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Experimental programme at the SPS

The Editor whishes to acknowledge the help
of Jim Allaby, for many years coordinator

of the SPS experimental programme, in putting
together this review.

Within the next few weeks it is
expected that the first high energy
particles generated by the CERN
400 GeV proton synchrotron, the SPS,
will be fed to experiments in the West
Area. It seems an appropriate time to
cover the programme of research
which is planned for the first years of
operation of Europe’s new machine.

The SPS has two beam extraction
systems — one sending protons to-
wards the West Area and the other
towards the North Area. The North
Area is scheduled for completion in
a little over a year’s time so this review
will concentrate on the experiments
lined up for the West Area, many of
which are ready and raring to go.

The protons going West can be
used in the following ways:
1. The beam can be transported to
the surface from the underground
accelerator and split at the entrance
to the West Hall between three targets
to provide beams of secondary par-
ticles. The West Hall existed prior to
the building of the SPS and it is
not long enough to accommodate
experiments capable of handling the
highest energy particles generated by
the accelerator. The space available for
shielding is inadequate to be effective
for protons of energy above 200 GeV.
Thus the proton beam to the Hall will
be limited to a peak energy of 200 GeV
and the secondary beam-lines are
designed to transport particles with
energies up to 150 GeV. All the beam-
lines can operate simultaneously with
200 GeV protons on the targets. The
present schedule plans for protons on
the targets on 22 October so that
tuning of the secondary beams in the
West Hall should be under way early
November.
2. The extracted beam can be directed
onto a target below ground close to
the machine and secondary particles
from this target can then be trans-
ported, in the same tunnel as is used
for the beam-line taking protons to

the West Hall, to the surface and
along the Hall to the 3.7 m European
bubble chamber, BEBC. The extra
transport distance available because
of producing the particles under-
ground makes it possible to install
r.f. separators with a 500 m drift
distance between them to produce a
fully separated beam of kaons at
energies up to about 75 GeV or anti-
protons at energies up to about
110 GeV for BEBC.

3. Alternatively, the extracted beam
can be directed onto another under-
ground target for the production of a
neutrino beam. To achieve maximum
neutrino energies and intensities this
target will receive protons at the peak
energy of 400 GeV. Pions and kaons
emerging from the target will be
focused and directed at the neutrino
detectors by one of two systems.
They can traverse a distance up to
about 430 m during which they decay
to produce neutrinos. The neutrinos
will pass through shielding, 180 m of
steel and 170 m of earth which
absorbs the muons produced in the
pion and kaon decays, before emerg-
ing about 50 m upstream of BEBC.
They will pass successively through
BEBC, two counter experiments and
the heavy liquid bubble chamber,
Gargamelle. One of the focusing
systems is a magnetic horn and
reflector which focuses pions and
kaons over a wide range of momenta
to give a ‘wide band’ neutrino beam.
With the other system the pions and
kaons of a particular momentum are
selected by bending magnets and
then focused by quadrupoles. Their
subsequent decay gives neutrinos
clustered in two momentum bands —
one corresponding to the kaon parents
and the other to the pion parents.
This is a ‘dichromatic’ or ‘narrow
band’ neutrino beam; it is of lower
intensity than the wide band but the
neutrino energies are much better
known.

The neutrino experiments

Much of the present excitement in
high energy physics is centred around
data from neutrino experiments and
they therefore have high priority in
the SPS programme. For these experi-
ments BEBC can be used in a variety
of ways. The chamber filling can be
hydrogen, deuterium or a hydrogen-
neon mixture. It will also be possible
to use a track sensitive target, TST
(see February issue, page 47), filled
with hydrogen to retain the simplicity
of the proton target nucleus, and
surrounded by a hydrogen-neon mix-
ture to improve the detection of neu-
tral particles. An external muon iden-
tifier, EMI (an array of wire chambers
described in the April issue, page 137),
spanning a wide angle outside the
BEBC iron shield will add further
information to that from the bubble
chamber pictures themselves. BEBC
is scheduled to start running mid-
November with a hydrogen-neon mix-
ture and the TST will be installed next
Spring.

The approved neutrino experiments
in BEBC are as follows, in numerical
order according to the number they
were assigned at the time of approval:

WA 17 An Ankara/Brussels/CERN/
Dublin/University College London/
Rome/Strasbourg/Turin collaboration
are returning to the nuclear emulsion
technique in combination with BEBC
to attempt to spot charmed particles
and to learn more about the inter-
actions where two leptons are pro-
duced. These dilepton events may be
linked to charmed particles. They will
fire the wide band neutrino beam
through a 100 kg stack of nuclear
emulsion positioned in front of BEBC
which will be filled with hydrogen.
The EMI will be in action. Appropriate
events recorded in BEBC which can
be traced back to an interaction in
the emulsion will be measured so as
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General layout of the beams and experiments
in the West Area of the CERN 400 GeV proton
synchrotron, the SPS. The beams enter

from the right. Neutrinos (wide band and
narrow band beams) take the beam-line N1/N3
into the BEBC 3.7 m European bubble
chamber, the counter experiments (WA 1 and
WA 18), and the heavy liquid bubble chamber,
Gargamelle. Separated particles take the
beam-line S3 to BEBC. Protons of 200 GeV
reach targets T1, T3 and T5 to provide a
variety of secondary beams into the West Hall.
The different experiments, WA 1 to WA 29 are
described briefly in the text.
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to locate the position in the emulsion
where the interaction occurred. This
will avoid the impossibly tedious task
of searching all the emulsion stack
for interaction tracks of interest and
the special ability of nuclear emulsions
will then be called into play. Particles
with lifetimes in the range 10-'' to
10-"* s will leave a visible track in the
emulsion and the tracks can be
measured with great accuracy. In
favourable cases, it should be possible
to calculate the mass of the short-
lived particle. It will also be possible
to look in detail at the vertex of the
dilepton events.

WA 19 An Aachen/Bonn/ CERN/
Oxford collaboration will use dichro-
matic neutrino and antineutrino beams
into a hydrogen-neon mixture. Dif-
ferential cross sections will be studied
in charged current interactions (where
the neutrino converts to a muon) and
there will be detailed analysis of
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neutral current interactions where no
muon is produced. They will also look
for dilepton events and compare those
producing two muons with those
producing a muon and an electron.

WA 20 The Aachen/Bonn/CERN/
Oxford collaboration will also carry
out a search for ‘funny’ neutrinos.
The 400 GeV proton beam will be
ploughed directly into the large iron
beam dump which normally absorbs
the unwanted pions and kaons when
the dichromatic beam is being operat-
ed. Because of the large size of the
dump, the pions and kaons, which
normally escape from the target and
decay to give the familiar muon-type
neutrino, will be almost all absorbed
by strong interactions in the nuclei
in the dump before they decay. An
unknown type of neutrino might,
however, still be produced if its parent
particle is very short-lived and decays
before being absorbed. The heavy

lepton for which there is evidence at
the SPEAR storage ring at Stanford
would probably have its own type of
neutrino and might be spotted in this
experiment because of something
peculiar about the event rate at which
neutrino interactions occur in the
chamber or about the sort of inter-
actions that are seen.

WA 21 TheAachen/Bonn/CERN/
Oxford collaboration will use the wide
band neutrino beam into hydrogen to
look for charmed particles via their
‘signature’ of events where the change
in strangeness is not equal to the
change in charge (violation of the
AS = AQ rule). This signature is
evident in a charmed particle candi-
date picture from Brookhaven. At the
same time, they will test predictions
of the quark model by measuring the
cross sections for the production of
N* and A resonances and will check
for violations of charge symmetry.



WA 22 AnImperial College London/
CEN Saclay collaboration will search
for differences in the behaviour of
neutrinos from pion decay and those
from kaon decay. They will, obviously,
use the dichromatic beam and have
the chamber filled with a hydrogen-
neon mixture. In particular, it will be
intriguing to look at the rate at which
the two types produce strange par-
ticles in the interactions. The kaon is
a strange particle built with a strange
quark; the pion has no strange quark.
Will the kaon neutrino somehow carry
with it some memory from whence it
came and be more frequently involved
in strange particle producing inter-
actions?

WA 24 A Bari/Brussels/Ecole Poly-
technique / Rutherford / Saclay / Uni-
versity College London collaboration
will use wide band neutrino and anti-
neutrino beams into the TST. The

combination of the simplicity of the

proton target with the high neutral
particle detection efficiency of the
surrounding mixture should make it
possible to study some rare inter-
actions particularly those producing
strange particles. These would include
interactions where the AS = AQ rule
is obeyed (such as antineutrino and
proton giving a positive muon, lambda
and pions with total charge zero) and
charmed particle candidates where
the AS = AQ rule is not obeyed (such
as neutrino and proton giving muon,
lambda and pions with total charge
+2). They will also study charged
current events and electron-type neu-
trino interactions.

WA 25 An Amsterdam/Bologna/Pa-
dova / Pisa / Saclay / Torino collabo-
ration will use wide band neutrino
and antineutrino beams into deuterium
to study interactions on both protons
and neutrons (distinguishing between
the two by the total charge of the
emerging particles). The structure

The 3.7 m European bubble chamber, BEBC, will
be fitted with a track sensitive target, TST.

The TST is filled with hydrogen, to retain the
simplicity of the proton nuclei as target particles
in the interactions, while the surrounding
volume is filled with a hydrogen-neon

mixture to improve the detection efficiency

for neutral particles. The photograph shows

a prototype TST mounted in BEBC during

the Spring of this year.

CERN 170.8.76

The heavy liquid bubble chamber, Gargamelle,
was moved during the Summer from its

position at the 28 GeV proton synchrotron,
where it was the scene of some excellent physics
including the discovery of neutral currents,

to the West Area at the SPS. The picture

shows the installation of the chamber body.
Reassembly should be complete by the end

of February 1977 and neutrino physics with

the chamber will probably begin in the Spring.

)

~
4

337



functions will be determined from the
cross sections of the interactions on
protons and on neutrons.

The Gargamelle bubble chamber
will be used for neutrino experiments
filed with a mixture of freon and
propane. It will have its own EMI.
The experiments are:

WA 14 A Bari/CERN/Ecole Poly-
technique/Milano/Orsay collaboration
will use the wide band neutrino beam
to study leptonic neutral current inter-
actions where the neutrino scatters
elastically on an electron. They will
also keep an eye open for elastic-like
scatter on an electron which could
give inverse beta decay producing a
muon and an electron type neutrino.
Other subjects of interest in the same
pictures are dilepton events, electron-
type neutrino interactions, the pro-
duction of vector mesons by neutral
current interactions and the produc-
tion of strange particles. The EMI will
help in many of the measurements.

WA 15 An Aachen/Bergen/Brussels/
Strasbourg/and  University College
London collaboration will use the wide
band antineutrino beam to study lepto-
nic neutral currentinteractions (with the
antineutrino scattering on an electron),
dilepton events, positron-type neu-
trino interactions and charm particle
candidates where a muon, electron
and a V° particle are produced. This
experiment is largely the antineutrino
version of WA 14 and there will be
important comparisons to be made
between the two sets of data.

WA 16 A CERN/ Ecole Polytech-
nique/Orsay/Strasbourg collaboration
will use the dichromatic neutrino beam
up to the highest energy of the neu-
trino parents (275 GeV). They will
look at dilepton events and try to
establish the threshold energy at
which the two muon events start to
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happen and will examine whether
muon, electron events occur at the
same rate as the two muon events.
They will also look at average particle
multiplicities at different neutrino ener-
gies (up to 240 GeV), at neutral
strange particle production and at
features of the shower of hadrons
which emerge in neutral current
events. The EMI will be in action plus
a small calorimeter added downstream
of Gargamelle to give additional
information on hadron energies.

WA 23 A CERN/Milan/Orsay col-
laboration will use the dichromatic
neutrino beam (and, later, the anti-
neutrino beam) at low energy where
the neutrinos from the pion and kaon
are well separated in energy and those
from kaons give only 10% of the inter-
actions. The energy of the incoming
neutrinos will be well known and the
energy dependence of various types
of interaction will be rather clearly
determined. They will study such
things as the neutral current total
cross sections, the production of
strange particles in neutral current
interactions, the charged current to
neutral current ratio, . . .

Sandwiched between the BEBC
and Gargamelle bubble chambers are
the detection systems for the two
counter experiments which will study
neutrino interactions —

WA 1 A CERN/Dortmund/Heidel-
berg/Saclay collaboration have as-
sembled a detector 20 m long with a
total mass of about 1400 tons con-
sisting of iron cored toroidal magnet
modules (0.9 m long, 3.75 m in dia-
meter) interspersed with drift cham-
bers and scintillation counters. With
this target-calorimeter system it will
be possible to measure energies by
pulse height analysis from the scintil-
lators and to measure the muon
momentum by magnetic deflection.
They will study inclusive neutrino

The huge detection system of the WA 1

neutrino experiment. It consists of

magnetized iron toroids interspersed with drift
chambers and scintillation counters.

Assembly of the system is nearing completion and
tests with the neutrino beam will probably
begin in December.

interactions in the iron and search for
rare processes such as the production
of three leptons, inverse muon beta
decay (like WA 14), heavy leptons
and intermediate bosons (Hope springs
eternal in the human breast!). By
installing, in front of the detector, a
35 m® dewar, which can be filled with
hydrogen or deuterium, plus an array
of multiwire proportional chambers
to identify the interaction vertex, it will
be possible to compare neutrino inter-
actions in hydrogen and deuterium.

WA 18 A CERN/Hamburg/Moscow
(ITEP)/Rome (INFN) collaboration
will perform the other counter neutrino
experiment which will be added onto
the back of WA 1 and may be ready for
action in about a year's time. Itinvolves
a fine grained target calorimeter, to
measure energies and directions of
hadron jets coming from neutrino
interactions, and a muon detector.
The fine grained calorimeter consists
of 13 modules, each with six 3 x 3 m?
target plates of marble 8 cm thick,
with gaps for 20 scintillation counters
and proportional counters. This is
followed by a magnetized iron calori-
meter. The proportional counters iden-
tify the interaction vertex and the
scintillators measure energies by pulse
height analysis. Some of the muons
produced in the WA 1 detector can
stop in the WA 18 detector and their
polarization can be determined by
observing their decay asymmetry. The
aims are to study inclusive semi-
leptonic neutral current neutrino inter-
actions, to measure muon polariza-
tions in antineutrino interactions and
in dimuon events and also to search
for new particles.

Counter experiments in the West Hall

The spectrum of physics to be covered
by the counter experiments in the
West Hall is broad and it includes
several investigations into the world
of charmed particles.



WA 2 A Bristol/Heidelberg/Geneva/
Orsay/Rutherford/Strasbourg collabo-
ration will study the leptonic decays
of hyperons. In a spectrometer which
includes drift chambers, a Cherenkov
counter, a gamma hodoscope and a
lead-glass array, they will make very
accurate measurements on the decays
of ksis and sigmas. Assembly of the
hyperon beam-line, which has super-
conducting magnets to shorten the
path lengths of the short-lived hype-
rons, and of the detection system is
almost complete. It is expected that
it will be possible to produce a
100 GeV beam containing some ten
thousand negative sigmas. With this
sort of intensity and the accuracy of
the detection system it should be
possible to pin down some para-
meters of the hyperons, the strange
relatives of the proton, better than
ever before.

WA 3 An Amsterdam/CERN/Cra-
cow/Munich/Oxford/Rutherford col-
laboration will study two body hadron
reactions using pion and kaon beams
with energies upto 100 GeV. Thedetec-
tion system involves a beam telescope
of multiwire proportional chambers
(MWPCs), a two-magnet spectro-
meter with wire spark chambers
(which will gradually be replaced by
drift chambers) and two large Cheren-
kovs. They will investigate the momen-
tum transfer and energy dependence
of the different possible interactions
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and try to learn more about == and
K= interactions. They will also look
for high mass resonances. The detec-
tion system is built and the experiment
will be amongst the first to take data.

WA 4 A Bonn / CERN / Daresbury
Laboratory/Ecole Polytechnique/Glas-
gow / Lancaster / Manchester / Orsay/
Sheffield collaboration will study the
photoproduction of hadrons using
tagged photons of energy up to
70 GeV fired into the Omega spectro-
meter. The detection system is com-
pleted by Cherenkov counters, scin-
tillator hodoscopes and a lead glass
photon detector. First priority will be
given to a search for charmed particles.
The use of a photon beam onto a
hydrogen target is a very clean way
to do such a search. The experiment
is ready to start work on the tagging
system when the SPS provides its
first particles while the rest of the
Omega detection system is completed
and its results are eagerly awaited.
Subsequently a long programme of
investigations on vector meson photo-
production, Compton scattering, etc...
will be carried out.

WA 6 A CERN / Padova / Trieste /
Vienna collaboration will analyse the
role of particle spin in high energy
hadron interactions. They have a
polarized target (propanediol) in a
1 m diameter magnet with a large exit
solid angle to allow low energy par-
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ticles to escape for detection. A for-
ward spectrometer has MWPCs, scin-
tillation counter hodoscopes and a
Cherenkov. They will study inter-
actions with incoming protons and
pions in the energy range 50-150 GeV
with particular attention to the mo-
mentum region where a dip in the
elastic scattering cross section has
been seen at the ISR.

WA 7 A CERN / Genoa / LAPP An-
necy/Niels Bohr Institute Copenha-
gen/Oslo/University College London
collaboration will study two body
interactions where large momentum
transfer takes place. The equipment
includes a CEDAR differential counter
(see September issue 1975) to identify
the beam particle and a hydrogen
target partly in the aperture of an
AEG magnet. The subsequent detec-
tors span a wide angular range with
Cherenkovs, MWPCs, and scintillation
counters. Hardware processors will
be used in the on-line data collection
system. They will look in particular
at elastic scattering and proton-anti-
proton annihilations which give two
pions or two kaons.

WA 8 - A Birminghamteam will search
for rare mesons coming from kaon-
proton interactions. They will take a
separated kaon beam, at 18 or 32 GeV,
into the Omega spectrometer and will
study the mass spectra of the emerging
mesons in such interactions as K+p
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— K+K+K-p. The downstream gamma
detector, as used for WA 4, will be
in action to collect data on events
involving a neutral pion. With incident
kaons, which contain strange quarks,
the mesons composed of strange
quarks, such as the phi meson, will
be produced more copiously. The
superconducting r.f. separators, which
will be used in providing the kaon
beam, have not yet reached their
design specification and this experi-
ment (together with WA 13 and WA 29
which also depend on the separated
beam) will not be taking data before
next Summer.

WA 9 A Clermont-Ferrand / Lenin-
grad/Lyon/Uppsala collaboration wiill
make a high precision study of elastic
scattering under conditions where the
interactions involve a large contribu-
tion from the electromagnetic force
as well as the strong force (the Cou-
lomb interference region). The detec-
tion system has a hydrogen ionization
chamber (described in the January
issue 1975) as a recoil spectrometer
and a forward spectrometer with
MWPCs. They will probably be ready
to receive particles in December.
Measurements will be taken at several
energies between 50 and 150 GeV
for both particles and antiparticles.

WA 10 A Geneva/Lausanne collabo-
ration will study kaon-proton inter-
actions which vyield particle combina-
tions such as a neutral kaon, a pion
and a proton (a V, a fast forward
meson and a slow recoil proton).
The detection system is magnetless,
relying on time-of-flight and angle
measurements done by MWPCs, scin-
tillation counters and lead glass coun-
ters. It is almost ready to receive par-
ticles. The team will assemble a lot
of data on the production and decay
of bosons and baryons, including
possibly some which are not yet in
the charts.
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WA 11 An Indiana/Saclay collabo-
ration will search for charmed particles
produced in conjunction with the J/psi
particle of mass 3.1 GeV. The inter-
pretation of J/psi as a charmed quark
— charmed antiquark combination
suggests that when the particle is
produced, other charmed quarks could
be around to form charmed mesons
or baryons. The detection system is
built around a large aperture magnet,
called GOLIATH, containing MWPCs
followed by a Cherenkov, more
MWPCs, an iron filter and scintillation
hodoscopes. Most of the detection
system is completed and the Cheren-
kov is due to arrive from Saclay mid-
November. The filter is used to
distinguish muons (which are the
only particles capable of penetrating
it) and the psi particle is identified
by its decay into two muons. This is
another experiment of great topical
interest.

WA 12 A Birmingham/CERN/Ecole
Polytechnique/MPI Munich/Neucha-
tel collaboration will also look for
charmed particles produced in con-
junction with the J/psi. They will use
the Omega spectrometer fed with a
negative pion beam with energies
between 25 and 80 GeV. The J/psi
will again be identified via its two
muon decay and additional muons
which may be observed could be clues
to charmed mesons which have de-
cayed. A copper absorber (after the
target) and an iron absorber (at the
exit of the magnet) will be added to
the optical spark chambers of the
Omega detection system.

WA 13 A CERN/Collége de France
collaboration will use Omega to look
at proton-antiproton annihilations
which produce two lambdas. A sepa-
rated beam of antiprotons will have
energies between 5 and 10 GeV. A
veto surrounds the target and a special
fast coplanarity trigger system is being

built with proportional chambers
with their cathode planes in circular
sectors.

WA 29 A Liverpool team will also
study antiproton annihilations into
four or six pions with a separated
beam at 15 GeV into Omega. They
will collect data on high momentum
transfer events and try to learn whether
such events become independent of
energy beyond a threshold energy.
They will also investigate correlations
and particle multiplicities.

Other BEBC experiments

To conclude this review of the SPS
experimental programme approved for
the West Area there are three non-
neutrino experiments approved for the
BEBC bubble chamber using the r.f.
separated beam —

WA 26 A Rutherford/Glasgow/Sa-
clay collaboration will study negative
kaon-proton interactions at 70 GeV.
BEBC will be used in conjunction
with an external particle identifier,
EPI, and the physics is likely to con-
centrate particularly on interactions
producing strange particles.

WA 27 A Brussels/CERN/Genova/
Mons/Nijmegen/Serpukhov/Tel Aviv
collaboration will study positive kaon-
proton interactions again with the
EPl in action. They will examine
diffraction dissociation, and inclusive
distributions for a range of other
particles.

WA 28 An Aachen / Berlin/ CERN /
Cracow / Imperial College London /
Vienna / Warsaw collaboration will
study negative kaon-proton inter-
actions at 110 GeV. They will examine
inclusive lambda events, neutral kaon
production and omega minus produc-
tion and will look for charmed par-
ticles.



One of the three multiwire proportional chambers used
in the photon tagging system at the Omega spectro-
meter. The momentum of incoming electrons,
generated by SPS beams, is determined by magnets
before they are directed onto a foil. The tagging system,
a magnet and the MWPCs, then determines the
electron momentum after the foil and the difference
between the two measurements gives the momentum
of the photon which is heading for the spectrometer.
The MWPCs were built at Daresbury and coupled
with new CERN read-out electronics. The first task

of the tagged photon beam will be a search for
charmed particles in very clean experimental condi-
tions.

The concrete jungle of the West Hall with
several beam-lines visible between the shielding
blocks. In the background the mountain of
blocks covers the zone where the three

targets will receive 200 GeV protons. On the
right, on top of the shielding blocks can be

seen a pipe where liquid helium will be
conveyed from a centrally located refrigerator

to two superconducting r.f. separators which
are scheduled for installation next year.

CERN 102.9.76

Around
the
Laboratories

ECFA
looking to the future

In our April issue (page 128) we
reported the Plenary Meeting of the
European Committee for Future Accel-
erators, ECFA, at which it was decided
to set up a Steering Group to examine
the physics and technological pros-
pects for future accelerators in Europe.
The Group has been given the name
ECFA Committee for Accelerator Stu-
dies, ECAS (which we hope no-one
who is acronymously minded spells
out).

The members of ECAS have been
chosen so that both physics and
machine expertise are represented.
The members are — R. Billinge (CERN)
and P. Lehmann (Saclay) who will
have the particular responsibility of
looking at fixed-target proton ma-
chines and the corresponding physics;
K. Johnsen (CERN), M. Banner
(Saclay) and B. Wiik (DESY) for
proton-proton and electron-proton
storage rings; D. Gray (Rutherford)
and G. Salvini (Rome) for electron-
positron storage rings. G. Von Dardel
as Chairman of ECFA and F. Bonaudi
representing the CERN Directorate,
are also participating in the meetings.

Since the proposal to set up ECAS
was put forward, there has been the
important meeting at Serpukhov where
all the different regions of the world
involved in high energy physics were
represented (see May issue, page 167
and June issue, page 210). They met
to discuss the possibility of construct-
ing a very big accelerator, VBA, as a
world machine and the outcome of
that meeting had important con-
sequences for the deliberations of
ECAS. It was considered in Serpukhov
that the next generation of accelerators
could be confronted on a regional
basis and that only at a stage beyond
that was a ‘world machine’ appro-
priate.
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The ‘lead glass wall’ built at Berkeley is moved
gingerly towards its location at the Stanford
SPEAR electron-positron storage ring. The wall
will add to the abilities of the famous magnetic
detector which has unearthed the psi particles
and strong candidates for charmed particles and
a heavy lepton.

(Photo LBL)

In order that the idea of the world
machine should not loose impetus
during a regional next stage of accel-
erator building, the Serpukhov meeting
asked the International Union of Pure
and Applied Physics, IUPAP, to over-
see the organization of appropriate
working groups and to set up further
meetings like the one at Serpukhov.
IUPAP has followed up this request
by initiating an Interregional Com-
mittee for Future Accelerators, ICFA.
The composition of ICFA is now being
discussed. It will probably comprise
two members each from the USA,
the Dubna Member States and Western
Europe and one from Japan. A
member of IUPAP will probably be
Chairman.

Meanwhile the ECFA Committee
for Accelerator Studies is confronted
with the situation that the USA and
Eastern Europe are likely to go ahead
with a next generation of machines
independently. However, the Serpu-
khov meeting did put a lot of stress
on the desirability of selecting this
new range of regional facilities so as
to cover the broadest possible range
of physics. At this stage it looks as if
emphasis is being given to a fixed
target proton synchrotron with an
energy in the few TeV range in the
Soviet Union, and to proton-proton
storage rings in the 100s of GeV range
in the USA (with the 200-200 GeV
project, ISABELLE, proposed by
Brookhaven and various possibilities
at the Fermilab following construction
of the Energy Doubler).

Because of this, ECAS has, initially,
paid particular attention to an electron-
positron storage ring with an energy
up to 2x100 GeV. There has already
been a preliminary look at CERN into
the physics potential and the technical
problems in the construction of such
a machine and there is relevant
expertise at DESY, where electron-
positron storage rings have been built
(DORIS) and are under construction

342

(PETRA), at Rutherford, where a fully
developed design study for an elec-
tron-positron storage ring (EPIC) was
prepared, at Orsay where new elec-
tron-position storge rings (DCI) are
coming into action and at Frascati
where the ADONE storage ring is oper-
ated. In addition a study group chaired
by P. Darriulat has been studying the
physics potential of electron-positron
storage rings of energy up to 2x100
GeV and this study group will present
a report in the near future.

ECAS will be giving a preliminary
report to a plenary meeting of ECFA
on 25 November.

BERKELEY
Lead glass wall
At the beginning of September a large

array of lead glass shower detectors
and track chambers was installed at

the SPEAR electron-positron storage
ring at Stanford. Dubbed the ‘lead
glass wall’, the 318 block array was
designed and assembled at the Law-
rence Berkeley Laboratory. After ex-
tensive tests, the array has been moved
into position covering one octant of
the famous SLAC/LBL magnetic de-
tector and providing a high resolution
electromagnetic calorimeter to aug-
ment the existing lead-scintillator
shower counters.

The lead glass blocks are stacked
in two layers to help distinguish be-
tween electron-induced and pion-
induced showers. Spark chamber pla-
nes are interspersed between the
layers to localize the shower with
good spatial resolution.

Since early October, the new array
has been in use to study inclusive
electron and photon production. When
coupled with the information on track
position from the remainder of the
magnetic detector, the collaboration



of scientists from SLAC/LBL/Hawaii/
Northwestern hope to study the semi-
leptonic decays of the newly dis-
covered charmed particles and the
leptonic decays of other new objects
such as the source of the recently
reported muon-electron events.

DUBNA
Thoughts on oscillating
neutrinos

The concepts of symmetry and the
corresponding conservation laws play
a very important role in particle
physics. The laws tell us which par-
ticle interactions are possible and
which cannot happen. Some of them
are strictly obeyed (for example, that
which says that electric charge is
conserved in an interaction) others
are not strictly obeyed (for example,
that which says that the property

known as strangeness is conserved
can be violated in particle decay under
the influence of the weak force). In
physics, as in art, the beauty of a
symmetry can often be revealed more
by its violation than by its being
respected.

One symmetry which is being
questioned in theoretical studies at
Dubna and elsewhere is that of lepton
charge. At present, we believe that
the lepton charge is conserved — both
the electron lepton charge (associated
with the electron itself and the electron
type neutrino) and the muon lepton
charge (associated with the muon
and the muon type neutrino). But
there might be small violations of the
lepton charge which could manifest
themselves in ‘neutrino oscillations’
where, for example, the electron type
neutrino transforms to a muon type
neutrino and vice versa.

Similar oscillations are not un-
known in particle physics; they are

Last month we reported progress on the small
superconducting accelerator/storage ring,
ESCAR, being built at the Lawrence Berkeley
Laboratory. The photograph shows one of the
superconducting dipoles being assembled, its
coil is being lowered into a stack of aluminium
alloy rings. The conductor configuration can be
seen on the half coil facing the camera.

(Photo LBL)

the underlying reason for aspects of
the behaviour of the neutral kaon
which were among the great mysteries
of the 1950s. The neutral kaon showed
two distinct patterns of behaviour
(for example, decaying in either 10-"s
or 10-'°s) and it was realized that it
is in fact a mixture of two neutral
kaon states denoted K} and K:. It be-
haves as one or the other depending
upon the time at which the observa-
tion is made and oscillates between
the two forms.

If the electron and muon type
neutrinos were mixtures of two other
neutrino states (call them vi and v.
with masses m: and m:) then it could
be possible to observe oscillations
where a flux of muon type neutrinos
transforms into electron type neutrinos
and back again. The effect would
obviously be observable in principle
if the distance over which an oscilla-
tion occurs (which for neutrinos of
momentum ‘p’ is given by 2p/m?2-m2)
is comparable to or less than the
distance from the neutrino source.
Observation would be easier with
large distances and small neutrino
momenta.

Calculations at Dubna use a para-
meter Mmin which must be less than
the square root of m?-m2. Oscillations
of neutrinos from a reactor with
momenta down to around 1 MeV,
looked at over a distance of up to
1 km, would be observable with Mmin
equal to 0.05 eV. Oscillations of
neutrinos from a high energy acceler-
ator with momenta down to around
1 GeV, looked at over a distance of
up to 10 km, would be observable
with Mmin equal to 0.2 eV. Oscillations
of neutrinos from the sun with
momenta down to 0.2 MeV, look at
from a distance of 150 x 10° km,
would be observable with Mmin equal
tob x 10-7eV.

Remembering that the latest direct
measurement of the mass of the
electron type neutrino, made at ITEP
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Part of the equipment used at the Argonne ZGS
to measure the differences between proton-
proton total cross sections in pure longitudinal
spin states. The measurements were carried

out at five energies between 1.2 and 2.5 GeV/c.
The polarized beam, with the polarization
vector rotated to lie along the beam direction,
entered from the left and the polarization of

the target was also aligned along the beam
direction using the 'R and A’ polarized target
magnet. Scattered and transmitted particles
were measured by downstream scintillation
counters not visible in the photograph.

in Moscow gave an upper limit of
35 eV, it is clear that detection of
oscillations, particularly of neutrinos
from the sun, would improve neutrino
mass measurements by many orders
of magnitude.

However, even under very favour-
able conditions it is difficult to pin
down the behaviour of the rarely
interacting neutrinos. The best bet
seems to be to detect oscillations at
high energy accelerators. This might
be feasible by comparing the ratio of
the intensities of electron type to
muon type neutrino in a beam at a
fixed distance as a function of
momentum. An entertaining thought
is that the neutrino beam emerging
from underground at the CERN SPS
intersects two ridges of the Jura
mountains. An intrepid experimenter
might monitor the beam at CERN and
at precarious locations on the moun-
tainside.

Experiments on solar neutrinos are
still fraught with too many unknowns
to be hopeful in the foreseeable future,
though the radiochemical technique
with gallium-germanium which is
being developed in the USA and
USSR might improve detection effi-
ciency. Though it may be some years
before reasonable experiments be-
come feasible, the physics involved is
intriguing enough to be attracting
theoretical attention.

ARGONNE
Symposium on
polarization physics

The 3rd International Symposium on
High Energy Physics with Polarized
Beams and Polarized Targets took
place at Argonne on 23-27 August.
It was sponsored by the ZGS Users
Group and the Argonne Universities
Association and was attended by

344

about 200 physicists of a variety of
disciplines from many Laboratories
around the world. There were talks
by high energy theorists and experi-
menters working on strong, electro-
magnetic, and weak interactions and
also by nuclear, low temperature, and
accelerator physicists who have help-
ed to make high energy polarization
experiments possible.

Several exciting new physics results
were presented. One of these was the
discovery of unexpectedly large spin
dependence in proton-proton total
cross sections between 1.5 and 2
GeV/c, reported by two different
groups working at the Zero Gradient
Synchrotron. The data presented by
each group had been obtained only
days before the conference sessions.
An Argonne group measured total
cross section differences in pure
longitudinal spin states, while a Rice/
Michigan/Houston group measured
them in pure transverse spin states.
Each group used a polarized proton
targetin conjunction with the polarized
proton beam.

Another new resultwasthe evidence
for a dramatic difference between the
energy dependence of proton-proton
elastic spin effects in the forward
diffraction peak and in the large
momentum transfer region (see May
issue, page 177). New Fermilab results
reported by two groups (one using a
polarized target and one using a gas
jet) show very little polarization in the

diffraction peak near 100 GeV/c,
while results from the ZGS and from
the CERN PS show large and possibly
growing spin effects in the large
momentum transfer region. Other
groups reported large spin effects in
antiproton annihilation at CERN and
in lambda production at Fermilab.

The possibility of using polarized
electron beams to prove or disprove
the existence of constituent quarks or
partons was discussed by J. Schwin-
ger (UCLA). Some other distinguished
speakers were C.N. Yang (Stony
Brook), who proposed that protons
may be thought of as objects rotating
with a velocity which varies with
radius, F. Low (MIT), who presented
a model of the Pomeron which gives
very significant spin effects, L. Michel
(Bures-sur-Yvette), who described a
general method for analysing high
energy processes in a spin-hyperspace,
and H.R. Crane (Michigan), who gave
a historical summary of g-2 experi-
ments.

Many possible new ways of study-
ing spin effects at high energy were
discussed. These included polarized
gas jets, polarized beam storage rings,
and dilution-refrigerator polarized tar-
gets. There were also discussions of
various new types of polarized targets
and polarized sources for use at both
proton and electron accelerators.

The social programme included a
Texas style barbecue and was high-
lighted by a banquet at the Chicago



Art Institute. The after-dinner speaker
was J.S. Kane (director of ERDA’s
physics research funding). He spoke
on ‘Trends in Basic Research in
ERDA’ and left the symposium par-
ticipants with a feeling of cautious
optimism. The scientific summary of
the conference, given by Owen Cham-
berlain (Berkeley), produced even
more optimism about seeing new and
surprising spin effects in the next few
years.

SERPUKHOV
The SKAT
bubble chamber

The Institute of High Energy Physics
at Serpukhov has recently commis-
sioned a large heavy liquid bubble
chamber known as ‘SKAT'. In many
respects, this chamber is similar to

the Gargamelle chamber at CERN but
there are a number of important
differences. This information on SKAT
and its initial experimental programme
was supplied by E.P. Kuznetsov.

The chamber volume is 4.5 x 1.6 x
0.95 m3. The body is made of stainless
steel with a wall thickness of 200 mm
which is able to absorb a large part
of the stresses produced during opera-
tion. The expansion system consists
of 25 valves with an effective useful
cross section of 120 mm while the
electromagnetic control valves have
a useful cross section of 45 mm. The
time required to reduce the pressure
from 25 atm to 10 atm is 45 ms and
the valve operation is synchronized
to within 2 ms. This system is of
original design specifically for the
SKAT chamber. Expansions are effect-
ed by means of a double membrane
(overall thickness 12 mm) composed
of a layer of reinforced resin and
'Adelite’ (produced in France).

Schematic diagram of the SKAT heavy liquid
bubble chamber which has recently been
commissioned at Serpukhov. The following
components are picked out — (1) camera system,
(2) water filled tank, (3) movable window,

(4) volume of heavy liquid, (5) membrane by
which pressure is applied, (6) main valve
system, (7) control valves.

Photographs of the chamber volume
are taken by four cameras fitted with
special lenses. Two of them photo-
graph the entire volume and the other
two photograph half the volume; the
frame dimensions are 220 x 65 mm?
and 110 x 65 mm?2. Photographs are
taken through a layer of twice-
distilled water and a thick glass
window, which separate the chamber
liquid from the water. The window
measures 4.2 x 1.2 m? and has a
thickness of 144 mm. It is enclosed
in a special surround which allows
it to move + 10 mm while still main-
taining a good seal between the
liquids. During the normal working
cycle, the glass moves by 0.3 mm.

The chamber is illuminated by
27 flash units located in special
housings inside the chamber volume.
Their design is similar to that developed
at CERN in the 1 m model chamber
for BEBC. Photographs are taken with
dark field illumination using a movable
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A view of the SKAT chamber in its experimental
hall at Serpukhov looking from the side where
the camera system is located.

1. One of the first neutrino interactions photo-
graphed in SKAT which showed the pro-
duction of a strange particle.

2. Another neutrino interaction where a
positron has been produced.
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plate with a black enamel finish.
Thermal control of the operating con-
ditions is ensured by six thermostats
inserted into the chamber volume.

Certain parts of the chamber, namely
the valve assembly block and the
water tank, are made of magnetic
steel but their configuration is such
that maximum correction can be made
to inhomogeneities of the field inside
the chamber. The magnetic field can
be taken to a maximum of 2.7 T,
which requires a power of about
14 MW; for a field of 2 T, the power
required is about 6 MW. The field
inhomogeneity in the chamber volume
does not exceed 5 %.

Commissioning of the chamber be-
gan on 27 May 1975 and, by Decem-
ber, the chamber was taking pictures
with a neutrino beam. IHEP’s neutrino
beam-line is equipped with a focusing
device which provides SKAT with a
flux of 0.5 x 10" neutrinos per puise
when 2 x 10" protons per pulse are
incident on the target. Under these
conditions, approximately one neu-
trino event occurs in the chamber
every 30 frames. Maximum neutrino
production is achieved at an energy
of between 5 and 15 GeV. In this
energy range, it is planned to measure
neutrino and antineutrino cross sec-
tions and to obtain data on quasi-
elastic scattering and interactions with
one pion production (up to a g2 of
about 5 GeV/c?). Detailed studies will
be made on deep inelastic processes
and neutral current interactions, and
rare processes, such as neutrino-
electron scattering and associated
production of electrons and strange
particles etc., will be investigated.

RUTHERFORD
Particles exhibit colour

Having lured people into this article
by the suggestion that the postulated



particle property called ‘colour’ has
been seen, we should come down to
earth quickly. Coloured tracks seen
on the bubble chamber film scanning
tables at the Rutherford Laboratory
do not mean that colour has now
been established as a new particle
property. What is happening is that
computer simulations have been used
-to investigate the efficiency with
which it should be possible to detect
‘prompt’ electrons in the scanning
process. The coloured tracks were
produced to label different types of
particle.

The production rates of prompt
electrons and muons — events where
these particles seem to come directly
from hadron interactions — have been
found to be much higher than was
expected on the basis of conventional
models of vector meson decay or
direct lepton pair production. To look
into this, an experiment to study
prompt electrons has been proposed
for the 3.7 m European bubble cham-
ber, BEBC, with a track-sensitive
hydrogen target installed and fed by
a 70 GeV negative pion beam gener-
ated by the CERN SPS accelerator.

BEBC would contain a neon-
hydrogen mixture in which electrons
lose most of their energy by radiation,
forming electron showers which en-
able these particles to be easily
distinguished from the heavier pions,
muons, etc. However, the true prompt
electron events could be confused by
‘background’ due to spotting only one
electron in a Dalitz pair or from the
decay of a kaon. The background
events, however, could be identified
by measuring the particle tracks.

The Bubble Chamber Research
Group at Rutherford has developed
a computer simulation technique to
produce specimen events. This will
enable physicists to measure the
efficiency of the bubble chamber for
detecting true prompt electrons and
indicate just how serious the problem

Bubble chamber events simulated by computer
at the Rutherford Laboratory. They mimic events
in the BEBC bubble chamber fitted with a track
sensitive target (the box outlined in the pictures)
to investigate how easy it will be to detect
interactions giving ‘prompt’ electrons. A novel
refinement is that the different types of particle
can be made to appear in different colours.
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1. Slice through the DELCO detection system
which is being installed at the Stanford
electron-positron storage ring, SPEAR. This
shows the location of the different com-
ponents at right angles to the beam directions.
In the normal mode of operation, both
muon filters will sit outside the Cherenkov
counter as sketched on the left of the
diagram.
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of background is. The technique uses
a FR80 microfilm recorder — itself
computer-controlled — to produce
film of computer simulations of bubble
chamber interactions. Preliminary re-
sults from this film show that the
detection of prompt electrons in BEBC
is quite feasible with a detection
efficiency at about 90 %.

The programme used on the IBM
360/195 computer is divided into two
parts. The first generates the positions
of the ‘bubbles’ in space and the
second projects these onto any of the
five film planes. These projections are
then transferred onto magnetic tape
ready for input into the FR80, which
in turn produces the actual 35 mm
film for scanning. ‘Bubbles’ on some
10000 track segments, each small
enough to produce a smooth outline
for the final particle trajectory, are
generated for each event, which
typically can produce 350 particle
trajectories and 150 event vertices.
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1.
Film for a simulated 40 GeV nega-

tive pion experiment with one to
three particles per burst was produced
and scanned on two views. Prompt
electrons were seen from Dalitz pairs
and from the rho decay into an elec-
tron and positron as well as from the
decay of a charmed meson of mass
2.02 GeV. The identification of these
different sources of electrons was very
good and the results from this com-
puter simulation show that single
prompt electrons coming from the
hadron reactions can be identified
with almost complete certainty. Fur-
ther film was generated with a 70 GeV
beam and showed little deterioration
in scanning efficiency.

To check the accuracy of the scan-
ning, a special colour film of the
bubble chamber simulations was pro-
duced in which electrons show up as
vellow tracks, hadrons as white,
strange particles as purple and muons
as blue! In this way coloured particles

have been seen but not quite in the
way postulated by the theoreticians.

STANFORD
PEP keeps its cool

During the Summer months a worry
about heating effects of the stored
electron and positron beams has been
causing some sleepless nights around
the PEP project of Berkeley and Stan-
ford. The October issue of PEPNEWS
reports that this worry has now been
removed.

Early on in the project, it was
decided to go for a high frequency
r.f. system (operating at 3563 MHz)
taking account of klystron costs,
which go down at higher frequencies,
and of cavity efficiencies. At the time
of the decision, consideration had
been given to the heating effect of a
short bunch of particles passing an
irregularity (such as a recessed flange)
in the vacuum chamber of the storage
ring. Bench tests, coupled with expe-
rience at the SPEAR storage ring up
to that point, indicated that a tolerable
loss of about b % of the total r.f. power
could be absorbed in this way, cor-
responding to about 300 W per metre
of the chamber.

In the Spring of this year, an
experience with SPEAR completely
upset these calculations. A machine
physics experiment, using 50 mA
beams at 3.7 GeV, was cut short when
the heating produced by the passing
bunches burned a hole in a bellows.
It became obvious that highly localized
heating is produced. The effect is
already uncomfortable with the beam
parameters at SPEAR but it was
quickly realized that the situation could
be forty times worse at PEP.

The heating is proportional to the
square of the circulating current and
depends also on the bunch length
(i.e. ther.f. frequency) and the smooth-



ness of the vacuum vessel structure.
Careful design of the vacuum vessel
of PEP has probably achieved a factor
of ten improvement on the SPEAR
conditions but the remaining factor
of four remained intractable. Lowering
the beam current was avoided because
it would take the luminosity (which
gives the physicists their event rate
per second) down with it. There re-
mained the option of lengthening the
bunches by lowering the r.f. frequency
and, reluctantly, development of lower
frequency cavities (about 78 MHz)
was initiated.

The latest news is that a machine
physics trick has taken the burden off
the r.f. by enabling the beam current
to be reduced without affecting the
design luminosity. By operating with
a vertical beta value of 11 cm in the
interaction regions the same luminosity
is maintained with half the current and
the desired reduction by a factor of
four in the heating effect is achieved.
In addition, the r.f. system is required
to provide less power (6 MW rather
than 9 MW) and can be simplified
(twelve 500 kW klystrons feeding
twenty-four cavities rather than eight-
een 500 kW klystrons feeding eight-
een cavities at twice the power).

Every cloud has a silver lining.

DELCO detector

A new detector is almost ready to be
installed in the East interaction region
at the Stanford electron-positron stor-
age ring, SPEAR. It is a large solid
angle device which emphasizes the
detection of electrons and is called
DELCO (Direct Electron Counter). It
has been built by a California col-
laboration consisting of the H. Ticho
group from UCLA, the P. Condon
group from UC Irvine and the M.
Schwartz/S. Woijcicki group from
Stanford University.

As its name suggests the detector
it is designed particularly to record

2. Another slice through DELCO, this time along

the beam directions. The detection system

is designed particularly to spot prompt

single electrons coming from multihadron
events. These electrons are almost certainly
linked to the new world of phenomena —
charmed particles, heavy leptons — which
has been uncovered in the past few years.
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direct or ‘prompt’ electrons emerging
from interactions. Such electrons have
been seen at the CERN ISR and at
Fermilab and are probably linked with
charmed particles or heavy leptons.
The study of the interactions in which
they are produced is amongst the
most interesting physics topics con-
fronting us at present.

A particle, produced in the region
where the electron and positron beams
collide, will leave the vacuum cham-
ber and pass through cylindrical multi-
wire proportional chambers (MWPC)
situated in a near-axial field of 0.35 T.
The field is provided by two discrete
coils, located at each end of the
MWPC in order to minimize the
material that the particle traverses.
The MWPCs (engineered by Roger
Coombes at SLAC) comprise six co-
axial cylindrical chambers of 3500
anode wires and four high voltage
strip readout cylinders of 450 chan-
nels.

2.
The particle then enters a one-at-

mosphere, methane, threshold Cheren-
kov counter which provides 1 m of
radiator over two-thirds of the full
solid angle. At SPEAR energies, the
only particle which can directly emit
Cherenkov light in this counter is an
electron. Cherenkov light is focused
by ellipsoidal mirrors which are con-
structed using a novel technique in-
volving the replication of a male mould
with polyester resin and glass fibre
backed with flexcore hexcel and a
further polyester/glass fibre layer. The
resulting mirrors are of low mass,
highly rigid and have an excellent
focus (2 cm x 0.7 cm FWHM).
Beyond the Cherenkov cell are two
magnetostrictive wire spark chamber
modules which aid the momentum
measurement and help identify back-
grounds. Finally there is a six radiation
length shower counter which helps
in triggering the apparatus and pro-
vides a second tag on electrons. Over
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Schematic diagram of the spherical drift chamber
for the location of neutral particles which is
giving very satisfying results in tests at CERN.
An indication of its use with X-rays is sketched
to show how the electron cloud initiated by
the X-ray can give signals on two wires of a
multiwire proportional chamber backing the
drift chamber. These signals can be used to
calculate the X-ray position to an accuracy
better than the wire spacing by a ‘centre of
gravity’ method.
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a limited solid angle (about 6 % of
4 =) a thick lead wall is installed in
order to identify muons.

The experiment will receive its first
SPEAR beam in February of next year
and take data through until the end
of June. During that period it is
hoped that DELCO will help signifi-
cantly in understanding the confusing
world of heavy leptons and charmed
particles that is appearing at SPEAR.

CERN
Further developments
of drift chambers

A more detailed understanding of what
is happening in gas discharge type
detectors has led to some completely
unexpected advances in detection
techniques in the past ten years. The
advances have emerged from work
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at CERN since 1968 and two types
of detector — the multiwire propor-
tional chamber and the drift chamber
— are in widespread use in high
energy physics research and are
coming into use in medical applica-
tions. Recent work, again involving a
more detailed understanding of what
is happening, promises still further
advances and still more applications.

The mechanisms at work when a
detector is operated in the proportional
mode can be considered in two stages.
Firstly, ionization caused by the pas-
sage of a charged particle between
anode and cathode planes of wires,
liberates electrons which ‘drift’ towards
the nearest anode wire under the
influence of the electric field. Second-
ly, in the immediate vicinity of a wire,
where the field gradient is higher, the
electron gains enough energy to
cause further ionization. In the last
few path lengths an avalanche of
electrons is built up and is swallowed

by the anode wire. The ions left in
their wake head for the cathode plane
and it is the negative pulse that they
induce as they traverse the high field
gradient region near the wire that is
the major contribution to the signal
from the anode wire. In addition, the
ions give a positive pulse to neigh-
bouring wires so that the wire nearest
to the position where the particle
crossed the chamber is easily distin-
guished. This is the technique of
the multiwire proportional chamber
(MWPC).

The signal from an anode wire gives
one spatial coordinate of the particle.
A second coordinate can be obtained
by recording the ions arriving at the
cathode plane which can be wires or
strips. The ions tend to spread out as
they traverse the chamber and it is
the ‘centre of gravity’ of the anode
signal which is taken as the coordinate
measurement. Techniques for reading
the second coordinate have been
developed particularly at Berkeley and
Oak Ridge.

A different use of the mechanisms
at work is to measure the time taken
for the electrons to drift to the anode
wire. Using a scintillation counter to
pin down the time of arrival of a
charged particle to a nanosecond, the
time taken for the electrons to reach
the nearest wire can be measured and
this makes it possible to determine a
spatial coordinate to about 100 pm.
This is the technique of the drift
chamber which has been applied in
a variety of ways at many Laboratories
such as DESY, Harvard, Heidelberg,
Saclay. ..

Some of the recent work at CERN
has concentrated on a chamber for
the detection of neutral particles. Once
a neutral particle initiates a charged
particle by collision with a gas mole-
cule within the chamber volume, its
position in two coordinates can be
extracted. This is a great advantage
with low energy particles which have



not enough energy to emerge for
further observation in a second de-
tector. Medical applications with X-
rays and gammas will be of great
importance.

The CERN detector (worked on by
G. Charpak, C. Demierre, R. Kahn,
J.C. Santiard and F. Sauli with help
from A. Breskin, R. Bouclier) adds a
drift region to a MWPC, as shown in
the diagram, to increase the efficiency
in X-ray detection. If the X-ray is not
travelling parallel to the electric field
in the drift region it can liberate elec-
trons at several positions along its path
giving signals on several wires and
blurring the information as to its true
direction.

A neat way out of this has been
to build the drift chamber region like
a piece out of a sphere with the field
lines radiating out from the point
where the specimen being X-rayed is
located. A scattered X-ray then travels
along a field line and liberated elec-
trons head for the same wire. (R. Be-
noit and N. Greguric did some clever
work in the mechanical construction
of this ‘Spherical drift chamber’.)

The interesting realization in the
past few months has been that be-
cause of the diffusion in the drift
space, the electron cloud can fan out
to give a signal to two wires. Using a
‘centre of gravity’ approach on these
two readings, the location of the
initial electron can be calculated to
give a spatial resolution better than
the wire spacing. Because of this it
was possible to go from 1 mm wire
spacing, which was causing mechani-
cal problems, to 2 mm wire spacing
and to achieve coordinate measure-
ments to better than 1 mm.

The important fact is that it is
possible to position particles to better
than the distance between the wires,
provided the electrons can drift far
enough to spread the electron cloud.
In addition, having a long drift region
allows a higher amplification to be

achieved than in a thin proportional
counter. The disadvantages are that
the counting rate may be lower since
longer lengths of wire are ‘deadened’
by every pulse. Also the electronics
necessary to do the centre of gravity
sums will be more expensive. How-
ever, the advantages are considerable
and it should not be difficult to
construct large chambers with anode
wires of 20 pym diameter and 2 mm
wire spacing.

DESY
Drift chambers
for the SPS

A large drift chamber, which is a full
size prototype of a series of chambers
with a total of sixteen signal wire
planes, has been built and success-
fully tested at DESY. The chambers
will be part of the forward spectro-
meter which is being built by the

Prototype of a large drift chamber which has
been tested at DESY. Excellent results have
been obtained. Sixteen such chambers are

to be built for a muon experiment at the SPS.

(Photo DESY)

European Muon Collaboration and
CERN to study muon scattering using
a 300 GeV muon beam in the SPS
North Area.

A fascinating programme of physics
is envisaged for this spectrometer since
very energetic and very heavy virtual
photons will be available to probe the
quark structure of the nucleons and
to produce new particles. To be able
to do this, the particles emerging from
the interactions with high momenta
have to be analyzed very accurately.
Drift chambers are the best type of
detector for this job since they allow
space coordinates of high energy
charged particles to be measured with
high precision.

The prototype chamber has a useful
area of 2.5 x 5.1 m% It consists of
two planes with signal and potential
wires and three cathode planes. The
size of the drift cell is 2 x 2 cm?
(measured from signal to potential
wire and from cathode plane to
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cathode plane). The cathode planes
have wires spanned across the short
dimension with 2 mm wire distance.
Signal wires and potential wires are
spanned in three different directions,
the longest ones horizontally, with a
length of 510 cm.

The cathode planes are at earth
potential. A gas mixture of argon,
methane and isobutane was found
to give good results (argon with iso-
butane alone was not satisfactory
because of the rather large variation
of the electrical field across the 2 cm
drift space with constant cathode
potential). The mixture gave an effi-
ciency around 99 % with deviations
from linearity below half a millimeter.
The resolution of the space coordinate
was found to be almost as good as
for small chambers. For the shorter
wires it is 0.17 mm and for the 510 cm
wires, 0.21 mm. It has thus been
demonstrated that good spatial re-
solution can be obtained also for large
drift chambers.

The mechanical construction is very
rigid, with very accurate positioning
of the signal and potential wires, in
order to maintain the measurement
precision. Also, a very dense packag-
ing of many planes is possible. The
sixteen planes required for the experi-
ment can be put together to occupy
only 41 cm in depth.

Production of the final chambers
has started at the DESY Laboratory
and it is expected that they will all be
in place at CERN by the end of 1977.

LOS ALAMOS
New neutron sources

The Los Alamos Scientific Laboratory
is building facilities for research with
neutron beams which are at present
unparallelled anywhere in the world.
A Weapons Neutron Research Facility
(WNR) is scheduled for operation
early 1977. An Intense Neutron Source
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(INS) saw approval of an environmen-
tal impact statement and the start of
some coring for construction at the
beginning of this year.

The WNR draws its beams from
the 800 MeV proton linear accelerator,
LAMPF. A chopper in the LAMPF
injector separates the tail of the proton
pulse so that a kicker magnet can
deflect the protons in the tail to the
WNR while the main pulse continues
towards the LAMPF targets for use
in the meson physics research pro-
gramme, etc. The deflected protons
reach the WNR at a rate of 120 Hz
and the duration of each pulse can
be adjusted from nanoseconds to
microseconds. This ability to use short
bursts of particles is a special feature
of the WNR.

The protons produce neutrons, at
a rate of about 12 per incident proton,
by spallation in a tungsten target (a
cylinder 2 to 4 cm diameter, 15 cm
long). The neutrons emerge with
energies from about 30 MeV to 10 keV
(the lower energy spectrum can be
extended down to 0.03 eV by using
a moderator around the target). Many
beam tubes fan out from the target
room to allow neutrons through to
the experiments. A second target room
can be used for scattering neutrons
or for receiving low intensity proton
pulses.

To extend the abilities of the WNR
in the future, a proton storage ring is
being designed. It would stack many
proton pulses and compress them
into a bunch so that a very short,
very high intensity pulse of neutrons
could be generated by firing the
proton bunch from the storage ring at
a target.

The INS is budgeted at $25 million
and is scheduled for completion in
1980. It is intended as a neutron
factory, in the same way that LAMPF
is a meson factory, capable of sup-
porting a broad research programme
involving many experimenters.

Neutrons will be generated in a
supersonic deuterium gas jet inter-
sected by a beam of tritium ions
yielding a flux of 10'® neutrons per
second at an energy of 14 MeV. Two
identical reaction chambers of this
type are envisaged.

The INS is at the stage of detailed
engineering. Components, such as
the ion source which is required to
yield 1 A of tritium ions, are under
development. Much of the experi-
mental programme (neutron cross
section measurements in a variety of
materials, materials damage investiga-
tions in intense neutron fluxes) will
be directly relevant to fusion reactors
since the reactors will experience the
identical bombardment with 14 MeV
neutrons.

FERMILAB
Cancer Therapy Facility
treats first patient

On 7 September a dose of neutrons
was administered for the first time to
a volunteer patient at the Fermilab
Cancer Therapy Facility. The patient,
a woman suffering from recurrent
cancer of the tongue, spent about an
hour at the Facility and has since
returned several times to receive
further doses.

Miguel Awschalom, Deputy Head
of the CTF, reports that the com-
missioning of the Facility was ‘satis-
factorily smooth’. The achievement
follows several years of planning,
research, and construction by Fermilab
staff members and a number of mem-
bers of the medical community in the
Chicago area. Trials with patients will
continue as more collimators neces-
sary to irradiate different types of
tumour become operable. A three day
per week irradiation schedule is now
in effect and will soon become five
days per week.

All patients will be referred to




Fermilab by radiotherapists from par-
ticipating medical institutions. Not all
cancers are suitable for neutron therapy
and the decision to use neutron radia-
tion will be made in accordance with
protocols established nationally by
the Radiation Therapy Oncology
Group. Only carefully selected patients
will be irradiated. Certain tumours of
the mouth and upper respiratory pas-
sages, advanced cancers of the cervix,
prostate, and some brain tumours,
which resist conventional treatments,
are being treated experimentally at
the four fast neutron installations in
the USA. Some cancers of the lung
and pancreas, as well as certain bone
and soft tissue malignancies, will be
irradiated in conjunction with chemo-
therapy.

Fast neutrons for the CTF are gener-
ated by protons from the linac which
are available when the main ring is
going through its acceleration cycle.
Protons are thus available for about
70 % of the time during every acceler-
ator pulse. A pulsed and a d.c. magnet
installed after the fourth linac cavity,
deflect a 66 MeV proton beam 90° to
a beryllium target. The collisions pro-
duce the fast neutron beam.

A portion of the long gallery parallel
to the linac has been remodelled to
create the Cancer Therapy Facility.
It contains rooms for patient reception,
the control room and treatment area.
The heavily shielded treatment area
surrounds a former linac freight eleva-

tor so that patients can be lowered
from the linac gallery at ground level
to the floor below on a level with the
linac. No long-term patient care is
provided at Fermilab and only ambu-
latory patients are accepted.

It has been known for many years
that oxygen-poor or anoxic cells tend
to be more radiation resistant than
normal cells and rapidly multiplying
cancers, which often outgrow their
blood supply, result in anoxic cells.
Research at the Hammersmith Hospi-
tal in England and elsewhere has
indicated that anoxic cells may be less
resistive to fast neutron irradiation
than to X-rays. Large scale clinical
trials under controlled conditions are
necessary to confirm the research work
and the Fermilab CTF has been con-
structed with this in mind.

As with X-ray treatment, fast neu-
tron therapy uses a series of partial
exposures or fractions. The average
patient irradiation will last about four
minutes with about twenty minutes
for preparation. A typical treatment
will require twelve to twenty-eight
exposures. The CTF could probably
do two to four patient fractions per
hour.

It is expected that about 300 to
600 patients will go to the CTF in the
first year. In the Chicago area, some
11 000 people are victims of cancer
each year and about 1000 of these
cancers may be treatable at the CTF.
Patients from anywhere in the United

Alan Jones, a technician at the Fermilab Cancer
Therapy Facility, positions his head at the
neutron beam port. The first irradiation of a
patient took place at the Facility in September.

(Photo Fermilab)

States may also be referred to the
Fermilab.

The possibility of using high energy
protons for radiation therapy was
suggested in 1947 by Bob Wilson.
With the construction of the linac at
Fermilab, discussion started on the
multiple use of the accelerator for
medical purposes. Initially, the ideas
turned to the direct application of the
proton beam for therapy but as the
discussions continued, interest in the
possibility of fast neutrons developed.
An ambitious plan was devised for a
large facility detached from the linac
gallery. Later, the present facility was
proposed since it is of such a scale
that funding could be found much
more readily.

Design began in January 1975 and
the first neutron beam was achieved
in July of that year. Through to
January 1976, measurements were
made of the physical and radio-
biological properties of the beam and
these data permitted design of the
final shielding and improved controls.
Other studies measured the dose
distribution in tissue-equivalent phan-
toms. Six groups of radiobiologists
measured the effects of different neu-
tron doses on bacteria, mice, tissue
cultures, and other biological systems.

The CTF will function as the Cancer
Therapy Department of the Acceler-
ator Division. Lionel Cohen, a radio-
therapist who is Head of the Depart-
ment of Radiation Oncology at
Michael Reese Hospital Chicago,
heads the Department staff. Other
members include Frank Hendrickson,
M.D., Head of the Department of
Radiation Therapy at Chicago’s Pres-
byterian-St. Luke’s Hospital. Miguel
Awschalom, who joined Fermilab in
1967 to design radiation shielding
and look after radiation protection, is
Deputy Head. Don Young, who joined
Fermilab in 1967 to head the team
that designed and built the 200 MeV
linac is Associate Head. Also Ivan
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Layout of the Cancer Therapy Facility at Fermilab.
A 66 MeV proton beam is taken off after tank 4
of the linac and fired at a target to produce
neutrons for cancer therapy.
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and
things

Conference organizer extraordinary

At the end of September, Miss Steel
retired from CERN after over 20 years
as a staff member. It was as an
organizer of Conferences that she
became well known throughout the
world of high energy physics. From
1956 to 1971 she led the Secretariat
for Rochester Conferences, Inter-
national Accelerator Conferences,
European Elementary Particle
Physics Conferences, CERN Schools,
etc. .. both at CERN and at other
Laboratories in Europe. She was
also called upon to advise on the
organization of some Conferences
in the USA. Her accumulated
experience was second to none and
her hard work ensured that it was
always at the service of high energy
physics. She carries with her the
respect and appreciation of a whole
community of physicists.

Rosenberg, a medical physicist, had
recently been appointed to the project.

The National Cancer Institute (US
Department of Health, Education, and
Welfare) has made a grant of $816 000
for three-year operating funds for the
CTF, beginning 30 June 1975. The
Laboratory’s prime sponsor, the United
States Energy Research and Develop-
ment Administration (ERDA) has
helped significantly in making the
new facility possible.

Through the efforts of the medical
profession in the Chicago area, private
funds have also been contributed for
modifying the building to accommo-
date the new facility, and for some
equipment. The Field Foundation has
donated $50 000, the Joyce Founda-
tion $50 000, the A.B. Dick Company
$5000, the Chicago Community Trust
(through Harry L. and Elizabeth Mar-
shall, Dr. Adolph Gehrmann, and the
William Allen Pusey Fund) $50 000,
Elliott Donnelley $10 000, Chauncy
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and Marion McCormick Charitable
Fund $10 000, Robert R. McCormick
Charitable Trust $50000, Amoco
Foundation $10000, Metropolitan
Association of Radiation Therapists
$106. Patients will pay the referring
institutions for their normal services
but Fermilab will make no charge for
the neutron irradiations under the
terms of its NCI grant.

As we close this issue we learn of the
award of the 1976 Nobel Prize

for Physics to Burt Richter and Sam
Ting. Our congratulations to

these two fine scientists. We

shall be celebrating their

award in our next issue.

Radiobiological Review

In recent years we have frequently
carried news on medical applications
of beams of accelerated particles.
(The start of irradiations at Fermilab is
mentioned in this issue.) At the
Rutherford Laboratory they have
concentrated on the use of negative
pion beams, generated by the
Nimrod synchrotron, in radiobiology.
A good review of their research
during the years 1971-1976 has

just been issued, edited by R.E. Ellis,
P.J. Lindop, J.E. Coggle and

G. Fraser. The report number is
RL-76-092.

Dubna 20th anniversary

The Joint Institute for Nuclear
Research at Dubna is celebrating its
20th anniversary and a book ‘Dubna
19561976 has been published,
containing many of the excellent
human photographs of Yu. Tumanov.



Dubna is celebrating its 20th anniversary.
Typifying the many international collaborations
in which the Institute has taken part, this photo-
graph from 1972 shows Professor Jentschke

on the left, then Director General of CERN,
examining bubble chamber pictures with
Professor Dzhelepov, Head of the Dubna
Laboratory of Nuclear Problems. Altogether
these two scientists had the backing of

24 countries.

(Photo Yu. Tumanov, Dubna)

Group photo of Soviet scientists with US officials
and their Stanford hosts taken during a visit

to SLAC. The line up reads, left to right back
row: O.M. Rodzianko (US translator),

V.A. Yarba, V. Matveev, J. S. Coleman (ERDA),
L. Keller (SLAC). Front row: D.F. Khokhlova,
P.A. Cherenkov, W.K.H. Panofsky (SLAC),

1.V. Chuvilo (Head of Delegation), V.A. Vasilyev,
A.Ts. Amatuni, V.F. Kuleshov. The visitors
attended a conference on US-USSR coopera-
tion in science, after which they visited
American laboratories including Berkeley,
Stanford, Fermilab and Brookhaven.

(Photo SLAC)

i
2

Dubna itself is a multinational
organization (with Albania, Bulgaria,
China, Czechoslovakia, German
Democratic Republic, Hungary,
Korean Democratic Republic,
Mongolia, Poland, Rumania,
Vietnam and USSR as its founder
Member States) and has been
prominent in the broad international
collaborations in high energy and
nuclear physics. (One of these
collaborations, with CERN, is picked
out in the photograph.) During its
twenty years of existence Dubna
has grown from a staff of 1300 to
over 6000. They have operated a
proton synchrotron, a synchro-
cyclotron, heavy ion accelerators,
nuclear reactors and the necessary
detection systems for research at
these facilities. There has been some
fine experimental work, particularly
on heavy elements, backed up by a
theoretical group of world standing.

Bicentennial particle

The August issue of the excellent
Jjournal of the Stanford Linear Acceler-
ator Center,'SLAC Beam Line’, spotted
that SLAC Publication Number 1776
announced the discovery of the
charmed particle of mass 1876 MeV
in July 1976.

Boosting the Booster

A report from the staff working on the
CERN 800 MeV four-ringed Booster
was given at the 5th All Union
National Conference on Particle Ac-
celerators in Dubna on 5-7 October.
It announced a peak intensity of 1.3 %
10" protons per pulse and the re-
markable reliability of 98.5 % of sched-
uled operating time. Work is under
way on increasing the intensity to-
wards 2 x 10" and on decreasing
the cycle time towards 0.6 s from 1.2 s.
Machine physics experiments are also
being made to add bunches vertically
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The storage ring operators and experimental
physicists at the Stanford SPEAR storage ring
have been having some fruitful fun during the
Summer months improving the operating and
detection efficiencies. A palm frond was awarded
to the team which clocked up the largest
number of detected and analysed multi-hadron
events in a single shift. This competition led

to a tightening of routines for injection, tape-
changing, counter checks, etc. . . and to
muttered expletives at such things as typing
errors in reloading programs which could lose
five minutes in the attempt at a new record.

In the picture, the then holders of the record
had gathered 807 hadron events at 4.028 GeV
centre of mass energy in one shift.

from two of the rings rather than to
eject from the rings sequentially. The
doubling in longitudinal density thus
achieved would increase luminosity
in colliding beam experiments and
could make proton-antiproton options
more attractive.

Particle physics and Eastern
philosophy

An unusual book about our research
was published by Macmillan at the
end of September. Its title is ‘The
Fabric of the Universe' and the
author is Denis Postle a self-
proclaimed ‘'lay man’ who became
fascinated by particle physics while
producing a BBC/CERN film,
‘Shadows of Bliss" a few years ago.
A central theme of the book is that
the knowledge emerging from our
research is in line with the inter-
pretation of the Universe which is
at the heart of Eastern philosophy.

It is a very individual view of particle
physics which is presented in
readable style in an attractively
produced book.

Element 107

A team led by G.N. Flerov at Dubna
has synthesised element 107. They
used a 290 MeV beam of chromium
ions onto a bismuth target and saw
results which corresponded to the
alpha decay of element 107 (with a
nucleus of 107 protons and 154 neu-
trons) followed by the fission of
element 105 which is thus produced.

A lively Fermilab tradition is the canoe race
around the cooling water canal which traces the
circumference of the main ring. The 4 mile race
including 17 portages around the dikes, was
won this year in a record time ol 45 minutes,

19 seconds, by a USA/Canada collaboration:

1. John Cumalat (left) of Santa Barbara and
George Luste of University of Toronto.

2. Last year’s winners Jim Prentice (left) and
John Martin, both from Toronto, were second.
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The Institute of Physics

publishers of a major part of the European

physics literature
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hysies in
teghymlogy

REPORTS ON
PROGRESS IN PHYSICS

For further information write to

The Circulation Manager
Room 107

The Institute of Physics
Techno House

Redcliffe Way

Bristol BS1 6NX
England

A monthly magazine bringing you the latest news
from the European physics community. Reviewing
developments in physics and related fields and giving
prominent coverage to current professional and
scientific affairs, it is the only magazine of its kind

in the English language published in Europe.

A bimonthly magazine for all scientists, engineers

and students interested in the applications of physics
to current technology. It is unique in its wide coverage
of topics, highlighting the role of the physicist in
technology, and is presented in an informal but
informative style.
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physics. Articles survey the development of selected
topics over the past ten years or so, and demonstrate
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by the wide-ranging list of contents and by the
international standing of many of our authors.

357



SALE OF SCIENTIFIC
EQUIPMENT

The main items available are :

The CERN Stores

have a large selection
of scientific equipment,

from the

Nuclear Physics Division,
for sale at favourable prices

Those interested
should contact
the following address:

1. CRT oscilloscopes
SOLARTRON

TEKTRONIX
PHILIPS

TEKTRONIX
TEKTRONIX

Dual Beam
Oscilloscope mod. CD1400
Oscilloscopes mod. 517, 519, 536, 543, 544, 545
Oscilloscope  mod. PM 3231

Plug-ins mod. C/A, L, G, M, N, 81, 84
Auxiliary
instruments mod. 161, 162

2. Electronic voltmeters and accessories

HEWLETT PACKARD
SCHNEIDER
SOLARTRON
DYNAMCO

NLS

3. Power supplies

BRANDENBURG
OLTRONIX

CERN
HEWLETT-PACKARD

mod.
mod.
mod.
mod.
mod.

mod.
mod.
mod.
mod.

4108, 412A
750
LM 1420

Digital Multimeter
Digital Voltmeter

DM2022, DM2023 Digital Voltmeter

V35

50530

DVM

HT

LS529, LS528, LS527, LS522, LS120R, LS11

1104
721A

4. NIM / Camac dismissed equipment

EG + G
SEN
SAPHYMO

mod.
mod.
mod.

5. Nuclear electronics modules

CERN

EG+G

CHRONETICS

LRS
SEN
SEN
J+P

6. Various instruments

SIEMENS

LEEDS & NORTHRUP
TENNELEC

PHILIPS
HEWLETT-PACKARD
T™MC

mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.
mod.

mod.
mod.
mod.
mod.
mod.
series

M104
PC2006
P7-ALJ1028

9032

4107

6220, 6225, 6229
2101, 2105, 2602
4122, 4124

6011

AN101, 106N
OR100

F105, F108
C104, C102N
151, 156

152, 157, 1568
227

123,135

193

6210

2328
6036
100C
Pw 4032
561B
200

HT Distribution Box

NIM bin
Camac Bin
Camac Bin

Delay unit

Fast Amplifier
Coincidences

Gate, Trigger Generator
Negative Mixer
Discriminator

Fast Amplifier

OR-Gate

Logic fan-outs
Coincidences

Dual Discriminator
Logic units

Integrator

Fast scalers and associate logic
Pattern unit
Discriminator

R-Budge

Multiple Recorder
Preamplifier

Scaler

Line Printer

Pulse Height Analyser

CERN

MAGASINS/RECUPERATION
1211 GENEVA 23 - Switzerland
Tel. (022) 419811 Ext. 2180
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EEV CX1536

metal envelope thyratron

Peak power 350MwW
Peak voltage 70kV
Peak current 10kA
RMS current 275A

Averagecurrent  10A

vl

EEV’s new high voltage thyratron Our new CX1536 is a high-voltage
offers the biggest switching capability  version of the famous GHT9 (CX1529).
available in a single tube. At 350MW peak pulse power CX1536

offers bigger switching capability than any
EEV developed metal envelope other thyratron.
thyratrons toreduce the thermal limitations Get full data on this unique EEV tube,
of conventional ceramic tubes. fast. Contact us now at Chelmsford, England.

EEVand M-OV know how.

THE M-0O VALVE CO LTD.Hammersmith, London, England W6 7PE.Tel: 01-603 3431.Telex: 23435 .Grams: Thermionic London. E
ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelectico Chelmsford. SEC
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Theswitch that
sets you free

Three advanced pocket programmables from
Hewlett-Packard. With the switch that sets you
free on all three.

Free from the keyboard. You are not limited
to built-in functions: you can enter programs
yourself. Free from the need to enter algorithms
again and again in repetitive calculations. You key
in constants and operations once: then solve
swiftly for variables.

It's all very simple; very logical; very practical.

And Hewlett-Packard’s years of experience in
programmable calculators show up in a very
special combination of hard- and soft- ware that

effectively gives you extra programming power .

The wide range of built-in
functions on the keyboards
make every step count. Hewlett-
Packard’s famous RPN logic
system and 4-level operational
stack can save and automatically

HEWLETT (hp;
b

re-introduce in correct sequence, up to three
intermediate answers: so you don’t waste steps
storing and recalling them. There’s more memory
than you expect in a pocket calculator. And
powerful software support.

Every Hewlett-Packard pocket programmable
comes to you complete with comprehensive
manual, packed with detailed programming
instructions and examples. Soft carrying case,
rechargeable batteries and re-charger/mains
adaptor are also included. So is a full year’s
warranty honoured at any of 172 Hewlett-Packard
offices in 65 countries.

[t all adds up to a mind-
_ expanding instrument with the
Hewlett-Packard look and feel of
» quality. One you will use with
growing pleasure as you continu-
i ally discover new and unsuspected
¥ capabilities in it and yourself.

PACKARD

Sales and service from 172 offices in 65 countries.
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Advanced programmables from
Hewlett-Packard-the first family

FIRST wit_h qujngering potation FIRS four dimension pocket FIRST fully-programmable pocket
(scientific in multiples of calculator-HP-55. calculator in the world-HP-65.
10+3) ~HP-25. 49 program lines with up 1. 49 steps of practical programming 100 steps of program memory. Built-in reader
to 3 steps in each. 72 built-in functions power. 2. No less than 20 addressable enables you to enter programs from pre-
covering science, engineering, maths memories! 3. 86 built-in scientific and recorded magnetic cards about the size of a
and statistics. statistical functions. 4. Built-in timer stick of chewing gum,; or record for use over

Comprehensive editing facilities. with a resolution of 1/100 sec. and over again, programs entered through
13 memory registers, eight separately Rugged, reliable, amazingly versatile the keyboard. Full range of built-in keyboard
addressable. —the sophisticated HP-55. functions. Powerful memory. Specialised

A truly advanced programmable applications software in abundance.
calculator from Hewlett-Packard. Fast-growing library of programs from

users. Virtually a pocket computer.
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Forfull details contact your nearest Hewlett-Packard office:

AUSTRIA Hewlett-Packard Ges.m.b.H., Handelskai 52/3,P.0. Box 7, A-1205 Vienna. BELGIUM Hewlett-Packard Benelux S.A./N.V., Avenue du
Col-Vert,1(Groenkraaglaan), B-1170 Brussels. DENMARK Hewlett-Packard A/S, Datavej 52, DK-3460 Birkergd. FINLAND Hewlett-Packard OY,
Nankahousuntie 5, P.O. Box 6, SF-00211 Helsinki 21. FRANCE Hewlett-Packard France, Quartier de Courtaboeuf, Boite postale No. 6, F-91401 Orsay.
GERMANY Hewlett-Packard GmbH, Vertriebszentrale Frankfurt, Bernerstrasse 117, Postfach 560140,D-6000 Frankfurt 56, ITALY Hewlett-Packard
Italiana S.p.A., Via Amerigo Vespucci, 2,1-20124 Milan. NETHERLANDS Hewlett-Packard Benelux N.V., Van Heuven Goedhartlaan 121, P.O. Box
667,NL-1134 Amstelveen. NORWAY Hewlett-Packard Norge A/S,Nesveien 13, Box 149, N-1344 Haslum. SPAIN Hewlett-Packard Espafiola S.A.,
Jerez No. 3, E-Madrid 16. SWEDEN Hewlett-Packard Sverige AB, Enighetsvigen 1-3, Fack, S-161 20 Bromma 20. SWITZERLAND Hewlett-Packard
(Schweiz) AG, Ziircherstrasse 20, P.O. Box 64, CH-8952 Schlieren-Ziirich. UNITED KINGDOM Hewlett-Packard Ltd. King Street Lane, Winnersh,
Wokingham, Berkshire RG11 5SAR. EUROPEAN HEADQUARTERS Hewlett-Packard S.A., P.O. Box 349, CH-1217 Meyrin 1, Genéve.
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®

s-scintillators

for high energy
showgcou

R6hm GmbH (Darmstadt) offers a new and low priced scintillator material
based on the well-known PLEXIGLAS.

The material is especially well suited for use in total absorption counters ("calorimeters”)
for the measurement of electromagnetic and hadronic showers in high energy physics.

It combines radiation sensitivity with the excellent mechanical and optical properties of PLEXIGLAS such as:
@ availability in a wide variety of shapes and dimensions
® easy machining and polishing
® high transparency and reproducible optical properties
® good stability aganist environmental influences and natural ageing

The new scintillator is available in four different grades under the commercial name of
PLEXIGLAS 1921, 1922, 1923 and 1924.

commercial light yield relative natural attenuation
name to Anthrazene attenuation length for light
= 100% length™) of wavelengths
=435nm

PLEXIGLAS 1921 12% 20m 2,7m
PLEXIGLAS 1922 18 % 1,3m 1,7m
PLEXIGLAS 1923 19% 1,5m 2,3m
PLEXIGLAS 1924 20 % 1,2m 1,7m

*) 1/e value for sheets of 10 mm thickness and > 200 mm width with polished edges; measurements with a photomultiplier 56 DVP;
uncertainties typically 10%.

® reg. trade mark

For Rohm GmbH
- . . Chemische Fabrik
additional information r m POB. 4249
contact: D-6100 Darmstadt
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! VDD 2081
VIDEQ DISPLAY DRIVER

T

PUT ON

BIG

CAMAC
DISPLAY

VIDEO

TRIGGER

* Fast access time of 500ns, i, e, faster than the
CAMAC cycle, therefore no Q response testing
or LAM handling requirements,

Word/byte selection for easy DMA transfers,

Data format fits all common screen sizes, and
provides 24 lines of 48 or 80 characters,

Data is directly computer~compatible through a
7-bit ASCII code,

\VVideo format output is a composite signal to the
CCIRR 308, 2 horm, ,

Character sets are 64 upper case ASC Il alpha-

numerics, and 16 programmable user!s charact-

ers ( 32 on request ) which can be dedicated to
graphic, statistic or flowchart use,

the video display
driver with all the
right functions

SEN ELECTRONIQUE Case Postale 39 CH 1211 Genave 13 tel (022) 44 28 40 tIx23359 ch N
ZURICH im Zentrum 18 CH 8604 Volketswil tel (01) 86 5103 tix58257 ch
HAMBURG Postfach 223 D 2000 Wedel tel 04103 6282 tix 2188 548d

MUNICH Radspielerstr. 8 D 8000 Miinchen 81 tel 083 916710 tix529167d ELECTRONIQUE

* I I %




g Seriec 650 60W
§ AC/DC 600 100W 2outputs DC/DC

TRIB Switching Power Supplies

@ High Efficiency

@ Operation During Power Brownouts
® No Audible Noise

@ Small Size, Light Weight

@ High Reliability

@ Output Voltage Adjust

@ Output «On-Off» Controll

@ Overload Protection

@ Overvoltage Protection

@ Parallel Operation

Serie 400 250W

620 100W 3 outputs
672 175W
673 175W 3 outputs
671 300W
670 500W
453 600 W
682 750W

Industrievertretungen SI““ Telefon 057 546 55

Bellikonerstrasse 218, CH-8968 Mutschellen

( OUR THICKEST METAL WIRE.
SOME ARE ONLY 0.005 mm DIAM.

Goodfellow Metals are well-known for supplying
scientists throughout the world with foils, wires,
tubes and powders. Over 70 different metals and
alloys up 10 99.999% purity are available from stock in
small quantities; normal despatch 2/3 days, rush 24
hours. Please send for further information to
Goodfellow Metals Ltd, Cambridge Science Park,
Milton Road, Cambridge CB4 4DJ, England. Tel:
Cambridge (0223) 69671 Telex: 81683

GOODFELLOW METALS
FOR RESEARCH

\— v,
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n“ Telex 54070

NEW, RESILIENT
ALL-METAL SEAL...

METAL-C-RING

This new all-metal seal is an extreme environment,
resilient gasket that performs well in internal or exter-
nal pressure, or axial applications.

The M-C-R is available in the broadest range of sizes
- diameter and cross-section - of any metal seal, and
can be made in circular and non-circular shapes.

— Effective from —185° C to 600° C

— Pressure range - from 10-1° torr to 50,000 psi

— Materials commonly employed are Inconel X-750 and
718

— May be plated or coated

— 32 rms mating surface finish commonly used.

WRITE FOR METAL-C-RING DATA BULLETIN

' ADVANCED PRODUCTS N.V.

Pierstraat 5, B 2630 Aartselaar, Belgium
Tel. : 031/88.49.46 - telex : 32238

Technical representation in all European countries.




The ey The reﬁiérkably inéxpeﬁsive*‘?!’ype 341

‘Multi-scaler offers:
Multi-Scaler « «==

02 e 12 inde'pendent 7-decade Scalers

that keeps 63 3425732 @ 100MHz input resolution
you In the o4 3416748 : O One pre-settable 60unter
picture

05 ® Simulténeous live display on a
4573289 :  TVscreen - ;
07 5543878 . ® Parallel printer Output

08 5637682 : [ System~independent'
' (double NIM-module) =
09 5876483 ; : - o
SB36547
6075989
6387560

4500 SOLOTHURN 2 SWITZERLAND
tel: 065/311181 telex: 34228

Alimentations
sans transformateur secteur

Rapport PUisSsance yac ajaye
Volume

Fonctionnement a fréquence inaudible

(> 20 KHZ)

Branchement en série et en paralléle
Protections contre courts-circuits, surcharges
et surtensions en sortie

Rendement : de mi-puissance a puissance
max. (a tension secteur et tension de sortie
nominales).

70 % pour SDHR 5.20 et 5.40 et SDSI-HR 5.10
72 % pour SDHR 8.12, 8.25, 15.8 et 15.15

74 % pour SDSI-HR 15.4

78 % pour SDHR 26.4, 26.8, 48.2,3, 48.4,5 et

AGIGROUP 633

SDSI-HR 26.2
SDHR 5.20 5V + 10% — 20 A SDHR 5.40 5V + 10% — 40 A SDSIFHR 5.10 5V + 10% — 10 A
SDHR 8.12 55 a 10 V - 12 A SDHR 8.25 55 a 10 VvV — 25 A SDSI-HR 15.4 105 a 165V — 4 A
SDHR 15.8 105 a 165V — 8 A SDHR 15.15 105 a 165V — 15 A SDSIFHR26.2 20 & 32 V — 2A
SDHR 26.4 20 a 32 VvV - 4 A SDHR 26.8 20 a 32V - 8 A
SDHR 48.2,3 40 a 60 VvV — 23A SDHR 48.4,5 40 a 60 V — 45A
Dimensions : 120 mm X 75 mm X 300 mm Dimensions : 120 mm X140 mm X 300 mm Dimensions : 120 mm X 70 mm X 125 mm

m 7, avenue Louise, 93360 NEUILLY-PLAISANCE
Tél. (1) 927.38.07
D | e c Télex:220429F FRANCE
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SERVOGOR°200 N
Vorteile fur Sie...

@® Ein- und Zweikanalausfiihrung, Schreibbreite 250 mm, Einstellzeit 0,5 sec
@ Netzversorgung oder Netz- und Gleichstromversorgung 12 V

@® MeBbereiche 1 mV bis 10 V=, wahlweise mit MeBwertfolgeausgang

@ Papiervorschub mit Schrittmotorantrieb 1 mm/min bis 240 mm/min

GOERZ ELECTRO Ges.m.b.H.

Elektrische MeBgerate B B C
A-1101 Wien, Sonnleithnergasse 5

Tel. 64 36 66, Telex 1-3161 BROWN BOVERI
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Designed to
wash away

damagi;
contaminants.

ing

Haws Model 7060-B
with patented “Feather-Flo” heads

Install Haws emergency eye/face-wash fountains near
every hazard. Push of the valve handle provides instant,
gentle, pressure-controlled water to float away
contaminants without damaging delicate tissues.

This equipment can help to eliminate potential permanent
injuries. Write for free information and catalog.

Haws International, 1439 Fourth St.,
Berkeley, California 94710, U.S.A.

®

Haws Emergency Safety
Equipment: Eye/Face-Wash
Fountains « Drench Showers +
Decontamination Stations *
INTERNATIONAL Laboratory Units « Freeze-

Proof Units

The hands off pressure/flow
controller you can set and forget

cost by a pro
control of gas pressure or flow,
here are ways a GP automatic

ﬁresswe/fiow contrcller can

elpyou.
« Automated gas ad
duces controlled p
flow. A" GP Controller wi
faster than any operator and ai~
ways remembers the pressure or
flow you want when you want nt
on every production run.

* Low overall cost. The Gomrc;l
ler operates around the clocl
pennies ’per day including depre-
ciation.f you're controiling pres-
sure or ﬂow manually, youre
probably washng time fmd
money.

ganic-free, all-metal
- will control the purest
gases without = contaminating

them. Less contamination means

better products in critical
processes. :
* Wide control range. Precismn

control of pressure all the way
. from ultra-high vacuum to 115

psia. Precision controf of flow
up to 2500 Torr liters/sec (400
$cfh) When you want gas ad-
mission to stop, the valve will
seal mass spectrometer leak
tight, not just part way.

We'd like to show you how a GP

automatic pressure/flow con-
troller can increase productivity
in your application. Interested?
Call or write ustoday!

GRAN VILLE PHILLIPS COMPANY

5675 EAST ARAPAHOE AVEM}&‘
BOULDER, COLORADO 80803, U.S.A
TELEPHONE 303]443-7660 '» TELEX 45-791

"\ THOMSON-CSF

dénergie
dargent

etemps

conception
+étude

+ dessin +

fabrication

Saphymo-stel
a Créé pour Vous
une gamme compléte d’

alimentations

Saphymo-stel
APPAREILLAGES ELECTRONIQUES
ALIMENTATIONS STABILISEES

29, avenue Carnot - 91302 MASSY
Tél. 920.84.71 - Télex : TESAFI 204 780 F J

RPI951-4A
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DEMETRON
conductive substances

and lacquers .

The essentials for high-quality
and economical electronics components

Conductive stoving lacquers on a basis of silver, gold,
platinum or palladium in liquid or paste form. For metallising
porcelain, special ceramics, glass, mica, quartz crystals
and other materials. Application by brush, stamp, spray-
gun, dipping or screen-printing. Stoving temperatures
between 500 and 1500°C.

Air-drying conductive silver, gold, platinum, silver-bronze,
etc., lacquers available in various viscosities for the
different methods of application, for producing conductive
coatings on plastics, paper and other organic materials.
Application as for stoving substances. Drying and curing
at room temperature. Time required: five minutes to several
hours.

Please ask for our extensive and detailed technical
information sheets. A telephone call will do.

Degussa (Schweiz) AG

Postfach 2050 - 8040 Zurich
Telefon 01-54 3900 - Telex 57946
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Usinage a fagon par ultra-sons

Verre — Quartz — Céramiques
Usinage a facon par électro-érosion
Aciers traités — Carbures — Tungsténe

— PETITE MECANIQUE DE PRECISION
— PROTOTYPES
— SPECIALITE MECANIQUE

Création de défauts artificiels pour I'étalonnage des
appareils de contrdle non destructif (CEA - Belgo-
nucléaire - Fabricants de tubes...)

REFERENCES:

CERN: plaque Data Box de B.E.B.C.
CEA: plaques de succion Mirabelle en service a Protvino
en U.R.S.S. (marques Brenner et Bits)

FABRICATIONS PROPRES:

Générateurs d’Ultra-sons Multifréquences
Générateurs d'Aérosols par Ultra-sons
Sirénes Electro-Acoustiques - Sondes...
Cuves de Nettoyage

CHATRES/CHER 41320 MENNETOU Tél. (39) 980102
PARIS Tél. (1) 3574822

World renowned source
of special glass:

e blocks for Eerenkov counters
e slabs for anti-radiation

in addition to a full range of
materials for optical systems.

The above glasses are researched,
developed and manufactured in
France for the world’s nuclear and
applied physics industries.

For information please call:

SOVIREL

Département Optique
90, rue Baudin - 92390 Levallois-Perret - France
Teél. 739.96.40 - Télex 620014 SOVIVER LVALL

for U.S.A. please contact Corning Glass Works /
Optical Sales - P.O.B. 2000 /
CORNING N.Y. 14830 / Phone (607) 974.90.00
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The first
digital multimeter with
full autoranging
on each of the
five functions

® 20000 counts
e ® 0.01% dc accuracy for 6 months
LAY\l e DCV, ACV, OHMS, DCI, ACI
® 80 dB normal (series) mode noise rejection
@ Battery (rechargeable) power or AC line
(mains) operation
® 10000 MQ dc input impedance
® BCD output optional

Industrievertretungen m“ Tel.057 54655

Bellikonerstrasse 218
CH-8968 Mutschellen Telex 54070

Model 4600

Advertisements in CERN COURIER

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

Cost per insertion (Swiss Francs)
Space Actual size (mm)
(page) width by height 1 6 1
insertion insertions | insertions
/1 184 x 267 1200 1110 1020
12 184 x 130
88 x 267 650 600 550
s 88 x 130 340 310 290

Supplement for

one colour 700 SwF

Covers :

Cover 3 (one colour) 1450 SwF

Cover 4 » o » 1780 SwF

Publication date End of month of cover date

Closing date for

positive films and copy 1st of month of cover date

The cost of making films and of com-
posing text for advertisements are
charged in addition

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st

of month of cover date will be invoiced

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

Screen (offset)

All enquiries to:
Micheline FALCIOLA / PIO - CERN

1211 - GENEVA 23 Switzerland
Tel. (022) 419811 Ext. 4103 Telex 236 98

The
Answer

For all of your

CRYOGENIC NEEDS!

Full Range Digital
Cryogenic Thermometers
Models DRC-7 & DRC-70

¢ 1to 400K Range

Recorder Output & Optional BCD
Output ¢ Optional 10 Sensor Input
Interchangeable Sensors

Solid State Construction & Reliability
Model DRC-7: 1K Resolution

Model DRC-70: 0.1K Resolution

The DRC-7 & DRC-70 offer for the first
time, full range temperature indication
from 1 to 400 Kelvin with completely
interchangeable sensors.

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

The standard recorder output allows one
to continuously record temperature as a
function of virtually any variable.

The unique design and the use of the
proven DT-500 Silicon Diode sensor
make the DRC-7 & DRC-70 the obvious
choice for both routine or special lab
requirements.

For details and lLterature write,
call, or telex

LAKE SHORE
CRYOTRONICS, INC.

9631E Sandrock Rd., Eden, N.Y. 14507
(716) 992-3411
Telex 91-396 CRYOTRON EDNE

Contact us direct,
or our representatives

Overseas Representatives

United Kingdom,

Ireland & Holland
CRYOPHYSICS LTD.

Thor Works Henley Road
Berinsfield, Oxon. England
(865) 340, 257 Telex: 83474

West Germany

East Germany, & Austria
CRYOPHYSICS GMBH
Butzbacher Str. 6

61 Darmstadt, W. Germany
(6151) 76051 Telex: 419594

France, Belgium,

& Scandinavia
CRYOPHYSICS SA

3, rue Antoine Coypel

78 Versailles, France

(1) 950, 65, 78 or 951, 03, 71
Telex: 691096

Switzerland, Italy,

Eastern Europe other than
E. Germany, Israel and
the Middle East, N. Africa,
Spain, Portugal,

Greece and Turkey
CRYOPHYSICS SA

39 rue Rothschild

1202 Geneva, Switzerland
(22) 32,95, 20 Telex: 23484
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ONET

Manutentions

13008 - MARSEILLE

01-SAINT-GENIS Route de Gex - zi

12 bis, boulevard Pébre

75 - RARIS 4 et 6, rue du Buisson - Saint-Louis - Xe
GENEVE 55/57, rue Prévost-Martin
74 - ANNECY 6, avenue de Mandallaz

BP 25

Un groupe de niveau européen

la prestation de services

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

Hygiéne, désinfection, désinsectisation, dératisation

Office nouveau du nettoyage ONET

tél. (91) 732850
tél. (1) 2081557
tél. (022) 206848
tél. (50) 514641
tél. (50) 411207

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

Seemore and better.
Reduce costs.

WithWild Stereomicroscopes.

The trend to miniaturisation is continuing in your field of
activity as well, and both inspection and quality control are
of ever-increasing importance. But you can only see small
things in three dimensions if you use a stereomicroscope.

Wild Heerbrugg have the right stereomicroscope combi-
nation for you. In the world-famous manufacturing pro-
gramme you will find the full ranﬁe of possibilities which
modern stereomicroscopy offers. Have a look. It's all out-
lined in our leaflet M1 183.

Wild Heerbrugg Ltd. A 4 8N =)
CH-9435 Heerbrugg/Switzerland H EERBRUGG

@unkermotoren

Micromoteurs de précision jusqu’a 1000 Ncm

Le_s types suivants sont livrables:

Moteurs a induction
Moteurs a courant continu
Moteurs a piles, de haute puissance

Moteurs a courant continu
avec réglage de vitesse

Réducteurs a vis sans fin
ou roues dentées

Représentation générale:

Th. Ziirrer + Cie.
Birmensdorferstrasse 470, 8055 Ziirich (Suisse)
Téléphone (01) 352555, télex 54 506
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JGG 20
A CRATE
INTERFAGE FOR PDP 11

® Equivalent to the module JCC 11
but MULTIWIRE TECHNOLOGY
for the printed board.

e GAIN OF 2CAMAC STATIONS
the unibus.terminator module is replaced
by two terminator plugs.

e EASE OF MAINTENANCE
e COST REDUCTION :6200 F HT
e SOFTWARE AVAILABLE

COMPTEURS
Schlumberger

FOR MORE INFORMATION PLEASE CONTACT :

Département Nucléaire COMPTEURS SCHLUMBERGER
BP 47 - 92222 Bagneux (France)
Tél. : (1) 655.22.11 - Télex : SAIPEX 25075 F
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o SOCIETE TECHNIQUE DE
REALISATIONS INDUSTRIELLES

125 bis, rue Gallieni 92500 RUEIL-MALMAISON - FRANCE Tél.: 977 03-93

CHAMBRE
A
ETINCELLES

CERENKOV

HODOSCOPE

Etude et réalisation d’'appareillages de physique

Usinage, polissage, habillage de conduits de lumiére et scintillateurs

MAGNETIC MEASUREMENT

New
1 Broad Range
Gaussmeters

The new Walker/Magnemetrics line of Hall Effect
Gaussmeters has been designed to measure
both AC and DC magnetic fields for laboratory
and production applications.

The Model MG-2A has 8 full scale ranges from 10
to 30,000 gauss displayed on a 1% Taut-Band
Mirror Scale analog meter, with an AC response
to 4,000 Hz. In the MG-3 Series, the optionally
portable MG-3A is an analog display instrument
Model MG-2A with 11 full scale ranges from 1 to 100,000 gauss.
(and MG-3 Series) The MG-3D displays digitally, with 5 full scale
ranges from 10 to 100,000 gauss, and can be
provided with an isolated BCD output for
computer analyzers.

Both MG-3 instruments offer system accuracy of
0.5% or better, with the MG-2A rated at 1%
accuracy. Write for complete details.

WALKER

SCIENTIFIC INC.

ROCKDALE ST. / WORCESTER, MASS. 01606 U.S.A.
Telex No. 920489 / Telephone (617) 852-3674
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LEMO - univerrally recognized
to be the finest connectorr in the world,
guaranteeing the strongest connections!

Ever since 1957 when the first LEMO self-locking connectors
roused the enthusiasm of experts all over the world, LEMO has never
ceased setting ever higher standards of quality, culminating in
near-perfection from the points of view of appearance, simplicity and
efficiency. LEMO connects all types of cable: coaxial, multiple,
high voltage and combined. And if your problem calls for a new solution,
LEMO will find it for you!

LEMD SAH

LEMO -Electrotechnique
Tel. (021) 711341 Telex 24 683 1110 Morges (Switzerland)

JOHN BARRY GROUP OF COMP. (D RACOM ELECTRONICS CO. LTD.
ARTARMON, N.S.W. SYDNEY TEL.: 439 69 55 TEL-AVIV TEL.: 44 3126

(A LEMOSA GES.M.B.H. WIEN (D LEMO ITALIA S.R.L. MILAN TEL.: (02) 738 18 91
;{02 22) 83 92 27 @K_K,co
-~ & i _‘ ¢ o

KNUD KAMU
(SF) OY CHESTER AB HELSINKI ! SA )
() JUPITER S.A. CONSTRUCTIONS ELECTRIOUES * (S) AB D.J. STORK
PARIS TEL.: (01) 705 39 68 N SUNDBYBERG 1 TEL.: (08) 28 9215
(D) LEMOSA GMBH PUTZBRUNN/MUNCHEN LEMO (U.K.) LTD. WORTHING/SUSSEX
TEL.: (089) 46 50 67 TEL.: (09 03) 20 46 51

APLAB APPLIED ELECTRONICS P. LTD. LEMO U.S.A. INC. BERKELEY
BOMBAY TEL.: 39 48 00 TEL.: 415 / 548-1966




Add to your nuclear instrumentation
with the following which
provide im formation

DASAL

Personal detector with an adjustable alarm level. Audible
warning with three levels.

BALISE 224

A wall-mounted or portable instrument for monitoring
the level of radioactivity. Visible or audible warning.
Remote control for outdoor operation.

Measures the absorbed dose in soft tissues at a depth of
300 mg/cm?, due to photons of 50 keV or above and electrons
of any enegy.

Measures the absorbed dose in soft tissues
S E 0 6 at a depth of 300 mg/cm?, due to photons of
10 keV or above and electrons of any energy.

s E 0 7 7 mg/cm? (skin dose).

Good internal insulation, daily leakage less than 0.5 %. Manu-
factured in accordance with French standards — DIN or
British standards on request. CEA-LCA system.

LA PHYSIOTECH

34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL - FRANCE - TEL:7351610 +

Ventronic-Braun
Air-Control

produces clean,

clear air.

Tobacco smoke laden air
which you can cut with a
knife — watering eyes —

a heavy head — is that The Ventronic-

healthy? No, and certainly  Braun

no joke for non-smokers.  Air-Control.
Now, however, you can Breathe more
do something about it, by  healthily
simply pressing a button.  once again.

gainst aller
d the smo

Y
e

killer

Hay fever asthma
and bronchitis.

The Ventronic-Braun
Air-Control filters the air,
before you inhale. This
appliance has been
techniclly tested in cIinics,
in Europe and is .
capable of ab-

sorbing the smallest dangerous ¢
microbes. It alleviates allergies .

and gives relief. ,’ & /

Suisse — Switzerland Autriche — Austria Allemagne - Germany

England + Export World wide

VENTRONIC AG VENTRONIC VENTRONIC VENTRONIC UK Ltd. e & /
Ges.m.b.H. Handelsgesellschaft fir Luft- Essex/England , e@Q\@Q // // /

Langstrasse 14 und Klimatechnik m.b.H. , FRCY / /

Postfach Rechte Wienzeile 5 Westfalendamm 96 305 Mile End Road , & e Vs O\)/

CH-8026 Ziirich A-1043 Wien IV D-46 Dortmund GB-Colchester CO4 5EA ,/ / /

Telefon 01/39 79 30 Telefon 0222/56 36 81-85 Telefon 0231/57 40 26 Telephone 0206/63544 . @?’/ &5/\/ o &

Telex 53163 vent ch Telex 01/2771vent a Telex 822 825 vent d Telex 987754 vent gb , S ‘5>'/ ”S/
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VACUUMSCHMELZE

you should
know more
about
VACRYFLUX

For your special magnet problem up to 10 T we
deliver Nb-Ti based superconductors in single
core- and filament form with rectangular and round
cross section with optimized current densities.

For special magnet designs we produce conduc-
tors with current capacity of more than 10%A.

For magnets of more than 10T we supply Nb,Sn
based filament conductors.

For data sheet and
further infcrmation apply to

VACUUMSCHMELZE GMBH

6450 HANAU
W.-Germany - POB 109

E. LOTTI S.A.

PLUS DE
5000 PRODUITS
EN STOCK

Réactifs MERCK
Scintillateurs CIBA-GEIGY

Produits
® de recherches VENTRON-ALFA

® pour purification des eaux
(NaBH«) VENTRON

e pour recherche électronique
et nucléaire ESPI

® biologiques GIBCO
e chimiques purs

Responsable: M. F. RIONDEL, ingénieur chimiste

8, RUE BAYLON, 1227 CAROUGE

TELEPHONE 42 57 66 / 42 57 65
TELEX: 289 382 LOTI. CH.

MULTISCRIPT®2S

p 27 gammes pour V, A
et °C
» enregistrement de 'unité

de mesure, de I'heure et
de I'étendue de mesure

précision d’enregistre-
ment 1,5 % DC, AC

sans encre, sur papier
paraffiné

pointage: 1 et 2 sec.

vitesse d’avance du
papier: 20/60/240 mm/h

entrainement du papier:
réseau ou batterie

robuste, maniable
accessoires

MULTISTRIFT 78

vV vV VYv Vv VY

(le]di¥4  Demandez la liste C-1.23

AG FUR MESSAPPARATE

3013 Bern e Schiaflistrasse 17 » Tel. 031- 421506







OIS CAMAC

e ein=ainterfaces

LABEN ADL.
INTERFACE
mod. 5910

o  MLL INTEREACE
%} mod. 5380

NIEY T INOISIAKG
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a0 e , from LABEN:
LI gl WL CAMAC interfaces
" ‘ ‘ ~ for our well-known
ADC mod. 8215

and for the last born:
series 9000 MAGNUM
multi-channel analyser.

And also:

NIM-standard nuclear electronics
(fast and linear)

multi parametric systems
semiconductor detectors

SeaREs AR
e

ADC mod. 8215:
8192 channel fast (4 microseconds conversion time),
linear (= 0.01% int. £ 0.2% diff.) and stable converter.

MCA series 9000 MAGNUM:
8192 channels, simultaneous input-output,
microprocessor system for data evaluation

and fully programmable operation cycles.
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MONTEDEL -LABEN Division

Via Bassini 15 - 20133 - MILANO, ITALY / Telephone: 23.65.551
Cable address: LABEN- MILANO/ Telex: 33451

In W. Germany: MONTEDISON DEUTSCHLAND G.m.b.H.
6000 Frankfurt/ Main FriedrichstraBe, 39/41 Postfach 3784
Tel. (0611) 7147/1 Tx: 4-12873



SPECIALISTS in
acrylic — optical &

precision — engineering
Machining
Forming
Bonding

Heat treatments

Quality-
approved inspection
(DEF STAN-05-24)

World wide service
Highly experienced
Technical sales staff
Backed up by
Research & Development
Department

CARVILLE LTD.

STATION ROAD DORKING SURREY ENGLAND
TELEPHONE DORKING (0305) 81681 TELEX 22424

Cinq avantages & &
deécisifs:
Colliers

Norma SGL

1. Acier au chrome trés résistant,
a limite d’allongement élevée.

2. Pas de perforations d’engrenement,
donc pas de diminution de la
section et aucun danger de détério-
ration du tuyau.

3. Filets de forme asymétrique, appli-
cation de la charge sur les flancs
des filets presqu’a angle droit.

4. Rendement optimal; couple suf-
fisant d’environ 2,5 Nm, faibles
pertes de frottement.

5. Montage rapide, grace au pas de
vis avantageux. TECALTO AG

Rautistrasse 58, 8048 Zurich
— Telefon 01-522550, Telex 54 455
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