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The proton synchrotron for China

There has been much news recently
about the 50 GeV proton synchro-
tron to be built near Peking in China.
The collaborations with our Chinese
colleagues for construction of the
machine are taking formal shape.

From 19 to 23 February a delega-
tion from the People’s Republic
visited CERN and the groundwork

r the collaboration between the
Peking Institute of High Energy
Physi¢s during the machine con-
struction period was laid. In particu-
lar, visits of Chinese scientists to
CERN to benefit from the experience
of CERN's specialists have been
planned. Their interests will cover
linac computer control, vacuum, r.f.
design, radiation protection, site and
services questions, and workshop
planning.

To prepare for the exploitation of
the machine some five or six Chinese
physicists will participate in the
CERN experimental programme and
three or four in the Theory Division.
For the future, two accelerator
physicists will work on stochastic

aoling and the antiproton accumu-
.dtor ring and several others will
spend a year or more at CERN to
study the design of a large accelera-
tor to follow the 50 GeV machine.

QOther collaborations in Europe are
also under way. Contacts between
DESY and the Peking Institute are
already well developed and a num-
ber of Chinese scientists are partici-
pating in the experimental pro-
gramme at the electron machines.
The delegation which visited CERN
was moving on for discussions at
DESY, in Paris and at the Rutherford
Laboratory.

The same delegation from the
People’s Republic visited the USA
earlier this year. We reported in our
March issue {page 28) the meeting
which took place at Stanford on
15-19 January. Representatives
from Argonne, Brookhaven, Fermi-
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Layout of the 50 GeV BPS on the site near
Peking as it appears in the preliminary design
report. 1 is the 200 MeV negative hydrogen
ion finac, 2 is the 50 GeV proton
synchrotron, 3 is the hall for counter
experimems,; 4 is the bubble chamber, b is
the half far neutrino experiments; 6 is the
possible location of a future high energy
machine.

lab and SLAC discussed details of
collaboration at the major USA
Laboratories with their Chinese col-
leagues.

In January Deng Xiaoping visited
the USA and concluded an Agree-
ment on scientific and technological
cooperation with the American ad-
ministration which was signed at the
White House on 31 January.- A
major item in the Agreement, along-
side the purchase of communica-
tions and mapping satellites was
collaboration in the construction of
the 50 GeV accelerator.

The machine design

At the end of 1978 a preliminary
design study for a 50 GeV BPS
(Beijing Proton Synchrotron —
where Beijing is Peking) was pro-
duced at the Institute. After studying
some twelve sites in the suburbs of
Peking, a site 38 km to the north-

west of the city (south-west of the
location of the Ming Tombs) was
selected. It has an area of 500 hec-
tares. Road and rail communications
are good.

The proposed linac injector has an
energy of 200 MeV and will acceler-
ate up to 100 mA of negative
hydrogen ions, fed in from the pre-
injector at 750 keV, to achieve the
intensity gains in the synchrotron
which are possible by stripping the
ions on injection to liberate pro-
tons.

The linac will be 160 m long and
will have nine Alvarez structure
tanks powered by 5 MW rf{. stations
operating at 200 MHz. The pulse
repetition rate may be up to ten per
second.

The proposed synchrotron ring is
432 min diameter having 180 'win-
dow-frame’ bending magnets with
fields rising from 215 G at injection
to 1.7 T at peak energy. The design
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beam intensity is 103 protons per
pulse at a pulse repetition rate of one
every 4 s.

The ring will have a FODO sepa-
rated function structure, including
120 quadrupoles, with six 9.7 m
long straight sections. The magnets
will be powered direct from the
mains using a static compensator
system. The vacuum in the ring will
be 3 x 107 torr. Twenty-eight r.f.
stations, each with two cavities
operating at 3 to 5 MHz will give
175 keV energy per turn to the
protons. Two extraction systems
{one fast and one slow) will eject the
protons to the experimental areas.
Accelerator control will be via a
system of twelve computers, one
being the master computer at the
control centre.

Three experimental areas are en-
visaged to be fed by the 50 GeV
beams — a hall 150 x 50 m2 for
counter experiments using slow
ejected beams, a bubble chamber
and neutrino .hall using fast ejected
beams.

A proton beamline and three
secondary beams (high energy un-
separated beam, medium energy
separated beam and low energy
separated beam) plus a test beam
are foreseen for the counter hall. R f.
separation is intended for the beam
to the bubble chamber. The neutrino
hallis some 200 m from the neutrino
target to allow for parent particle
decays and muon shielding.

For the future, the transport of the
proton beam beyond the neutrino
hall would be feasible towards a ring
of 2 km diameter where energies
in the 500 GeV range might be
reached at some future date.

Ted Wilson, right, who has spent some time
at the Peking Institute of High Energy
Physics, describes the CERN synchrotron

to the Chinese visitors. .

{Photo CERN 281.2.79)
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The delegation from the People’s Republic
of China taking a train ride around the CERN
SPS tunnel.

{Photo CERN 294.2.78)
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Hunting the weak bosons

Thanks to the very rapid develop-
ment of ’‘cooling’ techniques to
control beams of charged particles,
equally rapid preparations are now
under way at CERN and Fermilab for
proton-antiproton colliding beams.
This will enable a whole new range
of experiments to be carried out with
a minimum of additional construc-
ition work. These projects could
provide us within the next few years
with important glimpses into new
physics results which would other-
wise only be available later with
completely new machines.

With collision energies of the
order of several hundred GeV avail-
able, these projects could at last
bring within reach the long-awaited
intermediate vector bosons of weak
interactions. Several versions are
expected to exist — positively and
negatively charged particles {the
Ws) mediating the charged current
of weak interactions, and the Z°, the
uncharged particle responsible for
neutral current.interactions.

These particles have haunted par-
ticle physicists for the last forty
years, and each generation of higher
energy accelerators has failed to find
any trace of them. However, with the
unified theory of electro-weak inter-
actions currently in such good shape,
a confident prediction can be made
of the mass of these elusive parti-
cles (see December 1978 issue,
page 432).

This electro-weak theory includes
a free parameter which as yet can
only be determined by experiment,
although more ambitious unification
theories which bring in strong inter-
actions can give a value for it (see
November 1978 issue, page 399).
This parameter is the mixing angle
which relates the two electrically
neutral electro-weak vector bosons
— the photon, mediator of electro-
magnetism, and the Z°.

Experiments seem to be homingin
on a value for this parameter which
when put into the theory places the
charged and neutral vector bosons
at about 80 and 90 GeV respective-
ly, which is beyond the reach of any
of the existing machines. Experimen-
tal evidence so far points to the
version of the theory where the
Higgs mechanism of spontaneous
symmetry breaking takes the sim-
plest possible form, although this is
not yet definite and more complex
Higgs mechanisms could change the
predictions for masses for the weak
bosons.

Production and decay
of the weak bosons

In high energy hadron collisions, the
weak bosons are expected to be
produced in quark-antiquark ‘fusion’
processes, for example between an
up quark and a down antiquark
(giving a positively-charged boson),
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or between a down quark and an up
antiquark, (giving a negatively-
charged boson).

This means that proton-antiproton
experiments have the advantage
that the participating quarks are real
valence quarks, while weak boson
production in proton-proton colli-
sions would have to rely on the rarer
antiquarks from the ‘sea’ of virtual
quarks in the nucleons. As well as
giving a larger cross-section for W
production in proton-antiproton col-
lisions, this means that if the W is
heavier than expected, its produc-
tion will be less severely damped.
The behaviour of valence quarks is
also much better known than that of
sea quarks, so that theoretical
predictions are more confident.

However if the kinematics are
such that the collisions pick up the
small fractional momenta where the
sea quarks tend to be found, then
some of the potential advantages
of proton-antiproton interactions
might be lost.

The W should decay mainly into
hadrons, but with about a 10 per
cent branching ratio for leptonic
decays producing an electron (or
muon) and a neutrino. The hadronic
decays are the inverse of the produc-
tion mechanism, giving a quark and
an antiquark coming out in opposite
directions (in the rest frame of the
W) to conserve momentum. Rather
than emerging as free particles,
these quarks would produce back-
to-back jets of hadrons, character-
ized by a limited amount of trans-
verse momentum relative to the jet
axis.

Computer simulation of a high transverse
momentum event in the central detector of
the UAT experiment for the proton-antiproton
collider at the CERN SPS. This and its UAZ
counterpart will be ready to catch the first
fragments produced by the colliding beams
to search for signs of the elusive
intermediate bosons of weak interactions.
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In the decays of the W, there are
parity violating terms at work. For
Ws produced in proton-antiproton
collisions, this would make for
marked asymmetries in the angu-
lar distributions of the emerging
charged leptons and provide a
valuable signature of W decay.

While leptonic decays would
provide the main evidence for the
existence of the weak bosons, study

of the more copiously produced
hadronic jets could provide valuable
additional information.

Hadronic decays of the Z would
also produce back-to-back jets, simi-
lar to those now seen in electron-
positron annihilations. The tell-tale
production of lepton pairs is ex-
pected to occur with a branching
ratio of about five per cent, and could
be expected to show up as a narrow

enhancement. Thus the Z, produced
singly, could be more evident than
the Ws, produced in pairs.

The discovery of these interme-
diate vector bosons would rate as
one of the great triumphs of modern
physics, rivalling closely the saga of
the neutrino, where the suspense
between theoretical prediction and
experimental discovery lasted nearl
thirty years.

Around the Laboratories

FERMILAB
Protons through
Doubler sector

On 1 February a proton beam
extracted from the Fermilab main
ring was successfully transported
through a five hundred foot string of
energy doubler magnets. By the next
test on 1 March the operation was
so well in hand that the first pulse
injected into the Doubler segment
was transported cleanly to the end of
the magnet string. Beams of more
than 1073 protons per pulse have
now been transported through the
- system.

The twenty-five magnet test is
one step in the Energy Doubler
sector test thatis being carried out at
Fermilab. In the full scale sector test,
a ‘super period’ of energy doubler
magnets will be installed. In the
present test a fast kicker in the
transfer hall long straight section
deflects the proton beam into two
Lambertson magnets. These bend
the beam down into the Doubler

62

magnets twenty-five inches below
the main ring. A short segment of
conventional magnets matches the
system into the doubler operating
around 100 GeV.

At a long straight section, one
sixth of the way around the ring, the
beam will later be deflected back
into the main ring. In principle this
arrangement could permit coasting
beam in the hybrid doubler-main ring
combination. In practice the ‘double
dogleg’ perturbation may limit the
number of turns.

The present segment consists of
twenty bending magnets and five
quadrupoles. The magnets are early
Doubler prototypes that will ulti-
mately be used in the experimental
areas. The system is cooled by one
satellite refrigerator system operat-
ing at a fraction of its final load. The
refrigerator is presently able to cool
the magnet string down from
nitrogen temperature in forty-eight
hours.

The cryogenic and vacuum sys-
tems are operating quite well. No
trim magnets are installed along the

A significant signal in the history of the devel-
opment of superconducting magnets for use
in accelerators: a screen at Fermilab records
the successful transmission of a proton
beam through a sector of twenty-five Energy
Doubler superconducting magnets under the
Main Ring.

superconducting segment and one
power supply is driving the entire
chain, so that the beam is a ‘one
knob’ device. Sensitive parallel plate
position monitors are installed after
each quadrupole for beam sensing.

During initial tests a few beam-
induced quenches occurred in the
first and second dipoles because the
liqguid helium level in the magnet
cryostats was low at the time. What
was particularly encouraging was
the rapid recovery from these
quenches. A 30 s ‘time-out’ period
had been programmed into the
system and, after the quench, the
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system was immediately supercon-
ducting at the end of the period. In
the recent tests it has been possible
to put more beam into the system
without inducing quenches, so that
straightforward magnet tuning and
injections were possible.

The twenty-five magnet segment
was installed last fall. A great deal
as been learned about practical
Doubler construction, particularly in
checking out the vacuum. The first
cooldowns began in December and
initially took a week as the bugs
were shaken out of the system. The
magnet chain was superconducting
for the first time on 21 December.
Then on 1 February beam was
successfully transported to end of
the line’

The present segment will be
studied through the spring. The
installation of forty to fifty more
magnets is envisaged during the
summer and a refrigerator is already
in place and operating to cool these
additional magnets.

Test of
superconducting
magnets

During January, Fermilab success-
fully tested two superconducting
magnets in the beam trahsport line
to the Meson Laboratory. The mag-
nets performed satisfactorily at their
400 GeV field levels with a proton
beam of more than 1.8 x 103 parti-
cles per pulse from the accelerator
being extracted along the line.

The results of the test give
increased confidence in the plans
for transporting 1000 GeV protons
to the experimental areas when the
Energy Doubler comes into opera-
tion. They also indicate how opera-
tion may proceed during accelera-
tion in the Doubler.

The Doubler will accelerate pro-
tons to 1000 GeV and the beam
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must be extracted, split into three
portions and transported to the three
experimental areas. The existing
transport lines have to be upgraded
with superconducting magnets to
raise their energy to 1000 GeV. For
example, in the Meson line fifty-six of
the present conventional magnets in
the left bends to the Meson Labora-
tory will be replaced with twenty-
two superconducting magnets like
those being built for the Doubler. The
tests in January go a long way to de-
monstrating that this energy
enhancement is possible in prac-
tice.

The system that has been in oper-
ation consists of two superconduct-
ing magnets {sandwiched between
four conventional trim magnets),
two hundred feet of superconduct-
ing transfer line (carrying liquid
helium and current to the two
magnets) and a satellite refrigerator
system. The fields in the two super-

The Magnet Test Facility at Fermilab for the
productfon and testing of superconducting
magnets for the 1000 GeV Energy Doubler.
All the test stands are now in action.
Completed magnets can be seen stocked at
the top right of the picture.

{Photos Fermilab)

conducting magnets were opposed
so that no net bend was introduced
in the beam.

Roger Dixon, head of the Fermilab
switchyard group, reports that even
with beam losses higher than usual
for normal operation, the magnets
did not quench. Several quenches
were induced by the beam during
tuning but the systems recovered
immediately so that little time was
lost. Estimates indicate that stray
beam losses of several times
10" protons per pulse did not
induce quenches. These losses are
substantially larger than normal due
to the 'dogleg’ path of the protons
through the magnets (because of the
opposed fields).

The system has been operated
with 350 GeV beam and approxi-
mately 400 GeV fields provided by
1500 to 2000 A currents in the
superconductor demonstrating that
400 GeV beamlines can be built
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with Energy Doubler magnets. Ear-
lier tests in the Proton Laboratory
suggest that it takes about one fifth
as much beam loss to quench
magnets at 1000 GeV field as at
400 GeV field. Since no upper limit
on beam intensity was found at
400 GeV, the results are encourag-
ing for 1000 GeV operation. Tests at
higher fields will follow.

Bubble chamber ups
and downs

Late last year, the Fermilab 15 foot
bubble chamber was filled for the
first time with liquid deuterium, with
29 m3 of liguid coming from Ar-
gonne and 8.5 m? from Brookhaven.
Picture taking in the broad band
neutrino beam began on 10 Novem-
ber 1978. The accelerator was run
at 350 GeV in order to enable two
experiments at an upstream location
along the neutrino beamline to
collect data with reduced muon
backgrounds..

It was established earlier that
toroids installed as part of the muon
shielding would not permit planned
compatible operation of the up-
stream experiments with the cham-
ber at 400 GeV. These toroids
reduced the upstream backgrounds
but concentrated muons on the
bubble chamber, which was un-
acceptable to both the external
muon identifier and the chamber. A
reduced accelerator energy of
350 GeV was therefore chosen.

However, the neutrino interaction
rates remain essentially the same
over a period since the accelerator
cycle has been shortened. One of the
advantages of the new operating
mode is that cycle times during day
and night are the same.

The run for experiment E-545 was
highly successful despite extreme
weather conditions. [t ended one day
early on January 16, with a total
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picture count of 328 000. This
happened just after the ‘Blizzard of
1979 when one crew was on duty
for 24 hours because snow-clogged

highways prevented their reliefs
from reaching the Laboratory. De-
cember was marked by a new calen-
dar month record of 174 136
pictures, with the accelerator relia-
bility, the seven second repetition
rate and the continuously available
neutrino horn and targeting contri-
buting to the result. An average of
near 1.5 x 10'3 protons per pulse
was recorded on the neutrino target,
resulting in a total flux of about 4.9 x
1018 protons for experiment E-545.
The background on the pictures and
refrigeration load were somewhat
higher than for hydrogen operation.

On 21 January, shortly after the
start-up of the deuterium-filled
chamber on 19 January for experi-
ment E-390, the chamber piston
stuck in the down position and the

Leon Lederman, Russ Huson and Phil Livdah!
showing Senator Adlai Stevenson (second
from right) a superconducting Energy
Doubler magnet during his visit to Fermilab
in January. Senator Stevenson is one of the
two senators from the Fermilab host State
of llinois.

{Photo Fermilab)

run was terminated.

When the piston was removed, a
somewhat dented stainless stee
cap was found on its top. This ca
was one of fifteen covering the bolts
which secured the E-564 emulsion
boxes (see October 1978 issue,
page 346).

A week was required to remove
the piston. The shaft and shaft hous-
ing were damaged in two areas.
Present understanding is that the
cap caught between the piston and
the chamber, bending the shaft
enough to touch the shaft housing.
The two stainless steel surfaces
continued to rub together and even-
tually they stuck.

Repairs to the damaged shaft and
housing are expected to take over
two months, and hopefully the big
Fermilab 15 foot bubble chamber
will soon be back in action for
neutrino physics.
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The 300 ton Open Axial Field Magnet for
the forthcoming experiment at the CERN
Intersecting Storage Rings by a
CERN/Copenhagen/Lund/Rutherford
collaboration to study deep inelastic
proton-proton and proton-antiproton
collisions.

{Photo CERN 358.1.79)

CERN
Action
at Intersection 8

Thanks to continual technical im-
provements, the luminosity in the
CERN Intersecting Stordge Rings
(ISR) has progressively increased
and is now many times the original
design value. In addition, further
increases in interaction rates are
possible by using quadrupole mag-
nets to compress the beams in a
single intersection region. At Inter-
section 1, a system of classical
quadrupoles installed in 1974
boosts the particle density in the
vertical direction by a factor of 2.3.

Still higher compression of the
beams in an intersection region
can only be achieved using super-
conducting magnets with high mag-
netic fields. After successful con-
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struction and operation of such a
quadrupole at CERN, the decision
was taken to proceed with the
construction of a full superconduct-

ing high-luminosity insertion for
intersection 8, to contain eight
quadrupoles.

Besides the physics interest of
high luminosity, this project is also
the first attempt to use super-
conducting magnets in the beam
guiding system of an operating
storage ring. Also the construction of
eight magnets to tight specifications
by industry is a significant techno-
logical challenge in its own right.

The eight quadrupoles will be
capable of producing gradients of
43 T per m over a diameter of
173 mm, so accommodating the
normal ISR vacuum chamber and its
bakeout jacket. Four of the magnets
will have a magnetic length of
1.15 m and the remainder 0.65 m.
All will be equipped with additional

sextupole and dodecapole windings.
To provide an additional means of
control, two conventional quadru-
poles are to be installed in adjacent
sections of the inner ISR beam
pipes.

The conductorin the main coilsis a
rectangular solid composite wire
1.8 x 3.6 mm2, containing about
1250 50 um diameter twisted nio-
bium-titanium filaments inside a
copper matrix. Two full scale proto-
type magnets have operated re-
peatedly and reliably at a gradient of
45 T per m with a current of 1680 A
and a maximum field of 5.8 T. They
showed no retraining after repeated
warmups and cooldowns.

The insertion will reduce the effec-
tive beam height in the diamond-
shaped interaction region by a factor
of about six, with a corresponding
increase in particle luminosity.

The first magnet has been de-
livered, assembled in its cryostat and
tested, with satisfactory results, and
the fully equipped insertion should
be ready for physics in 1980.

Now also taking shape at Intersec-
tion 8 of the ISR is the impressive
apparatus for an experiment by a
CERN/Copenhagen/Lund/Ruther-
ford collaboration to study highly
inelastic collisions where particles
may be produced at very wide angles
and at energies beyond the range of
existing electron-positron storage
rings.

As well as looking at the normal
proton-proton interactions in the
ISR, the experiment will also run
with the colliding proton-antiproton
beams soon to become available
(see March edition, page 14). Re-
sults from this experiment could
supply vital new information to
increase our understanding of quark
behaviour.

Using a big new magnet, a cylin-
drical drift chamber, large Cherenkov
counters and a 200 ton uranium-
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scintiliator calorimeter, the appara-
tus will be able to analyse wide angle
production of both charged and
neutral particles over a large range.
The event rate at this intersection
will be increased by the new super-
conducting high lJuminosity insertion
{described above).

Anintegral part of the apparatus is
the large 300 ton Open Axial Field
Magnet. Specially designed and built
for the experiment, it produces a
magnetic field suitable for the
momentum analysis of particles
produced at wide angles with a mini-
mum of target material blocking the
particles. This will make it possibie to
identify and study particles even
outside the volume of the magnetic
spectrometer and clear of the confu-
sion of secondary interactions.

The experimental programme will
have two phases, reflecting the two
special features of the apparatus.
Emphasis will first be placed on
particles with high transverse mo-
mentum identified by the three
layers of Cherenkov counters. These
cover a larger solid angle and energy
range than in previous storage ring
experiments, and allow pions, kaons
and protons to be identified from
1-15 GeV.

Powerful trigger logic and special
processors allow selection of events
with a high transverse momentum
particle of specified type, while the
remainder of the associated hadron
jet can be studied in the magnet and
calorimeter. The calorimeter can
also be used to select jets of a
specified transverse momentum in
an unbiassed manner free of any
dependence on the topology or
nature of the event.

Given the new kinds of informa-
tion available from these measure-
ments, especially the ability to com-
pare proton-proton and proton-anti-
proton events, more should be
learned about the quark constituents
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of the proton and their gluon inter-
actions. For example, guantum chro-
modynamics predicts  dramatic
changes in the behaviour of high
transverse momentum antiproton
production in the ISR energy range,
and these predictions need to be
verified. Also the identification of
kaons and electrons will be useful in
charm studies.

In the second phase of the experi-
ment, the complete azimuthal cover-
age of the calorimeter will allow rare
multiparticle states to be studied.
Here the wide solid angle coverage
and the high event rates from the
high luminosity insertion play a
special role.

One example of such rare events
would be the production of new
mesons above 20 GeV  observed
through dilepton or hadronic decays
and supplying possible evidence for
new heavy quarks. The angular
coverage allows searches for events
with three hadronic jets or other
unusual configurations which supply
information about the quark/gluon
interactions.

The jet studies will complement
similar work at the SPS and future
measurements at the proton-anti-
proton collider at the SPS, so that
eventually a full picture can be built
up of the change in behaviour in
hadronic reactions over a very wide
energy range.

Concrete progress
towards LEP

One of the problems confronting the
designers of LEP, the Large Electron
Positron storage ring which is
Europe’s high energy physics project
for the future, is to produce low
magnetic fields around a huge
circumference reliably and economi-
cally.

Builders of proton machines de-

sign their magnets for the highest
magnetic fields they can reliably
attain so that, for a given peak ener-
gy, they can build as compact a ring
as possible — saving tunnel and
service distribution costs. Builders of
electron machines design their mag-
nets for low magnetic field so that
they can have as large a bending
radius in the ring as is feasible and
economically acceptable, to reduce
the energy loss due to synchrotron
radiation.

For LEP, where it is hoped to reach
energies in the 100 GeV range, the
energy loss will be very high and will
have to be made up by pouring
power back into the circulating
beams via the r.f. cavities. The larger
the LEP ring can be made, the less
the power demand on the r-f. cavities
(or conversely, given an available
peak r.f. power, the higher the beam
energies can be taken).

But a large ring implies very low
bending fields, particularly at the
injection energies, and magnets
have to be built to provide this with-
out being troubled by such things a
remanent fields. To give some feasi
ble parameters — an injection
energy of 20 GeV into a 10 km
diameter ring would require fields
around 0.02 T {200 gauss) rising to
around 0.12 T for a peak energy of
120 GeV.

The work on LEP magnets at
CERN has recently had some very
encouraging results with a novel
type of magnet using concrete to
separate the laminations in the
magnet core. Jean-Pierre Gourber
had the idea of spreading the lamina-
tions out so that, although the field in
the gapis atthe desired low level, the
field in the laminations is higher by a
factor which is the ratio of the total
thickness to the lamination thick-
ness. This reduces the impact of low
field effects. To keep costs down the
inter-lamination material must be
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The model magnet for the LEP project using
concrete in the core to spread the
laminations. The tested properties of the
model are very encouraging.

{Photo CERN 337.1.78)

cheaper than the laminations them-
selves. Lorenzo Resegotti had the
lea of filling the interlamination
gpaces with concrete which also
acts as a binding agent in the core.
Concrete has been used successfully
before in coil insulation but not, so
far as is known, in magnet core
construction.

A model C-magnet has been made
60 cm long, 24 cm high and 25 ¢cm
wide. It has laminations 1.5 mm
thick separated by 4 mm of con-
crete. Indentations in the lamina-
tions ensure correct spacing in the
lamination stack while the concrete
is poured and longitudinal bars help
the rigidity of the structure. Fairly
straightforward methods were used
in building the model and further
refinements, such as pouring under
vacuum, different concrete mixes
and pre-stressing, could be used if
they lead to significant gains in
quality.
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Nevertheless, mechanical tests on
the magnet showed it to be
adequately resistant to bending and
shearing stresses and many times
more rigid than its conventional all-
steel equivalent.

Field quality is as good and the
lamination periodicity does not ap-
pearin the field in the useful region of
the gap above the level of one partin
103. The magnets are about half the
weight of their steel equivalents.

Costs will depend upon the detail
of the construction technique which
is finally selected but, if the assembly
does not cost more than the assem-
bly of a conventional magnet, the
costs will be about halved compared
to a conventional magnet.

A full scale model of this novel
design of magnet is being built and
is expected to be ready for its tests
about the middle of this year.

Colliding linac beams

As pointed out above in the CERN
article on the new model magnet for
the LEP project, circular electron and
positron machines have a hard time
at high energies because of the
power which has to be fed to the
beams to compensate for synchro-
tron radiation losses. Because of
this, several people have been think-
ing in recent years about the feasibil-
ity of using two linacs to achieve
electron-electron or electron-posi-
tron collisions at energies beyond
the LEP range by firing the linac
beams at one another.

Among the thinkers have been
Maury  Tigner from  Cornell,
A. Skrinsky from Novosibirsk and
Ugo Amaldi from CERN, who consi-
dered a scheme which he entitled
‘Peloron’ for Positron and Electron
Linear Oscillator Radiating Only
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A scheme for colliding bearns at extremely
high energies from electron and positron
linacs. The major problem of achieving
adequate positron intensities is envisaged

to be solved by the recuperation of the
surviving electron beam to generate
positrons which would be fed to the positron
linac via a pre-accelerator and cooling ring.
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Negligibly (it is also the Greek name
for an object of huge dimensions).

The subject came up again at the
"Workshop on Accelerator and De-
tector Possibilities and Limitations’
held at Fermilab in October of last
year under the auspices of the Inter-
national Committee for Future
Accelerators (see November 1978
issue, page 390).

At that Workshop a Working
Group, under John Rees of SLAC,
emerged with some more knowl-
edge about'a phenomenon they
termed ‘beamstrahlung’ which oc-
curs when two very high energy
electron and positron bunches pass
through one another. Just as an
electron emits synchrotron radiation
when it passes through the electro-
magnetic field of a magnet, so it
emits synchrotron radiation when it
passes through the electromagnetic
field of a bunch of positrons. The
Working Group estimated that
beamstrahlung could start to be
troublesome in the operation of an
electron-positron storage ring above
energies of some 200 GeV per
beam.

Whenever this beam-beam limit
sets in, it seems clear that at some
very high energy a storage ring will
no longer be a viable system for
electron-positron colliding beam
physics. This is an inducement to
dream about colliding linac beams.
Also, the scaling laws of the two
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systems dictate that at some point
linacs should win out on storage
rings. For a given luminosity, the
power requirement in a linac is inde-
pendent of energy while in a storage
ring the power is proportional to the
energy.

These considerations,. however,
prejudge whether colliding linac
beams is a feasible proposition. In a
storage ring the beautiful symmetry
of the electron and positron behav-
iour as they travel around the ring
ensures that two bunches will be
brought into collision. With two
linacs this symmetry does not
exist.

Can ‘jitter’ in the system be held to
acceptable limits ? Will phase space
degradation be a problem? Some
feel for the answers to this type of
question should come from studies
on the properties of the electron
beam emerging from the SLAC linac
which are to be carried out by Roger
Miller, Burt Richter and Ray Stein-
ing. Can sources be improved to give
an adequate number of particles in a
single bunch? At present some 4 x
10°¢ are obtained at SLAC and some
10 to 10" would be needed.
Would unwanted transverse deflect-
ing modes then appear in the linac?
Can sufficiently intense positron
beams be built up?

A conceptual scheme for colliding
linac beams, due to Burt Richter, is

shown in the diagram. It has two -

multi-hundred GeV linacs firing elec-
tron and positron beams at one
another. Several colliding beam sta-
tions in series might be possible with
interleaved lens systems. The posi-
trons are ‘thrown away’ but the
remaining electrons are recuperated
to generate more positrons which
are preaccelerated and fed to a cool-
ing ring where synchrotron radiation
damping would help achieve an
intense beam of adequate quality.
This would be the input to the posi-
tron linac and the process repeated.

If the potential physics still looks
interesting and if Nature gives kint
answers to the above questions,
system like this might be built some
time next Century.

DARESBURY
NSF climbs the tower

Considerable progress has been
made on the construction of the
world's largest tandem Van de
Graaff Nuclear Structure Facility
being built at the Daresbury Labora-
tory. The buildings which house the
accelerator and the associated
experimental equipment have been
completed and installation of sec-
tions of the accelerator within the
giant pressure vessel housed in the
70 m high tower is well advanced.

The tandem is designed to work
with a terminal voltage of up to
30 MV. By stripping electrons from
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the accelerated ions within the
machine, ‘tandem’ operation is ob-
tained and the machine can produce
output energies ranging from
60 MeV for protons up to almost
1 GeV for uranium ions. The output
energy will exceed, by a considerable
factor, that available at present
tandems where the terminal voltage
3limited to 14 MV. For heavy ionsin
particular this will open up a new
field of research using the high qual-
ity beams typical of this type of
accelerator.

The completion of the building has
been delayed by approximately two
years and there has been a conse-
quent slippage in the rest of the
construction programme. Now that
this phase is completed, it is
expected to keep to the revised
programme. The basic high voltage
structure of the tandem should be
built by the end of this year. Commis-
sioning, which involves a series of
high voltage tests on the column,
intershield and. accelerator tube,
will be carried out in 1980 and the

roduction of the first beam is
scheduled for early in 1981,

The high voltage column has been
manufactured and assembled en-
tirely at Daresbury. It is a 2.2 m
diameter 42 m high modular struc-
ture made from glass insulators and
steel strengthening members. It has
now been built up inside the main
accelerator pressure vessel to a
height of 12 m and further sections
are being added. Installation in-
volves the use of special techniques
to minimize the mechanical stresses
in the glass. Parts of the column
contain vacuum pumps and beam
handling equipment and two of
these sections, completely fitted out
and commissioned, have already
been installed.

The first instalment of the
100 tonnes of sulphur hexafluoride
has started to arrive from Italy and is
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being put into liquid storage. The
plant used to transfer this gas to and
from the main vessel is being
commissioned using a computer
control system — the first to come
on-line in the project.

The machine will be controlled by
a number of small computers con-
nected together by CAMAC data
links. Specially designed 5 MHz
infra-red links will be used to reach
the isolated sections of the high

Inside the NSF tandem pressure vessel at
Daresbury looking up the high voltage
column. The vessel top is 30 m above the
column which is at present 12 m high.
Several of the glass support legs can be
seen; they will be covered by the polished
stainless steel hoops to form a smooth struc-
ture. The polished doors cover a ‘dead sec-
tion’ in which vacuum pumping and beam
diagnostic equipment are housed.

{Photo Daresbury)

voltage column. Already the system
has proved extremely useful in test-
ing and commissioning the hundreds
of valves and monitoring points
throughout the gas plant. Work on
other parts of the facility such as the
ion sources and the injection and
analysing systems is progressing
well,

For some years a research and
development programme has been
carried out at Daresbury into various
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aspects of tandem design. Test
machines including a 10 MV single
ended Van de Graaff have been used
to develop many new techniques.
One of the most successful has been
the laddertron inductive charging
system. A commercial version of this
is now being marketed by High
Voltage Engineering Corporation
under licence from Daresbury. The
new electrostatic accelerators in
Italy, Nigeria and China will be
charged in this way and a laddertron
has recently been installed in the
tandem at Orsay, France.

Currently under development are
accelerator tubes and stripper foils.
Tube design has achieved clear
advances and foil work, carried outin
collaboration with AERE Harwell,
has given an order of magnitude
enhancement in foil lifetimes with
promise of further improvement.

On the experimental physics side,
with all the first round proposals
selected and the apparatus ap-
proved, most of the equipment is
now on order. There will be eight
beamlines, three for gamma ray
correlation experiments, one for a
magnetic spectrometer, one for a
general purpose scattering chamber,
one for a charged particle recoil
separator and two for an on-line
isotope separator facility.

The data acquisition system for
the experimental programme is off
to a very good start. Six GEC 4070
computers which form the local
network have been in operation in
the NSF Control/Counting Room for
some time and programming is
proceeding well. These computers
are linked to the main IBM 370 on
site and links will be provided to the
Users at a number of Universities.
Particular attention has been paid to
developing special CAMAC to pro-
vide the good interactive displays
which are so important in nuclear
physics research.
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SIN
Operation of
the cyclotron

The accelerator of the Swiss Insti-
tute for Nuclear Research was
designed to deliver a 590 MeV
proton beam of 100 pA for the
production of intense fluxes of
mesons. It consists of two cyclo-
trons, a sector-focused injector of
conventional design, accelerating
high intensity proton beams to
72 MeV, and a separated-sectorring
cyclotron continuing acceleration
from 72 to 590 MeV. The injector
can also be used separately as a
variable energy machine for protons
up to 75 MeV and deuterons up to
65 MeV as well as for other parti-
cles.

The machine began operation in
1974 and since then the perfor-
mance has steadily improved. At
present it operates reliably at
100 pA.

Beam losses at high energies
are appreciably lower than origi-
nally anticipated because the ring
cyclotron runs with high stability in
the separated orbit mode (providing
almost complete extraction of high
quality beam) and the beam quality
from the injector has been consider-
ably improved.

Present performance

The accelerator reached its design
goal in December 1976 and now
delivers a continuous 100 pA beam
of 590 MeV protons to two conse-
cutive meson production targets. All
primary and secondary beams in the
main experimental hall are opera-
tional. During the shutdown which
ended in March 1979, the beamline
to a new medical target was
installed. Building of a second high
intensity injector has started.

In routine operation 110 to
120 pA c.w. are obtained from the
injector with an extraction efficiency
of 90 to 92%. The 72 MeV beam is
‘cleaned’ by a system of emittance
defining slits and an energy slit
scraping some 1 to 3 pA off. An
adjustable beam splitter also allows
3 to 7 pA to be sent to an isotope
production target.

At injection in the ring cyclotron
less than 0.1 pA is lost and trans-
mission and extraction efficiency is
between 99.5 and 99.9%. A first
thin target (6 mm beryllium or
carbon) causes a loss of 3 to 5% of
the beam up to the second thick
target, where beams of about
100 pA are now routinely available
for secondary beam production.

Recent increases in beam produc-
tion per week (used as a figure of
merit for the experimental use) are
not only due to the increase of beam
intensity. A reduction in machine
development time, as well as time
for beam set-up and training,
increased the high energy beam time
to more than 130 hours per week.

Even though the demand on high
energy beam time is still increasing,
the injector is committed to low
energy nuclear physics and isotope
production for 25 % of its total beam
time. There is regular isotope pro-
duction for 4 to 6 hours per week
and a large fraction of the low energy
beam periods has been devoted to
polarized proton and deuteron
beams at various energies.

Stable 100 uA beam

Many features of the ring accelerator
are important in providing high
intensity beam with low losses.
Probably the most significant is that
the ring cyclotron can operate re-
liably in the separated orbit mode
allowing single turn extraction.
When a coherent radial betatron
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Diagram reflecting improvements in the
performance of the cyclotrons of the Swiss
Institute for Nuclear Research since the
meson factory came into operation in 1974.
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oscillation with an amplitude of
2.5 mm is introduced in the beam at
jnjection, the last beam revolution is
clearly separated from the previous
revolution and can be picked off by
an electrostatic deflector. This oper-
ation mode requires highly stable
magnetic field and r.f. voltage and
phase. The injected beam must have
small emittance and energy spread
and (in the absence of flat-topping of
the accelerating voltage) a rather
narrow pulse width.

For stable operation, signals from
non-interfering beam phase probes
at different beam locations are used
which compare the beam pulse
passage with the r.f. master oscilla-
tor. These signals can be used in an
automatic feedback, via a control
computer, to stabilize the magnetic
fields of the injector and ring cyclo-
tron to 1 part in 108 The correct
timing at ring injection is achieved by
a comparison between these probe
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signals. At 11 radial positions the
isochronism within the ring cyclo-
tron can be observed and correc-
tions are possible via trim coils.

To obtain the required beam qual-
ity from the injector cyclotron was
not easy. Already in 1976 an effort
was made to reach high extraction
efficiency. Vertical beam collimation
near the centre improved the extrac-
tion rate from typically 70% to 85 %.
Since there is strong coupling
between beam phase and vertical
focusing near the machine centre it
was possible to find empirically the
right combination of phase slit posi-
tion (and opening) and d.c. voltage
on the deflecting plates to obtain a
coherent vertical beam oscillation
where particles of undesired proper-
ties were clipped off at low energy.
The extraction rate was thereby
pushed up to 90% or more.

However, to obtain high intensity,
the ion source had to be run at

maximum output {near the present
limits of the arc power supplies).
Changes were made in the filament
assembly and the anti-cathode,
using lanthanum hexa-boride, which
brought about 80 pA while still
keeping the extraction efficiency
around 90 %.

To meet the beam time schedules,
no risk of lowering the extraction
rate in favour of higher external
currents could be taken, especially
until a complete spare unit of a
septum was available. (A newly built
septum burned out in Spring 1978.)
A significant improvement was
achieved recently by a small change
of the ion source extraction geo-
metry — the ‘useful’ output of the
source at given arc power increased
by about 30%, depending on fila-
ment conditions. This effect is not
understood and investigations,
taking into account space charge
effects, are continuing.
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The flat-topping cavity has been
tested successfully and will be
installed during the present shut-
down. First tests with beam are
imminent.

The ‘pion therapy applicator’ is
nearing completion with the super-
conducting coils being made. As-
sembly and technical tests of the
coils will take place in the Summer
and tests with beam are expected in
the second half of the year. First
operation will be for experiments on
dosimetry and radiobiology and
treatment of patients may start in
1980.

In Spring 1978 the Swiss Govern-
ment approved construction of
Injector Il to give higher beam
currents. The building construction
programme has started, the main
magnets are ordered and model
work on the r.f. accelerating struc-
ture has achieved good results. A
prototype resonator and r.f. power
generator have been designed and
ordered.

In order to increase the 590 MeV
beam intensity into the range of a
few mA, the rf. power of the ring
cyclotron must be increased and this
is being investigated. Last, but not
least, the feasibility of having a spal-
lation neutron source at SIN, using
this high intensity proton beam, is
being considered as part of the long
term improvement programme.

Radioisotope
production

The Swiss Institute for Nuclear
Research is well-known for its pio-
neering efforts in Europe in the use of
pion beams for cancer therapy (see
for example, the September issue
1977, page 285). The new facility
for this purpose is nearing comple-
tion and dosimetry and radiobiologi-
cal trials should start in the Sum-
mer.

72

Another contribution in medicine,
which is less well-known but be-
coming of increasing importance, is
the large-scale production of radio-
isotopes at the injector cyclotron for
use in medicine. This work is helped
by the proximity of the Swiss Federal
Reactor Institute, where expertise in
radiochemical handling is essential
in the collaborative effort between
the two Laboratories.

At present, work is concentrated
on the routine production of iodine-
123, which has increased in signifi-
cance in nuclear medicine in recent
years. Only a few accelerators are
able to produce this valuable isotope
regularly, in large quantities and with
high purity.

Among over thirty radioactive
jodine isotopes, only three (123,
125 and 131) find applications in
medicine. They bind easily into
bioactive molecules and are particu-
larly useful for thyroid diagnosis.
lodine-131 (at present the most
commonly used for in-vivo diagnos-
tics) can be produced economically
in nuclear reactors. However, being a
beta emitter of rather long half-life, it
places a relatively high radiation load
on the thyroid. lodine-125 emits
only low energy photons, has a sixty
day half-life and is not suitable for
imaging deep-seated organs.

The physical properties of iodine-
123 make it almost ideal for in-vivo
studies. It is free from beta emission,
has a 13.2 hour half-life and a
favourable gamma energy. Organ
imaging with this nuclide can be
done with far less deposited dose
than for iodine-131 and so is espe-
cially useful for diagnosis during
pregnancy and for children. The soft,
almost monoenergetic, gamma ra-
diation is easy to shield, reducing the
doses received by medical person-
nel. The short half-life reduces
radioactive waste disposal problems
at the hospitals. These advantages

are diminished if there is iodine-124
and 125 contamination — hence the
importance of high purity samples.

Many reactions can be used in
producing the isotope. The relatively
high proton energy (72 MeV) from
the SIN injector allows the use of the
reaction where iodine-127 with a
proton givés xenon-123 (and five
neutrons) which rapidly decays toy,
iodine-123 via beta emission. This
has a high yield and the highest
purity yet obtained (less than 0.5%
activity percentage). Other isotopes
are easily separated away and the
production of a gaseous product
(xenon) allows an on-line target to be
used.

Work on routine production
startedin 1971 and concentrated on
the irradiation apparatus, the target
and isolation techniques. The first
few millicuries were produced in
December 1974 and regular weekly
production of Curie quantities was
achieved by Summer 1975. Four
hours per week of injector beam are
devoted to production of this iso-
tope. Subsequent chemical separa-
tion is carried out at the Reactor
Institute and, after processing into
suitable radiopharmaceuticals, the
end products are used at hospitals
the next day.

In an attempt to increase weekly
production without disturbing the
physics programme, a new parasite
facility was commissioned after the
Spring 1978 shutdown. This con-
sists of an electrostatic beam splitter
which separates 5 to 10% of the
beam coming from the injector. The
target consists of a small stainless
steel box containing 10 g of pure
sodium iodide, from which the xenon
which is produced is continuously
carried away by helium gas.

With this facility and short expo-
sure times (two to six hours), yields
of approximately 25 mCi per puAh
have been achieved with low (0.1 to
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0.2%) iodine-125 contamination. A
recent twelve hour exposure with
4.3 uA of protons scraped off the
main beam produced 1.13 Ci.

An entirely new facility on a large

scale is under construction in con-
junction with the new high intensity
injector project. It will have three
irradiation stations fed by about
p100 pA of 72 MeV protons con-
tinuously peeled off the injector
beam. This will enable SIN, in colla-
boration with the Reactor Institute,
to produce well over 10 Ci of high-
purity iodine-123 daily.

A development programme has
been started to produce other medi-
cally interesting isotopes such as
indium-111, xenon-127, bromine-
77. The new injector will allow this
work to be extended to the short-
lived ‘biological’ isotopes carbon-
11, nitrogen-13 and oxygen-15
which are expected to open new
applications in medicine.

More on

muon research

#Ms a by-product of the study of
muonium chemistry in liquids, the
ETHZ / Mainz group (M. Camani,
F.N. Gygax, E. Klempt, W. Riegg,
A. Schenck, H. Schilling, R. Schulze
and H. Wolf) have determined the
magnetic moment of the positive
muon with a precision of £0.9 ppm,
compared with the previous most
precise result (1.4 ppm). They stop-
ped muons in liquid bromine where
they are expected to form a diamag-
netic molecule. To take full advan-
tage of the high muon stopping
density, a stroboscopic method was
used based upon observing the posi-
tron rate in time windows controlled
by the rf. of the SIN machine.
About 10'® muon decays were
detected. Earlier determinations of
the magnetic moment used uSR
studies in water where the ultimate
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precision was limited by uncertain-
ties concerning the chemical envi-
ronment. For the SIN experiment
pure bromine was used and only one
molecular species containing the
muon was formed. A small water
contamination is always present and
care was taken to correct for this.
The final result for the ratio of the
muon to proton magnetic moment
was measured as 3.1833448(29)
(+0.9 ppm)}.

Muon physics

High muon beam intensities allow
more precise evaluation of the
properties of the muon itself, like the
magnetic moment and its rare or
‘forbidden’ decay modes. The latter
subject is of particular current inter-
est because in the framework of
unified gauge theories of weak and
electromagnetic interactions, many
theoreticians predict rare decay
rates, which are measurable at the
new meson factories such as SIN.
An ETH Zirich / Zirich / SIN
group (H.P. Povel, W. Dey,
H.K. Walter, HJ. Pfeiffer, U. Senn-
hauser, J. Egger, H.J. Gerber,
M. Salzmann, A. van der Schaaf,
W. Eichenberger, R. Engfer, E. Her-
mes, F. Schlepitz, U. Weidmann,
C. Petitjean and W. Hesselink) re-
cently established a new upper limit
for the muon decay to an electron
and a gamma of 1.1x10-° an
improvement of more than a factor
of ten over the previous limit.
Another experiment is that of a
Bern group (A. Badertscher, K.
Borer, G. Czapek, A. Fluckiger, H.
Hanni, B. Hahn, E. Hugentobler, A.
Markees, U. Moser, R.P. Redwine, J.
Schacher, H. Scheidiger, P. Schlat-
ter, Q. Viertel) searching for muon-
electron conversion on nuclei which
is not allowed by the ordinary lepton
scheme. Using a streamer chamber
coupled to a superconducting Helm-

Stroboscopic signals from an ETH Zurich/
Mainz experiment which has used an elegant
technique to determine the magnetic moment
of the muon to better than one part in a mil-
fion.

STROBOSCOPIC SIGNALS

60} Vi

~
50#_///\;::’”
45

108

X

EVENTS

65 3170 TS 3180 3185 3180 NS
PROTON NMR FREQUENCY (MHz]

holtz coil and a pulsed beam techni-
que, they searched for the reaction
in a sulphur target. No events were
observed giving a first value of the
upper limit, compared to ordinary
muon capture of 4 x 10-1° (90%
confidence level). More recent data
takes this to 1.5 x 10-°] These
experiments are crucial tests of
the muon number nonconservation
which can be incorporated in a
natural way in the latest develop-
ments in gauge theory.

In our coverage of muonium
chemistry developments last month
(see page 23), the first direct obser-
vation of muonium in a liquid should
have been credited to the Zurich/
ETH group of PW. Percival, H.
Fischer, M. Camani, F.N. Gygax,
W. Riegg, A. Schenk, H. Schilling
and H. Graf.

This was the first stage in a pro-
gramme of liguid phase muonium
chemistry.
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Sketch of a possible kaon factory design
for TRIUMF, using 3 GeV and 8 GeV (the
outer ring which has a radius of 20.7 m)
isochronous ring cyclotrons with
superconducting magnets and SIN-style
cavities. The 520 MeV cyclotron magnet
poles are drawn to scale at the centre for
comparison.

TRIUMF
Thoughts of higher
energies

The present meson factories at
Los Alamos, SIN and TRIUMF
accelerate currents of 100 pA
{6 x 10'* protons/s) or above to
energies of 500 to 800 MeV with
the primary aim of producing intense
fluxes of pions. These currents are
several hundred times larger than
those accelerated into the GeV
range by proton synchrotrons,
whose intensities are limited by their
injectors and the problems of injec-
tion into the synchrotron rings.

It is, therefore, tempting to con-
sider the possibility of using the
meson factories as injectors for
higher energy machines which
would accelerate 10 or 100 pA to
many GeV with the aim of producing
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kaon, or even antiproton, beams
orders of magnitude more intense
than available at present. The
TRIUMF team have yielded to that
temptation.

The uses of intense kaon beams
(and some methods by which they
might be produced) were discussed
at the 1976 Brookhaven Summer
Study Meeting on 'Kaon Physics and
Facilities'. Topics of interest in parti-
cle physics include rare decays of
strange particles and the negative
kaon-nucleon interaction and, in
nuclear physics, include positive
kaon — nucleus scattering (because
of its weak absorption), kaon
reactions. {which could yield S = -2
nuclei) and neutral kaon regenera-
tion on nuclei. Improved statistics
would also benefit the studies of
kaonic and hyperonic atoms and
hypernuclei. Intense beams of other
particles would also be available

{nucleons, pions, muons and neutri-
nos) and kaon decay provides a
possibly unique source of electron-
neutrinos of moderate energy.

At LAMPF, since the proton linac
is a pulsed machine, thinking has
centred on a fast-cycling proton
synchrotron as a second stage. At
TRIUMF, on the other hand, where
the cyclotron runs c.w., two optiong
are being considered to accelerate a
30 tAbeamto8to 10 GeV —afast
cycling synchrotron or a two-stage
isochronous ring cyclotron.

in the case of the synchrotron, the
main problem is to match the time
structure of the two new machines;
the synchrotron would be puised at
20 Hz, while the existing 500 MeV
cyclotron operates c.w. at 23 MHz.
The most promising solution seems
to be the extraction of hundred turn
stacks from TRIUMF because it
would provide an intermediate pulse
frequency.

The beam would be allowed to
drift 90° out of phase at 450 MeV,
after which it would begin decelerat-
ing back toward the centre of thr
cyclotron (this behaviour has already
been observed). The outermost fifty
accelerating and fifty decelerating
turns, which would be located in a
25 mm wide radial interval, could
then be extracted in one bunch
0.44 us long by pulsing an axial
electric field. The repetition period
would be 22 us, corresponding to
fourteen synchrotron turns. .

200 macropulses per synchrotron
cycle would be adequate to achieve
an intensity of 2 x 104 protons per
second {32 pA), assuming 400 pA
in the present cyclotron. This ma-
chine inturn could actas injectorto a
high intensity 40 GeV synchrotron.

The alternative proposal is for a
two-stage isochronous ring cyclo-

tron to accelerate protons to
8.6 GeV. (isochronous cyclotron
designs for several GeV have
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previously been considered by
L.A. Sarkisyan of Moscow State
University and M.M. Gordon and
H.G. Blosser of Michigan State
University.) Since there would then
be no incompatibility in time struc-
ture, the full beam current from the
present cyclotron (400 nA eventual-
ly) could, in principle, be injected into
the ring machines.

The first stage, of 15 sectors and
10 mradius, takes a 450 MeV beam
from TRIUMF to 3 GeV and then a
second stage, of 30 sectors and
20 m radius, completes the acceler-
ation to 8.5 GeV. Superconducting
magnets are used, the weight of
steel being estimated to be
2000 tons for the first stages and
1800 tons for the second, less in
total than in the present 500 MeV
machine.

Numerical orbit tracking through
simulated magnetic fields has con-
firmed that the focusing properties
of the design are satisfactory.
Several integer and half-integer
radial resonances are crossed but,
with a high energy gain per turn
3 MeV and 8 MeV respectively),
this should cause no difficulty.

The most difficult technical prob-
lemis to extract the beam efficiently.
Here again the high energy gain per
turn is important and resonances
help in exciting coherent radial oscil-
lations. The accelerating system
consists of SIN-style cavities, with
flat-topping provided by operating
some at the second harmonic (first
stage) or third harmonic (second
stage).

These possibilities were reported
at the 8th International Conference
on Cyclotrons at Bloomington,
Indiana, in September 1978. Both
designs are very much in their
preliminary stages; during the com-
ing year they will be looked at in
depth to assess the feasibility of
submitting a formal proposal.
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DESY
Computer
angiography

High energy physics requires ad-
vanced computer technology and an
interesting application of these tech-
niques was found in the field of
‘angiography’ — a method used in
medicine to view blood-vessels in
X-ray pictures by means of contrast
media. In conventional radiological
diagnosis, a sequence of images is
inspected visually and the result is
strongly dependent on the skill and
experience of the physician. A great
deal of the information contained in
the pictures is not accessible and
can get lost.

DESY and the Faculty of Medicine
of the University of Hamburg have
already carried out several joint
research projects. These have led to
the development of new methods for

Display showing in a single view the time
of arrival of a contrast-medium to different
points of a human kidney. A healthy kidney
is shown on the left and can be compared
with a diseased organ on the right.

{Photo DESY)

clinical chemistry and nuclear medi-
cine and to the creation of a special-
ized Institute of Mathematics and
Informatics at the University Hospi-
tal of Hamburg-Eppendorf. Now a
collaboration has been working on a
computerized method for angio-
graphic analysis.

Each X-ray view is decomposed
into 64 000 picture-elements (pix-
els) of 8 bits each. For each element,
time dependent parameters are
computed and stored for subse-
quent display. This can be done in
black and white in which case the
intensity (grey) shows the value that
is being looked for. The process is
much clearer in colour, because
colours can then be made to repre-
sent the different values. This makes
diagnosis much easier since charac-
teristic colours for healthy organs
are easily remembered. The bright-
ness (or colour) in the produced
picture is no longer a measure of the
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transparency of the organ but repre-
sents a computed dynamical para-
meter. Another advantage is the
absence of background or device-
dependent inhomogeneities in the
new picture.

Though the principle is quite
simple — particularly if compared
with flying-spot-digitizing and pat-
tern-recognition in particle physics
— its development (especially to
achieve the processing speed
needed) has required considerable
technological effort.

The system has been specially
prepared for quick diagnostic pur-
poses. The hardware unit can be
attached to a standard colour televi-
sion set and could become quite
popular among radiologists. The
special purpose hardware unit (in-
cluding a real-time digitizer for video
images) and the software developed
by the group, performs the analysis
of 128 X-ray pictures in four minutes
providing four functional images. It
is used directly on-line with X-ray
standard equipment and will now be
tested under hospital conditions.
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Physics
monitor

Evidence for charm production in
proton-proton collisions from a CERN/Collége
de France/Heidelberg/Karlsruhe collaboration
working at the CERN Intersecting Storage
Rings. Selecting those events where the Kn
effective mass corresponds to the K*(890),
the K™n*nt combination, which has ‘exotic’
guantum numbers, shows a clear signal at
1868 MeV. This peak is not seen in K" nn
combinations with conventional quantum
numbers.
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Charm from hadron
collisions

Ever since the discovery of charmed
mesons in electron-positron annihi-
lations at SLAC and DESY, a con-
siderable effort has gone into looking
for them in other types of reactions.
Both neutrino interactions and pho-
toproduction have provided further
data on the production and decay of
D mesons, but little has emerged
concerning purely hadronic studies.

At the Tokyo Conference (see
September 1978 issue, page 284),
this led rapporteur Bob Diebold to
remark that the study of charm
production in hadron collisions
looked confused, but he hoped that
the situation would soon sort itself
out.

On this optimistic note, some
results from a CERN/Collége de
France/Heidelberg/Karlsruhe col-

laboration using the Split Field
Magnet at the CERN Intersecting
Storage Rings (ISR) now show
definite signs of D meson productior
in proton-proton collisions.

The experiment was carried out
at a centre-of-mass energy of
52.5 GeV, and particle production
events were selected by triggering
on a negative particle coming out
in the forward direction with a
transverse momentum larger than
0.5 GeV. A gas-filled Cherenkov
counter distinguished between pro-
duced pions and kaons, enabling
mass spectra to be obtained for
kaons plus one or two pions.

After preliminary selection pro-
cedures, these spectra show no
evidence for enhancements in the D
region (1868 MeV). However exper-
iments at SLAC and DESY seem to
show that a significant amount of
semi-leptonic D decay proceeds
through an intermediate K*(890),
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Taken out of position, the vacuum chamber
from the Split Field Magnet at the CERN
ISR still provokes contemplation.

(Photo CERN 169.2.79)

and it is conceivable that a similar
significant K* contribution is present
in the hadronic decay of the D into a
kaon and two pions.

The Knm mass spectrum was then
re-examined under the condition
that the mass of at least one of the
two possible Kn pairs falls inside the
K* region. After this selection is
made, a definite enhancement is
seen in the D region. The peak
becomes even more pronounced
when additional kinematic cuts are
imposed. .

The enhancement only appears

Jn the K'm+n+ mass combination.
¥Such a positively-charged, negative
strangeness state cannot be ex-
plained by the old three quark model,
and is said to be ‘exotic’, while other
K™nn combinations correspond to
more conventional quantum number
assignments.

The fact that the peak is only seen
in the exotic channel indicates that
the signal is genuine. The observed
width of the peak is compatible with
the mass resolution of the experi-
ment.

Subtraction of background shows
that a total of about ninety D produc-
tion events are seen. However an
absolute measurement of the cross-
section for D production is difficult
because it requires model-depen-
dent assumptions for the production
process.
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Still there

According to the standard quark
model, hadrons are built up from
small  numbers of fractionally
charged constituents — the quarks.
This model has been highly success-
ful in explaining the observed pro-
liferation of hadrons, and evidence
for small constituents deep inside
nucleons has now been seen in a
whole range of experiments (see
January/February 1978 issue,
page 7).

However no convincing signs of
free quarks liberated from nucleons
have been seen, though several
experiments have held up tantalizing
results. For example, two years ago a
Stanford University group reported
fractional charges in niobium (see
May 1977 issue, page 154).

These experiments used an up-
dated version of the technique origi-
nally developed by R.A. Millikan to
measure the charge on the electron.
While Millikan used d.c. fields and oil
droplets from an atomizer, the Stan-
ford experiments use a.c. fields and
superconducting techniques. Now
after further painstaking work at
Stanford, these fractional electric
charges — in exactly the one-third
units of electronic charge predicted
by the standard quark model — are
reported to be still there.

In the experiment, tiny supercon-
ducting spheres, about 0.01 cm dia-
meter, are made to oscillate by an
alternating electric field. These oscil-
lations depend on the charges on the
spheres, which are some multiple of
the electronic charge, possibly with
an additional 'residual’ value.

These residual charges could be
simulated by small dipole forces and
the experimental technique has
been improved to allow for such
dipole effects. This increases the
probability that the vestigial charges
of one-third are genuine.

Such quark-type charges were
detected on several of the tiny
spheres. Also it was found that these
charges were affected by electrical
discharges in the apparatus, and
could be removed by subsequently
scrubbing the spheres with acetone.
The physicists assert that this is a
result of the fractional charges being
near the surface of the spheres.

Current theoretical dogma says
that quarks are perpetually confined
inside hadrons, but this has yet to be
proved. Some attempts have been
made to construct approximate con-
finement schemes and, depending
on the quark mechanics of these
models, it is possible that matter
containing free quarks might tend to
have a definite chemical behaviour.
This could be an explanation of an
observation of fractional charges in
niobium, but nowhere else.
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People and things

Chris Llewellyn-Smith, recipient of this year’s
Maxwell Prize from the UK Institute of
Physics.

On people

Following the resignation of Harold
Agnew as Director of Los

Alamos Scientific Laboratory,
Robert N. Thorn, Associate Director
for weapons at the Laboratory,

has been named Acting Director.
Dr. Thorn, at Los Alamos since
1953, received the £.O. Lawrence
Memorial Award in 1967 for his
work in nuclear physics.

Some changes in the UK Science
ResearchCouncil: As from 1 Septem-
ber Godfrey Stafford will become
Director General of the combined
Rutherford and Appleton Laborato-
ries. Geoff Manning will take over as
Director of the Rutherford Laborato-
ry. In the SRC Central Office Tony
Eggington is now Director responsi-
ble for the Science and Engineering
Divisions, Harry Atkinson has been
appointed Director for the Astrono-
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my, Space and Radio and Nuclear
Physics Divisions and Jack Beattie
has been appointed Head of the
Science Division.

Among the recipients of this year's
awards by the UK Institute of Physics
are T.G. Pickavance, formerly director
of the Rutherford Laboratory, who
gets the Glazebrook Prize for his
contributions to the construction and
utifization of large particle accelera-
tors in the UK and the rest of Europe,
Don Perkins of Oxford who receives
the Guthrie Prize for his work in
cosmic ray and elementary particle
physics, Chris Llewellyn-Smith, who
is awarded the Maxwell Prize for his
contributions to high energy theory,
and C. Cohen-Tannoudji of the Collége
de France, Paris, who receives the
Thomas Young Prize for his work on
the interactions of photons with
atoms.

Radiation Course

A third course is being organized from
16-26 September at Erice, Sicily,
under the auspices of the Inter-
national School of Radiation Damage
and Protection, devoted to ‘Advances
in Radiation Protection and Dosimetry
and Medicine". It will be of interest to
those involved in the use of ionizing
radiation for the diagnosis or treat-
ment of disease.

The advances of the past decade in
radiological physics and health phy-
sics aspects of radiotherapy will be
described. Advances in diagnostic
techniques (CT scanners) and treat-
ment planning using conventional
radiation {photons] will be discussed
and the application of new radiation
{neutrons, protons, pions, heavy ions)
described. Special emphasis will be
placed on dosimetry and the protec-
tion of patients and staff.

Further information is available
from Victor Perez-Mendez or Ralph
Thomas, Lawrence Berkeley Labora-

tory, University of California Berkeley,
CA 94720. For registration, contact
A. Rindi, Fisica Sanitaria, Istituto
Nazionale di Fisica Nucleare, Labora-
tori Nazionali di Frascati Casella
Postale 13, 00044 Frascati, Italy.

Users Annual Meeting

The Fermifab Users Organization

will hold its Annual Meeting at
Fermilab on 28 April 1979, following
the international symposium in hon-
our of Robert Wilson. The agenda
and other information regarding

the meeting will be sent to all mem-
bers after the March meeting of

the Users Executive Committee.

Kaon Factory Workshop

A two day ‘Kaon Factory Workshop’
will be held in Vancouver, 13-

14 August 1979, in conjunction
with the 8th International Confer-
ence on High Energy Physics and
Nuclear Structure. The Workshop
will cover both the practical design
of machines to produce intense
beams of kaons and other hadrons,
and their physics potential. Further
information can be obtained from
M. K. Craddock, 8-ICOHEPANS Se-
cretariat, TRIUMF, The University
of British Columbia, Vancouver,

B. C., Canada V6T 1W5.

Cadmium monitors

In the November 1978 issue,
page 402, we reported on the mobile
unit of the Medical Department at
Brookhaven which uses a neutron
irradiator and gamma detectors to
monitor cadmium concentrations in
the body. Professor J. Dutton of the
University College of Swansea has
called our attention to two similar
machines developed and used in
Europe. One is operated by the group
of Professor Fremlin at Birmingham
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POSITION OPPORTUNITY

RESEARCH ASSOCIATES
IN PARTICLE PHYSICS

The INSTITUTE OF PARTICLE PHYSICS OF
CANADA invites applications for Research
Associate positions. Openings exist in the
Canadian experimental particle physics groups
located at Carleton, McGill, Ottawa, Toronto and
York Universities. These groups are collaborating
in experiments at Fermilab and SLAC.

Applications including curriculum vitee, tran-
scripts and the names of 3 referees should be
sent to:

POSITION OPPORTUNITY

RESEARCH SCIENTIST
IN PARTICLE PHYSICS

The INSTITUTE OF PARTICLE PHYSICS OF
CANADA invites applications for Research
Scientist positions. Applicants should have
proven ability in Experimental Particle Physics.
Initial appointments will be for three vyears
followed by a review which, if favorable, will lead
to a continuing career appointment. Initially
Research Scientists will be expected to join one
of the existing L.P.P. collaborations at Fermilab
or SLAC but the opportunity to initiate new
experiments will also exist.

Applications including curricllum vitee, tran-
scripts and the names of 3 referees should be

o ey,
)

Canada

Y, J.D. PRENTICE
Department of Physics
3 University of Toronto £
& Toronto, Ontario M5S 1A7 /’é

sent to:
A\‘\\w O Phiryg, ‘,

|

J.D. PRENTICE
Department of Physics
University of Toronto
Toronto, Ontario M5S 1A7
Canada

University. It has a plutonium/beryl-
lium neutron source and has been
used in cadmium surveys of liver and
kidney in industrially exposed work-
ers. The other, operated by a joint
Hospital-University Group at Swan-
sea, is known as NAOME. It has a
californium neutron source and is
used particularly at present in study-
fng the suspected link between cad-
mium levels in the kidney and hyper-
tension and investigating whether
these are related to dietary and smok-
ing habits.

Bevalac tuning up by computer

The heavy ion accelerator, Bevalac,
at Berkeley aims progressively to
increase the proportion of time it
can give to physics and biomedicine
as the use of computer control and
database technigues in tuning up
the accelerator is being extended
throughout the year. This is a much
more demanding process with
heavy ion machines, such as the
Hilac-Bevatron combination or the
Darmstadt linac, than with proton
synchrotrons, which deal with a
single type of particle and which
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can usually stay with a particular
cycle for an extended period of
time. The research programmes at
heavy ion accelerators require regu-
lar changes of ion species and ener-
gies involving complete retuning.
Performance of the Bevalac during
the last fiscal year exceeded the
general goal of 85% machine avai-
lability, reaching an average for the
year of 87 %, with a peak in the
final run of over 90%. The time
devoted to biomedical studies has
increased so that they now receive
an hour for every two hours going
to nuclear science. Patient treat-
ments for cancer and diagnostic
radfography with heavy ion beams
now benefit from improved equip-
ment in the Treatment Room.

In Fermilab's tradition of interest in the
environment, three rare barn owls have been
released at the site. Barn owls have almost
disappeared from the upper midwest and
naturalists hope to use the Fermilab trio to
explore the reasons why they have left. Tele-
metry was attached to the birds and they
have been spotted on the site throughout
the winter. It is estimated that the owls have
eaten approximately two thousand mice
since they were released!

{Photo Fermilab)
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Norwayat CERN

26th-30th of March

Meet with us at
the exhibition

We offer a wide range of electrical
products and services within the
following branches:

Power production — transformation —
switchgear stations — control -
automation - instrumentation —
engineering — installation and
maintenance services.

the ELEKTRO UNION group

Represented by: AC-ELEKTRO A/S EGA A/S
ELMEK A/S A/S NATIONAL INDUSTRI
Main office: Universitetsgt. 22/24, P.O. Box 1258,
Vika, N-Oslo 1, Norway. Phone: (02) 3307 70.
Telex: 17721 elun n.

ELECTRONICS DESIGN
ENGINEER
OR PHYSICIST

A challenging opportunity is available for an elec-
tronics designer to work in the High Energy Physics
Laboratory at Harvard University. Primary responsi-
bility will be circuit design for detector readout and
data acquisition systems used in frontier experiments
in elementary particle physics.

The candidate should have a minimum of a BSEE with
3 to b years design experience or a degree in physics
(or related field) with relevant electronic experience.
This experience should include circuit design in the
nano-second time region, preferably both analogue
and digital; standard computer interfacing techniques
for data acquisition; and design of analogue circuitry
for general purpose instrumentation.

Additional responsibilities will include the supervision
and organization of small electronics support shop.
The salary will depend upon the extent of specific
experience, particularly with high-speed pulse circuits.

Please send resume to:

Dr. FRED NIEMANN

High Energy Physics Laboratory
42 Oxford St.

HARVARD UNIVERSITY
Cambridge, MA 02138.

TRAVERSEES ISOLANTES
Céramique - métal étanches a I'ultra-vide

ETUDE ET REALISATION
D'ENSEMBLES

Suivant vos plans et spécifications

FABRICATIONS
DE NOTRE USINE D’EVREUX

PASSAGES ELECTF?IOUES ETANCHES
Céramiques metallisees et brasees

PIECES pour MECANIQUE, NUCLEAIRE,
ELECTROMECANIQUE

Tubes, barreaux, piaques, disques en AF 937
Pieces usinees rectitiees
PIECES pour ELECTRONIQUE
Radomes, fenétres électromagnetiques
Poudres abrasives et pour projection
Revétements céramiques par projection ptasma

LUMIDOSIMETRES en Verre Phosphatique
(BREVET C.E.A)

LUMIDOSIMETRES en fluorure de Lithium pour
dosimetrie individueile (Brevet C.EA)

ARTICLES DE LABORATOIRE en oxydes frittes
Creusets pour evaporation

CERAMIQUES TECHNIQUES
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Zone Industrielle No 1 - 27025 EVREUX CEDEX

Téléphone (32} 39.15.95 - Télex 180573 F DESCERA
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The NE 4694 is a simple inexpensive 1024-channel
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analyser, with built-in ADC, designed for monitoring
signals in large dedicated nuclear electronic systems. Itis
also ideally suited for teaching and other applications

requiring simple facilities.

Spectrum display is readily obtained with the NE 4699

Display or with most oscilloscopes and recorders.

Features:
In-built ADC, 80MHz

Unipolar or Bipolar
0-10V input

Gated charge

sensitive input option
Channel capacity: 105-1
Channel content on
LED display

Channel selection
markers set by
digiswitch

X, Y, and Z outputs

for display oscilloscope
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1024-channel
memory with
subgrouping

Subgroup selection:
1024, 512, 256

Compatible
Integration Module
available

Analyser or
Multiscaler operation

Parallel or serial data
output
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Ancillary NIMS available:

NE 4699 Display, NE 4698 Integrator,
NE 4624 Clock, NE 4601 + NE 4626 Bin,
NE 4655 Low Voltage.

Request full details and new NIM
Catalogue from:

NUCLEAR
ENTERPRISES

A Division of E&I Technology S.A.

25 Chemin Frangois-Lehmann,

1218 Grand Saconnex, Genéve.

Tel. [022) 98 16 61/62 Telex 289066.

Associate Companies

Nuclear Enterprises Ltd., Sighthill,

Edinburgh EH11 4EY, Scotland. Tel. 031-443 4060
Telex 72333 Cables Nuclear, Edinburgh

Nuclear Enterprises GmbH, Schwanthalerstrasse 74,
8 Minchen 2. Germany. Tel. 53-62-23 Telex 529938
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® GOSSEN

INSTRUMENTS POUR LA TECHNIQUE
DES PROCEDES INDUSTRIELS

CONVERTISSEUR DE MESURE

Pour des données
électriques et non élec-
triques telles que cou-
rant, tension, puissance,
cos. @, frequence,
temperature, nombre
de révolutions

Exécutions spéciales possibles méme pour de
petites séries

PERIPHERIE

— Instruments encastres,
dimensions selon DIN 43700
avec échelle quadrangulaire,
profilée et circulaire

- Instruments a panneau digital

— Instruments avec index
réglable

— Relais électroniques de
mesure

— Régulateur a 2 et 3 points

Service et livraison rapides

APPAREILS DE MESURE

ET DE TEST
lll I MESSUMFORMER-TESTER
. B E MU-T
I
| h L Combinaison d’instrument de
‘ -~ lecture et de source pour

mA= etmV= avec
lecture digitale

MESSUMFDRMER - TESTER
MY T

A__a
e

vri(\l W .
L Autres appareils:
Sy
{4 7w o7 L
| et gy muitimétres
. I R enregistreurs
—— controleurs d’isolement
controleurs de conductance
SRL 1502

ULRICH MATTER S.A., 5610 WOHLEN

Instruments électriques de mesure
Téléphone (057) 61454 /62834
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Débitmeétres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés

pour liquides et gaz
type 1100

livrables ex stock Zurich

Heraeus lentilles, miroirs

Verres de silice regards, hublots
plagues, prismes
tiges, tubes

Triple prisme en 'qualité SUPRASIL isotrope et

homogeéne, déposé sur la lune sous forme de

réflecteur rétro-directeur dans le cadre du
programme Apollo.

Demandez la documentation auprés de

WiEAE Oerlikonerstrasse 88
tél. 01/46 4040

vorm. WISMER AG 8057 Zurich

'

Equipment planning guides for vocational
and technical training
and education programmes

These guides will save time and effort for planners, buyers and sellers
of equipment in both developing and industrialised countries. They
contain illustrated lists of equipment, model workshop layouts, com-
mon conversion factors, price lists and alphabetical indexes of item
captionsin English, French and Spanish. Neutral specifications havebeen
given for all items of equipment in order to ensure fairness in inter-
national competitive bidding.

Guides already available:

Machining and fitting occupations (No. 1)

ISBN 92-2-101890-3

Tool and die making occupations {No. 2}

ISBN 92-2-101891-1

Welding occupations {No. 3}

ISBN 92-2-101887-3

Sheet metal occupations (No. 4)

ISBN 92-2-101892-X

Automotive occupations {No. 5}

ISBN 92-2-101863-6

Plumbing/pipe fitting occupations (No. 6)

ISBN 92-2-101893-8

Electrical occupations (No. 9)

ISBN 92-2-101885-7

Radio and television repair (No. 11)

ISBN 92-2-101894-6

Refrigeration and air conditioning (No. 14)

ISBN 92-2-101895-4

Further guides are in preparation.

Price for each volume: £10.00, SF40.00, $19.95

INTERNATIONAL LABOUR OFFICE

London Branch Office ILO Publications

RN
87/91 New Bond Street g{{@y CH-1211 Geneva 22
Nt

London W1Y SLA Switzerland
Tel: 01-499 2084 Telex 22 271
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SERVOGOR 743 XY-YT coordinate printer with
multi-range keyboard, for DIN A4 size paper.
Coordinate measurement rack units with ranges from
0.05mVto 5 /Vcmand 10 x 10 cm calibrated

zero point suppression. Time unit insert with ranges
h from 0.05 to 100 s/cm. Time advance also
adjustable from outside. Highly sensitive and accurate,
short setting time, operable in any position.
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Servogor potentiometer printers represent the acme of construction, precision
and reliability. The Servogor system features the most advanced engineering
and design, simple and foolproof operation and an impeccable after-sales
service.

Any measurement can be made in the best possible way with the aid of a wide
range of accessories, which can even be added later.

Servogor, the versatile modern print-out system. Ask for our technical bro-
chures — a telephone call is enough.

METRAWATT AG FUR MESSAPPARATE

Sales office: Felsenrainstrasse 1, Postfach, 8052 Zurich. Tel: 01-51 35 35. Telex 59436

J  GOERZ|
BBC T
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HIPOTRONICS DELIVERS

MEGAWATTS

Part of an 8.4 MW HV\DC Power Supply which
HIPOTRONICS recently delivered to Oak Ridge National
Laboratories for continued research in Nuclear Fusion!

When the requirements got tough
Hipotronics got the call. Oak Ridge
needed 168 kilovolts at 50 Amps for
the next phase of development of
their Fusion Reactor. So they turned
to Hipotronics, the leader in high volt-
age technology. They got exactly
what they wanted, a well regulated
high power supply that is rugged
enough to withstand repeated crow-
bar shorts with no damage to the
power supply.

[(nnovative design approaches are
everyday occurrences at Hipotronics
We design, manufacture and fabri-
cate every important component
and our facilities are the largest and
finest in the industry. That allows us
the flexibility to meet the most de-
manding specifications and condi-
tions of high technology programs
such as Neutral Beam Injectors and
High Power Lasers.

Hipotronics has also manufactured a
wide range of high voltage power
supplies for other applications:

s Capacitor Bank Charging

a Klystron Tubes

= Travelling Wave Tubes

» High Powered Lasers

m Accelerators

Whatever your requirements, pulsed

or continuous duty, brute force or
finely regulated, call us.

Remember —
HIPOTRONICS DELIVERS!

HIPOTRONICS, INC.

P.O. Drawer A, Brewster, NY 10509
(914) 279-8031 Twx 710-574-2420
Amex Symbol: HIP
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CAMAC

Introducing the most powerful intelligent CAMAC
controller system:
ACC 2099/CCA2 2089 This combination provides all the facilities of

the host computer through a parallel branch
with sophisticated Front-end processing
through a fast 16 bit microcomputer.

A2 CA CONTAOEAER ACC 2099: Auxiliary Crate Controller.
Wil W

— 16 bit Texas TM 9300 microcomputer
— single width multilayer CAMAC unit

— 16K-16 bit RAM memory of which up to 4K can be replaced by ROM for fixed program
storage

— Teletype interface

— 4 Front-panel Real Time Interrupts

— easy software with CAMAC modules addressed as memory positions
— 10 us CAMAC Read/Write cycle

— Also SCCL2 and Nord 10 PIO controller compatible

CCA2 2089: A2 Parallel Crate Controller

— Fully conforms to the new EUR 6500e specs.
— single board construction
— fastclear input

PRSI, N@
[ )
{ Lrite

Batress

SYSTEM OPERATION

The A2 Crate Controlleris a parallel Crate Controller and includes all the same functions plus
new control logic for local data handling using a microprocessor module (as ex. ACC 2099).
The A2 provides access to the N and L lines via a rear panel connector for the Auxiliary Crate
Controller placed in any normal station. It also handles the remote/local access request
conflicts. Front-end data processing is governed by the ACC 2099 just as long as the main
computer does not require access to this particular crate: However, when this occurs, the

local processor is released, its status saved and the Branch Demand processed. Once the
Qo = Branch Demand has been filled, control returns to the ACC 2099.

UERR SRR e
Bas

\ Next month:
The new ACC 2103 — an extended version of the ACC 2099 with additional EPROM for high-level languages.

France: ORTEC Sarl: 7, rue des Solets: Tel. (1) 872571 - Tix 202553F, F-94 RUNGIS — Germany : SEN ELEKTRONIK
GmbH; Brandstiicken 11; Tel. 041 802046 - Tix 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; Radspielstrasse 8;
Tel. 089 916710 - Tix 529167d - D-8000 MUNCHEN 81 — Switzerland: SEN ELECTRONIQUE SA; CP 39;
Tel. (022) 442940 - Tix 23359ch - CH-1211 GENEVE 13 — SEN ELEKTRONIK AG: Austrasse 4; Tel. (01) 9455103;
Tix 58257ch - CH-8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

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




Usine a fagon avec meules diamant ou borazon:

— Carbures de: Tungsténe — Silicium — Bore etc.

MICROPIERRE s.a.

R. de Trépillot, 25000 Besancon - Tél. (81) 803069

— Alumine frittée — Toutes céramiques — Corindons — Quartz — Silice

— Matériaux a aimants: Ferrite — Ticonal - Sammarium — Cobalt

Rectification

Depuis plusieurs
dizaines d'années,

Plane la société
MICROPIERRE
CBmEI’lBSS est spécialisée
i i dans 'usinage
Cylindrigue o LS
Inter. et exter.  de matériaux
tres durs:
Per(;age saphir - rubis,

: destinés a
FI'BTHQB la bijouterie
R[)dage et a I'horlogerie.
Polissage
QUALITE L'apparition de

; nouveaux matériaux

PRECISION 4 usage industriel

justiciables des
mémes techniques
d'usinage
a conduit
naturellement
MICROPIERRE
a étendre

ses activités
dans ce domaine.

*

CAMAC 50 OHM

Fischer electric connectors, 50 Ohm, for Camac serie
101 A004 (homologated by CERN-Geneva). These
connectors show the same characteristics than all
the well known FISCHER-Connectors with selflocking.

W. W, £ISCHER

INGENIEUR-MORGES
Pat. pend.
Téléphone (021) 77 37 11

CH - 1143 Apples Télex: 24259 fisch - ch

En effet, 50000 alimentations a découpage GOULD
sont en service dans toute |'Europe...

- faible encombrement

- rendement supérieur 3 70%

- faible dissipation de chaleur:
(refroidissement par convection natu-
relle)

— protection totale contre les surten-
sions et les surcharges

- protection contre les microcoupures
(28 ms)

— «soft start» sur les unités puis-
santes: courant d'appel limité a
30 A

- excellente régulation: 0,1% max. pour

variation de charge de 0 a 100% =
10% variation réseau

- ondulation résiduelle: 10 mV eff.

— rayonnement: inférieur aux normes
VDE

- puissances disponibles: de 256 W a
500 W

- branchement en série ou en paralléle

- fiabilité excellente: MTBF: 50 000
heures

— garantie de cing ans

— gamme de température: -10°C + 70°C

CONFIANTS DANS LES PERFORMANCES DE NOS ALIMENTATIONS, NOUS
N’'HESITERONS PAS AVOUS EN PRETER POUR TESTS.

== GOULD

Gould Elektronik AG
Grubenstr. 56, CH-8045 Zirich
Tel.01/35 27 66/Telex 58521
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SCINTILLATION DETECTORS
Head-on
Photomultiplier tubes

e
MICROCHANNEL PLATES

Single anode-high speed
Muiti anode-high speed
highresolution

For MEDICAL For HIGH ENERGY
INSTRUMENTATION PHYSICS

e Gamma Cameras e Calorimeter Detectors
¢ Emission Tomography ¢ Hotoscope Detectors
e CT Scanning e Cerenkov Counters

Photomultiplier tubes with less than
300 picosecond rise time are now available.

Write for Data sheets

Demander nos Fiches Techniques Escribanos por las Especificaciones
Datenblatter sind auf Anfrage erhaitlich T—=% ¥y-74FEhTFao.
Richiedeteci i Dati Tecnici FH 2 Rep%

HAMAMATSU

HAMAMATSU CORPORATION -+ 420 SOUTH AVENUE - MIDDLESEX, NEW JERSEY 08846 « PHONE: (201) 469-6640
International Offices in Major Countries of Europe and Asia.
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HAS A BROAD SELECTION
OF SINGLE-DUAL-QUAD-
OPERATIONAL AMPLIFIERS

FOR GENERAL PURPOSE, HIGH SPEED, LOW POWER, PRECISION,
HIGH INPUT RESISTANCE ...ttt AND ECONOMY!
| = T 1

PMI
MODEL
0P-01 ° |
0P-02

GENERAL
PURPOSE
HIGH
SPEED
LOW

_ |POWER

PRECISION
HIGH
INPUT R

00 ® @ OSINGLE
DUAL
QUAD
SECOND
SOURCE
ECONOMY

0P-05
0P-07
0P-08 ]
0P-09
0P-10
OP-11 o
OP-12 | ;@
Op-14 L
0P-15
OP-16
0P-17 |
0P-20 |
PM 108A/308A
PM108/308
PM 155A-355
PM 156A-356
PM 157A-357
585725

PM 725
585741

PM 741
588747

PM 747

558 1558/1458
PM 1558/1458
PM 4136

Second Source available: @ direct O limited

PMI IS A LEADING MANUFACTURER OF OPERATIONAL AMPLIFIERS, A/D/A CONVERTERS,
VOLTAGE COMPARATORS, ANALOG SWITCHES, SAMPLE-AND-HOLD AMPLIFIERS, VOLTAGE
REFERENCES! ALL PMI MODELS AVAILABLE IN MIL-STD-833 VERSIONS AND AS CHIPS.
PRECISION MONOLITHICS INC. | EUROPEAN HEADQUARTERS
Santa Clara, California, USA PMI Bourns AG, 6340 Baar, Switzerland

A Subsidiary of Bourns Inc. e Phone: 042 33 33 33, Telex: 78722

oNolIcHORONe

0000000000000 O OCOCOOOO
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Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames and parts of all types

for basic research.

Plates as well

as completely machined elements.

Stesalit AG
Kunststoffwerk
GCH-4249 Zuliwil SO
Telefon 061-8006 01
Telex 63182

03.002

BERNEY T32
High Precision Saw

— Modular and sturdy construction

- Precise vibration-free spindle 1000-20 000 rpm with
electronic variator

— cross-feed by stepping motor, resolution accuracy better
than 0,01 mm (-0004")

- Manual or automatic modet

— Freeze clamp

— All kinds of Profiling, Cutting, Grinding and Once-
Through Machining Processes in solid ALUMINE
blocks and/or other extra-hard materials

BERNEY]

Machine Tool Manufacturing Co, Ltd

CH-1341 Les Bioux (Switzerland)
Phone: (021) 85 61 29 Telex 22800 ronex

. 9 .
Wide Band, Precision
CURRENT MONITOR

With a Pearson current monitor and an oscillo-
scope, you can measure pulse or ac currents
from milliamperes to kiloamperes, in any con-
ductor or beam of charged particles, at any
voltage level up to a million volts, at frequences
up to 35 MHz or down to 1Hz.

This video monitor is physically isolated fram
the circuit. It is a current transformer capable of
highly precise measurement of pulse amplitude
and waveshape.

Whether you wish to measure current in a
conductor, a klystron, or a particle accelerator,
it is likely that one of our off-the-shelf models
(ranging from %" to 10%" 10) will do the job.
Contact us and we will send you engineering data.

PEARSON ELECTRONICS, INC.
4007 Transport St., Palo Alto, California 94303, U. S. A,
Telephone (415) 494-6444
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PREGISION GOMPONENTS
FOR NUGLEAR RESEARGH & NUGLEAR POWER

BELLOWS EXPANSION JOINTS
VACUUM VESSELS
TOKAMAKS
BEAM TUBES
THIN-WALL FABRICATIONS
METAL SEALS
FLEXIBLE METALLIC HOSE

v o i TRANSFER LINES
cal siainless steel vactjum vessels for the booster‘m CUUPLIIVGS

synchrotron of the new Synchrotron Radiation Source (SRS) at the Daresbury
Laboratory of the Science Research Council

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 Telex : 82256

ADRET 7100A

GENERATEUR AM/FM/PM AVEC STABILITE D'UN
SYNTHETISEUR

-

® 300 KHz... 650 MHz (1300 MHz)

® Résolution 1 Hz J Q ?’
® Bruit de phase 126 dB a , & o
20 KHz de Ia porteuse R

® Niveau de sortie+20dBm a—- 140 dBm

® Une seule gamme de fréquence

Demandez nos fiches
@ Gestion par microprocesseur techniques détaillées !

Représentation généfale Y ROSCHI 3000 Berne 31, P.0.B. 63
et service 7 Télex 32137

/A . .
pour la Suisse = Télécommunication SA Tesphone 031 442711
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New Mass Storage Devices!

How much time are you having to sacrifice to mass storage access?
Seconds? Milliseconds? Microseconds?

Our new RAM Module Type 1635 provides faster, cheaper and thinner mass storage:
- Non-volatile RAM storage, even if unpowered for over a year
(thanks to built-in battery back-up)

—< 1us access time and thus compatible with maximum Camac tra nsfer
rates up to 1 MHz

— Up to 64k-bytes (or 32 k-words of 16-bit} in a single-width
Camac module

— Memory-protect feature prevents erroneous overwriting
— Compatible with a number of available RAM chips

- Allows in-crate program development with Macamac*
(Macpos software permits WRITE, DELETE, LIST commands in Basic
or Assembler)

— Matching Prom module also available (Type 164 3)

*Macamac is the result of Borer integrating a micro-  ware up to multi-processor systems with communi-
processor into a Camac Crate Controller together with ~ cations networks. Macamac is available with high
a powerful stand-alone operating system on Prom.  level real-time programming facilities in BASIC (on
It allows modular extension of hardware and soft- Prom) and many other software utilities.

CH-4501 SOLOTHURN/SWITZERLAND  Tel: 065/311131 Telex: 34228 . BORER ELECTRONICS AG

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 superconductor
cable used in high energy physics programs; 4
programs which have stringent
requirements for:
¢ Ultrahigh Conductivity (98-102% IACS)
¢ Excellent Brazing Characteristics
¢ Vacuum Integrity

Shaped Wrought Geometries

Experienced Metallurgical Control

Special Alloys

@ @ JANNEY CYLINDER COMPANY

Subsidiary of Pittsburgh Forgings Co.

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

ONET

Un groupe de niveau européen

la prestation de services

Nettoyage industriel
Nettoyage d’ateliers, bureaux, laboratoires, cliniques

Hygiéne, désinfection, désinsectisation, dératisation
Manutentions

Office nouveau du nettoyage ONET

13008 -MARSEILLE 12 bis, boulevard Pébre "(91) 762850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis - X® tél. (1) 6079484
'GENI‘EVE 55/57, rue Prévost-Martin tél. (022) 206848
74- ANNECY 6, avenue de Mandallaz tél. (b0) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (b0) 419133

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

You'll find them
=i here.

QOur 1979 catalogue contains
over 250 pages of foils, wires,
rods, powders and tubes,
including many unique or
hard-to-get items.

Over 100 different pure
metals and alloys are
available for immediate
despatch in small gquantities
4 for research. Non-standard
items made to order

take a little longer.

Write or telephone for
your copy now.

Goodfeliow Metals Ltd
Cambridge Science Park
| Milton Road, Cambridge
CB4 4DJ England
Telephone:
England:(STD 0223) 69671
International:Access
Code +44+223+69671

mGOODFELLOW

for research and mdustry

e ROGHI.ING

Haren KG

e W R / .
glass fibre reinforced plastics

Its Advantages

— excellent electrical

insulating properties
~ high arc resistance
— outstanding resis-

Production Range

— Sheets
standard size
2000 x 1000 mm
from 1 mm thickness

Some Applications

- low and medium
voltage switchgear
construction

- transformers and

tance to tracking - Rings generators
- high heat resistance profiles by — electric furnaces
- high mechanical pultrusion as well — mechanical
resistance as all other construction
parts machined to
drawings of
samples

For further details, please, contact
Réchling Haren KG D-4472 Haren, Ems 1

Agent for Switzerland:
KUNDERT AG., CH-8714 Feldbach

Phone 05934-1011

Phone 055/42 28 28  Telex 7 565 54
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e

YOUR
pOWE

SWITCH MODE & LINEAR POWER SUPPLIES

Build up your requirements from this comprehensive range

- ® SCEB026124.260
nEW e
] & .,
.mzou

General purpose ®@-vnon
blocks compatible 80 Lw
with CERN “
specifications —

COMPACT DESIGN

FEATURES:— 1. Voltage & Current Monitoring Points
2.  Inputs & Outputs via Burndy Connector
3. Soft Start (Controlled Inrush Current)

4. Low Cost
SWITCH MODE TYPES LINEAR REGULATOR TYPES
RATING TYPE CASE  RATING TYPE CASE
5V 10A 07.61.24.150.0 A 5V 3A 07.61.24.1000 A
5V 20A 07.61.24.2000 B8 15V 1A 07.61.24.2500 A

24V 5A  07.61.244000 B +15V 0.6A 07.61.24.300.0 A
24v 1A 0761243500 B

CASE | A | B
DIMENSIONS IHOH X 85W X 120D | 110H X 170W X 120D

{Case dimensions in millimetres)

PLUG IN LINEAR SUPPLIES
NIM RACK SIZE 3H 1L

RATING TYPE
BV 2A 07.61.28.050.0
NIM RACK SIZE 3H 2L
RATING TYPE

5V BA  07.61.28.053.0
15V 1A 07.61.28.085.0
24V 2A  07.61,.28.101.0

ALSO AVAILABLE TRIPLE UNIT
INBH 2L BV 2BAPLUS

NIM RACK SIZE 5H 2L 115V 250MA

RATING TYPE
5V5A  07.61.28.056.0 NIM RACK SIZE 3H 4L
5V 10A  07.61.28.062.0 5V 10A  07.61.28.059.0

£15V 1A 07.61.28.088.0 24V5A  07.61.28.107.0

24V 2A  07.61.28.104.0 ALSO AVAILABLE IN 3H 4L
24V 6A  07.61.28.110.0 30V BA

Belix also specialise in custom built power supplies

Write or telex us for
further information

or quotation to:

Belix Ca. Ltd.

175 Hook Road,
Surbiton Surrey, England.
Telephone 01-397 0921
Telex 8951747

BELIX
—

'l
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from 4 dB 1o 800 dB
Singie-fiber or bundle

TNC and SMA Connectors

Components up to 30 MHz

Why take chances ? With FORT, you've got

10 years’ experience in the design of reliable
optical fibers and cables tailored to your
needs...

....plus an international user-support network ot
your beck and call.

o> FIORY
-y = .

Ll «la Gaudrée», 5, tue Lambert, 91410 DOURDAN
FRANCE. Tél. (1) 492.94.63 + Télex 692060 F.

Subsidiaries in Germany, England; ltaly,
Japan, and representation in 15 countries.
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SELF-EXTINGUISHING AND CHLORINE-FREE CABLES

ET SANS CHLORE

B SO -l 2 T

PR RrSre

T TT1TT] OMCIT T CTTTT]

VAV

SOCIETE ANONYVIE DES
A CABLERES & TREFILERES
COSSOoNAY DE COSSONAY

Vente par CABLEX S.A., BP. 274, 1110 MORGES, Tél. 021/710981, Télex 257 84

(PCP inc. - | \
ION MOLECULE REACTOR

AND QUADRAPOLE
MASS SPECTROME'!;ER

..for chemical analysis and physical
chemlstry applications the Model MMS-160
will perform studies in:

B lon molecule reactions kinetics

Bl lon mobility with mass
identification

W Mass analysis with precursor
identification

B Chemical analysis at threshold
level to 10-12 mole parts

W Chemical analysis at 10714 to
10-9 mole amounts

Instrumentation is available for direct purchase,
or specific analysis and measurements for your
applications can be performed in ourlaboratories.
For complete details and informative technical literature
please contact:

DENIMEX DEVELOPMENT CORPORATION

\ CH-1605 CHEXBRES, Switzerland m Phone: 021-56-14-24 = Telex: (845)24642(DNIMXCH)
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Chantiers modernes
S.A. au capital de Fr. 30000000 f

88, rue de Villiers
92532 LEVALLOIS-PERRET - CEDEX
Téléphone: 757-31-40
Télex: 610202

Paris - Bordeaux - Vitrolles - Nantes - Le Havre
La Réunion - Libreville - Pointe-a-Pitre
Abidjan

_OPERATING COSTS

/" Klaasing-Reuvers "\

DC/DC Converters

Among 157 standard units
there.is also the model for you

inputrange 5...48 V

outputrange 5.. 24 VDC, 300 mA .. 4 A
regulation 0,05 ... 1%

ripple & noise 1 ... 30 mV

efficiency up to 85%

quality input filter & isolation

Klaasing — Reuvers is the No. 1 eufopean
manufacturer of DC/DC converters and
mini modular power supplies.

Ask for catalogue, wallchart, price list.
Preferential items ex stock Zurich.

Dewald AG

Seestrasse 561 Tel. 01. 451300
8038 Zirich Telex: 52012
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NEW

CRYOTRAN CT-310
CONTINUOUS FLOW
CRYOSTAT

REDUGES LHe
CONSUMPTION &

The versatile new Series CT-310
CRYOTRAN continuous flow, variable
temperature Cryogenic Systems re-
quire no shield gas...allowing simpli-
fied operation with reduced operating
costs. The consumption is less than
50% of the consumption by competitive
units. And the compact, easy-to-use
CRYOTRAN Series CT-310 system
provides accurate, reliable refrigeration
from below 2K to 300K. CRYOTRAN
CT-310 uses accessories identical to
those used in the proven LTS-21 series
closed cycle refrigerator; accessories
are interchangeable with LTS-21 ac-
cessories. Special system designs are
also available on request.

Features:
* Temperature range < 2K to 300K
*Rapid cooldowne«Complete temperature
control and read-out instrumentation
« Can be used with either LHe or LN
« Micrometer needle valve flow control
« Bifilar wound resistance heater for
temperature control from < 2K to
room temperature » Accessories for
nearly any application

NEW CT-310 CRYOTRAN SERIES
Continuous flow variable
temperature cryogenic systems

«Simplified operation « Lower LHe
consumptioneReduced operating costs!

For full details and literature... write, call or telex

In Europe: Cryophysics

Oxford, England Geneva, Switzerland
(86b) 722824 (22) 329520
Darmstadt, W Germany  Versailles, France
(6151) 74081 (1) 9506578

In North America:

LAKE SHORE
CRYOTRONICS, INC.

64 East Walnut St., Westerville, Ohio 43081
(614) 891-2243 Telex: 24-5415 Cryotron WTVL
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For high-field magnets in excess of 10T

VACRYFLUX'N

monolithic superconductors and
fully transposed flat cables with
10,000 — 70,000 Nb3 Sn filaments
(3 um diameter) successfully tested
in laboratory magnets

integrated copper sta

wba

VACUUMSCHMELZE GMBH

Griiner Weg 37, D-6450 Hanau
Tel.: (06181) 362-1
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Give yourself peace of mind.

Need to produce better products at lower cost, by a process
that requires control of gas pressure or flow? A GP automatic
pressure/flow controller can help you.
¢ Automated gas admission produces controlled pressure or
flow. A GP Controller works faster than any operator and
always remembers your set point for pressure or flow.

* Low overall cost. The Controller operates around the clock
on pennies per day including depreciation.

¢ Thecleanest valve. Controller’s organic-free, all-metal valve
controls the purest gases without contamination.

« Wide control range. Precision control of pressure all the
way from ultra-high vacuum to 115 psia. Precision control of
flow up to 2500 Torr liters/sec (400 scth). When stopped, the
valve seals leak tight.

» Accepts inputs from a variety of sources. All you need is
a full scale 10 mVdc to 10 Vdc signal proportional to pressure
or flow. If anything in your process generates this signal, you
won't even need a separate transducer.

¢ Thebestin dependable operation and service. GP Pressure/
Flow Controllers have been used in critical processing opera-
tions around the world since 1961. Their dependability is un-
excelled and GP stands behind its products.

We'd like to show you how a GP automatic pressure/flow
controller can increase productivity in your application. In-
terested? Call or write the appropriate company below.

FOR SALES AND SERVICE CONTACT:

France: V.M.D.I. Le Vide Moleculaire, Dans LIndustrie, 11, Rue De La Villette,
75019 Paris, France, Telephone: 205-26-80, Telex: 280 823/500 ITSER e Italy:
G. Gambetti Kenologia, 20122 Milano, Via Lamarmora 33, Milan, Italy, Telephone:
54.66.982, 54.66.986, Telex: 843-32250, Cable: TECNOTORR e Netherlands:
Intechmij B.V,, Lip Van De Landre and Glinderman Groep, Postbus 8068, Hoogkar-
spelstraat 68, Den Haag, Holland, Telephone: 070-251212, Telex: 31216 » Bel-
gium/Luxembourg: Landre-intechmij N.V., Lange Leemstraat 383, 2000 Antwerp,
Belgium, Telephone: 031-303273/303278, Telex: 35264 Landre-B » Sweden,
Norway, and Finland: Vacuumservice, a.b., P.O. Box 42137, S-128 12 Stockholm
42, Sweden, Telephone: 08-744-29-85, Telex: 116 95 Vacserv S, Cable: Vacuum-
service Stockholm e Switzerland, Liechtenstein, and Austria: U. Grazer Vakuum-
technik, Neumuhlequai 6, 8001 Zurich, Switzerland, Telephone: 01 47 1588, Tel-
ex: 58933 » United Kingdom/Ireland: Kratos Ltd./A.E.i. Scientific Apparatus, Bar-
ton Dock Road-Urmston, Manchester M31 2LD, England, Telephone: 061-876
4466 Ext., Telex: 668482 Kratos G., Cable: Sciapp Manchester » West & East
Germany: Vivod/Physik-Technik, Augustenstrasse 27, B0O0OO Munchen 2, West
Germany, Telephone: (089) 521002, Telex: 524687 Vivod D =

GRANVILLE-PHILLIPS

5675 EAST ARAPAHOE AVENUE
BOULDER, COLORADO 80303, U.S.A.
PHONE 303/443-7660 -+ TELEX 045-791
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Now Available!l

Our 3875 LSI-11/2 Microcomputer is a multiwidth module
containingstandard off-the-shelf LSI-11/2 processor, memory,
and interface cards without modification. When combined
~with the LSI-11 version of our 3912 Crate Controller, the
43875 provides a versatile self-contained CAMAC computer
system which can be used as a development system for
laboratory automation or industrial process control. This
combination can also be used for remote intelligence in a
distributed CAMAC system.

The 3875 connects to the CAMAC Dataway for power only.
Inter-module communication is made via a prewired con-
nector which conforms to the LSI-11’s bus specification and
is mounted to the rear of the 3875’s front panel. Using the
3912 and its software, programs can be developed on a
PDP-11 and then transferred to the LSI-11, if desired. If
your application outgrows a crate-mounted computer, the
3912 can be used with an LSI-11 in a mounting box.

Please contact us for additional information

Kinetic Systems International S.A.

 with LSHM1/2 power

" NOTE THESE FEATURES

powerful 16-bit microcomputer with PDP-11 instruction set

supported by RT-11and RSX-11 operating systems as well
as KSC FORTRAN calls and BASIC CAMAC extensions

convenient CAMAC crate mounting

options include 32K x 16-bit memory, serial ports, and
diskette controller

any LSl-bus compatible module can be plugged into
backplane

two available housing options for versatility, mounting up
to four or five LSI-11/2-size cards, respectively

Dept. CC49 * 6 Cheminde Tavernay = 1218 Geneva, Switzerland = Tel. (022) 98 44 45 » Telex 28 9622
KineticSystems Corporation » 11 Maryknoli Drive » Lockport, Illinois 60441 * Tel.8158380005 » TWX 9106382831
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BBC-Partner fur

Hochenergiephysik unq
kontrollierte Fusion

. i o

Vierfachquadrupol fiir den Booster-Beschleuniger im Européischen
Kernforschungszentrum Cern in Genf.

W Magnetsysteme fiir Strahlfiihrung

B Spektrometermagnete

B Spulensysteme fiir Fusionsanlagen

M Supraleitende Spulensysteme

M Hochstabilisierte Magnetspeisungen

W Rotierende und statische Stromversorgungen
bis zu hochsten Stromen und Spannungen

B Steuer- und Regelsysteme

B Sonstige Komponenten fir obige Gebiete

BROWN, BOVERI & CIE - AKTIENGESELLSCHAFT - MANNHEIM

Geschaftsbereich GroBmaschinen
Geschéftsbereich Industrieanlagen

98

Ablenkmagnet fir die
Strahlfithrung beim

Schwerionen-

GSlin Darmstadt.

die StrahlfGhrung
vom Synchrotron

halle bei Desy —
Hamburg

Unsere umfangreichen Lieferungen fur namhafte
nationale und internationale Institute an
elektrischen Ausriistungen, wie z.B. die
abgebildeten Magnete, sowie dafiir geeignete
hochstabilisierte Stromversorgungen machen uns
zu threm kompetenten Partner bei der Losung
Ihrer Aufgaben und Probleme.

BBC ~ Technik fiir eine lebenswerte Zukunft

BBC

BROWN BOVERI

CERN Courier, April

beschleuniger der

zur Experimentier-

Sextupolmagnet fir

777409a
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the new standard for
100 MHz discriminators

LeCroy continues as the leader in multichannel fast
discriminators. Over the years, higher density, higher sen-
sitivity, and greater versatility have originated at LeCroy. The
Model 821, designed in response to the ever increasing
demands from the field, offers all of the performance advan-
tages of its predecessors...and more ...making it the new
standard for quad 100 MHz discriminators.

Rate Lite® .

Easy visual monitor of each channel. Instan-
taneous indication of failed detector channel—
means no surprises later.

Low threshold

—30mVto—1V. Low enough for use with low-cost
pmt’s, yet high enough for pulse restandardization
applications.

\

{
Separate tﬁ_res-
hold adjustment
with monitor paint.

Low reflections
<1% for 3 nsec risetimes to guard against
spurious retriggers on reflections.

Adjusting the thres-

hold rather than the Versatile output

high voltage avoids Fanout of 6, all with exceptional pulse shape.
timing changes in How often do you need one more output?

your pmt. \

Separate width adjustment
5 nsec to 1usec. Custom-tailor each channel to
its detector performance.

Burst Guard® mode
Ideal for veto applica-
tions. The only safe-
guard againstdiscrimi- *
natorlockup in bursts.
Updating mode
Ideal for all coincidence
applications. Protects

Common inhibit

Simplifies trigger logic. Gating early in the logic
can save kilometers of cable to data acquisition
channels and maximize trigger efficiency.

against paralyzing dead- Hysteresis o . .
times at high rates. Each channel individually trimmed to eliminate
multiple-pulsing.

Detailed information may be obtained by contacting
your nearest LeCroy sales office.

I-ecroy Innovators in Instrumentation

RESEARCH SYSTEMS

Headquarters: 700 S. Main St., Spring Valley, N.Y. 10977. Offices: Chicago, (312) 626-6726; New England, (603) 483-8755; New York, (914) 425-0412; Palo Alto, (415)
328-6063; Geneva, Switzerland, (022) 98 97 97; Heidelberg, W. Germany, (06221) 28192; Hamburg, W. Germany, (040) 54 2713; Paris, France, 907.38.97; Wheatley,
Oxford, England, (08677) 3540. Representatives throughout the world.
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August 5, 1978

EIMAC 8973 tetrodes
helped bring fusion power
a step closer at Princeton.

Project PLT—a significant

achievement

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

EIMAC tetrodes for switching

and regulating.
Four EIMAC super-power §973
(X-2170) tetrodes were used to con-
trol and protect the four sensitive
neutral beam sources in this scien-
tific achievement. The next
experiment in this series
(PDX) will also utilize
EIMAC 8973 tetrodes to
control the neutral beam
sources. The EIMAC
8973 is also being used
at Oak Ridge National
Laboratory, another

100

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

For information

Contact Varian, EIMAC Division, 301
Industrial Way, San Carlos, California 94070.
Telephone (415) 592-1221. Or any of the more
than 30 Varian Electron Device Group Sales
Offices throughout the world.

varian
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