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Cover photograph: Winter scene at the Wilson Synchrotron Laboratory at
Cornell. This winter has seen the first physics results from Cornell's new
CESR electron-positron storage ring, described in our lead article. (Photo

Cornell)
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We come to praise

The end of 1979 saw a new high
energy physics machine come
smoothly into action as the electron-
Jositron storage ring CESR at Cor-
nell began operation and produced
its first physics results.

During October, there was a
period of nine days running for the
two experiments — CLEO (a Cornell
/ Harvard / Rochester / Rutgers /
Syracuse / Vanderbilt collaboration,
see August 1978 issue, page 254)
and CUSB (a Columbia / Stony
Brook group). Although much of the
time was spent tuning up the exper-
iments and studying background
and trigger rates, the final three days
were devoted to a physics run in the
upsilon region, near 9.5 GeV total
energy.

The integrated luminosity during
this three day period was approxi-
mately 30 nb~' and about 20 nb~'
was clocked by the experiments
during runs. The beams from the
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CESR

Cornell electron synchrotron are
injected into CESR at 5.5 GeV,
where most of the previous injection
studies have been carried out, and
the ring is ramped down to the
operating energy. Peak luminosities
of about 2 x 103%per cm2 per s were
achieved, the average luminosity
over a three to four hour period being
as high as 5 x 102°. Beam lifetimes
range up to four hours at 5.5 GeV.

The CLEO detector was run with
six of the eight octants installed,
however particle identification sys-
tems in the octants were still being
tuned up. Moving outward from the
beam pipe, the apparatus consisted
of beam pipe multiwire proportional
chambers (with position measure-
ment along the beam), cylindrical
drift chamber, solenoid coil, outer
drift chamber, time-of-flight count-
ers, and finally proportional tube
shower chambers. The muon cham-
bers outside the iron magnet yoke

Now producing its first physics results is
the CESR electron-positron ring at Cornell.
The ring (right) is mounted in the same
tunnel as the Cornell electron synchrotron
(left), which acts as injector.

(Photo Cornell)

were still being tested. The solenoid
magnet was operated at 3.7 kilo-
gauss.

The other experiment, CUSB, had
about half its sodium iodide blocks
installed during the October run and
observed fifty electron-positron
scattering events. More of the detec-
tor was soon installed, ready to catch
some of the action in November,
when CESR was largely devoted to a
scan for the upsilon and upsilon
prime resonances.

Both detectors observed the two
resonances with excellent resolu-
tion. Results however are still pre-
liminary, with cross-sections await-
ing final efficiency corrections and
with a ‘local’ energy scale being used
which might need to be shifted by up
to 20 MeV.

The observed energy resolution of
approximately 3.6 MeV agrees well
with the predicted value and is a
significant improvement over pre-
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The three upsilon resonances as seen by
the CUSB (Columbia / Stony Brook)
experiment at CESR. Similar results have
been obtained by the CLEO group in the
other intersection region. The results are
preliminary, and the energy scale (energy
per beam) has yet to be fixed absolutely.
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vious results. There is general agree-
ment with the integrated cross-
sections previously observed at the
DORIS electron-positron ring at
DESY.

Encouraged by these nice reson-
ances, the two experimental groups
decided to skip a scheduled two
week shutdown and scan the energy
region around 10.4 GeV for the third
member of the family, the upsilon
double prime.

The storage ring ran beautifully,
with the average luminosity increas-
ing as the run progressed. Towards
the end of December, the average
luminosity registered by each experi-
ment was over 40 nb~' per day, the
peak luminosity being about 2 x 1030
per cm< per s.

Within a few days the upsilon
double prime was found, and during
the following week it was carefully
explored. Analysis is under way to
compare the leptonic widths of the

three upsilon resonances with each
other and with theory.

Meanwhile improvements are
being made to CESR to increase the
luminosity for the next running
period. Electrostatic separator plates
have been installed on either side of
the two interaction regions to enable
the electron and positron beams to
be separated vertically so as not to
influence each other during the criti-
cal phases of injection.

Another feature of CESR s
the synchrotron radiation facility,
CHESS, which also came into oper-
ation in October with one of the
three high energy X-ray beamlines
being used for two experiments. The
first, a collaboration of Bell Laborato-
ries, State University of New York at
Albany, Princeton University and
DESY, used an interferometer to
study the location of atoms on a
bromine monolayer in a crystal. The
other spectrometer used a single

crystal of silicon to obtain a tuned
secondary beam. All three X-ray
beamlines are now available for
experiments by scheduled users.

The remarkably rapid construction
and commissioning of this latest
electron-positron ring is a credit to
the Cornell group. With an energy
falling between the SPEAR and
DORIS rings and their PEP and
PETRA successors, CESR will have
an interesting physics region all to
itself, and could reap arich harvest of
results.
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The LEP project

At its 64th Session on 19-20
December, the CERN Council re-
ceived a document from its Scien-
tific Policy Committee entitled ‘'Pro-
posal for the next major accelerator
project at CERN’'. Following the
studies which have been carried out
over the past few years, the SPC
recommended that the ‘Design
~+udy of a 22 to 130 GeV electron-
=~pgositron colliding beam machine
(LEP)" should be used as the basis for
planning the next accelerator for
CERN and recommended that the
accelerator should be built adjacent
to the existing Laboratory.

These recommendations were
mostly favourably received by the
delegates of the CERN Member
States and the stage seems set for
the formal presentation of the
project in June of this year.

In this optimistic atmosphere we
sketch again, in simplified form, the
physics background against which
the LEP project is being proposed
and describe some of the features of
the machine as drawn from the
Aesign study mentioned above (do-

mriment CERN/ISR-LEP/79-33,
more commonly known as the 'Pink
Book’).

Our present knowledge of
the structure of matter

Rarely has the feeling been so
strong that a clear understanding is
emerging of the structure of matter
and of the forces which govern its
behaviour.

The list of what we believe to be
the fundamental components of
matter has shrunk to a handful of
leptons and a handful of quarks. Our
everyday world is built up essentially
of just four particles — two quarks
{(the "up’ quark and the ‘down’ quark)
and two leptons (the electron and
the electron-type neutrino).
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Two up quarks, with electric
charge +2/3 and a down quark with
charge —1/3, build a proton carrying
a single positive charge. Two down
qguarks plus an up quark build a
neutron carrying zero electric
charge. Protons and neutrons build
the hundreds of different types of
nuclei. Together with electrons, these
nuclei build the different types of
atom. Electron-type neutrinos are
needed in addition to explain, for
example, how some of the energy is
carried away in radioactive decay.
Thus with this handful of particles
we can analyse the structure of our
everyday world.

To be complete we should add
that the quark comes in “three
variants each with a property given
the name of ‘colour’ (for example, a

The 30 km circumference LEP ring
superimposed on a map of the CERN
Laboratory region on the Franco-Swiss
frontier near Geneva. This positioning is
likely to be close to that finally selected if
the project is authorized. The LEP ring passes
alongside the existing SPS, so that it would
not be difficult to connect the two rings at
some future date, should the physics
programme call for it. Eight experimental
halls (PI-P8) are indicated, three of them
(P3, 4, 5) being reached by tunnels into the
Jura mountains.

red up quark, a blue up quark and a
vellow up quark) though this nomen-
clature has nothing to do with our
normal conception of colour. Also
we have the antiparticle counter-
parts to our particles — for example,
the positron which is the antielec-
tron, carrying a positive rather than a
negative charge. Nevertheless we
can reasonably talk of our everyday
world as being built up essentially of
a quartet of particles.

But Nature does not stop there.
When higher energies are in action
further quartets of particles come
into play; they are like carbon copies
of the basic quartet but heavier. Thus
at accelerators and storage rings we
have discovered particles which fitin
with the existence of a second heav-
ier quartet — two quarks (strange
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and charmed) and two leptons (the
muon and muon-type neutrino). At
still higher energies there is recent
evidence for a third heavier quartet
— two quarks (bottom and top, the
second of which has not yet been
observed) and two leptons (the tau
and the tau-type neutrino, the
second of which has yet to be
seen).

How the particles behave

Given these sets of particles how
do we explain their behaviour ? Until
very recently it was customary to
divide particle behaviour into three
categories because of the quite
distinct relative strengths of the
different effects — said to be
controlled by the electromagnetic
force, the strong force and the weak
force.

The understanding of the electro-
magnetic force, first of all in the
uniting of electric and magnetic
phenomena and then in the formula-
tion of the theory of quantum elec-
trodynamics, is one of the crowning
glories of physics. It is possible to
calculate the behaviour of particles
under the influence of this force with
perfect precision.

The theory describes how the
force acts in terms of the exchange
of massless particles (photons) be-
tween the particles sensitive to the
force. The photons can manifest
themselves as radio waves, visible
light, heat, X-radiation. . . If imitation
is the sincerest form of flattery then
the theory of quantum electrody-
namics is highly regarded. The
attempts to understand the other
two forces follow the same pat-
tern.

Present theory attempts to des-
cribe how the strong force acts by
postulating other exchange parti-
cles, which have been given the

6

The constituents of matter as we now know
them. A quartet of particles {two quarks
and two leptons) explains how our everyday
world is built up. Two additional quartets,
like heavier carbon copies of the first, come
into play at higher energies, such as exist
on a galactic scale or are created in particle
accelerators.
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name gluons since they stick the
quarks together so well that they
have not yet been observed in isola-
tion. These gluons carry the strong
force property of colour between the
quarks.

The theory, because of having
chosen the name colour for the
strong force property, is known as
guantum chromodynamics. It is far

om being complete but it has a
wumber of successes to its credit and
last year received experimental sup-
port from results at the PETRA
storage ring at the DESY Laboratory
where indirect evidence of gluons
was seen.

For the weak force, the present
interpretation is so dependent on the
electromagnetic force that it is no
longer appropriate to speak of them
separately and they are now com-
bined in the so-called ‘electroweak’
theory.

The weak effects are explained by
the existence of further exchange
particles called intermediate bosons.
For charged current interactions,
where particles change electric
yharges, the carrier particles are
named the W+ and W- bosons: for
neutral current interactions, where
charges are not changed, the carrier
particle is named the Z° boson. It
was the discovery at CERN in 1973
of neutral current interactions, pre-
dicted by the theory, which spurred
the electroweak theory on its now
very successful way.

The selection of an
electron-positron ring

It is against this physics back-
ground that the European particle
physics community made its choice
of a high energy electron-positron
storage ring as the machine most
likely to contribute important new
discoveries. This choice of LEP has
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involved, especially, discussions and
work under the auspices of the Euro-
pean Committee for Future Acceler-
ators (ECFA) and design studies at
CERN with contributions from other
Laboratories in the Member States.

There had previously been studies
of the advantages of building a
multi-TeV fixed target proton synch-
rotron or high energy proton-proton
storage rings. Also developments of
beam cooling techniques have ena-
bled intense antiproton beams to be
produced. This has led to proton-
antiproton projects in the CERN SPS
and at Fermilab to collide beams at
several hundred GeV.

Experiments at such hadron ma-
chines should reveal, in particular,
vital information about quark and
gluon behaviour. For some other
topics their data could be compli-
cated to analyse because of the
three quark structure of the colliding
particles. To tackle many of the
outstanding questions concerning
the electroweak theory will not be
easy on such machines because of
the unavoidable dominance of the
strong force. It is hoped that, when
the  proton-antiproton  collider
comes into operation at the SPS in
1981, it will produce evidence of the
carriers of the weak force but it is
unlikely that the complexities of the
collisions will permit their detailed
study.

A high energy electron-positron
collider will provide cleaner condi-
tions for the production and study of
the Ws and Z°. It could in addition be
the scene of new particle discoveries
(where its predecessors — SPEAR
at the Stanford Linear Accelerator
Center and DORIS at DESY — were
so successful) filling in missing gaps
in the quark/lepton quartets, reveal-
ing whether there are further quar-
tets, discovering another type of
particle known as the Higgs boson
which is required by theory to give

other particles their mass.

Also, when the storage ring is
taken to 100 or 150 GeV collision
energy, it should see the weak and
electomagnetic effects become of
comparable strength (since the
weak becomes ‘stronger’ with ener-
gy). There are specific predictions
about what should happen at these
energies which it will be important to
check.

LEP should be able to attack these
problems and cover the many theo-
retical predictions which now exist.
It would be even more dramatic if
the predictions were not confirmed.
We have always run into new
phenomena when higher energy
ranges became accessible and have
to be open to new discoveries which
could considerably modify our pre-
sent theories.

In addition to these physics rea-
sons for the selection of LEP as
Europe’s machine for the future,
there is a balance in the likely devel-
opment of particle physics research
facilities throughout the world. In the
USA, Brookhaven is building 400
GeV proton-proton storage rings
(ISABELLE) and Fermilab is building
a 1 TeV proton synchrotron (Energy
Doubler). In the USSR, a 3 TeV
proton synchrotron is planned for
Serpukhov. Further complementary
facilities may emerge at DESY in
Europe, at Stanford in the USA, at
Tokyo in Japan and at Peking in
China.

The design of LEP

The design of LEP has been
through several iterations and has
now settled on a ring of 30.6 km
circumference with eight long
straight sections (four with 10 m
free space for the installation of
experiments using full luminosity,
four with 20 m and half luminosity)



tunnelled adjacent to the existing
SPS. This positioning could enable a
link between the two machines at
some later date, if there were good
physics reasons for doing so, and
several parameters have been set to
keep such a possibility open.

The tunnelling technique was well
mastered in the construction of the
SPS and will ensure minimum
disturbance to the environment.
Some 40 test borings have been
carried out over the proposed LEP
site so as to determine the height of
the stable molasse rock which will
influence the precise position of the
ring. The machine will require access
shafts to the straight sections, or
tunnels where the machine passes
under the Jura mountains. By tilting
the plane of the machine, excavation
of one or more experimental halls
may be possible.

The injector will be built under the
existing Intersecting Storage Rings
(and may use ISR magnets and
vacuum chambers). It will involve a
200 MeV electron linac, a converter
target for the production of the posi-
trons, a positron linac and a 600
MeV accumulator ring, followed by a
22 GeV synchrotron. 22 GeV will be
the injection energy into LEP, setting
a lower energy limit for experiments
which makes contact with the top
energies of PETRA at DESY and PEP
at Stanford.

A total filling time of 15 minutes is
foreseen to achieve about 6 x 1012
particles per beam, refilling every
two hours to sustain an acceptable
luminosity. Injection will be into four
bunches of positrons orbiting in one
direction and four bunches of elec-
trons orbiting in the opposite direc-
tion so that collisions occur at the
eight straight sections.

The design luminosity is 1032 per
cm? per s at 86 GeV. It is not
possible to sustain this luminosity
over the whole energy range but it
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will be kept as high as possible {no
worse than falling with the inverse
square of the energy) by using a
series of wiggler magnets.

The beam lifetime due to beam-
gas bremsstrahlung will be 20 hours
with a design pressure of 3x 10 % torr
in the main ring vacuum chamber.
The chamber construction, using
extruded aluminium, will follow prin-
ciples developed when building
lower energy machines. It needs to
cope with power densities of 1-2
kW per m at 86 GeV, due to syn-
chrotron radiation from the beams,
and will have water-cooled walls
plus 8 mm of lead shielding on the
outside and 3 mm on the inside of
the gaps of the magnets to avoid
excessive radiation outside the
chamber. A 7 m long test chamber
has been built and installed in a
prototype magnet.

Itis to keep the synchrotron radia-
tion emerging from the beams {and
hence the energy which the radio-
frequency has to supply to hold the
particle energies constant) to an
acceptable level that the radius of
LEP is so big. The energy lost in
synchrotron radiation increases as
the fourth power of the beam energy
but is inversely proportional to the
radius.

Despite the large radius of LEP it
will be necessary to make up some
25 MW of power loss when operat-
ing at 86 GeV. Energy consumption

A full scale ‘concrete magnet’ which uses
the technigue developed at CERN of filling
the inter-lamination spaces with mortar.

This can be done because of the low peak
fields which are required. The technique has
resulted in magnets of adequate quality with
better mechanical properties and with about
half the weight and at half the cost of
conventional types.

(Phato CERN 3.1.80)

will thus be a significant burden on
LEP operation. It is anticipated that
the CERN Laboratory as a whole
(following the close-down of other
machines and further energy eco-
nomies which are being made) may
rise to about 800 GWh per year at
the end of the 1980s with LEP in
action. This compares with 660
GWhin 1978 which was then about
0.06 per cent of Europe's power
consumption.

Some 22 km of the large circum-
ference of the ring will be taken up by
bending magnets. In addition there
will be almost 2000 focusing and
correction magnets ({quadrupole’
sextupoles, etc....). The significant
feature of the bending magnets
compared with those in conven-
tional accelerators and storage rings
is that they need to produce only
very low fields (0.123 T even at 130
GeV operation). This has led to a
new idea in magnet construction
which has had a major impact on
reducing costs.

Instead of the magnet cores being
built of closely packed steel lamina-
tions, the laminations are spaced out
(1.5 mm thick at 5.5 mm pitch) and
the gaps in between are filled with
low-shrinkage, corrosion-inhibiting
mortar. This results in magnets with
excellent mechanical properties and
satisfactory magnetic properties for
a cost about half that of conventional
types. A full-scale magnet, 5.68 m
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A half-scale low loss cavity where
preliminary tests have been carried out of
the idea of transferring power from the LEP
ring cavities when it is not needed for
accelerating the particle bunches. This is an
important idea to reduce the LEP energy
burden. A full power fow loss cavity Is
nearing completion.

(Photo CERN 338.4.79)

long, of this type was tested in
December and met all the required

parameters. Another cost-saving
‘esign decision concerning the
ending magnets is to power them
using water-cooled aluminium bars
running in a two-turn circuit all
around the ring connecting the
magnets in series.

A crucial component of the ma-
chine, since it is here that the energy
requirements have their important
repercussions, is the radio-fre-
quency accelerating system. It is
intended to install copper cavities
initially, operating at a frequency of
353 MHz. To reach 86 GeV will
require 768 cavities, positioned
either side of the long straight
sections, over a total length of
1629 m.

A variety of measures are being

pursued in an attempt to optimize

the rf. system. The first concerns rf.
power sources. Development pro-
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grammes have started in collabora-
tion with European industry to
improve the efficiencies available
from klystrons or tetrodes. A watch
is being kept on progress with newer
devices — the gyrocon and the triro-
tron (being investigated at Los
Alamos and Stanford respectively).

Secondly a novel idea is being
investigated involving transferring
the r.f. power into low-loss storage
cavities from the ring cavities, where
considerabler.f. power is lost in heat,
during the time intervals between
the passage of the bunches of parti-
cles. Half-scale spherical storage
cavities have been built of sheet
copper at CERN and Q-factors 95
per cent of the theoretical value have
been measured. A 500 MHz storage
resonator for high power tests is
under construction.

In the longer term, the most
important contribution to the r.f.
power problem would come from

the development of superconduct-
ing cavities. With copper cavities it is
difficult to envisage pushing the
peak energy of LEP much beyond 90
GeV and the lower power consump-
tion of superconducting cavities will
certainly be needed to reach the
peak design energy of 130 GeV.
This challenge is being tackled on
two fronts. First of all a CERN /
DESY / Karlsruhe collaboration has
prepared two superconducting sin-
gle cell cavities with the aim of
operating them in actual storage ring
conditions on the DORIS machine at
DESY. The results of tests at Karls-
ruhe are reported on page 20.
Secondly, several European Uni-
versities (Genoa, Paris Xi-Orsay,
Wouppertal} are working with CERN
to develop superconducting cavities.
A single cell niobium cavity was
operated recently at 500 MHz. It
achieved Qvaluesof 2.1 x 109 at low
field gradients falling to 1.7 x 109 at
an accelerating field gradient of 3
MV/m. A peak gradient of 4.6 MV /
m was reached, limited by thermal
breakdown at a welding seam. The
next step will be to build multicell
cavities and to attempt to reach
similar figures in these structures.
Other systems for LEP will use the
experience and facilities developed
at CERN on the existing accelera-
tors. In particular, the control system
will follow the new philosophy
developed so successfully during the
construction of the 400 GeV SPS
(see, for example, December issue
1973). The needs of the water cool-
ing system and the electricity supply
system can fortunately be met from
the pipes and power lines which
were brought to the CERN site for
the SPS (from lac Léman and the
French electricity grid at Génissiat
respectively).
The experimental halls at the
straight sections are each designed
to accommodate detection systems



A single cell superconducting radio-frequency
cavity which has recently been tested
successfully at CERN. The development of
superconducting cavities is vital if the peak
design energies of LEP are to be achieved.

{Photo CERN 3.12.79)

which are not, in general, expected
to grow much bigger than those
currently installed at PETRA and
PEP (given anticipated development
in detection techniques). Five of the
halls will have space for one detec-
tion system to be worked on while
another is in place in the ring. A
so-called push-pull arrangement will
enable the two detectors to be
exchanged. As yet there has been no
need to think in much detail about
particular systems but this will begin
to get under way in June at a meet-
ing in Uppsala (see page 24).

ECFA initiated an examination of
the manpower and financial re-
sources available to the high energy
physics community in Europe {see
the following article in this issue) to
check that the advent of LEP would
not perturb the present methods of
collaboration in experiments at
CERN from Europe's research
centres. The-indications are that, if
present levels of support are main-
tained, an excellent programme of
experiments can be mounted at
LEP.

Costs and timescales

The design of LEP as laid down in
the ‘Pink Book” makes it possible to
estimate construction costs and
timescales. There is great concern in
the high energy physics community
to bring the machine into action as
early as possible so as not to lose the
very strong position which CERN
has acquired amongst the world's
high energy physics Laboratories.

By the mid-1980s, it is likely that
the research potential of the excel-
lent machines which are now in
operation at CERN will be surpassed
by the coming into operation of the
Energy Doubler and ISABELLE. It is
hoped that LEP’s first beams will not
be far behind.

However the speed with which
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LEP can come into operation will
depend predominantly on the annual
rate of expenditure which can be
authorized by the CERN Member
States. It is proposed that the LEP
project will be financed from within

present annual CERN budgets
{600 million Swiss francs at 1978
prices) by closing down or reducing
the research programmes on some
of the existing CERN machines and
by reducing further machine devel-
opment. Thus it is planned to close
down the Intersecting Storage
Rings, and possibly the 600 MeV
synchro-cyclotron, and to curtail the
development of research on the
SPS.

Almost all components of LEP will
need to be in place in order to begin
operation but two items could be
built up to their full complement
progressively. One is the amount of
radio-frequency power installed;
the other is the number of detec-

tion systems installed for the expe
ments. Because of this, the physi
programme will probably be co
fronted in stages corresponding
the progressive installation of radi
frequency cavities, allowing pr
gressively higher peak energies to|
reached, and the progressive buil
up of the experiments around tl
collision regions.

The stage at which a full compl
ment of copper cavities will ¢
installed is referred to as Stage 1.
corresponds to an available radi
frequency power of 96 MW giving
peak energy of about 90 GeV (a

- propriate for W particle productio

It will, however, be possible to be¢
operation at a 1/6 stage w
16 MW of rf. power giving
energy of 50 GeV (appropriate foi
particle production) or a 1/3 sta
with 32 MW of r.f. power giving
energy of 65 GeV.

The construction schedule pi
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pared in the design study would
allow the 1/3 stage to be reached in
1988 with four of the experimental
areas in action, if authorization to
build is given in 1981. The cost
estimate for the 1/3 stage is 1065
million Swiss francs and a further
210 million Swiss francs would be
needed to complete Stage 1.

The peak energy could be pushed
_ .ttle beyond 90 GeV with further
copper cavities but significant ad-

vance to the Stage 2 aim of
130 GeV requires the installation of
superconducting cavities. Until the
development programme for the
production of such cavities is much
further advanced it is not reasonable
to state costs or timescales to reach
Stage 2.

The LEP project as described in the
‘Pink Book’ carries the very strong
support of the European high energy
physics community. In June of this

year it is intended to present the
project formally to the delegates of
the twelve Member States of CERN.
It is hoped that authorization for
construction will be obtained a year
later, in June 1981, and will have
passed through all the necessary
governmental approvals by the end
of that year. If this is achieved, LEP
could begin to take shape at the
beginning of 1982.

High Energy Physics in Europe

A thorough survey of the present and
possible future activities and re-
sources in high energy physics in the
CERN Member States has been
carried out by a Working Group of
ECFA (European Committee for Fu-
ture Accelerators) under the Chair-
manship of John Mulvey. The aim

s been to obtain a view of the
v esent European scene and to see
. whether it looks well adapted to the
effective exploitation of possible
future machines in Europe (particu-
lary LEP) and the rest of the world. A
report (ECFA/RC/79/47) has been
presented to ECFA.

The high energy physics commun-
ity in the twelve CERN Member
States comprises about 2000 ex-
perimental and 1000 theoretical
physicists centred in some 140
universities and research institutes.
88 per cent of the experimental
physicists are spread around re-
search centres in Europe while
12 percentare employed at the two
major accelerator Laboratories,
CERN and DESY. Nearly a quarter of
the physicists are research students
of whom about 190 obtain their
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degrees each year. A half of this
influx of young people moves to
other work within three years of
taking the degree.

A survey carried out a year ago
revealed that between 50 and 60
per cent of the experimentalists util-
ized the 400 GeV proton synchro-
tron, the SPS, at CERN and that
trend continues with the advent at
the SPS of the proton-antiproton
collider. The total number involved in
the CERN research programme (not
counting the synchro-cyclotron) was
about 1350. About 320 physicists
were using electron-positron ma-
chines with 230 of them on PETRA
at DESY. Some 90 physicists based
their main experimental activities at
USA Laboratories (mainly Fermilab
and SLAC) and 25 at Serpukhov
(half of them on the Mirabelle bubble
chamber). To balance this move-
ment, some 70 American and
90 Soviet and Eastern European
physicists came to CERN and
another 20 American physicists to
DESY. While mentioning bubble
chambers, it is interesting to note
that, since the previous survey in

1966, the number of experimenters
using only the bubble chamber or
emulsion techniques has fallen from
55 to 19 per cent.

Direct financial support for the
experimental programme (not in-
cluding salaries, overheads and ‘cen-
tral" computing costs) is estimated
at about 146 million Swiss francs in
1978. About half came from the two
host Laboratories and some 13 MSF
of the remaining University money
was absorbed by travel and subsis-
tence expenses. The manpower sup-
port (engineers, technicians, pro-
grammers) for the experimental pro-
gramme involved some 2650 man-
years in 1978, about one third being
provided in the two host Laborato-
ries.

The size of collaborations has
grown with the complexity of the
experiments and a collaboration of
about 40 physicists is now typical
with some collaborations reaching
70 or 80. The average size of a team
coming from a single institute is
6.5.

In looking towards the future, a
scenario has been drawn up in

11



The future pattern of high energy physics
research in terms of the main machines
which could be available in the coming
decade. The question marks indicate possible
start-up dates for projects yet to be
approved. Dotted lines indicate periods
devoted to preparation of experiments.
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which obviously the large electron-
positron storage ring LEP figures as
first priority for Europe. The Working
Group stressed that LEP should not
be delayed. Operation is assumed to
start in 1988 so as not to leave
CERN too long with the SPS and the
proton-antiproton collider as its front
line machines since these are likely
to be overtaken by machines in the
USA by the mid-1980s. Too long a
shift of balance to the USA would
make it difficult for Europe to recover
its present status. It is hoped that a
new machine at DESY will do much
to fill the gap from the mid-80s. (We
hope to have more on the DESY
plans in a forthcoming issue.)

The Working Group comments
that the future scenario takes a
significant step towards a situation
where new facilities in the different
regions of the world are complemen-
tary rather than duplicated, bringing
economies while still allowing the
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In the context of the sharing of
facilities world-wide, the most
positive recommendation we
have yet seen came from the

Fermilab Physics Advisory Com-

mittee last year concerning

policy towards non-USA groups.

Other similar statements are
likely to appear in the final re-
port from the ECFA Working
Group and from the Interna-
tional Committee for Future
Accelerators, ICFA. The Fermi-
lab Committee said:

‘The predominant considerations
in accepting or rejecting any
experimental proposal should
continue to be the physics mer-
it. the technical feasibility, the
capability of the group and the
resources required. The Labo-
ratory should welcome

outside money or equipment,
but such opportunities should
not have excessive weight in q
determining the choice among
proposals. The national or insti-
tutional affiliations of propon-
ents should not per se influence
the acceptance or rejection of
proposals. We expect that for-
eign groups would naturally
want to team up with local
experimenters, and the Labora-
tory should encourage this.
However, we do not feel that

it /s in the interests of the Labo-
ratory or of the field of particle
physics to establish quotas or
restrict the international char-
acter of the field. We hope that
other major laboratories around
the world would have similar
policies’.
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Numbers of people involved in high energy physics research in Europe

Experimental Physicists Theoretical Physicists

CERN Member State Tenured  Fixed Term  Student Total Tenured  FixedTerm  Student Total
Austria 18 3 2 23 15 9 6 30
Belgium 26 12 10 48 28 18 19 65
Denmark 13 6 4 23 7 12 - 19
France 313 26 59 398 123 18 18 159
Germany 98 110 112 320 66 64 53 183 -
“reece 5 12 6 23 6 7 4 17
-taly 228 31 61 320 116 17 23 156
Netherlands 27 9 21 57 18 5 18 41
Norway 14 9 10 33 10 6 7 23
Sweden 4 26 21 51 4 11 12 27
Switzerland 20 21 23 64 10 12 10 32
United Kingdom 163 94 111 368 65 34 71 170
Total 929 359 440 1728 468 213 241 922
Based at DESY 38 33 - 71 6 6 - 12
Based at CERN 64 94 - 158 1" 31 - 42
Total 1031 486 + 440 1957 485 250 241 976

research to advance on a broad front.
This implies, however, that experi-
mental physicists from any region
should be allowed to have access to
these facilities and be given the
support necessary to use them.

The Working Group assumes

~Eome 200 European physicists will
be drawn to use the Energy Doubler
at Fermilab and the ISABELLE
storage rings at Brookhaven and
later in the decade some 80 being
drawn to use UNK in the USSR. A
return flow of physicists from the
USA and USSR is anticipated for
LEP and the new DESY machine.

If facilities in Europe develop as it
is assumed, the number of users of
fixed target facilities at the SPS
would be likely to fall from 1000 to
500 while the users of colliding
beam machines increase from 550
to 1000 mainly through the use of
LEP and the new machine at
DESY.

The initial LEP experimental pro-
gramme is assumed to comprise six
experiments at an average cost of
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30 MSF involving some 450 physi-
cists from the CERN Member States
(later rising to 600). If the present
pattern and levels of financial sup-
port are sustained and the experi-
ments are carried out by large colla-
borations 50 to 100 (physicists), the
necessary finance would be assured.
It implies, however, that the host
Laboratories must continue to have
provision in their budgets to meet
half the capital costs of the experi-
ments. For CERN this would involve
about 90 MSF over the three or four
years prior to LEP start-up. The
necessary technical support could
also be found if present levels are
sustained.

The Working Group was wary of
the centralization of effort and
resources implied by the size and
complexity of the experiments and
stressed the importance of providing
resources to enable contributions to
be made by physicists working in
their home Laboratories. This would
also strengthen the contribution
made by high energy physicists to

local academic life, improve the
training of graduate students and
lead to broader contact with a wider
local community including local
industries.

The ‘concluding remarks’ of the
report the Working Group state
'Europe today possesses a broad
range of front rank facilities for high
energy physics research and the
proposals under discussion would
provide great opportunities for the
future’.
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Around the Laboratories

FERMILAB
Tevatron
Muon-Neutrino
Workshop

Ideas! Big fat fuzzy ones — long
skinny shiny ones ... ideas of every
kind flew through the air of the
Fermilab  auditorium {cafeteria,
atrium, etc.) during four days of a
Muon-Neutrino Workshop in Janua-
ry. It was the first public discussion
of the plans of Fermilab users and
staff for the physics and facilities
that could happen with the advent of
the Tevatron.

Tom Kirk, currently on leave from
his position as Head of the Neutrino
Department, organized the Work-
shop. More than 200 scientists at-
tended, many from Europe, Russia
and Japan, to discuss the coming era
of 1 TeV lepton physics.

The Tevatron Neutrino Depart-
ment construction and beam design
plans were presented by Tom Kirk,
Ray Stefanski, Dennis Theriot and
Jim Walker. John Peoples, Research
Division Head, outlined the time
schedule for bringing on the Teva-
tron which calls for extraction of
beam to the first experiments in
1982. The programme hits its full
stride in 1983-84 with completion
of a 750 GeV muon beam and other
large-scale facilities.

With paper designs plastered
across the auditorium walls, the
experiments took over! New ways of
detecting particle collisions and
showers were presented by Bill
Carithers (Berkeley) who described
his recent interesting experiments
on limited Geiger mode gas dis-
charges, and Mikhail Kubantsev
(ITEP) who described preliminary
tests for a 100 ton high pressure
argon gas detector for neutrino
physics.
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Enthusiasm for the new high ener-
gy. high intensity muon beam was
strong as eleven speakers extolled
the virtues of high precision experi-
ments that may have the best
chance to measure the parameters
of the leading candidate theory of
strong interactions {quantum chro-
modynamics, QCD) and the best
weak interaction theory (Weinberg-
Salam). The gains to be made with
the new muon beam are probably
the most dramatic at the Tevatron
since it is here that the improvement
over existing Fermilab facilities is
greatest.

Pamela Surko (Princeton) showed
how the natural polarization of the
muons could be exploited to make a
critical test of the Weinberg-Salam
theory. Her ideas make use of an
existing Fermilab apparatus, the
multi-muon spectrometer, in a new
way.

The remaining experimenters ex-
plored the interesting possibilities of
neutrino physics as it will be
extended with the Tevatron. Frank
Taylor (North lllinois), Frank Sciulli
(Cal. Tech) and others presented
information on the two large neu-
trino detectors now at Fermilab,
while Jack Steinberger (CERN) and
his colleagues reviewed the Teva-
tron possibilities of the CERN WA1
detector. The plans concentrated on
capabilities of existing neutrino de-
tectors for the new energy regime
and on the rewards that higher
energy will bring.

Among the topics that will benefit
from the neutrino beams are further
study of nucleon structure functions
with comparison to QCD and study
of multimuon events as a probe of
heavy quark production. A topic that
should benefit significantly from the
higher energies is that of neutrino-
electron elastic scattering.

Experiments with ‘prompt’ neutri-
nos, obtained from burying a proton

At the recent Fermilab Tevatron Neutrino
Workshop Robert Shrock of Stony Brook
discusses tests for tau neutrinos.

(Photo Fermilab)

beam in a beam dump, came in for
extensive discussion. Unfortunately,
a muon or electron is born with each
neutrino and the muons must b

eliminated before the neutrinos can’

be used for experiments. Mike
Peters (Hawaii) gave a useful talk on
the tools for calculating an appro-
priate muon shield and both he and
Richard Fine (Columbia) explained
how such a shield might be
constructed using magnets from the
retiring Argonne ZGS accelerator.
Neutrino bubble chamber physics
was reviewed in some detail. Horst
Wachsmuth (CERN / Wisconsin)
unveiled ideas for a new bubble
chamber optimized for neutrino phy-
sics at Tevatron energies. It would
be smaller than the existing Fermilab
15 foot Bubble Chamber, having
a volume of only 10 cubic meters,
and would be almost completely
surrounded by electronic detectors
for particle type and momentum
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measurements. The chamber could
alsofunction as a visible target spec-
trometer for hadron physics. Vincent
Peterson, who organized the bubble
chamber presentations, reported en-
thusiastic support for the project
among bubble chamber aficion-
ados.

The Workshop demonstrated a
high level of user interest in lepton
.pnysics with the Tevatron with
comparable interest in both muon
and neutrino experiments.

Fermilab has requested that po-
tential users submit Tevatron propo-
sals for neutrino and muon physics
by 25 April. Open presentations are
scheduled for 15/16 May. The first
consideration by the Physics Advi-
sory Committee will be at its June
meeting and, because the number of
proposals is likely to be large and
each requiring considerable scrutiny,
it is not likely that final decisions will
be made immediately after the June
meeting.

Users interested in preparing pro-
posals for the Tevatron are encour-
aged to contact Shigeki Mori, acting

1ead of the Neutrino Department at
Fermilab, for the latest description of
beams and facilities which are
expected to be available.

Emulsion hybrid
spectrometer

Extending the Weinberg-Salam
theory from leptons to quarks
required the existence of a fourth
quark carrying a new quantum
number, ‘charm’. Since charm
should disappear only in weak
decays, theorists have agreed for
some time that the lifetime for the
lightest charmed particle of each
type should be relatively long, of the
order of 10-"3s.

Initially, experimental results were
in disarray indicating lifetimes either
less than 10-'* or approaching
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10-'2s. During 1979, data from
several CERN and Fermilab experi-
ments have favoured lifetimes in the
10-13 s range (see for example June
1979 issue, page 152 and Septem-
ber 1979 issue, page 253).

More data is now available thanks
to a US/Canada/Japan collabora-
tion which has carried out a run in
the Fermilab single-horn neutrino
beam with an emulsion hybrid spec-
trometer, using 24 litres of Fujiemul-
sion as the target.

A neutrino beam was chosen
because the fraction of events with
charm should be quite large {5 to 10
per cent). The spectrometer serves
the double purpose of locating
events in the emulsion and identify-
ing the type of charmed particle
through its decay kinematics. The
spectrometer was operated with a
low-bias trigger demanding only
that more than two charged parti-
cles leave the target and that at least
two of them appear downstream of
the magnet.

Some 2200 charged and neutral
current neutrino interactions have
been reconstructed from the data.
The emulsion has been scanned for
about 40 per cent of these events of
which 500 have been found. Of the
tagged events not found, half were
lost to fiducial volume cuts and the
rest to scanning inefficiencies. The
efficiency for finding tagged events
is approximately twice that of pre-

vious hybrid experiments due to a
new track follow-back technique
used in conjunction with conven-
tional volume scanning.

Twenty-two multiprong charm
decays have been found in these
500 events, along with an additional
dozen ‘kink’ tracks which exhibit a
sudden large change in direction
without evidence of interaction.
Multiprong decay lengths range
from 5 to 13000 um. Decay
products have been identified in the
large-aperture spectrometer by a
variety of techniques - magnetic
analysis, time-of-flight separation of
charged pions, kaons and protons,
lead glass identification of electrons,
gamma rays and neutral pions, and
muon identification by penetration
through steel. A calorimeter meas-
ured total hadronic energy.

Of the multiprong decays, three
have been identified as charmed
lambdas, four as neutral D mesons,
two as charged Ds and two as
charged F mesons. One candidate
for the weak decay of a charmed
sigma has been found with a proper
decay time of 0.5x 107135, If this
identification is correct, the event is
quite surprising because theorists

An example of a charmed particle decay as
recorded in emulsion by a US / Canada /
Japan collaboration at Fermilab. A neutrino
interacts with a nucleus in the emulsion at
point A. The central ongoing track is analysed
as an F meson which decays at point B into
four particles, three of which are identified

in the spectrometer as pions.

}-—7 670 um

527 3682

>
1
1
3.9

15



expected this particle to be massive
enough to decay strongly. Five
events could be attributed to either
D or F mesons, and the remaining
multiprong and kink events are still
under study.

Based on these statistics,
charmed sigmas and lambdas and
neutral D mesons have lifetimes
somewhat shorter than 1013 s
while charged D and F mesons live
considerably longer than 10-'3s. A
test based on this follow-back tech-
nique has been used to verify that
the efficiency for finding neutral
decays is high. The indication that
the neutral D lifetime is an order of
magnitude shorter than the charged
D lifetime therefore appears to be
real and not the result of scanning
biases. (This is also supported by
evidence that the neutral D has a
higher level of non-leptonic de-
cays.)

Production dynamics, such as the
number of charmed particles coming
from the strong decays of excited
states and the fraction of the
hadronic energy carried by the
charmed particle, are being investi-
gated. The experimenters expect to
find about fifty charm decays in the
-complete data sample, and hope to
identify two thirds of these unambi-
guously. Another run with improved
apparatus is planned.

CERN
Hadronic information
from lepton pairs

Although the production rates of
muons and electrons in hadronic
experiments is relatively small com-
pared with the production of ha-
drons, their properties are very
different from the accompanying
particles and they can be readily
identified and measured. In particu-
lar, the study of lepton-antilepton
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pairs is now a powerful hadron
physics tool.
Away from sharp resonances like

the J/psi and the upsilon, the
smoothly varying continuum pro-
duction of lepton pairs provides
information on the quarks inside the
colliding hadrons.

This continuum dilepton produc-
tion is understood to be due to the
so-called 'Drell-Yan’ mechanism in
which a quark from one of the collid-
ing hadrons annihilates electromag-
netically with an antiquark from the
other hadron to form a heavy photon,
which subsequently decays into a
lepton-antilepton pair. This means
that while the experiments use
hadron beams and hadron targets,
the effects studied are not neces-
sarily hadronic!

The continuum dimuons provide a
valuable laboratory for the study of
the inner constituents of hadrons
which complements the information

Apparatus used by a CERN / Collége de
France / Ecole Polytechnique (Palaiseau) /
Orsay / Saclay group studying the production
of muon pairs by hadrons. The beam from
the SPS first meets liquid hydrogen and
platinum targets in series (bottom right)
before passing into the hadron absorber.
Immediately downstream is a large
superconducting magnet. This magnet and
the detectors further downstream contain
a total of 26 000 sense wires mounted in
317 planes.

{Photo CERN 166.7.79)

provided by deep inelastic lepton-
nucleon scattering. Since the inci-
dent hadrons are not limited to
protons, the Drell-Yan method cat
also probe the quark structure ot
unstable hadrons, such as pions,
which cannot be used as targets for
lepton beams.

The model has been successful in
accounting for many of the observed
features of the lepton-antilepton
spectrum, such as the simple addi-
tive dependence on the mass num-
ber of the target material, the angu-
lar distribution of the outgoing
dimuons, the different behaviour
observed using positive and nega-
tive pion beams, and the variation of
the dimuon levels with energy (‘scal-
ing’).

Important new evidence from a
CERN / Collége de France / Ecole
Polytechnique (Palaiseau) / Orsay /
Saclay group {NA3) in the North
Area studying the production of
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muon pairs by different kinds of
hadrons indicates that something
else is going on.

Using high resolution differential
DISC Cherenkov ('Cedar’) counters,
the experiment is able to identify the
incoming hadrons in the intense
(5 x 107 particles per second) sec-
ondary SPS hadron beam. This
~nables data to be collected simulta-

—teously for negative pions, antipro-
tons and negative kaons (negatively-
charged beam), and, using threshold
Cherenkovs in addition, for protons
and positive pions and kaons (posi-
tively-charged beam).

The NA3 group has measured the
quark structure of the pion and has
obtained the first evidence for
production of upsilons using pion
beams (see September 1979 issue,
page 257). In this experiment, the
copious production of J/psis is
particularly useful for checking and
correlating the continuum dimuon
data. -,

The observed shape of the dimuon
continuum spectrum, using the large
angular acceptance of the appara-
s, gives a handle on the ‘structure
functions’ which describe the distri-
bution of quarks inside hadrons, and
the results are in good agreement
with independent structure function
measurements from high energy
neutrino interactions. It is particu-
larly encouraging that two very
different types of experiment pro-
vide the same picture of the quarks
inside nucleons.

These structure functions can
then be used to calculate the
expected overall magnitude of the
dimuon continuum signal. However
measurements are more than twice
as large as the calculated levels.

In proton-nucleon collisions, each
of the colliding particles contains
three valence quarks, and the anti-
quarks for Drell-Yan processes have
to be supplied by the ‘sea’ of virtual
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quarks and antiquarks which sur-
rounds the valence quarks. The rela-
tive level of sea and valence quark
contributions for input into the Drell-
Yan calculation is obtained from
neutrino scattering data.

However if instead of being bom-
barded with protons, the targets are
bombarded with antiprotons, which
contain three valence antiquarks, the
dominant contribution to back-
ground dimuon production comes
instead from interactions between
pairs of valence quarks. Since the
antiproton has the same structure
function (for antiquarks) as that of
the proton (for quarks), the calcula-
tions require a minimum of empirical
input.

After their first antiproton data
became available last summer, the
group embarked on an intense
period of data-taking which has
produced some 350 antiproton ev-
ents with muon pairs above the
J/psi mass region. These show that
the ratio of the observed and calcu-
lated levels of dimuon production
using antiprotons is consistent with
the result obtained using protons.
This means that the high dimuon
signal cannot be simply explained in
terms of an increased contribution
from sea quarks. The data also
allows the first determination of the
antiproton structure function.

Another possibility is that coher-
ent nuclear effects in the target are
responsible, which can be checked
by using a hydrogen target. Using
pion beams on hydrogen, the NA3
experiment still produces the same
ratio of observed to calculated
dimuon levels, so ruling out this
explanation.

The use of a hydrogen target also
provides data free of nuclear compli-
cations, and enables absolute cross-
sections to be obtained. In practice,
the experiment uses hydrogen and
heavy (platinum) targets simulta-

neously, which enables the additive
dependence on mass number to be
checked.

Another suggestion is that the
high dimuon yield could be hadronic,
rather than electromagnetic, in ori-
gin. Such an effect would contribute
equally to the results using positive
and negative pion beams. However
the difference between the NA3
results with positive and negative
pion beams still yields the same high
dimuon level as before.

More evidence for a high dimuon
cross-section comes from the
Indiana / Imperial College London /
Saclay / Southampton collaboration
studying dimuon production by pion
beams in the West Experimental
Area of the SPS. This group has also
seen a candidate for the beauty
meson (see September 1979 issue,
page 257).

Taken together, the evidence sug-
gests that the Drell-Yan model for
dimuon production needs to be
modified. The disagreement could
be due to the gluons responsible
for the inter-quark forces, and this
provides fuel for theoreticians devel-
oping field theories of quarks and
gluons. The considerable difference
between the observed and calcu-
lated dimuon levels means that the
effects due to gluons must be
large.

Digging
for antiprotons

The CERN antiproton project is
taking shape. The antiprotons, pro-
duced by the primary proton beam
from the 28 GeV proton synchrotron
(PS), will be stochastically cooled
and stored in the new Antiproton
Accumulator (AA) ring. From here,
the low energy antiprotons will be
fed to the PS (via TTL2) and acceler-
ated to 26 GeV before being ejected
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The intricate layout of beamliines for the
CERN antiproton project: the new tunnels
TT70 and TT6, to supply antiprotons to the
SPS and ISR respectively, have now been
excavated.

into a new tunnel (TT70) leading to
the SPS, where they will be acceler-
ated to 270 GeV (see September
1978 issue, page291). Another
new tunnel (TT6) will take antipro-
tons towards the Intersecting Sto-
rage Rings (ISR).

The 400 metre TT70 tunnel has
how been excavated, the links with
the existing SPS ejection tunnel
(TT60) for the West Experimental
Area, and with the PS tunnel having
been made during the end-of-year
shutdown.

The antiprotons will be injected
into the SPS using the extraction
channel normally used to supply
protons to the West Experimental
Area. Extracted protons can also be
transported through TT70 back to
the PS. This will allow the beamline
to be tuned with protons and will

A pessimist’s view of tunnelling operations,
by Phil Bryant.
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1. X-ray spectra from muonic atoms formed
in aluminium as observed by a Bologna
group at the CERN synchro-cyclotron. The
spectra are different depending on whether
the atoms are formed by direct injection of
muons into an aluminium target (top curve),
by diffusion of muonic hydrogen (middie

provide a means of synchronizing
the two accelerators.

Excavation is also complete for the
TT6 tunnel to take the antiprotons
from the PS towards the ISR. TT6
passes underneath the TT2 beam-
line which takes protons from the PS
towards the SPS and the ISR. This
creates a potential radiation hazard,
and to ensure that work in TT6 can
continue while TT2 is in operation,
special collimators have been in-
stalled in TT2 and shielding added to
the tunnel floor.

Muons with memory

A Bologna team carrying out experi-
ments at the CERN synchro-cyclo-
tron have added more information
concerning some intriguing observa-
tions on muonic atoms. It seems
that, in certain circumstances, the
atoms can remember in which way
they have been formed and behave
accordingly.

The effects were first seen at
Dubnain 1967 when different spec-
tra were observed from liquid argon
depending upon whether the muon
went into orbit in the argon atom via
direct injection of a muon beam or
via diffusion of muonic hydrogen
through the liguid argon. It is thought
that the different angular momenta
involved in the formation of the atom
by the two processes may be the
reason for the atoms behaving as if
they remembered how they had
been created.

The Bologna team saw the effects
for the first time in solids in 1978
using aluminium. They repeated the
experiments using the diffusion of
muonic deuterium. Again different
behaviour of the resulting muonic
atoms was observed. They then
moved to atoms of higher atomic
number since all previous work had
been on light atoms. Measurements
on liquid xenon did not show differ-

curve) or by diffusion of muonic deuterium
{bottom curve).

2. The differences disappear for X-ray
spectra from heavier elements. The top
curve is obtained by direct injection of muons
into a xenon target and the bottom curve

by diffusion of atomic hydrogen.

ences in behaviour depending on
how the atom is formed.

Thus muonic atoms remember
whether they have been formed by
muon beams, muonic hydrogen dif-
fusion or muonic deuterium diffusion
but only with atoms of the lighter
elements of the periodic table.

BROOKHAVEN
Hypernuclel

Hypernuclei are formed when the
usual nucleon components of
atomic nuclei are transformed into
more exotic particles (hyperons) by
bombarding them with a beam of
kaons.

They were first seen in 1953, but
systematic studies have only been
possible in recent years, thanks to
the availability of high flux kaon
beams and precise spectrometers.
They can be used to test nuclear
theories in different systems and to
discover processes and excited
states not seen found in ordinary
nuclei.

A programme of hypernuclear
studies at Brookhaven is now well
under way. First resulits confirm the
existence of two states in carbon,
first discovered at CERN, and extend
the knowledge of their quantum
numbers through measurements of
angular distributions.

A novel feature of the experiment
is the large range of momentum
transfer covered — from 70-280
MeV. There are several classes of
hypernuclei which require such large
momentum transfers for their for-
mation, and the experiment shows
evidence for some of these states,
while other expected states are not
seen,

A Brookhaven / Princeton/ MIT /
Houston / Vassar / Carnegie-
Mellon group used 800 MeV kaons
to search for hypernuclei produced
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in carbon. States near threshold
were detected by measuring the
momenta of the incident kaon and
the outgoing pion, the particles being
identified by Cherenkov counters.

Detection of states of width
1-2 MeV required very precise
momentum measurements, the re-
sultant resolution varying between
2.5 and 4.5 MeV, depending on the
thickness of the target. The AGS
Low Energy Separated Beam |
supplied 2 x 105 negative kaons per
pulse, the kaons making up seven
per cent of the total flux.

Two states were seen, one with a
lambda binding energy of 10.79
+0.11 MeV, and another 11 MeV
above. The angular distribution of
the first bound state infers that it is
the ground state of the carbon
hypernucleus. The angular distribu-
tion of the 11 MeV excited state at
small angles (less than 8°) indicates
formation of a spin zero, positive

20

parity (0*) state, however the pro-
duction level at 15° exceeds what
could be expected from O+ states.
This hints that a new state, possibly
with spin two and positive parity, is
being seen.

In the near future, the experiment-
ers plan to study hypernuclear
formation in other light nuclei in
order to understand better the
anomalously low lambda-nucleus
spin orbit interaction discovered at
CERN (see November 1978 issue,
page 395). They then plan a search
for hypernuclear gamma rays using

apparatus modified for higher rates.

Discussions have started on the
design of a new, larger-acceptance
beam and spectrometer.

A single cell niobium superconducting cavity
built for tests in the DORIS electron-positron
storage ring at DESY. The project involves

a DESY / Karlsruhe / CERN collaboration
and successful tests have been carried out
at Karlsruhe.

(Photo Karlsruhe)

KARLSRUHE
New results with
superconducting
cavities

As a result of work by a CERN /
DESY / KfK {Kernforschungszen-
trum Karlsruhe) collaboration on the'
development of superconducting
cavities (see October 1978 issue,
page 343), two single cell niobium
cavities have been tested at Karls-
ruhe.

The cavities are designed for an
acceleration test in the DORIS elec-
tron-positron storage ring at DESY
and are therefore designed for oper-
ation at 500 MHz. They have a
100 kW input coupling and two
higher mode output couplings, and
the beam tubes are matched to the
vacuum tube of DORIS. The princi-
pal dimensions of the two cylindrical
cavities are: outer diameter
470 mm, beam tube radius 60 mm,
length of cylinders 270 and
225 mm, wall thickness 4 mm,
shunt impedance (Cu, 300 K),‘
22 MQ/m, Q-value (Cu, 300 K}
4 x 104, '

The ratio of the peak surface elec-
tric field and accelerating field iis
minimized to a value of about 2 by
giving the transition from the beam
tubes to the endplates of the cylinder
an elliptical shape. The corners at the

~ outer circumference of the cylinder

are sharp.

Most parts of the cavity are made
from 4 mm thick niobium sheet with
only the coupling parts being ma-
chined from solid niobium. All parts
were assembled by argon arc weld-
ing and the manufacturing carried
out by two different industrial firms.
Improvement of some welds and all
surface treatments were done at
Karlsruhe, including electropolishing
and high vacuum firing at 1850°C.
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For testing, the cavities were
mounted in a laboratory cryostat
with the future beam axis vertical.
The coupling holes were closed with
niobium blind flanges, which had to
ensure a superconducting contact. A
mu-metal screen reduced the
earth’'s magnetic field. Input cou-
pling was achieved by a movable

&oupling probe in one of the beam

ﬁbes. Twenty-six carbon resistance
thermometers were distributed at
critical points in order to detect heat
pulses and thereby locate sources of
loss.

After cooling to 4.2 K, which took
about six hours, the surface was
improved by r.f. conditioning at
slowly increasing field levels. Finally
a curve of Q-values versus peak
electric field was measured up to the
breakdown field. The breakdown
was studied by looking at the oscil-
loscope picture of rf. amplitude
versus time and at signals from the
carbon resistors. Also the d.c. com-
ponent of electron current hitting the
input coupling and X-ray production

by electrons were observed.

& After a series of measurements,
the best values were obtained in the
longer cavity. An accelerating field of
3.7MV/m could be reached at
4.2 K (the intended operating tem-
perature) at a Q-value of 109. The
breakdown is magnetic (reducing
the temperature to 2 K increases the
limiting field to 4.1 MV/m) but elec-
trons are present at this field level.

At 3MV/m electron loading is
unimportant and Q is up to nearly
2x10° If operation at 3 MV/m
could be obtained in LEP, an energy
in excess of 110 GeV could be

The drift chamber of the Time Projection
Chamber at TRIUMF prior to its installation
in the ‘Chicago” magnet on the right. On the
left is a hexagonal array of detector pads.
The chamber is being used in an experiment
looking for muon to electron conversion.

(Photo C. K. Hargrove)
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reached and the dissipation would
be less than 3W per cavity. The
shorter cavity reached lower fields
(2.5 MV/m) but, in both cases, the
limiting phenomenon was located
near one of the output couplings.
This is under investigation.

After the success of these tests, all
rf and‘cryogenic components are
now assembled for final tests at
DORIS later this year.

TRIUMF
Looking for
muon-electron
conversion

First tests of apparatus to look for
muon-electron conversion were car-
ried out at TRIUMF in December.
Muon-electron conversion is a rare
‘flavour-changing’ interaction, and
its branching ratio relative to muon

capture has an upper limit of 7 x
10-"" (setby an experiment at SIN —
see January/February 1978 issue,
page 26).

The TRIUMF experiment aims to
push this limit down by more than an
order of magnitude to provide a
stringent test of modern unified
gauge theories. Various gauge the-
ory models allow this conversion as
well as other muon number violating
processes (such as the decay of a
muon into an electron and a photon)
to occur at branching ratios down to
10-'4. In several models the conver-
sion process is the most probable of
the flavour-changing reactions.

A collaboration from the National
Research Council of Canada, the
Universities of Victoria, British

Columbia and Montreal, TRIUMF,
Virginia Polytechnic Institute, the
University of Chicago, Los Alamos
and Carlton University, headed by
D. A. Bryman and C. K. Hargrove, is

21



A typical electron event seen in the TRIUMF
Time Projection Chamber. The upper display
shows three contiguous sectors of the
chamber with a reconstructed track of an
electron on a projection normal to the
magnetic field. At the bottorn, the orthogonal
view of the track is reconstructed. The views
at the lower left show in which sector of

the array the event occurred.

TRIGGER COUNTERS <

DOWNSTREAM

B
Nmn
UPSTREAM 3

doing the experiment. The apparatus
is a simplified version of the Time
Projection Chamber (TPC) devel-
oped by Dave Nygren and collabora-
tors at Berkeley.

Inthe TRIUMF TPC alarge volume
atmospheric pressure drift chamber
is placed in a uniform magnetic field.
Electrons emitted following muon
decay or capture are bent by the
magnetic field as they pass through
the chamber gas. The resulting ioni-
zation electrons are forced by an
electric field onto proportional wire
detectors at either end of the gas
volume. The detectors measure the
x-y positions of the ionization elec-
trons directly, and their z positions
are determined by time of drift. The
large sensitive volume gives a solid
angle of over 27 steradians. The drift
system requires only two planes of
wire detectors, leading to major
simplifications in electronics and
chamber hardware.
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The drift chamber is 123 cm
corner to corner with a drift region
68.5 cm long surrounded by field
shaping wires 1.3 cm apart. It has a
central high voltage wire plane
requiring 6 kV when using a gas
mixture of 80 per cent argon and 20
per cent methane. The magnet,
provided by the University of Chica-
go, was originally designed by Val
Telegdi. It has a field region 122 x
152 cm with a gap of 91.4 cm and
the field uniformity is better than 0.5
per cent with 0.9 T at a current of
1.8 kA.

Preliminary tests were carried out
in the December run. 70 MeV elec-
trons from the decay of positive
pions (branching ratio 1.2 x 10-4)
and 53 MeV electrons from the end
point of the distribution from the
decay of positive muons were used
to study the performance character-
istics. These measurements, to-
gether with estimates based on the

performance of a small prototype
chamber, indicate that the position
resolution will be better than
225 um in the x-y plane and bett”
than 2mm in the drift direction,
resulting in a momentum resolution
of about 1 per cent.
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People and things

Drasco Jovanovic

On people

/. "t the December meeting of the

b A2 Council, Jean Teillac was re-
elected President with Paul Levaux
and Ginther Lehr re-elected Vice-
Presidents. Karl Nielsen becomes
Chairman of the Finance Committee
in succession to M. Gigliarelli Fiumij.
Godfrey Stafford remains as Chair-
man of the Scientific Policy Commit-
tee and Ingmar Bergstrém has been
elected as a new member. Within
CERN, the appointment of Fritz
Ferger as Leader of the Intersecting
Storage Rings Division has been
extended for one year from 1 July.
Giorgio Bellettini has succeeded
Jean Perez-y-Jorba as Chairman of
the ISR Experiments Committee.

A new Division has been set up

for the ISABELLE project at Brook-
haven. Called Magnet Construction
and under the [leadership of
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Willi Jentschke

Edward Bleser, it has responsibility
for the design and construction of
the superconducting magnets for
the storage rings. Mark Barton re-
mains head of the Accelerator Divi-
sion with responsibility for all other
technical aspects of the machine.
Kjell Johnsen, on leave from CERN,
is acting as Deputy Project Head,
assisting Jim Sanford.

On 20 December a ceremony was
held at CERN in memory of Lew
Kowarski. Jules Guéron, Charles
Peyrou, Denis de Rougemont and
Jean-Albert Mussard recalled differ-
ent aspects of the career and per-
sonality of this remarkable man.

At Fermilab, Norman Ramsey has
been elected President of Universi-
ties Research Association following
the sad death of Milt White. The
Physics Department at the Labora-
tory has been separated out from

the Research Division. Drasco Jova-
novic has been appointed Chairman
of the Department with Tom Nash
as Deputy. Shigeki Mori succeeds
Tom Kirk as Head of the Neutrino
Department and Marvin Johnson
will head the Research Services.

On 4 February a ceremony was held
at the DESY Laboratory to mark

the honorary award of Professor
Emeritus to Willi Jentschke by the
University of Hamburg. Wilhelm
Walcher and Karl Strauch were the
main speakers at the ceremony.

Herman Feshbach from MIT be-
came President of the American
Physical Society in January. He is
well known for his theoretical work
in nuclear physics. He is a member
of the National Academy of
Sciences, the Nuclear Physics Com-
mission of [UPAP and the Board

of Trustees of AU,

The 1980 Dannie Heinemann prize
for Mathematical Physics has been
awarded to James Glim of Rocke-

feller and Arthur Jaffe of Harvard

for their contributions to quantum

field theory.

New computer for CERN

Now arrived at CERN is a new Con-
trol Data Corporation (CDC) Cyber
170 Model 720 computer, which
will soon replace a CDC 6400 ma-
chine as one of the two front-end
processors for the main 7600 com-
puter. The second front-end proces-
sor is a CDC 6500.

Records

In December, both ‘big machines’
broke records for intensity of accel-
erated beam. The Fermilab main
ring went to 2.562 x 103 protons
at 400 GeV (beating 2.5628 x 103
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1979 Nobel Prizewinner Sheldon Glashow
caught in an apprehensive mood in a recent
visit to CERN.

(Photo CERN 301.12.79)

achieved in 1977). Its record at
350 GeV is 3.703 x 1073 set in Feb-
ruary 1979. The CERN SPS, thanks
to magnificent performance from
the PS, which supplies it with parti-
cles, reached 2.68 x 1073 protons
at 200 GeV, but more is expected
with the implementation of the In-
tensity Improvement Programme.

Conferences

From 17-24 March a Europhysics
Study Conference on the Unification
of Fundamental Interactions is being
held at Erice in Sicily. It will cover
present thinking on unified field
theories with emphasis on schemes
to unify the strong, electromagnetic
and weak interactions and super-
unification schemes to pull in grav-
ity also. J. Ellis, S. Ferrara and

P. Van Nieuwenhuizen are Confer-
ence Organizers.

24

The Second Novosibirsk/SLAC Con-
ference on Storage Ring Instrumen-
tation is taking place at the Stanford
Linear Accelerator Center from
5-11 March. It will cover the latest
developments in storage ring detec-
tor construction and performance.
Pier Oddone at SLAC is Program
Chairman.

An International Conference on
Experimentation at LEP will be held
at the University of Uppsala in
Sweden from 16-20 June. It will
review experimental techniques
relevant to the proposed high en-
ergy electron-positron ring. It is
planned that CERN will take this
opportunity to initiate a LEP detec-
tor development programme by
offering some technical and finan-
cial assistance to those people who
wish to work on new and interesting
detector developments. It is there-
fore important that all novel ideas,
no matter how preliminary, be pre-
sented in the poster sessions of

the Conference. Tord Ekeldf at
CERN is Scientific Secretary. Ses-
sions will cover particle identifica-
tion, calorimetry, track chamber
spectrometers, data handling, future
developments and LEP detector set-
ups.

On 2-13 July an Advanced Studies
Institute on the Techniques and
Concepts of High Energy Physics
will be held at St. Croix in the Virgin
Islands. The organization of the
Institute involves NATO, the US
Department of Energy, Fermilab
and the University of Rochester. It
is designed for advanced graduate
students and recent Ph.D. experi-
mentalists. Further information from
Tom Ferbel, Fermilab, Mail Station
888, P.O. Box 500, Batavia, lllinois
60510.

On 28-31 May an International
Symposium on the History of Parti-
cle Physics will be held at Fermilab
covering elementary particles, oS-
mic rays and quantum field theory
in the 1930s and 40s prior to the
era of the great accelerators. An
eminent gathering of physicists and
historians will be present. Further
information from L. Hoddeson,
Fermilab, Mail Station 109, P.O.

Box 500, Batavia, lllinois 60510.

On 11-15 August the Second Inter-
national Topical Meeting on Muon
Spin Rotation will be held at the
University of British Columbia, Van-
couver. Further information can be
obtained from J.H. Brewer at
TRIUMEF.

The Proceedings of the International
Conference on High Energy Physics
organized by the European Physical
Society in Geneva, Switzerland,
from 27 June to 4 July 1979, are
now available on order from Mrs.

J. Lefley, Scientific Information
Service, CERN, 1211 Geneva 23,
Switzerland, price 30 Swiss francs
for the two volumes, post free.

SLAC Single Pass Collider

It has been decided at the Stanford
Linear Accelerator Center to put
money into research and develop-
ment for the Single Pass Collider
Project (see December 1979 issue,
page 404). The aim is to achieve
50 GeV colliding electron-positron
beams with modest luminosity in

a system capable of rapid construc-
tion at comparatively low cost. It

is hoped to present a proposal to
the Department of Energy in the
next few months and the most rapid
construction schedule envisages
colliding beams by 1984.
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LeCroy

RESEARCH SYSTEMS SA

is expanding in

SALES

and can offer you a challenging position if you are:

— Experienced in High Energy Physics.

— Familiar with both, CAMAC and NIM standards.

— Fluent either in French or in English with a thor-
ough knowledge of the other language, German
would be an asset.

— Swiss nationality or in possession of a valid work-
ing permit.

Previous experience in Sales will be preferred.

We do offer:

— Young and dynamic environment.

— Social benefits.

— Compensation commensurate with knowledge
and experience.

Plea_se submit us your offer including a handwritten
curriculum vitae.

EUROPEAN PRODUCTS DIVISION

AVENUE LOUIS-CASAI 81
12168 COINTRIN-GENEVE SUISSE

ORGANISATION EUROPEENNE
@‘ POUR LA RECHERCHE NUCLEAIRE
‘ EUROPEAN ORGANIZATION

FOR NUCLEAR RESEARCH

A job
in Geneva

CERN has, and will have, some openings for young engi-
neers with qualifications in electrical or electronics engi-
neering, in applied physics or in computer science. Preference
will be given to candidates with only a few years experience,
on-the-job training being provided by the organization.

In particular, we are looking for candidates with some expe-
rience in, or an inclination for, control engineering, either on
the software or the hardware side, analog and/or digital
electronics, power engineering, RF techniques, etc.

Fields of activities are: development, operation, maintenance
and modification of our large research facilities, they offer
challenging tasks in the forefront of technology, in a stimu-
lating atmosphere, and with satisfying employment condi-
tions. :

Good knowledge of English or French is a must, some
knowledge of the other language would be an advantage.

Write for an application form mentioning ref. ING-80-1 to

Leader, Personnel Division,
CERN,
CH-1211-GENEVA 23.

DeUtsches

Elektronen-

Synchrotron DESY

Hamburg

has a position available

for a Ph.D.-physicist for work in accelerator physics.

The main subject is beam optics, i.e. theoretical and experimental
investigations of the physics of particle trajectories including non-
linear corrections, in accelerators and storage rings.

Experience with complex computer programs (Fortran 1V) is requi-
red, e.g. for the development of optimization routines for optics
with preset properties.

Relevant experience at foreign institutes is desired.

Salary and social services are equivalent to the conditions of
public administration in Germany.

Written application including curriculum vitae, indication of
earliest possible availability, and references, are to be adressed to
the Personalabteilung,

DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY

Notkestrasse 85, D 2000 Hamburg 52, Western Germany
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We called upc
elements to hel
the BK496 Ign

Water!

We were developing ignitrons at
Lincoln for capacitor discharge .
applications with a very large switching
capability. The problem was, how to
keep them cool.

Well, despite existing systems, we
realised we’d have to develop our own.

Theresultis the unique water
cooling systemin useon EEV ignitrons,
and a further result is the high level of

point on the valve. Getting water to the
right place at the right time, guarantees
freedom from hot spots and sludge-free,
efficient cooling.

The BK496 has an extra large getter
which can be reactivated at any time,
resulting in a near-perfect indefinite
vacuum, two long-life ignitors, a firing
time ofless than a microsecond and
2 high voltage hold-off capability.

acceptability these tubes have won.
For example, they are playing
a major role at the One-Mega-Joule

The system uses a graded
copper coil which provides maxi-
mum cooling at exactly the right

Test Facility at Culham Laboratory.

i

The combination of high-

8, technology with practicality thatled

P to the BK496 design is typical of the

radical thinking of EEV Engineers.
Sois the maturity of judge-

» ment born of over 30 years in

this field.

I ) _
Find out more by getting in touch with us at Lincoln.

Telephone Lincoln (0522) 26352 or write to us at

Carholme Road, Lincoln, LN11SF, England.

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU, ENGLAND.  TEL (0245) 61777. TELEX99103. GRAMS ENELECTICO CHELMSFORD
A MEMBER OF THE GEC GROUP
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For fusion: use the switch tube
from
Brown Boveri

4 Single tube for high voltage / power switch and
regulator service. Performance data include:
30 sec pulse of 100 A current and 1000 kW anode
dissipation followed by hold-off voltages of up to
150 kV.

Delivered for the MFTF System at Livermore and
planned for several European projects, as a
complete unit including tube, accessories and
SFg hood.

BBC

BROWN BOVERI

COK 200-4

Made in Switzerland

Nr.004

For full details on the Brown Boveri switch tube
technology write to Department EKR-V,

BROWN BOVERI

BBC Brown, Boveri & Company, Limited
CH-5401 Baden/Switzerland

504579 - VI
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DESY
Deutsches Elektronen-
Synchrotron

in Hamburg

Due to change in the experimental program, the following
equipment is available for disposal - subject to prior sale —

11 high pressure Cerenkov counters,
volume 70 to 600 |

1 compressor and storage unit for
Freon R 13 (Cerenkov}.

For information please contact:

DESY D-2000 Hamburg 52
Notkestrasse 85

Mr. A. Krolzig

Tel.: 040/89 69 8 350

=il=
LSI-11® und Floppies
in einem Gehause

@ Kompaktes Gehause 19”B X 10.5"H X 21"T
® Single oder Double Sided, Single oder
Double Density Floppies @ Ausserst rascher
Datentransfer @ Backplane fiir LSI-11-Karten
vorhanden: 14 Dual- oder 7 Quad-Boards @®
Kompatibilitat mit IBM 3740, IBM 2/2D, DEC
RX01°@® Power Supply eingebaut @ Verninf-
tige Lieferfristen

®Markenzeichen von Digital Equipment

Av. Louis Casai 81
CH-1216 Genéve
Tél. 022 98 78 77

Bellikonerstrasse 218
CH-8968 Mutschellen
Tel. 057 5 46 55 Telex 54070
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Ultra-sensitive camera tubes
for scientific applications.

THOMSON-CSF offers, ex-stock, Nocticon® and Super-
nocticon® camera tubes (respectively SIT and ISIT
generic types) with input photocathode diameters of
either 16 mm or 25 mm. The intensifier section of the
Supernocticon may be gated or may have a non-
standard spectral sensitivity (red- or blue-extended,
for example). These tubes, which permit conventional
low-light television technigues to be used at scene
illuminations of down to 1075 lux, are ideal for many
scientific applications:

e picking up the weak, instantaneous images from
flash radiographic systems,

/

&

e high speed cine for observing rapidely evolving phe-
nomena (even though the total light may be high, the
photons/second may be low),

e photon counting in astronomy and nuclear science,
e observation of ionisation chambers,

e X-ray spectroscopy,

e tomography.

Ourteam of camera-tube specialists is at your disposal
to discuss these or any other scientific applications
that interest you.

\

THOMSON-CSF

THOMSON-CSF DIVISION TUBES ELECTRONIQUES
38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL. : (33.1) 604.81.75

BRAZIL — THOMSON-CSF COMPONENTES DO BRASIL LTDA
C.P.: 4854 /BROOKLIN / SAO PAULO / TEL.:(55.11) 61 64 83
GERMANY — THOMSON-CSF ELEKTRONENROHREN
LEERBACHSTR. 58 / 6000 FRANKFURT AM MAIN. 1
TEL.:(49.611) 71 72 81

ITALY — THOMSON-CSF TUBI ELETTRONICI SRL

VIALE DEGLI AMMIRAGLI 71/ 1 - 00136 ROMA

TEL.:(39.6) 63814 58

JAPAN - THOMSON-CSF JAPAN K.K./ TBR BUILDING
KOJIMACHI 5-7 / CHIYODA-KU / TOKYO /7102

TEL. : (81.3) 264 63 41

SPAIN — THOMSON-CSF COMPONENTES Y TUBOS S .A.

CALLE ALMAGRO 3/ MADRID 4 / TEL. : (34.1) 419 88 42

SWEDEN - THOMSON-CSF KOMPONENTER & ELEKTRONROR AB

BOX 27080 / S 10251 STOCKHOLM 27 / TEL. : (46.8) 225815

UNITED KINGDOM — THOMSON-CSF COMPONENTS AND MATERIALS LTD
RINGWAY HOUSE / BELL ROAD / BASINGSTOKE RG24 OQG

TEL. : (44.256) 29155

USA — THOMSON-CSF ELECTRON TUBES

750 BLOOMFIELD AVENUE / CLIFTON NJ 07015

TEL. : (1.201) 779 10 04
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AN
EUROPE’S NUMBER ONE COMPUTER DRAFTING

utomatic Drafting Machines

<4 Drum Plotters

@ extensive machine programm

@ microcomputer based data-processing

@ speed: 5—80 cm/sec. on axis

@ compatible with CCITT V24, EIA,
RS-232C

@ interfaces for many computers

@ speed controled vector generator

@ differentpapersize onthesamemachine

@ lenght of paper rolls up to 50 meters

@ accelerationup to 6G

@ vector generator, circular and linear
interpolator

@® 1/3/4 pens

Flatbed Plotter

@ 4 pens or dosible tool or
engraving head

@ maximum plat speed up to
300 mm on axis

@® microcomputer controled

@ six formats: A4 - A3-A2-A1-

2A0 (1ISO)

< Electrostatic Printer/Plotter

@ paper with up to 36 inches

@ optimal contrast with patented
toner-system

@ 128 ASClI-character set standard

@ high speed Print/Plot mod. up to
2000 lines/min. resp. 10 cm/sec.

@ interfaces available to most
common computer

@ high resolution 0,1 mm horizontal

@ high accuracy 0,1% vertical

Bellikonerstrasse 218 Av. Louis Casai 81
CH-8968 Mutschellen CH-1216 Geneve
Tel. 057 546 55 Telex 54070 nn Tél. 02298 78 77




Excellent stability—typically 50 ppm/° C in closed-loop
operation (attendant computer providing digital feedback).
Excellent calibration accuracy — +0.3% (monitor point).
Linearity = + 0.1%.
Economical bulk supply—minimizes price and space re-
quirements.
Safety-engineered to provide lockout, avoiding potentially
lethal electrical shocks.
Convenient, economical positive locking block connectors
with built-in interlock.
Extended voltage range — =+ 3 kV. X
High resolution —10-bit programmability allows 3 V (2 V) i
steps for the 3 kV (2 kV) range. !
Fully protected —Thermal
Short circuit
Overvoltage
User safety

32

high voltage channels}
in a CAMACG module!

LeCroy’s Model HV2432 is a new concept in high voltage
systems for particle physics detector arrays. A
sophisticated design allows all of the HV regulation cir-
cuitry to be packaged within a single hybrid. As a result,
the Model HV2432 offers exceptional density and
economy. The unit consists of 32 high voltage regulators in
a double-width CAMAC module. Each output voltage can
be individually set under CAMAC control. Further, the
HV2432 provides a monitor point which, under CAMAC pro-
gram control, allows each hybrid to be read out by an exter-
nal ADC to provide excellent calibration accuracy. The unit
can be used for either positive or negative applications.

The Model HV2432 is the main building block of a
multichannel computer-programmable high voltage supply
system. As a CAMAC module, the device requires only an
external bulk supply and one ADC for initial setup. It re-
quires no special interface and no separate control cables.
The software required is simple and easy to write. The unit
is protected against short circuits and thermal overload.

The HV2432 is an economical, easy-to-use solution to
your HV needs. Contact your local LeCroy representative
for details.

| “"i?a

2

LeCro s
Innovators in Instrumentation

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) 856-1806; Geneva, Switzerland, (41 22) 98 97 97; Heidelberg, W. Germany, (06221) 28192; Hamburg, W. Germany. (040) 54 2713; Les Ulis, France
907.38.97; Wheatley, Oxford, England, (08677) 3540. Representatives throughout the world
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ANALYSEUR <rn;%;l-ms&scuwmz
VECTORIEL ZPV

0,1... 1000 MHz

® Voltmetre vectoriel digital

@ Indication directe des paramétres S et de
I'impédance/admittance

@ Sélection automatique des gammes
® Mesure du temps de propagation de groupe
@ Compatible aux Bus |IEC

® Systéme analyseur de circuit piloté par
calculateur

Représentation générale ROSCHI 3000 Berne 31, P.0.B. 63
et service =) Télex 32137
pour la Suisse - Telecommun“:atlon SA Téléphone 031 4427 11

precision light guides

Expertise in handling all types of scintillator material

Backed by many years of experience, a leading UK manufacturer now offers
their highly sophisticated and specialised service throughout Europe.
Full design, manufacturing and technical facilities available.

For a fast and efficient service contact:

Carville Limited, Station Road, Dorking, Surrey
Tel: (0306) 81681 Telex: 859444
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Announcing...

LeGroy’s new ECLine of
high-density trigger logic in CAMAG

featuring...

* Remote event simulation via CAMAC programmability

* High-speed ECL operation

* Reliable, simple system interconnection via inexpensive twisted pairs or flat cables
* Low cost—ideal for large system applications

* An expanding variety of fast logic and data acquisition units

SYSTEM MODULES

Model 4415*

16-Channel, 40 MHz Non-Updating Discriminator
Model 4416

16-Channel, 200 MHz Updating Discriminator
Model 4417

16-Channel, 200 MHz Updating Shaper/Line
Repeater

Model 4504*

4-Channel, 4-Input Lookup Memory Logic Unit

Model 4508*
2-Channel, 8-Input Lookup Memory Logic Unit

Model 4516
16-Channel, 3-Fold Logic Unit

Model 4418
16-Channel Programmble Logic Delay

Model 4424
16-Channel, 200 MHz, 24-Bit Scaler

Model 4448
48-Bit Coincidence Register/Pattern Unit

*Preview

LeCroy’s new 4000 Series ECLine of CAMAC
instrumentation is designed to meet the high
density requirements of today’s large-scale ex-
periments. Using this new range of modules,
the experimenter can not only achieve full
computer control of his experiment, but can
also store the complete status of his system
logic on tape along with other experimental
data.

ECLine offers the advantage of program-
mable test features, permitting convenient
event simulation as well as easy point-to-point
system check without the need to remove any
cables.

The front-panel connector organization has
been designed so that either single twisted pairs or
flat cables may be used to connect one unit to another.
This new technique offers very reliable contacts and
minimal interconnection difficulty at the lowest possible
cost.

Lo o 4
For details on this unique new ECLine of CAMAC instrumen-
tation contact your nearest LeCroy sales office. m roy

EUROPEAN PRODUCTS DIVISION

Headquarters: 81, avenue Louis Casai, 1216 Cointrin-Geneva, Switzerland; (41 22) 98 97 97. Offices: Les Ulis, France, 907.38.97; Heidelberg, W. Germany,
(06221) 28192; Hamburg, W. Germany, (040) 54 27 13; Wheatley, Oxford, England, (08677) 3540; New York, (914) 425-0412; New England, (603) 483-8755;
Chicago, (312) 626-6726; Palo Alto, (415) 856-1806. Representatives throughout the world.
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Over 500 years of Swiss
time-keeping know-how

- now available in Camac format!

The single Camac width Clock and Calendar module Type 1413 contains
a battery-buffered crystal-controlled autonomous clock and electronic
calendar offering total immunity to power loss conditions. Time and
date can be read via the Camac dataway and visually at the front panel.

.

This new-generation time keeper enables you to:

® Label your system records with the current day, month,
year and time accurate to 1o second

Log power failures and alarms
Measure the duration of power failures

Power-down your system without losing your absolute
time reference »

Save all that software overhead
normally associated with the
real time clock in your computer.

Borer Electronics AG

POSTFACH, CH-4501 SOLOTHURN/SWITZERLAND TEL: 065311131, TELEX: 34228

Photo: The «Red Tower» central time source
in the City of Solothurn, Switzerland
Completed in 1411,

P ELECTRONICS
=¥ CORPORATION

IEEE 488 Product Functions

IEEE 488
BUS e ——— =

T DEVICES

TIMESHARE Three units that can function as

REMOTE CPU EXISTING talker, listener, talker/listener to inter-

MODEM m:EgUgUET':LST face any programmable binary or BCD

MINICOMPUTERS device with the IEEE 488 BUS. Logic
- functions and data paths up-

-

1
|
|
|
I
|
|
|
|
I
|
|
!
!
1
|

EXISTING
PROGRAMMABLE
OEVICES

EXISTING
PROGRAMMABLE
INSTRUMENTS

controlled for maximum flexibility.

CASSETTE RECORDERS

PRINTERS ANY RS-232
TERMINALS PERIPHERALS
TELETYPES
L T b 4884 Coupler
Bi-directional tatker/listener link be-
A885A Controller tween bus and any RS-232 or 20 mA
Controls BUS»pased system from ~ . TTY type devices. Coupler functions
any RS-232 serial command source. //‘Zz{s'e/ué 7 SECONDARY alterable via internal program to
Accepts high-level commands and "/ EXPANDER /-] 488 BUS match your format requirements.
generates signals to transmit data LA, 7

between BUS and command source.
Allows any time-sharing system or
minicomputer to become an IEEE
BUS Controller.

4810 Analyzer

Allows quick debugging of initial bus
hook-up and system program. internal
memory lets you review system com-
mands to isolate faults. Can act as
manual controller, check-out device or
field trouble-shooting aid.

- ICS Products

Av. Louis Casai 81
CH-1216 Geneve
Tel. 0229878 77

Bellikonerstrasse 218
CH-8968 Mutschellen
Tel. 057 5 46 55 Telex 54070




CAMERA HEAD

CAMERA CRATE

RADIATION RESISTANT VIDEO CAMERA

REF: CERN (CH), SACLAY (FR), ORSAY (FR)

.
/N

CONSTRUCTIONS ELECTRONIQUES ET MECANIQUES
DU LEMAN - C.EME.L

Rue Léone de Joinville

01170 GEX FRANCE

Tel. (50) 41 50 07

Physical Sciences

Series Editor: Antonine Zichichi
European Physical Society, Geneva, Switzerland

Volume 1

Interacting Bosons in

Nuclear Physics
edited by F. Iachello

Interacting Bosons in Nuclear Physics brings together experts
in the ficld from fifteen countries to examine the present
status of the interacting boson model from both theoretical
and experimental viewpoints. In-depth coverage is given to
particular aspects of the model], as well as entirely new areas
of theory and research. 202 pp., 1979, $29.50 ($35.40/£18.59
outside 1I8)

Volume 2
Hadronic Matter at

Extreme Energy Density

cdited by L. Sertorio and N. Cabibbo

Hadronic Matter at Extreme Energy Density unites renowned
authorilies from a variety of disciplines. It presents
contributions to supergravity and hadron chromodynamics
with statistical bootsirap models, and explores their
implications for cosmology. approx. 350 pp., 1980, $42.50
($51.00/£26.78 outside US)

pITHE LANGUAGE OF SCIENCE

PUBLISHING CORPORATION

36

Ettore Majoranalnternational Science Series

227 West 17th Street, New York, N.Y. 10011
In United Kingdom: Black Arrow House
2 Chandos Road, London NW10 6NR, England

Volume 3

Computer Techniques in
Radiation Transport and

Dosimeiry

edited by Walter R. Nelson and Theodore M. Jenkins
This volume provides a comprchensive summary of new
advances in computer techniques as they apply to radiation
protection and to areas outside this immediate field—including
medical physics, detector design in high-energy physics,
accelerator component design, and cosmic ray physics. 534
pp., 1980, $55.00 ($66.00/£34.65 outside US)

Volume 4
Exotic Atoms 79
Fundamental Interactions and

Structure of Matter
edited by Kenneth Crowe, Jean Duclos,
Giovanni Fiorentini, and Gabriele Torelli

. Integrating two main areas of nuclear physics—fundamental
interactions of elementary particles and applications to the
structure of matter—Exotic Atoms '79 presents the findings of
leading scientists in these fields, and provides an excellent
introduction to the subject for nonexperts. 414 pp., 1980,
$45.00 ($54.00/£28.35 ovutside US)
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THE OLD UNLESS
R928 YOU WANT

HAS NO EXTENDED
PEER RED

We apologize for advertising Our R936 offers sensitivity
an old photomuitiplier tube, beyond 950 nm to fill the
but the R928 is just about need for high resolution
the best multialkali PMT light detection in the
around. Wide spectral extended red range. In
response, high anode addition to the red
sensitivity, high cathode extension, our R936 also
sensitivity, high current offers most of the good
stability, anti-hysteresis features of the R928. It isn't
design and low dark current quite as good in the blue.
provide just about every We suggest you test them

feature you need. both soon.
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Try these tubes in spectrophotometry, gas chromatography, nitric
oxide and other measurements. We think you'll find their
performance is outstanding.

CALL OR WRITE FOR DATA SHEETS.

HAMAMATSU

HAMAMATSU CORPORATION » 420 SOUTH AVENUE * MIDDLESEX, NEW JERSEY 08846 « PHONE: (201) 468-6640
International Offices in Major Countries of E urope and Asia
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Le saviez-vous déja?

Argentons I’aluminium...

... et nous chromons (mat, dur, brillant), nickelons, cuivrons, étamons
ou dorons 1’aluminium selon les cas. C’est nouveau et c’est pourtant
déja un secteur de production important de notre entreprise.

N effet, jusqu’a des temps récents,
I’aluminium ne pouvait pas étre
anobli galvaniquement en série (seule
I’oxydation anodique était possible).
Mais aprés quatre ans d’essais et six
ans de production, nous avons acquis
Pexpérience nécessaire pour allier les
propriétés favorables de I’aluminium,
comme
— le faible poids
— la facilité de moulage (fonte injec-
tée, moulage sous pression)
— l’usinage mécanique aisé
— la grande variété de profils pré-
formés pour la construction, -etc.,
aux avantages de 1’anoblissement gal-
vanique.

Nous pouvons anoblir désormais 1’alu-
minium et ses alliages (comme d’ail-
leurs tous les autres métaux). Ce déve-
loppement dans un domaine technique
nouveau présente un intérét pour vous
aussi.

Trois exemples pris parmi les possi-
bilités d’application vous convaincront
du modernisme et de la qualité de
I’anoblissement de 1’aluminium:

1. Des dépdts de chrome dur sur des
alliages d’aluminium leur conférent

des propriétés de surface supé-
rieures a celles des meilleurs aciers
pour la dureté et les propriétés de
friction. On peut donc associer le
faible poids de ’aluminium et les
excellentes propriétés de surface du
chrome. L’industrie aéronautique
pour laquelle les techniques de
construction légére sont indispen-
sables fait un appel croissant a ces
procédés.

Elément conducteur de haute fréquence en aluminium,
argenté galvaniquement. Ce procédé permet le rem-
placement du cuivre par un alliage d’aluminium,
argenté galvaniquement (alliage pouvant comporter
Jusquw’a 12%, de Si).

2. Par [lutilisation d’éléments de
commutation en fonte d’aluminium
dorée ou argentée, il est possible
de parvenir A une réduction impor-
tante du poids et du prix tout en
conservant la bonne conductibilité
électrique de l’aluminium. Dans le

secteur technique de basse tension,

on a pu augmenter la conductibilité
superficielle de chassis en alumi-
nium.

3. Des coffrets et certains éléments
d’instruments de mesure optiques
et mécaniques peuvent étre fabri-
qués en aluminium injecté. Dans ce
cas aussi, le gain de poids est im-
portant. Les surfaces de mesure et
de friction peuvent également étre
chromées mat.

PLUSIEURS années de recherches,
_ de développement et de productio‘
industrielle dans le domaine de I’ano-
blissement de Paluminium nous ont
fourni Pexpérience qui nous permettra
de résoudre vos problémes particuliers
dans ce domaine.

Nous souhaitons la discussion. De-
mandez conseil 4 I'un de nos ingé-
nieurs. Ou simplement, téléphonez-
nous.

Steiger SA Atelier galvanotechnique
1800 Vevey
021/517277

Notre programme de production:

/i 7 7 . TN I it ;. n . . oy o 2, i3 dar i
Tous les traitements classiques dans le domaine galvanotechnique ( Spécialités : Travaux de précision, métallisation galvanique de matiéres synthétiques. Traitement galv. de I’ Aluminium)
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Successfully tested flat cable with
fully transposed solid diffusion

A 15-Nb; Sn superconductors
with high current densities

and for application at high

flux densities.

Copper stabilization in
connection with diffusion
barriers.

VACUUMSCHMELZE GM

Griiner Weg 37, D-6450 Hanau, Tel.: (06181) 362-1

velonex

PICC-PAC

Applications:
Jon Pump Supplies,

Photomultiplier Tubes,

lonisation Gauges, Gas

Laser etc.

Input Voltage: +12to +28V DC

Output Voltage: up to 20000V DC

Features: Corona Free, Proven High Reliability,
Miniaturized Packaging, «Field Tested» in Space,
Wide Adjustement Range.

VELONEX developed a 25kV regulated Power
Supply (the highest voltage aerospace supply ever
utilized) which was landed on the moon by Apollo
16.

For further Information contact Stolz, Geneva.
Bellikonerstrasse 218 “ Av. Louis Casai 81

CH-8968 Mutschellen CH-1216 Genéve
Tel. 057 5 46 55 Telex 54070 nﬂ Tel.022 98 718 77
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SUPERCOOL
& LOW COST

AT LEAST 60°C COOLER
cathode operating
temperature is provided by the
new air- and water-cooled
SUPERCOOL thermoelectric
PMT chambers (Models
TE-206 TSRF and TE-210
TSRF). Eliminating bulky
compressors, they provide
excellent temperature stability
and operating reliability. Both
feature No-Dew Window
Heaters, Front Mounting

Ask about our new
21-pin Ceramic Socket for
cooling to dry ice temperatures

88 Holten Street, Danvers, MA 01923
CABLE: PHOTOCOOL TELEX 94-0287

Products for Research, Inc. I.
P

Adapter and Fully Wired
Socket Assembiy for all
standard PMTs. They accept
options offered for all
standard PFR housings.

$990 THERMOELECTRIC PMT
CHAMBERS INCLUDE
POWER SUPPLY — Low Cost
Model TE-182 TSRF provides
features noted above and
replaces PFR Model TE-102.

US Prices only

Call (617) 774-3250 or write:
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wHAT'S INSIDE MAKES
THE DIFFERENCE

PMI’s Precision Analog Switches and Multi-
plexers are different. Pin-compatible with
popular models, they avoid the drawbacks

of MOS technology by using an advanced
Bifet design.

Overvoltage protection, freedom from static
charge problems, low noise, low crosstalk
are the results. But most important, precision
is significantly improved, as Rgn change with
signal and temperature is almost negligible
compared to MOS switches. Precision analog
measurement circuits need precision
switches!

The new family of quad analog switches
SW-01/02/03/04 has «201/202» pinout; two

of them have additional disable function.

A design, which compensates for variation of
Ron over signal voltage and temperature,
allows PMI to specify and guarantee MAX
values for Rpon and its variations, where others
show barely «typical» or nothing at all.

PMI’'s multiplexers of similar Bifet design come
in 506...509 pinout with1x8,2x4,1x16

and 2 x 8 channels. All have break-before-
make characteristic, and disable function
which allows combination into multiple switch
groups.

PRECISION MONOLITHICS INC.
Santa Clara, California, USA
A Subsidiary of Bourns Inc.
EUROPEAN HEADQUARTERS

® Bourns AG, 6340 Baar, Switzerland

Brandenburg.The power
behind the supply.

[

40

Brandenburg’s reputation for designing and producing H.V.
power supplies and modules is unique.

For their range is unequalled by any other manufacturer.
So, whatever your application, think Brandenburg first.
They’ve almost certainly got a unit that’s ideal for your
requirements. \
And they’ll supply on quick delivery and offer excellent after
sales service. Please request their latest colour catalogue
now.

You’ll find it both powerful, and interesting.

br-andenburg

Appointed agents worldwide.

Brandenburg Limited, 939 London Road, Thornton Heath, 5
Surrey CR4 6JE, England. Tele: 01-689 0441 Telex: 946149 9

REAL TIME ARRAY PROCESSOR

The MAP™™ Series of Floating Point Array Processors
from CSPI Inc. provide unprecedented throughput as
well as fast math for all popular minicomputers.

MAP is a fully supported intelligent coprocessor with fast
FORTRAN controlled 1/0 Interfaces and powerful arith-
metic capabilities.

Its unique multiprocessor "architecture allows asyn-
chronous Input-Output at transfer rates up to 40
Megabytes with minimal Host overhead.

The new MAP 6400 offers 64 Bit double precision-
floating point arithmetic capabilities equivalent to those
of large mainframes, at a fraction of the cost.

CSP Inc: 40 Linnel Circle
BILLERICA, Massachusetts 01821, tel. 617/2726020

14, rue de V' Ancien Port - Tél. (022) 32 97 20
Télex 23 343 marlich - 1201 Geneva, Switzerland

arli sa
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Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistance.

Such parts can also be
manufactured in combination

with carbon fiber.

Stesalit AG

Kunststoffwerk

CH-4249 Zullwil SO

Telefon 061-8006 01

Telex 63182 03.001

PREGISION GOMPONENTS
FOR NUGLEAR RESEARGH & NUGLEAR POWER

. All-stainless-steel thick wall, 4 BELLOWSEXPANSIDNJO”VTS
f e e ;- VAL ¥ SSELS

ring of the Synchrotron TOMMAI(S

e Oy | BEAM TUBES

Laboratory of the Science & THIN-WALL FABRICATIONS

i METAL SEALS

FLEXIBLE METALLIC HOSE
TRANSFER LINES

COUPLINGS

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

GROUPOF COMPANIES EESal BRPITNEEHIED
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Projets
executes
sSur mesure...

Désirez-vous déplacer des charges de 0,1
jusqu’a 1000 tonnes? Aucun probléme
pour nous! Nous pouvons le faire

sans autre avec nos éléments de
levage & broches livrables en

unités normalisées de 0.5, 2.5,

10,15, 20, 25,50 et 100t

de charge de levage. Modéles

a blocage automatique

réglables pour une durée a
déterminer. Marche

synchronisée aussi en cas

de plusieurs unités.

Longueur de broche

jusqu’a 8 m. Rayon

d’action de —-50°C

jusqu’a 150°C.

Vitesses de

levage minima

possibles.

Nous fournissons en outre:
Engrenages coniques,
accouplements, arbres de
jonction, paliers verticaux,
soufflets a plis pour la
protection des broches.

.

—_— e

pfaffsilberblau

PFAFF-SILBERBLAU WINDEN UND HEBEZEUGE AG
Furtbachstrasse 364 8107 Buchs/ZH Tel. (01) 84414 66
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Flowmeters

Calibrated and non-
calibrated instruments for
liquids and gas

type 1100
Available from our stock
in Zurich

HeranS lenses, mrrs,

Quartz glass

cuvettes, hatches,
disks, prisms,
rods, tubes

Triple prism in isotopic and homogeneous
SUPRASIL quality, deposited on the moon in
a retro-reflector-system as part of the
Apollo program.

Ask for further information

@
wvi

formerly Wismer AG

Oerlikonerstrasse 88
Tel. 01/46 40 40
8057 Zurich

General purpose and
precision R-C-L Decades

Attractiv Prices!

For further information contact
Stolz, Geneva.

Av. Louis Casai 81
CH-1216 Genéve
Tél.022 98 78 77

Bellikonerstrasse 218
CH-8968 Mutschellen
Tel. 057 5 46 55 Telex 54070




; Diamond wheels and grinding pins - Diamond sawing wheels —

Diamond Tools for all purposes

Our speciality

Diamond turning and milling tools for non-ferrous metals
and plastics

CBN-Tools

Other products

Special diamond tools for the watch and jewellery industries
Diamond-tipped dressing tools

Diamond files and burs

Hardness testers - Glass cutters and diamond scribers
Custom-designed tools — Tool-bit repolishing work
Precise, top-quality work. First-class references

VOEGELI & WIRZ LTD CH-2502 Bienne/Biel
Diamondcuttingand lapping works Gurzelenstr, 16

Phone: 032/4121 81

Telex: 349 195 diam ch

OSCILLATORS

Miniature Clock Oscillators

® Frequency range
0,1 Hz to 30 MHz

@ High stability

® Temperature range

0°Cto+70°C or mil.
-55010+125°C

® Hybrid technology
® High Reliability
® Output TTL, CMOS

® Package TO 5, TO 8, DIL
Low profile

Precision Crystal Oscillators

X0's TCXO's VCO's

® Frequency range 0,01 Hz to 200 MHz

@ Stability up to 20,01 ppm

® Temperature range —50 °C to -+100 °C
® Hermetically sealed

o Low power consumption

@ Output TTL, CMOS, Sine, ECL

Crystals, Crystal-Filters available

ALPHA-BETA ELECTRONICS AG
8060 ZURICH  TEL.01/437070
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Answer

For all of your

CRYOGENIC NEEDS!

Full Range Digital
Cryogenic Thermometer
Model DRC-70

<1 to 400K Range

* Recorder Qutput & Optional BCD
Qutput » Optional 2, 5 or 10 Sensor Input

« interchangeable Sensors

* Solid State Construction & Reliability

* 0.1K Resolution

The DRC-70 offers for the first time, full
range temperature indication from 1 to
400 Kelvin with completely interchange-
able sensors

The optional BCD output allows one to
incorporate these instruments into dala
acquisition systems where the number
of sensors can range from one to several
hundred sensors

The optional linear analog output allows
one to continuously record temperature
as a function of virtually any variable

The unigue design and the use of the
proven DT-500 Silicon Dicde sensor
makes the DRC-70 the obvious choice
for both routine or special lab re-
quirements

For details and literature write,
call, or telex

(@ LakeShore
Cryotronics, Inc.

64 East Walnut St. Westerville, Ohio 43081
(614] 891-2243 Telex: 24-5415 Cryotron WTVL

Western Sales and Service
4422 Macdonald Ave.. Suite §
Richmond. CA 94805 (415) 237-9914

Contact us direct, or our representatives

In Europe: Cryophysics
Oxford, England Geneva, Switzerland
(865) 722824 122) 329520
Darmstadt, W Germany Versailles, France
(6151) 74081 (1) 9506578

In Japan:
Niki Glass Co. Ltd

{031503-2787
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NE 102A for general purposes.
Light output 65%. Light attentuation 2.5m.

NE 110 for best light transmission.
Light output 60%. Light attentuation 4m.

NE 114 for large installations.
Light output 50%. Light attentuation 4m.

PILOT U for ultra fast timing.

Light output 67%. Light attentuation Tm.

Pulse width 1.2ns.

and NEW NE 104B optimised for use with BBQ light guides.
Light output 59%. Light attentuation 1.2m.

* Note: All light output figures relative to anthracene.

NUCLEAR Sighthill, Edinburgh EH11 4EY, Scotland
ENTERPRISES . 031443 4060 Telex 72333 Cables Nuclear, Edinburgh.
LIMITED Nucloar Evterprises bt | NEQuclea Enterprincs o

Germany Telephone 53-62-23 1218 Grand-Sacconex, Genéve | [EINYI
Telex 529938 Switzerland. Tel. (022) 98-16-61
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NEW model 550L RF POWER AMPLIFIER

1-5-400 MHz, 50 watts
over 100 watts to 220 ViHz

This latest amplifier from ENI offers 50 dB gain within
plus or minus 1.5 dB from 1.5 to 400 MHz. All har-
monics are at least 25 dB below fundamental at full
output power and lower at reduced power. The ampli-
fier is unconditionally stable and will not oscillate or
suffer damage for any combination of source or load
impedance. The model B50L is sufficiently linear to
faithfully reproduce complex waveforms including
pulse signals from a standard laboratory generator or
sweeper.

45

MOREL 5501

RF POWER AMPUIRIER
50 WATTS Lingan

soas
t4-anomps i

7o £
SAuTION
AP vowagy

Applications:
Consider model 550L for applications in high energy physics including its use as a linear accelerator driver.

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

3000 WINTON ROAD SOUTH

- |
enkssss -

23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE

ROCHESTER, NEW YORK 14623
Tel.: 716-473-7330; Telex 97-8283 ENI ROC

SG5 2JS ENGLAND
Tel.: (0462) 51711; Telex: 825153 ENI UK G

SI VOUS AVEZ BESOIN D'UN
CONNECTEUR POUR CIRCUITS IMPRIMES,
IL SERAIT ILLOGIQUE D'ACHETER AUTRE
CHOSE - PAR EXEMPLE UN RABAIS PLUS
N'IMPORTE QUOI. TOUT COMPTE FAIT, VOUS
NE SOLUTIONNEZ PAS N'IMPORTE COMMENT
VOS PROBLEMES TECHNIQUES ....

LES TROIS SERIES
8600/ 8607/ 8609 :
DE SOURIAU OFFRENT §
LA BONNE SOLUTION
DANS LA MAJORITE
DES CAS.

DE PLUS, LEUR
NIVEAU
TECHNIQUE
ELEVE VOUS EST
OFFERT A UN
PRIX
ABORDABLE.

otRIE 8600,/8607,8609

3

N I L0 MWW AR S R A M SRR RN

FEREELEE I TE ST LT 0 00008

AR A

Société anonyme

8600: pour exigences extrémes. Encartage di-

rect, pas 3,96, carte 1,6 mm (simple ou double
face). Contacts haute flexibilité en deux par~
ties, résistance de contact inférieure 4 5 mil-

liohms, 1000 enfichages sans usure de la carte,
8607: série universelle, 3 encartage direct ou
enfichable, pas 2,54/3,81/3,96 mm. Résistan-

 Xylogics

Disk Systeme und Controller
fiir Mikro- und Minicomputer

S,
bas
Cammgv gy

Haas 4y

@ Volle Hardware- und Softwarekompatibilitat
mit
DATA GENERAL®, DEC (LSI-11, PDP-11)2,
INTEL®

® Diagnostikprogramme fiir den Service

@ Subsysteme mit bekannten CONTROL DATA
Disk Drives (pro Drive: 10, 32, 80, 96, 300 MB)

@ Aussergewohnliche Preis-/Leistungsverhaltnisse
Unsere Dokumentation erlautert Ihnen die

ce de contact max. 10 millichms, durée de vie
500 enfichages. Norme CCTU HE 901/ 502,

8609: spécialement pour la carte Europe 100 X
160 mm. Enfichable, pas 2,54 mm, Isolant &
deux ou trois rangées d'alvéoles, équipement

Vorteile!
Markenzeichen: @ Data General @ Digital Equipment @ Intel

PRECIMATION

Rue de I'Hopital 12 — 2501 Bienne avec contacts individuel (16-32-64-96 poles),
X courant admissible 2A. Norme VG 95324 et
Tél. 032 223223 Telex 34222 preci ch DIN 41612. Bellikonerstrasse 218 Av. Louis Casai 81
CH-8968 Mutschellen CH-1216 Genéve
Tel. 057 5 46 55 Telex 54070 nﬂ Tel. 022 98 78 77



We are now Manufacturing our own

PR “ % o»

“ " P

offering you

e e m e ———— ’ faster delivery

| S, N e

maximum uptime

»»»»»»»
...........
nnnnn

easy maintenance
faster service

full two-year warranty

1500 - P1K
all the standard features and more
% fully complieswith latest CAMAC specifications How did we make a good CAMAC crate better?
By employing modular construction techniques
% operates from 100V, 120V, or 220V (strap .y ploy g. ques
selectable) in manufacturing our power supply and fan
units. Now . ..
e this full-size crate has a 25-station multilayer
printed Dataway % all subassemblies are modular and plugable
% power supply and fan units are removable for % each subunit is separately built and tested
easy installation and maintenance before assembly
* 24V, 112V, 16V DC outputs are provided % individual parts can be easily unplugged
and serviced

% +6 volts source delivers a full 42 amperes
Not only does this facilitate crate manufacturing

and maintenance, but it also insures your
application a maximum of uptime.

% push-button metering monitors voltages and
current loads from all sources

% includes overvoltage and current limiting

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC30 * 6 Chemin de Tavernay « 1218 Geneva, Switzerland » Tel. (022) 98 44 45 « Telex 28 9622
KineticSystems Corporation * 11 Maryknoll Drive = Lockport, Hlinois 60441 = Tel. 8158380005 * TWX 910 638 2831
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PHOTOELASTIC MODULATORS

—

(Piezo-Optical, birefringence modulators)
for amplitude and polarization
modulation, dichroism,

strain, and polarization

ERICOVOX

Le téléphone «mains libres»

des PTT

MODEL JCK-CF

measurements.

Two series for UV/Visible and LR., with

improved characteristics:

PEM-Series

JCK-Series

Application

UV/Visible
near |.R.

Infrared

Wavelength
Range

0.18 to 9.5um

0.16 to 19ym

Amplitude
Retardation

+0.25 wave to

2um

+0.25 wave to

12um

Aperture

0.70"

1.40"

Angular
Acceptance

50°

50°

Standard
Frequency

50 kHz

40, 57 and 37 kHz

Optical
Material

Fused Silica
Calcium Fluoride

Fused Silica
Calcium Fiuoride
Zinc Selenide

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

HINDS International, Inc.

Instruments Division
P.O. Box 4327
Portland, OR 97208

Phone (503) 234-7411
TLX 36-0259

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

une conférence téléphonique.
M Ericsson SA
Télécommunications

1022 Chavannes-Renens 2, rue de la Mouline
Tél. 021/35 45 2

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

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

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
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CAMAC

from SEN ELECTRONIQUE

The new communication giant:
3 Cl 2092

* 3 independant R$232/20 mA channels
in a single width CAMAC module

* high speed data links (50 to 19200 bauds)
* buffered operation (1 K byte)

* no jumpers, but a powerful microprocessor for speed
and data-format control through CAMAC

— description -
This single-width CAMAC module contains 3 independent channels with high
speed UARTS and buffered inputs/outputs.
It has been specifically designed as the universal interface for microprocessor
controlled CAMAC systems where at least one high speed data link with the host
computer and one medium speed data link with local interfaces are essential.
The use of an internal microprocessor provides significant flexibility and speed of
operation: its role is to pass information from the CAMAC buffers to the input/
ouput memory working with the UARTS, and to controi the data flow.
Speeds and data-format are CAMAC programmable to allow best utilisation of the
unit. Transmission standards are 20mA current loop or EIA RS 232 C, jumper
selectable. Outputs are standard 25 pin CANNON connectors.
Front panel Leds indicate the status of the module (Transmit/Receive) on each
channel plus Overrun and Time-out are common to all channels. A rear panel
trigger signal is available for DMA transfer synchronisation.
\_ J
f_applications —_
— Crate to crate communications
— CAMAC/external devices interfacing
— Front-end /0 processor for Intelligent Crate Controllers
This unit is specifically useful when connected with our ACC 2099/ACC 2103
Auxilliary Crate Controllers to speed-up the I/0 transfers when processing time
is critical.

— main computer/Intelligent Crate ‘Controller link, etc, etc. J

.

France: oRTEC sarl; 7, rue des Solets; Tel. {1) 6872571 - 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) 94557103;
Thx 58257ch - CH-8604 VOLKETSWIL - United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey: Tei.
9328.66744 - GB - KT168AP SURREY — OFFICES THROUGHOUT THE WORLD.

Headquarters:

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




Haefely Today

Particle Accelerators
High-Voltage DC Power Supplies
Irradiation Systems

for Reach, Radiotherapy and Industry

va, o

Thirty years ago, Haefely built the first ion and elec-
tron accelerators for high and ultra-high voltages
although requirements at that time were extremely
sophisticated.

Today, Haefely is working on ever more ambitious
projects and has become a reliable partner with ex-
perience in a wide field of activities: M DC acceler-
ators for ions and electrons up to 4 MeV B High-
power electron accelerators for industrial radiation
processing, design of complete irradiation systems
B Electron accelerators with ultra-high stability of
the accelerating voltage for high-voltage electron
microscopy B Neutron generators for cancer therapy
and industrial applications B High-voltage dc gener-
ators with high outpout power B High-voltage dc
power supplies for pulsed load or with high out put
voltage stability M Modular high-voltage dc gener-
ators

Send for our brochure entitled: ‘‘Haefely Today’’

(® 60 kW electron accelerator
in a paint curing facility

Cancer therapy system with
fast neutrons

© 850 kV injector power Emile Haefely & Co Ltd Basel
supply P.O.Box

D 450 kV/3.5 mA modular CH-4028 Basel/Switzerland
high voltage DC power Telephone 061/41 18 17
supply Telex 62 469 ehb ch

HAEFELY
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Cancel your liquid
helium order. ..

Get a HELIPLEX™
refrigerator.

4.5K—

Forget about the cost of liquid helium and
the bother of handling it. With the HELIPLEX
Model CS-308 closed-cycle refrigerator you get
stable temperatures down to 3.7K.

This refrigerator is highly reliable — its major
components have been proven in the field for 5
years. It operates virtually unattended and op-
tionally gives you automatic temperature con-
trol and readout. Normal maintenance interval
is 9,000 hours, and it is field maintainable.

The HELIPLEX 308 refrigerator has a conve-
niently small cold end (the refrigerator is only
35” high). This makes it useful for a variety of
research and industrial applications with a selec-
tion of temperature controllers, interface designs
and radiation shields available.

For more information, write or call Advanced
Products Department, Air Products and Chem-
icals, Inc., Box 2802, Allentown, PA 18105.
(215) 398-8419.

(25 A Prodicti )
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PM 800 041 PE DN 7243

The PFEIFFER-TURBO*

for the production of extremely clean high
and ultra-high vacuum

The smallest turbo-molecular
pump, the PFEIFFER-TURBO
110, is built to the single-flow
design. Freguency analysis has
shown that by employing newly-
developed high-precision ball
bearings and a new form of oil
circulating lubrication the run-
ning properties have been impro-
ved. These alterations have
helped to increase the life of the
equipment and reduced both
noise output and vibration. Com-
panies using this equipment place
a great deal of value in these
results.

The double-flow PFEIFFER-
TURBO 270 and 510 transmit
their full volume flow rate at the

CERN Courier, March 1980

intake port to the vacuum cham-
ber. The position of the vacuum
chamber pumping port is unim-
portant here as no adaptors or
bends which could reduce
volume flow rate are required,
even when the pumping port is
poorly positioned. Wick oil circu-
lating lubrication enables the
pump to be installed anywhere
regardless of position as long as
the shaft remains horizontal. The
backing pump can be linked
directly 1to the PFEIFFER-
TURBO by means of a corruga-
ted hose without making protec-

tive equipment such as zeolite
traps, for example, necessary.

% The PFEIFFER TURBO is a turbo-
molecular pump which creates hydro-
carbon-free high and ultra-high va-
cuum at a constant volume flow rate
for all gases between 10-2 and 10-9
mbar.

BALZERS

ARTHUR PFEIFFER
Vakuumtechnik Wetzlar GmbH
Postfach 1280

D-6334 Asslar
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The cryogenlc

- gas bearing
turboexpander

which does not need

 outside supporl
* (tmlike ofhers ese) '

' Usual gas bearing syétems depend

.~ on an external source of pressuy-
ized gas. We have succeeded

in developing a seIf-suppottmg
autonomous system. ,
The shaft floats on gas cushzons

- screated by its own rotation. It

spins—amazingly-—at several hun-

i  dred thousand rev/min without the

slightest wear. Neither bearing
gas nor seal gas have to be di-
veried from the process. Controls
are fewer and simpler.

A story too fantastic to beheve
but true:

Our turboexpander is at the heart
of dozens of ervogenie plants
around the world. -

Sulzer Brothers Limited

CH-8401 Winterthur, Switzerland
Cryogenics Departmerit
Telephone 0528137 28/81 3823
Telex ?6185

SULZER




