsinstalled at CERN

Do consult us for data sheets, application
reports, delivery time, prices or any
information you may need for your particular
application experiment.

MWPC 1000 System

8-channel modules based on FILAS I.C.
—3mV on 6kQ min. threshold

Delay adj. from 400 nsto 1.2us

200 mW dissipation per channel
Radiation resistant (up to 10%rad.)
Small size (63 x 56 x 10 mm)

Wire-OR able outputs (bus oriented)

On-chamber 1005 modules

Low, low, low cost : about 36 FF per channel

More than 100000 channels in use now or soon
at SACLAY, CERN, DESY, SIN, JAPAN!

MWPC 2100 System

Compacted version of MWPC 2000

8-channel 2101 on-chamber modules

2 mm wire-spacing compatible

Electronics housed in a 100 X 45 mm min.
section

Possibility of pulsed supplies

Wire-OR able outputs

B Low cost:about 60 FF per channel

Write or call:

E.F.C.LS.
85X, 38041 GRENOBLE CEDEX
(FRANCE) Tel.: (76) 974111

Telex: EFCIS 320 226 F
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Drills:

@® sheet metal up to 1.5mm +#
@ thin-walled piping

@® car body sheet

@ plastic sheet and tubing

For installing signalling devices, assembling instrument
panels, automatic installations, fitting aerials, laying
pipes and cables. For reaming out existing holes. For
deburring.

Indispensable for equipment assembly

Swiss and foreign patents

TIPSWITOOL "

Altkircherstrasse 30
P.O. Box - 4027 BALE/Switzerland - Tel. 061/396500

ANy O I
7 i’&’ Y oy

ANS 80 JAKRE
1948 >Bugnard 1978

Ch. de Montelly 46 . D .
<

AQUTILLRGE
WERKZEUGE

1000 Lausanne 20

>

PV

gnard

& {021) 267121
LAUSANNE
Télex: 25926

NUPRO Bellows Valves

solve the toughest fluid

containment problems

NUPRO Bellows Valves can handle corro-
sive, toxic, dangerous or expensive fluids or
high vacuum with a leak-tight integrity that's
available only with an all-metal bellows
seal to atmosphere. They operate
in a pressure range from vacuum

.to 2500 psi, and from cryogenic
temperatures to 1500°F.

You can choose hand, toggle,
micrometer or air actuation for on-
off, regulating or fine metering appli-
cations. Materials are brass,

316 stainless steel and Monel.

8%59\8\“ end connections from
1/4” to 12" and weld ends from 14"
to 1" are standard.

All models are available from
local stocks to meet your needs
quickly and exactly.

EEI\ILJF=I=!C3® §~L
B4 KONTRON AG L
E A\ ABTEILUNG PRAZISIONSARMATUREN

GH-8048 Ziirich - Bernerstrasse-Siid 169 - & 016292 62
D-8057 Eching h. Miinchen - Oskar-v.-Miller-Str.1- & (0 8165) 772 88
A-M140 Wien - Ameisgasse 49 - 2 94 56 46

©1977 MARKAD SERVICE CO./all rights reserved N-36

Patented

LT International Nicke!
S&W\‘km Crawtord Fitting Company
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GRENAILLAGE

PERSONNEL QUALIFIE
MATERIEL SPECIALISE
Siége : BP 647

57011 METZ (CEDEX)

6, RUE DE MERIC
TEL. (87) 30.37.64 +

13741 VITROLLES

Zone industrielle

1ére Rue - N° 18

Tél. (42) 89.06.75

R.C. Salon-de-Provence

68 B 30

Télex 420309

B.P. N° 8 - 13741 VITROLLES

ENTREPRISE GENERALE DE DECAPAGE
ET DE PEINTURE INDUSTRIELLE
REVETEMENTS SPECIAUX

,Z)v%d[zoaiﬂe

N. LOUIS et ses Fils
S.A. au Capital de 3000000 F

‘P.D.G.: Marc LOUIS
Trés grosses références en

OFFSHORE INSTALLATIONS PORTUAIRES
TERMINAUX, PIPE-LINES - GAZODUCS,
RAFFINAGE, PETROCHIMIE

Spécialiste des revétements spéciaux

Connaissance parfaite des produits de toutes marques

Service Etudes parfaitement rodé

Agences

57190 FLORANGE

AR |

43, Route de I'Etoile
B.P. N° 38

Tel. (87) 58.18.62
57190 FLORANGE

59640 PETITE-SYNTHE

prés Dunkerque Z.I.

Av. de la Gironde

Tél. (20) 66.28.20

R.C. Dunkerque 68 B 20
Télex 820944

44480 DONGES

prés St.-Nazaire

Tél. (40) 45.71.52

R.C. St.-Nazaire 65 B 17
B.P. N° 13

44480 DONGES

B.P. N° 38
69640 PETITE-SYNTHE

METALLISATION

GROSSES REFERENCES EN
FRANCE ET A L'ETRANGER

R.C. Metz 58 B 226
Télex 860280 Antiroui

78520 LIMAY

Z.l. Limay

Porcheville

8A, rue Fernand-Forest
Tél. 477.45.84

Télex 691749

R.C. Pontoise 73 B 607

¥EEEOaRs

M NiM signal
M 10inputs
M 6 outputs

B CAMAC
programming

M Differential
ECL signal

B 0inputs

M 6 outputs

B CAMAC
programming

M Twoindependent
logic units

M NiMsignal

B 4 inputs
W 4 outputs

B Manually
programmable

Common features of the modules:
M Outputs independently programmable
M Three aperation modes
overlap, strobed, strobed+shaped.
B Propagation ime independent from
the chosen logical combinations.




HEmzmeER

Precision
Power Supplies

Stability upto107¢ ; up to 300 kW ; up to 300 kV

for all applications

Magnets Microwave tubes

Superconductors Capacitor charging

Beam deflection Multipliers

Control and Measuring Techniques
Happinger Strasse 71

8200 Rosenheim

Tel. 08031 - 66397/66116
Telex 0525777 hemes d

HEmzmeER

M Meétareg

MONTAGE INDUSTRIEL
INSTALLATION
TRANSFERT
ENTRETIEN
LEVAGE

AGENCE:
13, chemin du Levant
01210 FERNEY-VOLTAIRE
Tél. (60) 4255 31

Siége social :
15, avenue Descartes
92350 LE PLESSIS-ROBINSON
Tél. 6302238 - Télex 250949 pirob

NOUVEAUTES

U AUMIAUX

L’emploi des microprocesseurs
128p., 80 fig., 110 FF.

0 BAJENESCO
Initiation a la fiabilité en électronique
120 p., 68 fig., 80 FF. Co-édition Masson s.a. Fribourg - Ch. A. Arm (Suisse)

(0 CARPENTIER

Bases modernes
3e édition révisée et complétée
304 p., 148 fig., 3pl. h.t., 120 FF.

O] CLAIR ]
Introduction a l'optique intégrée
Télécommunications optiques

104 p. avec fig., 96 FF.

(0 CLAVIER, NIQUIL, COFFINET. BEHR

Théorie et technique de la transmission des données
Tome 2 : Systémes de télé-informatique.

2e édition revue.

216 p., 168 fig., 120 FF.

Collection de I'Ecole nationale supérieure de technique avancée

Des mémes auteurs :

Théorie et technique de transmission des donriges.

Tome 1 : Notions fondamentales.

[0 CONDAMINES
Stéréophonie
Cours de relief sonore théorique et appliqué

320 p., 112 fig., 95 FF.
Collection technique et scientifique des télécommunications.

J BUI

Mécanique de la rupture fragile
232p., 70fig., 110 FF.

Ouvrage publié avec le concours du C.N.R,S.

(0 FRANCON
La granularité Laser (Speckle)

Applications en optique
144 p., 159 fig.;, 120 FF.

[J METZGER, VABRE

Electronique des impulsions

Tome 1: Circuits a éléments localisés.

288 p., 306 fig., 129 FF.

2e édition revue et corrigée

Les techniques de V'informatique publiées sous les auspices de la C.1.1.
Honeywell Bull.

Des mémes auteurs :

Electronique des impulsions.

Tome 2 : Les lignes de transmission. Circuits a éléments répartis.

[0 ROUBINE {sous la direction de)

Antennes

Tome 1 : Introduction générale par E. Roubine et J.-Ch. Bolomey.
216 p., 84 fig., 125 FF.

Tome 2 : Applications par S. Drabowitch et C. Ancona
248 p., 145 fig., 125 FF.

1 SCHUHMANN (coordonnée par)

Propriétés électriques des interfaces chargées
Ouvrage publié avec le concours du C.N.R.S.
332p., 122 fig., 120 FF. Prix au 15.06.78

DOCUMENTATION GRATUITE
[] Catalogue Electricité - Electronique
0 Bulletin Masson - Sciences

Pour toute commande ou demande de documentation, adressez-vous
a votre libraire ou retournez cette annonce cochée, accompagnée de
votre réglement s'il y a lieu, aux Editions Masson - 120, boulevard
Saint-Germain, 75280 Paris cedex 06.

MASSON Tl

PARIS /NEW YORK/BARCELONE/MILAN

81790 "uId)
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CONET

.

Un groupe de niveau européen

dans

Nettoyage industriel

la prestation de services

Nettoyage d'ateliers, bureaux, laboratoires, cliniques

Hygiéne, désinfection,
Manutentions

désinsectisation, dératisation

‘Office nouveau du nettoyage ONET

13008-MARSEILLE
75-PARIS

GENEVE
74-ANNECY
01-SAINT-GENIS

12 Dbis, boulevard Pébre

4 et 6, rue du Buisson - Saint-Louis - Xe

55/57, rue Prévost-Martin
6, avenue de Mandallaz
Route de Gex - zi BP 25

tél. (31) 762850
tél. (1) 6079484
tél. (022) 206848
tél. (60) 514641
tél. (60) 419133

Fournisseur du CERN 3 Genéve, du CEA a Marcoule, Pierrelatte, Cadarache,
La Hague, de I'ONU et de I'UIT a Geneve.

)

b 2= W 7 g g o s

WES-CAMAC-TEAM

represented in Switzerland by

WES CAMAC TEAM
KARL WEHRMANN  SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/241511 TLX 2163043
CAMAC-CRATES 200-500 W

@ CERN COMPATIBLE, PLUGABLE
POWER BOX

® PLUGABLE FANUNIT

® DISPLAY SHOWS: STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

@ CURRENT/VOLTAGE DISPLAY
@ SHORT CIRCUITPROTECTION
® COMPUTER MONITORING PLUG
® THREE 500 W-VERSIONS

For detailed technical and price information please contact WES and ask for catalog 9/76

@NBERRA-STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070

<

J
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SEN introduces a new standard
in multiwire and drift-chamber

high voltage power supplies...

HV 6500 —HV 6350

These SEN units have been specifically designed for all types of
chamber and incorporate far more comprehensive safety circuitry
than is normally found in general-purpose high voltage systems.

New standards in chamber safety :

% <30 V overshoot at full load
% < b msdynamic response time
% <1510 regulation

%k fast trip-off on error detection
%k dark current control

New standards in chamber monitoring :

sk multi-parameter control - voltage, load current and dark current,
l[imit voltage and limit current.

% high monitoring accuracy - << 0.2% on voltages, 2% resotution on
dark current.

With dual range operation -0-50 uA, 0-600 uA, positive and negative
6 KV operation, these supplies are ideal for both small and large
chambers.

Please contact our sales engineers for more details.

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71 - Tix 202553F, F - 94 - RUNGIS —~ Germany: SEN ELEKTRONIK GmbH;
Postfach 223; Tel. 04 103 62 82 - Tix 2189 548d, D - 2000 - WEDEL — DIDAS Digital Data System; Radspielstrasse 8;
Tel. 083 9167 10 - Tix 529 167d - D - 8000 MUENCHEN 81 — Switzerland: SEN ELECTRONIQUE SA.; CP 39;
Tel. (022) 442940 - Tix 23359ch -CH - 1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 94551 03;
Tix 58257ch - CH - 8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY. — OFFICES THROUGHOUT THE WORLD.
Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 31; Tel (022) 44 29 40 - TIx 23359¢ch - CH 1211 GENEVE 13. ELECTRONIQUE

N




CAMAC 50 OHM

Chantiers modernes
S.A. au capital de Fr. 30000000 f

Fischer electric connectors, 50 Ohm, for Camac serie 88, rue de Villiers

101 A004 (homologated by CERN-Geneva). These 92532 LFYALLOIS"PERR.ET - CEDEX
connectors show the same characteristics than all Téléphone: 757-31-40
the well known FISCHER-Connectors with selflocking. Télex: 610202

W W @Hg@HER Paris - Bordeaux - Vitrolles - Nantes - Le Havre

INGENIEUR-MORGES La Réunion - lereya!le - Pointe-a-Pitre

Pat. pend. Abldjan
Téiéphone (021) 77 37 11
CH - 1143 Apples Télex: 24259 fisch - ch

ACTIVE - PASSIVE ELECTRONIC COMPONENTS

8080 family
n NEC quality

Telex 68 636

Telefon 063/ 28 11 22

uPD 8080A uPB 8224 uPD 8253
uPD 8080AF uPB 8226 uPD 8255
uPB 8212 uPB 8228 uPD 8257
uPB 8214 uPB 8238 uPD 8259
uPB 8216 uPD 8251 uPD 372

4932 Lotzwil

.063/281122 TELEX 68 636
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These Multiscalers
“video-ize" your data

Two remarkably inexpensive LTl
Multi-scalers ofter: ag37aes
B1E62285
; ® Simultaneous live display on a 6PO8I73
: : . Video screen of 12 independent aB23747
@ @ 7-decade Scalers
B228829

aa17283

® Type 341- 100 MHz input resolution

3 2 8 sToE
@ o eEB3I443

® Type 342- 50 MHz input resolution 8522284
sgavzasgy

® One pre-settable counter

® Parallel printer Output

® System-independent
(double NiM-module)

4500 SOLOTHURN 2 SWITZERLAND
tel: 065/311131 telex: 34228

JANNEY MEETS THE DEMANDS OF THE
HIGH-ENERGY PHYSICS COMMUNITY

with Ultrahigh Purity, Ultrahigh Conductivity
Wrought Copper Components

Janney is the major source for ultrahigh-purity,
wrought copper components for linear
accelerators, vacuum tubes and cryogenic cable
used in high energy physics programs;
programs which have stringent

requirements for:

¢ Ultrahigh Conductivity * Shaped Wrought

(98-102% IACS) Geometries
¢ Excellent Brazing ¢ Experienced
Characteristics Metallurgical
Control

¢ Vacuum Integrity

Our engineering and production personnel
have contributed to every major high-energy
physics program since 1962.

These specialists are available to provide
metallurgical and design feasibility
consultation on request.

For further information or to discuss
vour particular requirements, write or phone:

JANNEY CYLINDER COMPANY

7401 State Road, Philadelphia, Pa. 19136 U.S.A.
Phone: (215) 624-6600 Telex: 834364 Janney Cyl. PHA.
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PUISSANCE HF
Type SMLH

— Modulable en AM et FM
— Gamme de fréquence 10 kHz... 40 MHz
— Résolution 1 Hz

— Excellente stabilité de fréquence
et pureté spectrale

— Niveau de sortie: 2 W

Représentation générale
et service
pour la Suisse

)\ ROSCHI

Défectuosité du roulement
a billes ?

Surveillance continue du roulement a billes avec
le systéme SPM 32 qui accentue la siireté en vue
d’une défaillance de I'équipement ou d'une

perturbation inattendue de la marche du travail.

Nous vous donnons volontiers de plus

amples renseignements :

Instrument

Roth + Co.AG

D Tel.073-5168 68

9244 Niederuzwil SG

Hersteller: SPM Instrument AB, Stridngnds, Sweden
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GENERATEUR DE

ROHDE&SCHWARZ

3000 Berne 31, P.O.B. 63
Télex 32137

Télécommunication SA Tsiephone 031 442711

Spécialiste des composants
pour le VIDE et TULTRAVIDE

basés sur les soudures verre-métal

verélec

vous propose

notre ‘
catalogue /

PASSAGES BASSE TENSION
connecteurs JAEGER 1,5 KV/5A

hublots

NIVEAU ZERO
STANDARD

En outre, notre activité ne se limite pas au
matériel préseaté ici, une équipe de techni-

] . tiens se tient & votre entiére disposition
d Observatlon AMAGNETIQUES pour étudier toute réalisation sur plan oy
toute modification du matériel standard.
passages de passages de )
The Iatest techniches are used.
thermocouples courant Also we quarantee a perfect ightaess.
All pur production is tested with helium.
raccords RIGIDES In addition aur activity is aot limited to the
. material presented here, a team of techni-
tubulaires SOUPLES cians is at your entire disposal for studying

any work from drawing or any modification
of standsrd equipment.

vérélec

tél. 890 89.90

91, av. de Villeneuve-Saint-Georges - 94600 Choisy-le-Roi {France) et 890 92.17
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