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Frascati Instrumentation Conference

From 8-12 May, the 1973 Interna-
tional Conference on Instrumentation
for High-Energy Physics was held at
Frascati. The Conference, organized
by the ‘Laboratori Nazionali di Fras-
cati del CNEN’, brought together
about 250 specialists in particle de-
tectors.

Instrumentation for high-energy
physics seems to be a more lively field
than it has ever been. The Conference
was outstanding both in the quantity
of the information which poured out
and in the lively polarization of opin-
ions on many aspects of particle
detection techniques and data hand-
ling. In addition, the participants
were able to get a touch of la dolce
vita in the beautiful surroundings of
Tuscolo. In the freshness of Spring,
uncrowded by tourists, the Frascati
region was exceptionally attractive
and was an ideal setting for a stimulat-
ing week.

Wires, wires and more wires

The dominant detection techniques
discussed at the Conference concern-
ed the use of wire chambers in two
related variants — the multiwire pro-
portional chamber (MPCs) and the
drift chamber. We will not spend too
much time on the first category since
they have been described several times
before (see, for example, vol. 12,
page 362) and have been in vogue for
the past five years.

The essential principle of MPCs —
setting up planes of wires and detect-
ing the passage of a charged particle
by picking up the signal from the
wire which receives an avalanche of
electrons initiated by the particle — is
used in many chambers. They can
nevertheless differ considerably in
construction, selection of gas and
associated electronics depending on
the priorities assigned to the different
aspects of their performance. As an
example we will pick out some features

Schematic layout of the detection system to be
installed in the Split Field Magnet at intersection
region I-4 of the Intersecting Storage Rings.

The drawing shows the bottom half of the magnet
with the blocks of multiwire proportional
chambers surrounding the collision region.

The detection system incorporates about

70 000 wires.

of the biggest system built to date
which will be used in the Split Field
Magnet recently installed at inter-
section -4 of the Intersecting Storage
Rings at CERN (see page 182).

A most important requirement in
this case is the reliability of the detector
since failures would shut down the
experiments for extended periods (as
long as a day) because access to the
intersection region for repairs is not
possible when the stored beams are
circulating. This has resulted in a
‘conservative’ design of the system
and in great care in building the
detectors. The larger chambers will
carry preamplifiers but the pulses will
be taken out along 65 m of twisted
cable to the rest of the electronics
which can thus be kept in order with-
out need for access to the intersection
region. .

As much as possible of the larg
aperture of the Split Field Magnet is
being filled with detectors. The frame

of the larger chambers, 1 x 2 m? is
only 5 mm thick — they need no
further support since they are con-
structed of plastic foam with the high
voltage electrodes sprayed on to the
flat surface. The sense wires are
20 um diameter, spaced 2 mm apart
and 8 mm from the high voltage plane.
Fourteen of these chambers have
been completely tested and others are
emerging at the rate of about one per
week. Altogether the detector will
have 50000 wires in these large
chambers plus another 20 000 in
smaller chambers packed closely
around the point of intersection.

The newcomer among particle de-
tectors is the drift chamber. The basic
idea has been around for some time
(it was mentioned in the first paper on
multiwire proportional chambers in
February 1968) but its abilities have
only recently become clear following
their use in actual experiments by
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The basic idea in the operation of drift chambers
is sketched in the diagram. The passage of a
charged particle causes ionization in the chamber
gas and the liberated electrons ‘drift” under the
influence of the electric field to ‘sense wires”
which act as in proportional chambers amplifying
the signal. The length of time which the
electrons take to reach the wire is a function

of the distance of the particle from the wire. The
measurements can be so accurate that the
particle track can be positioned to better than
700 ym. To achieve very high accuracy it is
important that the electrons drift through a
homogeneous electric field. If the field is
inhomogeneous the electron paths are distorted
and the drift time is no longer directly related to
the distance between the initiating particle and
the wire. Field homogeneity can be achieved

by having field shaping wires along the drift
distance as indicated in the diagram.

The photograph shows a huge drift chamber
constructed at Harvard for use in an experiment
at Batavia. The chamber is 4 m by 4 m with a
wire spacing of 10 cm.
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teams from Saclay and Heidelberg.
One participant at the Conference, in
a good position to judge, extended his
neck so far as to say that, in a few
years’ time, 80 % of all detectors around
accelerators will be drift chambers.
With such strong claims being made
it is worthwhile devoting a few para-
graphs to explaining drift chambers
and indicating what has already been
achieved.

The idea is to pinpoint the position
at which a charged particle traverses a
chamber by measuring the length of
time it takes for electrons, liberated by
the particle in the chamber gas, to
reach a wire. This drift time (though
‘drift’ is really far too leisurely a word)
is a function of the distance of the
particle from the wire. One possible
arrangement is shown in the diagram.
The charged particle crosses the space
between a negative electrode and an
earthed electrode where ‘sense wires’,
acting as in a proportional chamber,
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pick up signals due to the liberated
electrons. Field shaping wires can be
used to ensure that the electrons drift
in a homogeneous field since in-
homogeneous fields can distort the
results because the electrons follow
tortuous paths.

First results indicated that an accu-
racy of as low as 100 um in locating
the track is possible and that the accu-
racy in timing the particle using a
series of drift chambers could be
down to 5 ns. The results are better
than from MPCs and, to crown the
achievements, the cost of drift cham-
bers can be even lower than for con-
ventional spark chambers.

Saclay and Heidelberg fastened
onto these properties and developed
chambers for experiments. The Saclay
chambers are used in the SPES
spectrometer for nuclear physics at
Saturne. They are very simple in con-
struction using long drift distances (up
to 50 cm). With a drift field of 800 V

per cm in pure methane, the drift
velocity is 10 cm per ps and this has
been found to be stable to about one
part in a thousand over very long runs.
Even over such long drift distances the
chambers achieve accuracies in track
positioning of about 1 mm. The dead
time of the chambers (during which
they recover from a previous signal) is
5 ps. They have worked without prob-
lems for over a year.

The Heidelberg chambers are con-
structed rather like ordinary multiwire
proportional chambers with 1 cm
spacing between the wires. They
tackled one of the problems in a drift
chamber — the so-called right-left
ambiguity which means that it is not
possible to know on which side of a
wire the electron avalanche was
initiated. They split the sense wire into
two thin wires separated by a shield-
ing wire. This however produces an
asymmetric field around the wires
which distorts the relationship be-



tween drift distance and pulse arrival
time.

Nevertheless the distortion inherent
in the Heidelberg method is only of
the order of 0.35 mm and the method
can easily be applied in large cham-
bers. The chambers have been used
successfully in a collaborative experi-
ment with CERN at the proton syn-
chrotron studying the leptonic decays
of neutral kaons.

Huge drift chambers have been
built at Harvard to be used as part of
a magnetic spectrometer measuring
high energy muons in neutrino experi-
ments at Batavia. They should be able
to catch upto six neutrino events from
a 200 ps beam spill on a machine
pulse. The aim is to have position
readings in two dimensions to an
accuracy of 0.5 mm. The chambers
measure 4 m by 4 m with 10 cm wire
spacing. The use of three chamber
planes, assembled together with the
wires in each chamber off-set with
respect to the others by 60°, resolves
ambiguity. The chambers have been
tested for several months with cosmic
rays and at a low energy cyclotron.
A spatial resolution of better than
0.35 mm and a time resolution of
14 ns are achieved.

At CERN there has been further
work on the basic properties of drift
chambers. One of the important tests
has been the use of varying potentials
along field shaping wires so as to
reconstitute a homogeneous field over
the drift distance when the chamber is
placed in a magnetic field. This seems
to work but is a rather awkward
method of solving the problem of
operation in a magnetic field.

One extraordinary experiment, de-
monstrating the accuracy which can
be achieved with the chambers, was to
place a drift chamber between two
single-wire chambers. With freon in
the two single-wire chambers the
sensitive area around each of the two
wires was reduced to about 100 pm.

When charged particles passed
through this array, readings from the
drift chamber showed four distinct
peaks. It was then realised that the
drift chamber was distinguishing be-
tween particles going to the right of
the top wire and to the right of the
bottom wire, to the right and left, to
the left and right and to the left and
left. This corresponded to a position
measurement accuracy of 50 um.

Work has also concentrated on
trying to draw two co-ordinates effi-
ciently from a single-wire plane. One
technique is to have an amplifier at
each end of the sense wires and to
measure how the current reaching a
wire divides between the two ampli-
fiers. This distinguishes one co-or-
dinate, of course, since it is a particular
wire in a plane and the other co-
ordinate in giving the position along
the wire where the avalanche struck.
Results for the co-ordinate along the
wire are of the order of 1 cmin 1 m.

Other techniques are based on the
delay line method developed at Berke-
ley. One particularly good example is
a Los Alamos detector with a helically
wound wire parallel to the sense
wires. They have achieved 0.25 mm
in 50 cm. A new idea is to take the
centre of gravity of induced pulses on
strips close to the sense wires. It is a
complicated and expensive method
but tests indicate that it might achieve
accuracies in the other co-ordinate
close to that from the drift chamber
proper.

Just how far the abilities of drift
chambers can be taken remains to be
seen, for there is still room for a great
deal of applied research to determine
and develop the properties of these
chambers.

Bubble chambers change of life

The bubble chamber has been the
work-horse of high-energy physics for
the past ten years and has poured out

an enormous quantity of physics.
Seven large chambers have recently
come, or are coming, to life; their
designs have essentially evolved from
the principles worked out at Brook-
haven in 1964. There are five hydrogen
chambers — the Argonne 12 foot
which has been in action several
years; Mirabelle, the French chamber
at Serpukhov, which now has 300 000
photographs under its belt; BEBC at
CERN which begins its physics pro-
gramme this summer; the Brookhaven
7 foot which is due for operation soon
in its new location; the Batavia
15 foot which is almost ready for its
first tests. The two heavy liquid
chambers are Gargamelle, which has
been in action at CERN for over two
years, and SKAT at Serpukhov, which
is scheduled for operation next year.

These chambers, as they are at
present, are almost certainly the last of
their very fruitful generation. They
display the great advantages of bubble
chambers — detecting with high pre-
cision all charged particles emerging
from an interaction in all directions —
but have limitations which are becom-
ing more troublesome in the new fields
of interest in high-energy physics.
There is the move towards higher
energies; here the poor ability of con-
ventional bubble chambers for detect-
ing neutral particles is a serious limita-
tion because the majority of inter-
actions will produce neutrals. There is
the move to higher statistics or, an
aspect of the same thing, to studying
rare interactions; here the low data-
taking rate and lack of selectivity of
the conventional bubble chamber are
serious drawbacks.

The conventional chamber by itself
is an inappropriate detector for much
of the physics which confronts us in
the years to come. Bubble chamber
instrumentalists are therefore concen-
trating on developing techniques
which will either greatly improve the
capability to detect neutral particles
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or be selective and capable of higher
data-taking rates. The great advan-
tages of the bubble chamber technique
could then be preserved.

The great white hope for neutral
detection is the track sensitive target.
By now it is more than a hope, for the
work at the Rutherford Laboratory in
collaboration with CERN has shown
that the TST technique is well master-
ed and gives excellent results. The
idea has been described in some
detail before (see, for example, vol. 11,
page 356). Essentially it involves the
use of a small volume of hydrogen,
which presents the usual simple
target of protons to the incoming
beam particles, surrounded by a larger
volume of a neon-hydrogen mixture,
which shortens the distances that
neutrals travel before ‘materializing
into electron-positron pairs thus ena-
bling them to be measured. The idea
was shown to work when experiments
at DESY demonstrated that both
volumes could be sensitized simul-
taneously. With transparent walls
around the hydrogen volume, tracks in
both volumes can be photographed
and the events subsequently re-
constructed.

Rutherford now have 1.6 million

photographs with a TST in their 1.5 m.

chamber. They have operated with up
to 82 molecular per cent of neon
in the mixture which corresponds to a
radiation length of 35 cm. The hydro-
gen target volume is enclosed in an
all-perspex chamber. Track quality in
both volumes is good and no prob-
lems have been found in the geometric
reconstruction of the events or their
analysis.

Brookhaven are at an advanced
stage of development for a TST in the
80 inch chamber. Argonne is colla-
borating with CERN and Rutherford to
build a TST for the 12 foot chamber.
Batavia are thinking of a TST for
their 15 foot chamber. A TST for
BEBC was a recommendation of the
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ECFA Working Group which con-
sidered experiments at the SPS; no
formal decision has been taken yet but
it is probably not without signi-
ficance that neon dewars have already
been ordered at CERN.

For selection of events and higher
data-taking rates, fast cycling bubble
chambers are being developed for use
in hybrid systems in association with
electronic detectors. This subject has
also been covered in some detail
before (see, for example, vol. 11,
page 91) and has also been in the air
long enough to be able to spell out its
potential with confidence.

It involves using a fairly small hydro-
gen bubble chamber, serving as the
target volume, with a pressure system
which can make the liquid sensitive
many times per second. Electronic
detectors around the chamber catch
emerging particles and when they
record that an event of interest seems
to have taken place they tell the cham-
ber cameras to take a picture. The fast
cycling bubble chambers give precise
information on what happens at the
vertex of the interaction and they are
sometimes therefore referred to as
‘vertex detectors’. (Incidentally, they
have also every right to be called
‘track sensitive targets’ but this title
has already gone elsewhere.)

Two types of fast cycling bubble
chamber were described at the Con-
ference. The one receiving most atten-
tion is the rapid cycling chamber where
Stanford lead the field. These cham-
bers use electromagnetic systems to
operate mechanical pistons at high
speeds. They have wide ‘opening-
angles’ where particles can emerge to
the electronic detectors without pass-
ing through much matter en route.
Among their construction problems is
the need, even more so than with
conventional bubble chambers, for
exceptional mechanical reliability of
the components. (This becomes ob-
vious when considering a rapid cycling

chamber operating at 60 pulses per

second — in a single day it will go
through over five million pressure.
cycles.)

Stanford have a 40 inch chamber,
with 100 million pulses behind it,
operating at the rate of 10 Hz — from
these pulses about 5 million pictures
have been taken. Recently (see April
issue page 114) a 15 inch rapid
cycling chamber began operation in
an experiment working at 20 Hz and
has taken 60 000 pictures from 20 mil-
lion pulses. It is hoped to step the
pulse rate up to 30 Hz and subsequent
development may take it to 60 Hz.

Rutherford have also begun work
on a rapid cycling chamber aiming for
a maximum rate of 60 Hz. A detailed
design has been drawn up. They intend
to install a chamber, 30 cm diameter
and 20 cm high, inside a 2 T magnet
previously used for a helium bubble
chamber. Tests with a prototype piston
assembly are beginning using the
electromagnetic vibrator intended for
the final version of the chamber. At
CERN the HYBUC bubble chamber
has demonstrated rapid cycling capa-
bilities (see vol. 11, page 353). In
tests last year it achieved a rate of
50 Hz and a proposal to use HYBUC
as a rapid cycling chamber for the
study of the magnetic moment of the
Xi hyperon is being prepared.

The other type of fast cycling cham-
ber discussed at the Conference was
the ultrasonic bubble chamber where
sound waves generated by piezo-
electric crystals apply the pressure
swings which sensitize the chamber
liquid. Promising results have been
obtained at CERN (see vol. 12,
page 367) and Dubna but a lot of
development would still be needed
and may not result in qualities pre-
ferable to those which can already be
obtained with fast cycling chambers.
Fast cycling is the better bet at the
moment and, it seems appropriate to
say in the bubble chamber context, the



One of the first photographs taken with the
track sensitive target which has operated so
successfully in the 1.5 m bubble chamber at
Rutherford. The tracks are photographed both
in the hydrogen of the target volume and in the
surrounding hydrogen-neon mixture which has
made it possible to record a four gamma event’
such as is rarely seen in a hydrogen chamber.

pressure has been taken off ultra-
sonic chambers. The one prospect
that might lure attention back to ultra-
sonic chambers is that of being able to
grow bubbles to visible size and to
snuff them out again all within a
single cycle of the sound wave. This
implies a time of about 1 us which, in
hybrid systems, would be extremely
attractive.

One topic worth raising in connec-
tion with fast cycling chambers is that
proton synchrotrons are not an ideal
feed. An electron linac emitting a
sequence of separate bursts of accel-
erated particles is well suited for
efficient operation with a fast cycling
chamber, which is a good reason for
Stanford to be prominent in this
field. Proton synchrotrons, however,
provide a steady stream of acceler-
ated particles over some hundreds of
milliseconds. To avoid disrupting the
rest of the experimental programme
while feeding a fast cycling chamber
requires some tricks to chop out bits
of the beam or, if only low intensity is
needed, to peel off a strip of beam
continuously.

Streamers looking good

Another ‘visual’ device, the streamer
chamber, is now firmly established in
the catalogue of detectors. Streamer
chambers use high voltage pulses to
initiate sparks in the wake of a charged
particle. The pulses are kept short so

that the sparks do not develop but are
photographed as a series of tiny
‘streamers’ along the track. The detec-
tor preserves many of the advantages
of the bubble chamber — almost iso-
tropic detection, high precision (more
so than in bubble chambers since the
tracks are in gas and multiple Coulomb
scattering is not a limitation) — and it
can also be triggered so as to select
the required events. The data-taking
rate is limited mainly by camera speed
but could climb to about 100 Hz with
the use of television cameras such as
the Plumbicon though at the cost of
precision.

Stanford have long experience with
streamer chambers. In their most recent
experiment on the Z * their chamber
took over 2.5 million pictures without
any equipment failure whatsoever.
Dubna have built an enormous cham-
ber, 8 m long, for use at Serpukhov.
(A technical trick with this chamber is
to send a burst of X-rays to trigger the
spark gap in the high voltage pulse
system.) An Orsay/Washington team
are developing a helium streamer
chamber to study diffraction disso-
ciation at Batavia. A Munich team
have recently installed a streamer
chamber surrounding intersection -7
at the CERN intersecting storage rings
and two other streamer chambers are
in action in the hyperon beam-line at
the proton synchrotron.

There has been a little work at CERN
on another type of visual detector, the

projection chamber, which has some of
the features of the streamer chamber
combined with some of the features of
the optical spark chamber. Stacks of
projection chambers can be built up of
many layers of wires carefully aligned
so that the chamber is transparent to
cameras looking in particular direc-
tions. The light from sparks between
the planes is much brighter than in
streamer chambers and there is cer-
tainly no need for image intensifiers.
In addition there are none of the high
voltage problems of streamer cham-
bers, though by now this is not much
of a gain.

Some specific applications have
been considered where projection
chambers could be very useful. For
example, the wires in a many-layered
system could present about 1 gm
per cm?® of matter to incoming particles
which would help in ‘materializing’
neutrals and even neutrinos. A spatial
resolution of 100 pm should be
possible.

Transition radiation

At the time of the last Instrumentation
Conference at Dubna in 1970, the
possible use of transition radiation in
particle identification came to the fore
following some pioneering work at
Yerevan (see vol. 10, page 275).
Since then further experiments have
confirmed many predictions of the
theory and construction of transition
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A cosmic ray shower passing through

a large array of flash tubes. More than

70 000 tubes were set up in this Durham
University experiment which looked for quarks.
The array was well shielded so that the majority
of the particles recorded are penetrating

high energy muons. Knock-on electrons and a
small cascade can readily be distinguished.

radiation detectors is under way at
Yerevan (where big detectors are being
built for cosmic ray experiments), at
Brookhaven (for experiments at the
AGS) and by a Hawai, Maryland,
Oxford team for 100 GeV energies.

Transition radiation is produced
when a charged particle travelling at
relativistic energies crosses the bound-
ary between two media of different
refractive index. The radiation can be
detected in the optical and the X-ray
region. To achieve adequate intensity
a series of boundaries are presented to
the particles, for example in the form
of a stack of spaced foils. There is still
quite a bit of work to be done to
optimize such things as foil thickness,
spacing, type of gas, etc.

The interest in pursuing this tech-
nique is that the intensity of the radia-
tion emitted by a particle is related to
the gamma of the particle and not the
beta (as in Cherenkov counters for
example). In the optical region the
intensity is proportional to log gamma
and in the X region is directly pro-
portional to gamma. At very high
energies the beta (velocity divided by
the velocity of light) of all particles
becomes very close to one and highly
sophisticated instruments (such as
the DISC counter described in vol. 12,
page 234) are needed to distinguish
one particle from another. However,

the gamma (which relates the mass
increase of a high energy particle to
its rest mass) can still differ consider-
ably for the different particles and
their identification should be easier.

Much more experience is needed of
the use of transition radiation devices
really

in experiments before they
become established.

Flash in the tube

A surprising flurry of interest was
generated by the reports of the cosmic
ray physicists on the use of neon flash
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tubes for high energy charged particle
detection — surprising because this
technique has been around since1955.

Cosmic ray studies have generally
not required very good time or spatial
resolution. They have more often re-
quired large volume, rugged detectors
for such intrepid experiments as neu-
trino searches down mines. Another
factor is that they have not been
backed by a fortune and cheapness of
the detectors has been important. The
neon flash tube meets all these
requirements.

Recent work has pushed the per-
formance of flash tubes to figures
which become interesting for experi-
ments at accelerators. Normal tube
sizes are 7.5 mm outside diameter,
5.5 mm internal diameter and they can
easily be made 2 m long or more. It is
possible to have them with walls as
thin as 0.3 mm. They are stacked in
many layers and a charged particle
passing through produces ionization
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in the gas of the tube causing a flash
which can be photographed. The
track position can be determined to an
accuracy which is dependent on the
number of tube layers — for example
0.3 mm with eight layers.

The tubes normally have a long
sensitive time of around 100 us (and
hence can catch more information
than is wanted) and a long recovery
time of as much as a second (which
limits the data taking rate). However
the use of special gas mixtures, rather
than the usual neon with a few percent
helium, plus the application of modest
a.c. clearing fields to snuff out the
ionization quickly, has brought these
figures down to a few us for the
sensitive time and a few ms for the
recovery time. Digitized read-out,
rather than passing via photographs,
is also possible using a simple probe
on the front of the flash tubes which
detects a voltage pulse when a tube
discharges.



Flash tubes continue to be used in
very large arrays for cosmic ray experi-
ments such as the MARS spectro-
graph at Durham. MARS will be sensi-
tive to charge particles with energies
from a few GeV to almost 6000 GeV.
An example of the new interest in their
use at accelerators is a 10 000 tube
hodoscope at the Frascati electron-
positron storage ring, ADONE, which
will be used in an experiment to study
proton-antiproton production.

Dealing with the data

The tremendous advances in data-
taking abilities, which stem from the
development particularly of multiwire
proportional chambers and drift cham-
bers, bring in their wake an acute
problem of gathering and analyzing
enormous quantities of data. It is not
much use being able to collect infor-
mation a hundred times faster than a
year ago if the data handling system
cannot be upgraded by a similar
factor.

The first question concerning stor-
ing data is one of philosophy — one
attitude is to throw away as much
as possible using a very selective trig-
ger, the opposite is to store nearly
everything with multi-event triggering
giving data which can incorporate
several experiments and can be worked
on comparatively at leisure. This
would be canned physics on tape
rather like canned physics on film in
bubble chamber experiments. Even in
the first case, the new detectors pro-
vide so much information so quickly
that the conventional magnetic tapes
are becoming inadequate. They are
each able to store about 10°® bits of
information and, with this capacity, a
thousand tapes from a single experi-
ment is no rarity.

A venture into the use of TV video
recording techniques for storing data
is well advanced at CERN. It has the

potential of recording 10° bits per
square inch of tape and a single video
tape, 7000 foot long and 1 inch wide,
could then hold as much data as about
700 conventional tapes. The video
tape unit has a rotating head moving
at high speed across the tape which
itself moves past at slow speed. The
information is written across the tape
at an angle of 5° A longitudinal
address makes it possible to recover
specific data quickly. The error rate is
1in 10" to 10®% The system is sched-
uled to be in operation in a few
months’ time.

With techniques such as video re-
cording the storage problem should
be reduced again to manageable pro-
portions. Next comes the problem of
analysis. If we consider one of the
modern data collection systems, such
as the array of multiwire proportional
chambers in the Split Field Magnet
mentioned above, it can record say
10° events per second of which per-
haps 10° could be accepted by the
on-line computers and stored. Even
with the large central CDC 7600 com-
puting system at CERN, a time of
about a second can be absorbed in
analysing a single event. Thus the
analysis of data from a few seconds of
operation of the SFM detectors could
drown the central computer system
for an hour.

The problem could be solved by
sheer weight of computers — say a
CDC 6600 to each experiment — but,
as one of the more voluble partici-
pants put it, what is needed is either
money or imagination. The absence
of the former tends to be a consider-
able stimulus to the latter and there
have been several important develop-
ments in the past year which help to
cut corners in data analysis by com-
puter.

A very successful approach . has
been to build special digital hardware
processors to take over the repetitive
tasks which occur in analysing particle

interactions. A great deal of the com-
puter’'s work in pattern recognition is
repetitive and well suited to attack by
the new special purpose processors.
The processors are based on computa-
tional methods rather than using ana-
logue procedures. They score heavily,
compared with large multipurpose
computer systems, because their task
is specific and many manoeuvres
necessary when using conventional
computer architecture are eliminated.
Given a limited, well defined task
the sequential nature of calculations
within a computer need not be
followed and parallel calculation gives
another big contribution to speed.

Processors have been developed
at CERN, for example, which provide
for point finding and track tracing
through magnetic fields with data
coming from wire chamber detection
systems. Compared with the normal
computer programs used on the
CDC 7600 they achieve speeds which
are two orders of magnitude better.
Pattern recognition using such hard-
ware processors thus goes a lot faster
and the burden on the main computer
is eased. Special purpose processors
are likely to find widespread applica-
tion wherever repetitive calculations
can be well defined.

In addition to the hardware pro-
cessors, there is also a software
attack on the data analysis problem.
New computing methods are being
tried to help in pattern recognition and
momentum analysis. Thus, though the
flood of data which can be extracted
from the new detection systems is still
a problem, data storage and analysis
techniques are rising to meet it.
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CERN News

SFM
glides into position

At the gingerly pace of 5 mm per
second the Split Field Magnet (see
vol. 12, page 236) moved from an
adjoining annex, where it had been
assembled and tested, to its position
in intersection region I-4 of the ISR.
The move began on 24 May after a day
spent carefully loading the 1000 ton
magnet onto sixteen bogies. A day and
a half later it was lowered into its
position.

It was essential to achieve good
distribution of the load and to maintain
it. The bogies had hydraulic and pneu-
matic systems to adjust the load during
the transportation and to ensure ade-
quate stability. Large concrete blocks
were attached below the magnet and
shimmed every half metre so that they
travelled only a couple of millimetres
from the floor. Thus any failure en
route could only have dropped the
magnet a maximum of 3 mm.

The magnet now rests on three
large jacks, each capable of supporting
500 tons, which make adjustments
possible in three dimensions. With
these jacks the alignment of the
magnet was carried out to a precision
of better than 0.1 mm. The associated
compensator magnets, which will en-
sure that the Split Field Magnet, does
not disturb the orbits of the protons
around the rest of the storage rings,
are also in place and aligned.

The vacuum vessel has been install-
ed and baked out and some of the
multiwire proportional chamber detec-
tors have been introduced into the
magnet aperture.

On 21 June the ISR is scheduled
to begin operation again but the SFM
will not be powered during the first
run. This is to check, independently,
that the new vacuum chamber does
not introduce any problems, since the
ISR performance is so dependent on
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ultra-high vacuum, and that the heavy
magnet and complex installation pro-
cedure have not disturbed the align-
ment of the nearby ring magnets or
otherwise altered the working condi-
tions of the machine. In July the
magnet will probably be powered for
the first time in its destined place.

Synchro-cyclotron
face-lift begins

On 7 June, the experimental pro-
gramme at the 600 MeV synchro-
cyclotron came to a halt and the
machine is shut down for about a year
for a series of major modifications. The
SC was the first accelerator to operate
at CERN and has been in service for
almost sixteen years. For several years,
work has ‘been under way on an
improvement programme to update
the machine properties so that the SC
becomes again a ‘front line’ accelera-
tor in its energy range.

The 1000 ton Split Field Magnet being pulled
into position in the ISR at the end of May.

It passed with just a few centimetres to spare
through the door, which is normally filled with a
shielding wall, connecting its assembly annex

to the storage rings.

The improvement programme was
first mooted in 1967 and was given
official blessing in November 1968.
The main aims are to increase the
beam intensity (from 1 to 10 wA) and
to improve the efficiency of beam
extraction (from 5 to 50 %).

The increase in intensity will be
obtained by raising the acceleration
voltage and the repetition frequency
of the acceleration cycle by means of
a new r.f. system. A rotary capacitor is
the heart of the new system and will
replace the old tuning fork. It is
designed to give an acceleration
voltage of 30 kV and a repetition rate
of 466 Hz. The technological prob-
lems encountered during its construc-
tion have delayed the implementation
of the improvements by more than
eighteen months but the r.f. equipment
has now been satisfactorily tested at
the manufacturers and is on its way
to CERN.

The low extraction rate obtained at
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Polarized proton target 100 cm®. Gaseous
helium 3 enters from the right and is cooled in a
series of three heat exchangers before passing
through an expansion valve into the target
volume. The target, 10 cm long, is on the extreme
left in the photograph and is filled with beads

of propanediol. A waveguide feeds 80 mW to
the target volume at 70 GHz. The liquid helium
cryostat itself sits in a helium 4 cryostat which

is not shown.

the SC, and at other accelerators of
the same type, is mainly due to radial
betatron oscillations whose amplitude
can reach about 10 cm. In the renewed
SC this amplitude will be reduced by
installing a new type of ion source
(hooded arc). The central region of
the machine will also be modified to
provide axial focusing of the beam
close to the source where magnetic
focusing is not effective. It will thus
be possible to obtain a narrow beam.

Extraction in the existing machine is
also reduced by the interference with
the main magnetic field caused by the
extraction channel. An electromagnet-
ic channel fitted in the renewed SC
will reduce this interference and in-
crease the effectiveness of the extrac-
tion system.

The internal target system will not
be abandoned and will continue to
provide beams of mesons and neutrons
in the neutron hall. It has been neces-
sary to re-think the design of the
targets completely in order to take
account of the energy which will be
dissipated in the targets under the new
machine operating conditions. Few
modifications are intended for the
secondary beams in the neutron hall.
New high intensity pion beams with
varied characteristics will be provided
for the proton hall.

Two devices will increase the duty
cycle of the beams to the experiments:
a peripheral secondary acceleration
electrode (the C) will produce long-

lived bunches onto the internal targets
and a pulsed magnetic field will allow
the stored internal beam orbits to be
displaced and thus make slow extrac-
tion possible.

Dismantling and reassembly of the
accelerator will take place in several
stages. The existing r.f. system and the
polepieces will first be removed giving
access to the vacuum chamber which
will then be withdrawn. Any damaged
coils will be replaced by new ones
with coils insulated with glass-fibre
and potted in resin. While the coils are
being fitted, the polepieces and then
the magnet yoke will be drilled so that
the new ion source can be introduced
vertically into the machine from below.
It will then be possible to fit a new
vacuum chamber, the polepieces and
the new central region. Finally, the
r.f. system will be installed.

Thorough tests are scheduled during
the various reassembly phases and it is
estimated that it should be possible to
re-commission the SC in May of next
year.

New advances
in polarized targets

Further steps forward in the develop-
ment of polarized targets have been
taken using a new target material —
1.2 propanediol. The target was sub-
jected to a magnetic field of 2.6 T and
cooled with the help of a helium 3
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cryostat, which made it possible to
reach cryostat temperatures as low as
0.5 K, and reached a polarization of
90 %. The use of the same substance
has made it possible to polarize a
large volume target, 100 cm?, to the
extent of 70 %. Its size makes this
target a ‘first” in the construction of
targets for use in experiments.

A general description of the tech-
niques in polarized targets can be
found in vol. 7, page 28. They involve
high magnetic fields, very low tem-
peratures and microwave power to
line up particle spins in a known
direction. A group at CERN has done
much pioneering work on such targets
and particularly on new materials
which are more readily polarized. Pro-
panediol was first polarized at Berke-
ley (to 50% at 1 K) and has since
been improved at CERN.

It has been found that propanediol
is a good substance for the construc-
tion of frozen spin targets such as are
being developed for use in the Omega
spectrometer. In frozen spin targets,
polarization is achieved in good con-
ditions and the target is then trans-
ferred to the position where it can be
better used for particle physics experi-
ments. Such a system is also being
developed at the Rutherford Labora-
tory. Propanediol has two advantages.
The ‘relaxation’ time is very long — one
month to revert to its initial state in
planned experimental conditions (i.e.
with a field of 2.5 T and a temperature
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of 0.06 K). The necessary time to
achieve polarization is very short —
two to three minutes with a micro-
wave power of 6 mW per cm?® (this
is about four times faster than butanol
which in addition only reaches a po-
larization of 70 % as against 90 % for
propanediol).

After these fine results had been
achieved, research with this substance
- continued at lower temperatures. It
has proved possible with the helium 3/
helium 4 dilution cryostat (see vol. 11,
page 353) to obtain a positive pola-
rization of about 98 % and a negative
polarization near 100 % at a cryostat
temperature of 0.16 K and a magnetic
field of 2.5 T. The temperature of the
propanediol remained at 0.37 K as a
result of the heating effect of the
microwave power.

The research then extended to deu-
terized materials which make it pos-
sible to obtain polarized deuterons.
It is more difficult to polarize deute-
rons than protons because of their
lower magnetic moment (six times
smaller than that of the proton). With
the same magnetic field, thermal agita-
tion more readily disorientates the
spins of deuterons than of protons.

During the first tests, partially deu-
terized 1.2 ethanediol, which has
similar properties to 1.2 propanediol,
gave a polarization of 37 % for deute-
rons while the residual protons in the
target were polarized to 97 %. The
significance of these results becomes
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more obvious when it is realized that
these values correspond to the same
spin temperature (0.0012 K) for both
protons and deuterons.

The advantage of dynamic polariza-
tion using microwave power, as
opposed to the static (or ‘brute
force’) method using only high field
and low temperature, is very obvious.
By the static method, even if it were
easy to reach a temperature of
0.0012 K, months or possibly years
would be needed before thermal
equilibrium was reached between the
cryostat and the nuclei of the target
and thus before these polarization
rates could be attained.

It was intriguing that the different
nuclei of the ethanediol target assum-
ed the same spin temperature and the
CERN group has been studying the
way in which this coupling took place.
It seems that the phenomenon is
brought about via the free electrons of
the substance which, by their inter-
actions, generate a reservoir of energy
called a spin-spin interaction reservoir.
The different kinds of nuclei couple
thermally to the reservoir and this is
thought to be the mechanism whereby
such high polarization rates are obtain-
ed. The microwave power cools the
reservoir and, via the thermal cou-
pling, the nuclei are cooled to the
same temperature and are highly
polarized since there is a direct rela-
tionship between temperature and
polarization.

All large organizations have their sheep and
CERN is no exception. A herd was brought to
work on the grass covered mounds of the ISR in
May and provided a very pleasant Springtime
diversion.

The big chambers

By the time this issue appears, if all
goes to plan, the European bubble
chamber, BEBC, will have started its
first physics run.

Only two cameras were in action
when the first pictures were taken in
the chamber at the beginning of March
and it was not possible during the
test programme to determine all the
optical parameters required for the
geometrical reconstitution of the
photographed tracks. This will there-
fore be the first task of the run. For the
first experiment (being carried out by
a Birmingham-CERN-Glasgow-Hei-
delberg-LPHE Paris collaboration) the
chamber will be fed with a separated
9 GeV/c negative kaon beam to
study kaon-proton interactions. At
least half a million pictures will be
taken.

Apart from the quickly repaired
hydrogen leak that we mentioned in
the March issue, no serious problems
arose during the previous tests which
is a very encouraging sign for the
physics programme. The chamber now
has to show its paces in the relentless
running of normal experiments. It will
operate with a metal piston until the
Autumn when the permanent plastic
piston will be installed.

While BEBC is entering the com-
missioning phase, the heavy-liquid
bubble chamber, Gargamelle, has just
resumed operation for a series of
neutrino experiments using a freon
filling.

The experiments scheduled for last
December had to be postponed for
safety reasons. Vibrations, caused by
the enormous forces of the pressure
cycles, had fractured some of the pipe-
work and thorough surgery was
necessary during the long shutdown
of the proton synchrotron at the
beginning of this year. The pressure
system was completely dismantled.
The trolley which carries the nitrogen



View inside the heavily shielded room where
measurements on rare isotopes of lithium

and sodium were carried out. 3.4 m of concrete

and iron hide the detectors from the target
region and, in addition, the room is lined with
cadmium to cut down the background

of neutrons.

reservoirs (having a capacity of over
50 m®) was rebuilt. The framework
was reconstructed using tougher gird-
ers in a close triangular pattern and, to
improve rigidity, the wheels were
replaced by piles set firmly in the
ground. Struts bearing on the sides of
the pit were also added in order to
absorb static and dynamic reactions.

The repair of the pressure system
went without incident and the cham-
ber was tested again in mid-May. The
desired results were achieved — the
vibrations which had caused trouble
with the previous structure are now
damped out and experiments can
safely continue.

New measurements
on rare isotopes

A team from the Laboratoire René
Bernas at Orsay completed a series
of experiments at the proton syn-
chrotron in May which has given new
information on rare isotopes of lithium
and sodium. They have measured the
mass of lithium 11 to an accuracy of
one part in 10° (i.e. to 150 keV) and
have more precise date (masses to
within 100 to 800 keV) on sodium
isotopes from sodium 27 to 32. Meas-
urements with this precision are not
exceptional for stable masses but are
a considerable achievement for iso-
topes so far from stability.

The Orsay work supplements the
research at the isotope separator
ISOLDE at the synchro-cyclotron (see
for example vol. 10, page 4) where
refined measurements on heavier ele-
ments of the periodic table are carried
out. Orsay have concentrated on the
light exotic nuclei which need GeV
energy protons to be produced and
live milliseconds (rather than seconds
or minutes for the nuclei studied at
ISOLDE). Very little is known about
these nuclei and there are a number
of interesting questions to be an-
swered.

for

The stability of lithium Il
example has posed an interesting
puzzle ever since it was discovered by
a group at Berkeley in 1966. Most
theoretical calculations predict it to be
unbound and to give off two neutrons
instantaneously. The precise mass mea-
surement by the Orsay group shows
that it is marginally bound (by some
200 keV only) and this can probably
be reconciled with current theories.

The measurements performed on a
sequence of sodium isotopes are
interesting because there are terms in
the mass formulas that diverge rapidly
when the number of neutrons is in-
creased, giving predictions that can
differ by tens of MeV. The few hundred
keV precision of the PS experiment can
thus select clearly between the models.

The experiment sat along the neu-
trino beam-line from the PS where it
could receive protons ejected at an
energy of 25 GeV. The protons were
directed onto a special target consist-
ing of thin foils of uranium and gra-
phite interleaved. Collisions with the
uranium nuclei ejected nuclear frag-
ments into the graphite which was
heated. Alkalies diffuse rapidly through
graphite and emerge as ions from the
surface. Electric fields then pull them
through a mass spectrometer which
sorts out the different isotopes. They
are detected in an electron multiplier
which counts ion impacts. The masses
are measured by a modification of the
well-known isotopic doublet method.
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A significant feature about the
latest measurements, which has yield-
ed the greater precision, has been
much better shielding between the
target region and the detector region.
The isotope signals can be lost in the
flood of neutrons from the target
region and, to reduce this dramatically,
the detector is placed in a shielded box
lined with cadmium (which has a very
high cross-section for catching neu-
trons). On the target side there is a
wall of concrete and iron 3.4 m thick.
With this arrangement the isotope
signals soar out of the neutron back-
ground. Typical counting rates were
30 counts per PS pulse for lithium 11
and 1 count per 20 PS pulses for
sodium 32 (which is a very exotic
isotope).

In addition to the mass measure-
ments the isotopes could be studied
using a neutron detector and a beta
detector. The phenomenon of delayed
neutron decay is well documented for
heavy elements but much less so for
light nuclei. The measurements on
lithium and sodium more than doubled
the number of known light delayed
neutron emitters. Sodium iodide de-
tectors were used to obtain new
spectroscopic information on the
excited states of the isotopes by
observing the gammas emitted as they
decayed to more stable states.

The Orsay group enjoyed the colla-
boration of physicists from Berkeley
and Darmstadt.

185



|
n ‘t b | S a‘t ‘ E R N Studying bubble chamber film on one of the
Ca n n I g a e MILADY scanning tables where sufficient
information is collected to be able to tell the HPD
measuring machines where to look. The operator
picks out events of interest on the film and

records details such as vertex position and a few
track co-ordinates on magnetic tape.

An HPD (Hough Powell Device) which carries
out precise measurement, automatically without
human intervention, on the film previously
scanned on a MILADY table. An optical-
mechanical spot sweeps over the film and full
track co-ordinates are transmitted to a computer.

The photographs of the tracks made
in a bubble chamber by the passage of
high-energy charged particles consti-
tute one of our most direct means of
access to the sub-nuclear world. In no
other detection technique do we get
such a satisfying portrayal of a
sequence of particle interactions. The
track images are recorded on stereo-
scopic photographs and are used to
make a quantitative analysis of the
phenomena which took place in the
bubble chamber liquid.

The full measurement of an ‘event’
consists of a geometrical and kine-
matic analysis, determining the num-
ber, type, momentum and energy of
the particlesinvolved in the interaction.
This measurement is made by re-
constructing the spatial geometry of
the tracks left in the bubble chamber
by the charged particles then applying
the laws of conservation of energy and
momentum to the initial and final
particles. But to arrive at this point
several stages are involved. The film
needs to be examined to see whether
any events of interest occurred. Such
events have to be measured and the
computer can then get to work on the
measurement data. This article is a
brief review of the types of device used
at CERN to implement particularly the
first stage (scanning) of this process.

Scanning tables consist essentially
of an optical projection system. They
allow an operator to select interesting
events, according to criteria which can
vary from experiment to experiment,
and to assemble sufficient data for
subsequent measurement. These data
are recorded in some way (on magnet-
ic tape, for example) so that they can
be fed to the measuring device when
the film is measured. The scanning
can be difficult, on the one hand
because what is seen of a track on the
film does not often, by itself, identify
the particle which caused it and, on
the other hand, because uncharged
particles leave no track by themselves
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A LSD (or Spiral Reader) measuring machine
which receives film previously scanned on
Shivamatic scanning tables. An operator is
involved in the measurement process to set the
machine on the vertex of the event to be
measured. A slit, moving in a spiral, then
searches the film and sends track information to
a computer.

in the bubble chamber and yet can be
an essential part of the information
which is required.

The increase in the number of
photographs associated with bubble
chamber experiments led to a search
for new solutions, particularly aiming
for the automation of scanning and
measurement. Scanning is a relatively
straightforward operation for a human
being. However, it has proved very
difficult to implement efficiently by an
exclusively automated process. One of
the first attempts was the HPD (or
Hough Powell Device) which in its
initial design, was intended to be an
entirely automatic system for the
selection and complete measurement
of events of interest without human
intervention. The bubble chamber film
is scanned by a television-type sweep
with an optical-mechanical spot re-
cording the tracks of the charged
particles.

Difficulties connected with operat-
ing conditions and with the available
computer capacity showed, however,
that a completely automated machine
was not the best answer from the
economy point of view. In the HPDs
currently in service, the bubble cham-
ber films undergo preliminary scanning
on projection tables known as MiI-
LADIES. Ten MILADY tables are used
at CERN connected to a computer
which records the scanning data on
magnetic tape.

The MILADY operator assembles
data such as the serial number of the
photograph, the event type and the
approximate co-ordinates of the point
of interaction (vertex) and of just two
points on the tracks made by the
particles. These data are then used by
a program in the computer, which is
designed to reduce the incoming mass
of data as far as possible by collecting
information from the film only as
picked out by the scanning data. The
lack of communication between oper-
ator and machine leads to a failure

rate often as high as 20 % and hence
there is a need for a recovery cycle
using a separate system where there
is a dialogue with an operator as the
measurement proceeds.

Two HPDs have been used extensi-
vely at CERN for film from the
2 metre hydrogen bubble chamber. A
number of other Laboratories also use
HPDs and new scanning tables for
use with HPDs adapted to film from
the large European bubble chamber,
BEBC, have been made by industry
with assistance from CERN. These
tables, named BESSY (BEBC Euro-
pean Scanning System), have been
designed with economy very much
in mind and fifty have been ordered by
other research centres.

Another type of scanning and
measurement system is the LSD (or
Spiral Reader). It differs in several
ways from the HPD. Although scan-
ning on separate tables is still neces-
sary, this operation is made as simple
as possible. The scanning is carried out
on Shivamatic scanning tables, of
which there are six at CERN, con-
nected to a computer which records
information such as the serial number
of the photograph, the event type and
the vertex region.

This information is enough for the
LSD because the assembly of data
and the measurement stage are super-
vised by an operator, so that human
intervention is possible and the need
for a large on-line computer is avoided.
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The measurement data are kept to a
reasonable volume by using, as a

filter, a vertex-centred slit which
describes a spiral. This rejects informa-
tion on the film which is not related to
the vertex of interest. When there are
failures, there has to be re-measure-
ment or a special recovery cycle.

Two LSDs are in service at CERN
and are used to measure events on the
films from the 2 metre bubble chamber.

The problems posed by the scanning
of film from the large heavy liquid
bubble chamber, Gargamelle, are very
different. This is because of the special
optics in Gargamelle, which has two
rows of four wide-angle lenses. The
SAAB scanning table has an optical
system capable of projecting the
four images from the same expo-
sure simultaneously. These high pre-
cision tables make it possible to
move the group of four images in
such a way that they are either pre-
sented separately to the operator or
superimposed partially or totally. The
measuring operations are carried out
on-line with a computer which is pro-
vided with the necessary data by the
operator. Four of these scanning
tables are in use at CERN.

Other tables, called MINNIES, are
used for scanning and measuring the
film from Gargamelle. Like the BESSY
tables, they were designed for eco-
nomy and they are suitable for scan-
ning and preliminary measuring which
does not call for the complexity which

187



A SAAB scanning table designed to cope with
the special film from the heavy liquid bubble
chamber, Gargamelle. The chamber volume is
covered by separate cameras and separate images
can be projected. Measurement is carried out
on-line with a computer.

ERASME, the latest scanning and measuring
system at CERN. It combines both stages and
allows operator intervention in the measurement
process to an extent which has not been
possible before. ERASME is designed to handle
film from the European bubble chamber, BEBC.
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the SAAB tables can handle. Three
are in use at CERN. The projection
system is placed above the table, thus
dispensing with the ceiling mirror, and
the eight projection lenses are mounted
on a single stage.

The latest major development in the
scanning and measurement of bubble
chamber film at CERN is the ERASME
system (Electron Ray Scanning and
Measuring Engine). It is specially
designed for scanning and measuring
film from BEBC and its distinguishing
feature is that it facilitates operator
intervention in both scanning and
measuring stages. The operator can
identify interesting events by optical
projection of the film and proceed to
measure them by means of a precision
cathode ray tube incorporated in the
apparatus. TV displays allow the
operator to assist in the process of
measurement and data analysis, at
any time.

The innovation of the ERASME
system is this ability of the operator to
follow the course of the complete
measurement. If the reconstruction of
the tracks of an event should fail, the
operator can intervene immediately to
provide additional information, cor-
rect certain results, or decide to re-
measure all or part of the event.




Around the Laboratories

CAMBRIDGE
Accelerator
closes down

On 19 May high-energy beam was
accelerated for the last time in the
Cambridge  Electron  Accelerator.
Operation at low energy, to complete
three synchrotron radiation experi-
ments, continued for two weeks more
before the synchrotron was finally
closed down.

The Laboratory was funded by the
U.S. Atomic Energy Commission and
run by M.L.T. and Harvard. Construc-
tion of the accelerator began in 1957
and it came into action in March 1962
as the highest energy electron syn-
chrotron in the world. It was designed
as a 6 GeV machine to give 6 x 10
electrons per second — both these
figures were slightly exceeded
(6.28 GeV, 9 x 10" electrons). The
machine design contributed a great
deal to the subsequent design of elec-
tron synchrotrons at Daresbury, DESY
and Yerevan.

High-energy physics, particularly
studying aspects of electromagnetism,
was carried out at the Laboratory from
1962 until 1970 when budget cuts
restricted the research programme to
colliding beam physics. This was done
in a special loop, known as the bypass,
added to the synchrotron ring. In the
bypass, electron and positron beams of
energies up to 2.5 GeV could be
specially treated and brought into
collision. The last of these experiments,
which finished on 19 May, are now
being analysed.

An attempt was made to keep the
accelerator alive as a synchrotron
radiation facility but this was not sup-
ported by the National Science Foun-
dation.

The abilities of the Cambridge Elec-
tron Accelerator have been overtaken
by other machines and it has now
passed down the road already taken

One of the last scenes of action at the Cambridge
Electron Accelerator. The photograph was taken
during the installation of the ‘BOLD’ detector
around the collision region in the machine bypass.
BOLD was used in the final high-energy experi-
ments at the accelerator to study electron-
positron interactions.

(Photo CEA)

by the Brookhaven Cosmotron and the
Princeton Pennsylvania Accelerator.
As we record its closing down we pay
tribute to the high quality of the
machine physics and the high-energy
physics which has come from the
CEA Laboratory.

BATAVIA
Beam intensity
climbing up

In the first week of June the acceler-
ated beam intensity at the National
Accelerator Laboratory did a quantum
jump to well over 2 x 102 protons per
pulse and then continued to climb
steadily as the machine was tuned.
The quantum jump followed some
work with the sextupoles in the main
ring — work carried out mainly by
V. Ohnuma, R. Steining and E.J.N.

Wilson (temporarily at NAL from
CERN). It was suspected that the
sextupoles, which are in the ring to
control the chromatic properties of the
machine, were in fact introducing
stop bands and causing protons to be
lost. After some theoretical calcula-
tions the sextupoles were physically
shuffled around the ring and when
operation began again the 300 GeV
beam intensity per pulse jumped to
2.7 x 10" compared with the previous
1.1 x 102, This .was with only ten
booster pulses being fed to the main
ring. About 70 % of the injected beam
was accelerated to peak energy which
is a much higher figure than had
been previously achieved.

Further tuning during the following
week took the intensity higher still and
the latest information we have is that
3.99 x 10" protons per pulse at
300 GeV was reached on 8 June. It is
believed that 5 x 10'? is within grasp
without any further major changes.
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Layout of UNILAC, the versatile heavy ion
machine being built at Darmstadt.

The different types of linear accelerator stages
are indicated. The uftimate design aims are to
achieve energies as high as 10.2 MeV per
atomic mass unit, to accelerate ions through to
uranium and to have high beam intensities.

From Brookhaven comes the news
that their intensity record has also
been exceeded. On 25 May the AGS
accelerated over 9 x 10'2 protons per
pulse. We hope to have more infor-
mation for the next issue.

DARMSTADT
UNILAC project

At the end of 1969 a new Laboratory
was set up near Darmstadt for research
particularly with beams of heavy
nuclei. It will house a versatile heavy
ion accelerator known as UNILAC,
which is scheduled for first operation
at the end of 1974.

The accelerator design is almost a
compendium of the different types of
linear accelerator. The pre-injector
stage will give two separate inputs so
that the ion species to be accelerated
can be changed smoothly. The first
acceleration stage is a "Wideroe struc-

ture’” where the slow moving ions are
accelerated each half cycle in the gaps
between drift tubes, the tanks being
fed with low frequency power. Such
a structure was first used for the
acceleration of heavy ions (mercury
ions to 1.25 MeV) as long ago as 1931
at Berkeley.

There are then two short accelera-
ting units of the helix type. One will
serve to even out energies after the
ions have passed through a gas or foil
stripper increasing their charge; the
other will serve as a rebuncher to form
the beam prior to it being fed into a
further acceleration stage using an
Alvarez structure (as is familiar from
most proton linacs). At this position,
before the Alvarez tanks, beam can be
bent off into a low energy experimental
area for atomic and solid state physics
experiments.

Finally, the Alvarez stage is suc-
ceeded by single-gap cavities which
will take energies up to 8.5 MeV per

atomic mass unit (using the gas
stripper) or 10.2 MeV per a.m.u.
(using the foil stripper). It is hoped to
achieve high intensities, for example
about 10 ions per second at mass
number 70, 3 x 10'® at mass number
184 and 2 x 102 at mass number 238.
Initially however the machine will
operate with lower capabilities — 3.6
and 5.9 MeV per a.m.u. and intensities
such as 10" for neon and 10" for
xenon. Xenon will be the heaviest ion
to be accelerated until more r.f. power
is installed at the Alvarez stage.
With these initial aims, the machine
is scheduled to be brought into action
at the end of 1974. Almost all the
components are being manufactured.
The accelerator tunnel is nearly com-
plete and preparations are being made
for the installation of the first units.

Injection; Prestripper Low Energy Experimental Area Poststripper
Widerge Stripper Alvarez Single Gap Cavities
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international series

S5NIM
RATEMETERS

Combined Lin-Log
Ratemeter NE 4607

Linear FSD up to 3 x 10* cps

Log FSD up to 10° cps

Zero Suppression up to 1009, FSD
Recorder Output Lin-Log 100mV or TmA

Digital Ratemeter
NE 4622

B Display 4 digit decimal

B Functions Ratemeter or Scaler
or Timer

M Outputs Analogue or Digital

R Write for full details
%& o and 1973 50-page NIM
Y ‘ .. International Series Cat-
B v o — + alogue No 65 containing
ot WA specifications of over
' sixty modules and a 12-

. page Systems Design
- o Guide. NIM units are

noe | . readily integrated with

NPT

- - CAMAC modules.

Uy

NUCLEAR
ENTERPRISES
S LIMITED

SIGHTHILL, EDINBURGH EH11 4EY, SCOTLAND
Ratemeter NE 4672 Telephone: 031-443 4060
: Cables: Nuclear, Edinburgh Telex: 72333

5
Range up to 1.0 Cps ° Bath Road, Beenham, Reading RG7 5PR, England,
Zero Suppression up to 1009, FSD Tel: 07-3521 2121 Telex: 848475.
Recorder Output 100mV or 10V or 1 mA Cables: Devisotope, Woolhampton.

9% Deviation 1, 3, 109

Associate Companies
Nuclear Enterprises GmbH, Schwanthalerstrasse 74,
8 Miinchen 2, Germany. Tel: 53-62-23. Telex: 529938.

Nuclear Enterprises Inc., 935 Terminal Way, San Carlos,
California 94070. Tel: 415 593 1455. Telex: 348371.
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256-words x1-bit

.8 chip select Emgange tACS = 30 n sec

@Read access time  tAA 50 n sec
~ @Leistungsverbrauch 2mW/bit

@Nicht invertierter Data-Ausgang

@ Data-Ausgang mit offenem Kollektor

@ TTL-kompatibel

@Ebenfalls in ECL erhaltlich

@ 16-Pin Keramik DIL-Gehause

FAIRCHILD

4

( Logische Schaltung 93410

<+
=

iy

KQm-Pm Keramik DIL-Geh&use

1024-words x1- bit

@1 chip select Eingang t ACS = 30n sec
@ Read access time tAA =60nsec
@ Leistungsverbrauch 0,5mW/bit k
@Nicht invertierter Data-Ausgang

@ Data-Ausgang mit offenem Kollektor

: .TTL«kompatibe!

@Ebenfalls in ECL erhaltlich

Logische Schaltung 93415

sssssss
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Generalvertretung flr die Schweiz:

W - MOORPR AG

Halbleiter/Elektronikbauteile/Starkstromzubehdr/Metalle
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MOOR HALBLEITER-PROGRAMM l -

Beratung- Eng:neen'ng- Service

W.Moor AG  Elektro-Industriebedarf Bahnstrasse 58 8105 Regensdori Tel. 01/71 66 44 . ",
W. Moar SA  Matériel électrique et électronique 3, Avenue des Cens:em 1028 Crissier/Lausanne Te! 021/35'54 44




Alimentations de laboratoire

Type G7

Sept Tensions
Puissance maximale 200 W

NIM

Chassis alimentation NIM

Type C7

RPI 85.15bis

Chassis alimentation CAMAC

Puissance maximale 200 W

ALJ13DW

ALN13

Nim

Blocs de puissance

spéciales

Blocs Alimentations
modulaires

DEPARTEMENT
ALIMENTATIONS

'.\ THOMSON -

51, rue de I'’Amiral-Mouchez
75013 Paris

Tél : 588.45.39-588.16.39
Télex: 25731 F. TESAFI

CSF

Demandez la documentation A10 A1

CERN
TECHNICIANS:

Whatever you need
in hydraulics and
pneumatics you can
get from us -
Today!

We stock a complete assortment
of hydraulic and pneumatic elements
and accessories right here in Geneva.

Valves for all inert gases and liquids,
cylinders, fittings, tubes and hosing can
be obtained without delay.

We are also ready and able to
mount your hydraulic and pneumatic
installations.

Bellows-Valvair

81, route de I'Aire
1211 Geneva 26
Téléphone 424330

Bellows-Valvair

Physics in the Twentieth Century
Selected Essays
Victor F. Weisskopf

“His summary articles on special topics are lucid and are
‘popular scientific writing” at its best. The subject is made
clear to physicists in other branches of physics and to the
educated public by simplifying it, but without ever making a
compromise with fundamental accuracy, as many writers on
science do when they get enamoured wifh their own imagery
and forget the subject they really want to explain.” - from
the Foreword by Hans A. Bethe

“Physicists cannot help but be intrigued and curious to read
these selected essays of one who has, for so many years
been at the pinnacle of his profession.” — Europhysics News

370p. £3.60

The Collected Works of Leo Szilard
Scientific Papers
Edited by Bernard T. Feld and Gertrud Weiss Szilard

“Most scientists do not formulate any significant rew idea
of their own. The few that do are in general inordinately
jealous of, and unduly faithful to, their own precious little
ideas. Not so with Szilard: he was as generous with his ideas
as a Maori chief with his wives. Indeed, he loved ideas,
especially his own. But he believed that these lovely objects
only revealed all their virtues and charms by being tossed
around, circulated, shared and played with . . . a man to
whom science was more than a profession, or even an
avocation: a mode of being.” — from the Foreword by
Jacques Monod

760p. £7.90

The M.L.T. Press
126 Buckingham Palace Road
London SW1
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When you need
a photomultiplier to measure
fast nuclear events,
EMI has more ways to
match your application

i i 1 BASIC SPECTRAL NUMBEROF REMARKS
~There are nine basic tubes in the new EMI ot RESPONSE DYNODES
series of bOmm fast photomultipliers and

because each tube is available with either ggl?g g” ]‘2‘ '?Ae'g?fa' purpose high %’é%’ggem type
HH H - eaium gain version O

borosilicate or quartz end window and B19A 9812B  S-11 10 Lower gain version of 9810B for higher light levels
uncapped or B20—-102 overcapped base, you 98138  Bialkali 14 High gain, low dark current, high “blue’’ response
have unrivalled flexibility in tube selection. 9814B  Bialkali 12 Medium gain version of 9813B
Compu‘ter designed dynode geometry and other 9815B Bialkali 10 Lower gain version of 9813B for higher light levels
: Al _ 9816B  S-20 14 High gain, spectral response extends to IR
improvements ensure the reliability and perfor-  gg458 3.5 12 Medium gain version of 98168
mance VOU.WQUIQ expect from the leaders in 98188  s-20 10 Lower gain version of 9816B, for higher light levels
tubes for scintillation counting.
~ So if your application calls for fast rise A member of the EMI Group of
times, high sensitivity and low dark current, Companies. International

s . . . leaders in Electronics, Records
don’t compromise in tube selection; choose and Entertainment.

from the most comprehensive range available. ELECTRON TUBE DIVISION

EMI Electronics Ltd., 243, Blyth Road, Hayes, Middlesex,
UB3 1HJ. England. Telephone : 01-573 3888
Extension 2542 Cables : Emidata, London.
Telex: London 22417
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chambre onduiée o
pour synchrotron a protons injecteur

convoluted chamber for synchroton booster

Calorstat

metal bellows

B.P.15 - 91290 ARPAJON / FRANCE
Tél. 490 1075 —Télex Febrank 69159 F

soufflets métalliques

Hydroformés - A diaphragmes soudés - En
tous métaux usuels et métaux spéciaux
(TITANES - INCONELS - HASTELLOYS -
etc.). - Electro-déposés miniatures en Nickel
pur soudable.

Réalisation de sous-ensembles complets
équipés de soufflets; tuyauteries métalli-
ques souples avec ou sans tresse.
Réalisation d’ensembles a partir de métaux
minces hydroformés et soudés (chambres
a vide pour zone d’intersection de faisceaux
et pour synchrotron a protons injecteur.

Hydroformed - Welded diaphragms - Made
of all usual metals as well as special metals
(TITANIUMS - INCONELS - HASTELLOYS -
etc.) - Weldable pure Nickel miniature Elec-
tro-deposited.

Complete sub-assemblies equipped with
bellows ; flexible metal pipes with or without
braid.

Assemblies consisting of thin hydroformed

. and welded metals (Vacuum chambers for

beam intersection zone and proton syn-
chrotron booster).
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Quand on donne ’heure

avec une précision dune seconde sur 30000 ans...
on a vraiment une longueur d’avance

dans la fabrication des calculateurs scientifiques.

Les vols lunaires Apollo disposaient
d’une horloge capable de mesurer le temps
a une seconde pres sur 30000 ans.
Prodige? Non. Rien que 'un des produits
de la gamme d’instruments scientifiques
et électroniques Hewlett-Packard qui en
compte plus de 2000.

Sa grande expérience de I’électronique
permet 3 Hewlett-Packard de fabriquer des
calculateurs non seulement efficaces et
fiables, mais parfaitement adaptés aux
démarches de I’esprit scientifique, et totale-
ment compatibles avec les autres instruments
de laboratoire.

La famille Hewlett-Packard ne cesse de
s’agrandir: des modéles de poche (a coté
d’eux, les calculatrices quatre opérations ~

sont aussi démodées qu’un abaque) aux
puissants calculateurs de bureau (capables
de remplacer un terminal d’ordinateur en
temps partagé). Le tout assorti d’une gamme
étendue de périphériques et d’un vaste
software.

Pour de plus amples renseignements,
vous pouvez écrire a I’adresse ci-dessous.

HEWLETT W PACKARD

172 points de vente
dans 65 pays assurent le service aprés-vente
Hewlett-Packard (Schweiz) AG
9, chemin Louis-Pictet, 1214 Vernier, té1. 022 414950
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VACUUM

AUTOMATION
VACUUM
AUTOMATION

VACUUM

AUTOMATION
VACUUM

AUTOMATION

Automation of vacuum?
BALZERS controls and
regulators are the answer!

Vacuum relays with one fixed or two variable switching
points and automatic control valves meet the requirements
of your automated process regarding accurate mainte-
nance of a pressure or pressure range. The controlling
or regulation instrument you need is included in the
BALZERS programme. Reliability, quick response and
reproducible setting of switch points are

their main features. These BALZERS

instrument.are 1/4-19" rack

modules which can also
used as control boards
or as bench

models.

BG 800 005 PE DN 1640

BALZERS

BALZERS AKTIENGESELLSCHAFT fiir Hochvakuumtechnik und Diinne Schichten
FL 9496 Balzers

BALZERS-owned Sales Companies in:  Ziirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (S),Berkhamsted (GB), Santa Ana (USA), Meudon (F), Milano (1)

RADIO PROTECTION

PORTABLE POLYRADIAMETER

IPAB 71 Réf. 500
Self-powered, waterproof, warning

ELECTRICAL CHARACTERISTICS

- High voltage : can be regulated from + 200 to
2200 Volts

- Ranges: 10 - 100 - 1000 - 10000 cps

- Accuracy : better than 5%,

- Limit operating temperature: - 10°C + 50° C

- Discriminator threshold: 1 volt

- Equivalent capacities: GM - PM - 0.6 pF
CPA - BF3 - semi conductor
detectors 0.04 pF

COUNTING

ELECTRONIC COUNTING SCALE

E.C.S. 1 Réf. E.521
Portable, self-powered, six decades

ELECTRICAL CHARACTERISTICS

- Pretime: 1-10 - 100 - 1000 s (accuracy 10-3)

- Resolution time : < 5 us frequency) 200 KHz)

- Input pulses: positive or negative,duration>/100ns
- Threshold adjustement: 0.1 a 10 V

- Input impedance: 1000

- Working temperature range : - 10°C to + 50°C

O NARDEUX

85 Bd Gabriel Péri 92240 MALAKOFF - 656-65-35 +
Usine: 37600 Loches - FRANCE
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Un groupe de niveau européen
dans

DNET la prestation de services

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

Hygiéne, désinfection, désinsectisation, dératisation

Prestations de main-d’ceuvre
Manutentions

Office nouveau du nettoyage ONET

13008 - MARSEILLE 12 bis, boulevard Pebre tél. (91) 732850
75- PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. 257888
74 - ANNECY 6, avenue de Mandallaz tél. (60) 454641
01-SAINT-GENIS Route de Geneve tél. (60) 411207

Fournisseur du CERN a Genéve, du CEA a Marcoule, Pierrelatte, La Hague,
du CEN a Grenoble, de 'OMS, de I'ONU et de I'UIT a Geneve.

GOERZ

ELECTRO

Das NEUE UNIGOR N

mit den bekannten Vorzigen des UNIGOR p

GroBer MeBbereichumfang

Hohe MeBgenauigkeit, Klasse 1 bzw. 1,5

Gemeinsame Skala firr Gleich- und Wechselstrombereiche

Robustes, stoBfestes MeBwerk mit Spannbandlagerung
Uberlastungsschutz durch Schutzschalter und Abschmelzfeinsicherung

bietet jetzt noch weitere wesentliche Vorteile

Skalenlange 110 mm
MeBbereichsabstufung 1: V10
Frequenzbereich 10 Hz bis 100 kHz

Bei Direktanschlu von 220V an alle Bereiche ist der Uberlastungs-
schutz voll wirksam

Widerstandsmessung bis 50 MQ mit genormter Monozelle und DC/DC-
Wandler

Einfache Prifung von Halbleitern durch Umpolung der Priifspannung
mit Tastenschalter

@® Gehaduse mit einschiebbarem Traggriff

Bitte fordern Sie Liste C.1.12 an

GOERZ ELECTRO Ges.m.b.H.,
A-1101 Wien, Fernkorngasse 2 - Telefon 643666 - Postfach 204 - Telex 13161
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e are ready with the
stabilised DC power

One of a series of O to 110V.

s 2000 ampere (220kW) thyristor

regulated highly stabilised D C power supplies

for Rutherford Laboratory of the British
Science Research Council.

Experience builds on experience. Your beam line magnets demand DC power
supplies with high long-term stability, and since the ‘50’s we have been meet-
ing that need in research establishments throughout the world.

The development in our technology has kept pace with yours. Ten years ago
we were able to stabilise DC currents to one part in a thousand, long term.
Today, we are achieving six parts in a million.

Throughout the world many hundreds of Brentford power supplies, ranging
from 10 to 10,000kW are relied on to provide highly stable currents in spite of
coincident variations in voltage, frequency, temperature and load resistance.
Call us and tell us your plans—we can help you to realise them.

THE QUEEN'S AWARD
10 INOUSTRY 1971
FORTECHNOLOGICAL INNOVATION

Brentford Electric Limited, Manor Royal, Crawley, Sussex, England, RH10 2QF
Telephone: Crawley (0293) 27755. Telex: 87252. Cables: Breco Telex Crawley Sussex.
A member of the GHP Group.
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Das NEUE UNIGOR’ N

mit den bekannten Vorzigen des UNIGOR p

GroBer MeBbereichumfang

Hohe MeBgenauigkeit, Klasse 1 bzw. 1,5

Gemeinsame Skala fir Gleich- und Wechselstrombereiche

Robustes, stoBfestes MeBwerk mit Spannbandlagerung
Uberlastungsschutz durch Schutzschalter und Abschmelzfeinsicherung

bietet jetzt noch weitere wesentliche Vorteile

OERZ

ELECTRO

@ Skalenlange 110 mm

@® MeBbereichsabstufung 1: V10

@ Frequenzbereich 10 Hz bis 100 kHz
[
[

Bei DirektanschluB von 220V an alle Bereiche ist der Uberlastungs-

schutz voll wirksam

Widerstandsmessung bis 50 MQ mit genormter Monozelle und DC/DC-

Wandler

@ Einfache Priifung von Halbleitern durch Umpolung der Prifspannung

mit Tastenschalter
@ Gehéuse mit einschiebbarem Traggriff

Bitte fordern Sie Liste C.1.12 an

GOERZ ELECTRO Ges.m.b.H.,

A-1101‘ Wien, Fernkorngasse 2 - Telefon 643666 « Postfach 204 . Telex 13161

benilec s.a.
NEW from TENNELEC INC.

TC 205 new research grade linear pulse amplifier
essential for all high resolution Ge(Li) systems.

Excellent overload recovery.
Gain 2.5 to 3000.

Ultra fine gain control &+ 2 channels per 1000 channels full
scale adjustment.

Built in BLR switch selectable.
Ask for fully descriptive leaflet.

NOTE benilec s.a. can supply and maintain partial or complete
systems from our principals wide range of products.

TENNELEC INC. N.I.LM. modules. Ultra linear, low noise
amplifiers etc.

NORTHERN SCIENTIFIC INC. Wide range of P.H.A. sys-
tems and A.D.C.’s.

G.E.C. ELLIOTT AUTOMATION LTD. for CAMAC.

ELECTRONIC VISUELS display monitors for all types of
applications.

RANGER ELECTRONICS CORP. Full range of Mdssbauer
systems including cryogenic units.

KAMAN SCIENCES CORP. Neutron generators, neutron
monitors and activation analysis systems.

For more information contact BOB BROOMFIELD.

benilec s.a.

18, rue Hoffman — 1202 GENEVE
TEL. (022) 3323 20/332329 — TELEX 28268. “BELEC"”

Technical Rubber
and Plastic Goods

This is your
address :

8051 Zurich
Tel. (01) 40 11 00

___________ —

Ask for free literature by sending this coupon

hose catalogue

hydraulic hose catalogue

air hose catalogue

o-rings and seals catalogue
rubber sheeting sample book
power transmission elements
rubber and plastics profiles
protective rubber gloves
MAAGinform periodical
dielectric materials

Oooooboooa

Name

Department

Internal telephone No
Special interests

Signature Date

|
|
|
|
|
|
I
I
|
I

We have spécial radiation resistant rubber compounds that give
unique service - please contact us for hoses, profiles, sheets,
seals, cables.
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A new surface analysis method
for the uppermost
monolayer region...

...is the static secondary ion mass spectrometry  changes result from the analysis process
(SIMS), used in an ion macroprobe under UHV elimits of resolution: << 10 of a monolayer
condition. The ultra high vacuum system UTS202 or<10"g for many elements and compounds.
designed for this method is pumped down by a Basic possibilities:

turbo-molecular pump and is bakeable at temper- @surface analysis in the monolayer region
atures up to 400°C.The vacuum ' !
chamber is specially designed to
facilitate the simple combination
of SIMS with AES (Auger-Electron
Spectrometry).

Other features:

® high surface sensitivity

edirect detection of chemical
compounds

@ detection of all elements, includ-
ing hydrogen

®separation of isotopes

eonly negligible surface

BK 800 003 PE DN 1628

BALZERS-owned Sales Companies in: BA LZ E I a

@ observation of surface reactions

®@analysis of inner boundary films
and plotting concentration pro-
files of thin films

® bulk analysis.

Fields of application:

Research, development and pro-
duction control in:

Chemistry, Metallurgy, Semi-con-
ductor and thin film technology,
Vacuum technology, Surface tech-
nology.

Zirich (CH), Frankfurt/M (D), Wien (A), BALZERS AKTIENGESELLSCHAFT
Kungsbacka (S), Berkhamsted (GB), fir Hochvakuumtechnik und Diinne Schichten
 Santa Ana (USA), Meudon (F), Milano (l) FL 9496 Balzers
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Reliability

... built into every
instrument we make.

Beta Gas Monitors

TRITON systems monitor tritium, argon-41, carbon-14,
chlorine-36, fluorine-18, krypton-85, radon-222, o
sulfur-35, xenon-133, xenon-135, and gamma
radiation. Features: 0.5 micron absolute
filters, electrostatic precipitators, positive
displacement pumps, gamma compensation
to SmR/hour.

TRITON 955B — Highest sensitivity sys-
tem: 10uCi/M? full scale for tritium.
Highest sensitivity as a gamma area moni-
tor: 0.05 mR/HR full scale. Particu-

larly useful for industrial and reactor
monitoring, as an analytical tool, and

for H* and C* tracer work generally.

TRITON 1055B for portability — A
lightweight (less than 20 1bs.) battery-
operated monitor whose size belies
its sensitivity (50uCi/M?, full scale). Fea-
tures rechargeable nickel-cadmium bat-
teries. The 1055 can be operated (and 1ts
batteries recharged) on standard

" line current. Has recorder output.
TRITON 1125 — Mil-spec quality.
Portable, rugged, rainproof.
100u4Ci/M? full scale for H®
TRITON 755C — Dependable
system (suitable for rack-mounting)
which accurately monitors airborne tritium or ambient low-
level gamma radiation or the other beta-emitting isotopes listed
above. Exceptional stability and sensitivity (100uCi/M?3, full
scale) also permits analytical applications.
TRITON Calibrator (CL-1) and Remote Alarm (RA-1) —
A calibrator (with enough tritium gas for 1000 or more cali-
brationis) and a remote alarm (with both visual and audible
systems) are also available.
Beta Logic Analyzer Ultra low level analysis.
H?, C* etc. Radio carbon dating, tracer studies, bio-
chemistry, hyrology.
RADON SYSTEM for low-level analysis of radon samples
from human respiration, mine, or water supply effluents, air.
Includes Radon Concentrator (RCTS-2) which purifies,
concentrates, and transfers samples to Radon Counter (LAC-2).
Its scintillations produced by Radon gas are counted by
photomultiplier in Radon Analyzer (LLRC-2)
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Particle & Photon Detection

Focused Mesh Multiplier Model MM-1 For use in mass spectrometers,

electron and ion velocity analyzers, X-ray and vacuum U.V.
spectrometers, and neutral: partlcle experi-
ments. Detects electrons, ions, protons,
UV, X-ray photons, energetic neutral
atoms and molecules. Guaranteed deliv-
ered gain. Typical electron gain: 10° at
2.5 kv., 107 at 3 kv./10® at 3.5 kv. Gain is
stable with count rates in excess of 10°
per second. No ion feedback or spurious
pulses. Non-magnetic. Low noise: less
than 1 count/minute at 107 gain. Ultra
high vacuum operation: bake-
able to 350°C. Rugged. Flight
proven in many rocket launches.
Size: 1.25” high, 2” diameter.

Model MM-2 Similar characteris-
tics as MM-1 but only half the
diameter (1”).
Preamplifier-Amplifier-Discrimina-
‘tor (Model PAD) Rugged. Minia-
ture. Charge sensitive input.
Risetime: 3 nsec. Adjustable
discriminator: 20:1 range.
PAD-1: lowest power con-
‘sumption. Pulse count rates to 10°/
second. PAD-2: for pulse count rates to 107/second.

Regulated High Voltage Power Supply (Model HV-4R). All
solid state. Output: 500v to 6.1 kv. Low noise: less than 300
microvolts RMS. Low drift: less than 0.01% /hour, 0.02% /day.
Lightweight. Rack mounted.

Johnston >

Laboratories, Inc.

3 Industry Lane, Cockeysville, Maryland 21030, USA
Phone: (301) 666-9500 Cable: “JOHNLAB”




Putting
Camac
where the
action is

PHOTOMULTIPLIER TUBES

Now Centronic offer new standards in high
performance tubes incorporating S11, bialkali, S20 and
extended red bialkali photocathodes.

Included among the comprehensive range are:

Type 4231 low cost, 11-stage tube with high sensitivity
for numerous standard applications.

Type 4282 Bialkali tubes all featuring high quantum
4292 efficiency, low noise and high gain bringing
new standards to scintillation counting.
Q4282 offers the optimum in price and
performance. If TLD is your interest, then
use the best ultra-low dark current tubes
types 4232 and 4242,

Type 4283 11 stage trialkali tube 2" diameter, with
guaranteed minimum cathode sensitivity 120
120uA /L Dark current at 200 A/L typically
<1nA and maximum overall voltage 1800v.
The ideal tube for spectrophotometry and
general photometry. Special selection available.

See these new standards for yourself! Send now for the
Centronic PMT Selection Chart. There is definitely a
tube for you!

Please write for techmcal llterature to: » TWENTIETH CENTURY ELECTRONICS LTD King Henry’s Drive, New Addlngton
Croydon, England. Telephone Lodge Hill 2121. Telex 896474
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Schilumberger

Enregistreur UV
portatif 4501

m 8 canaux
m 8 amplificateurs incorporés
m 8 vitesses de défilement

m 2 marqueurs

Enregistreur UV
portable 4525

24 canaux ou 12 canaux

24 amplificateurs incorporés

8 vitesses de défilement

largeur du papier 304 ou 152 mm

4 marqueurs
Schiumberger

1207 Genéve
Tél. 022 359950

8040 Ziirich
Tel. 01 528880

Miinchen — Wien — Paris — Mailand — Stockholm
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Dmg ® Dana Laboratoi'iesv, Inc.

Synthesizers «Exact»

Modelle 201/202

fast unbegrenzte Anzahl komplexer, analoger und
digitaler Funktionen.

Erpropte Anwendungen:
@ Stosspriifung (Shock-Table Drive)

@ Simulation von Signalen
in der Medizin und in Fernmess-Systemen

@ Wellenform-Analyse
Studium von Verzerrungen

@ Kompensation von Verzerrungen
und Nichtlinearitat

Wir beraten Sie gerne. Bitte verlangen Sie detaillierte
Unterlagen. 7016 RO

Industrievertretungen
Junkholz 333 - CH-8968 Mutschellen

Tel. 057 546 55

MESS-uND ®
REGELTECHNIK

Elektronische JUMO-TROWI- und TROFE-
PRINT-Temperaturregler fiir Thermo-
elemente oder Widerstandsfiihler in Pla-
tinenhalterung oder 19“-Einschubkasten
... die idealen platzsparenden Regler auf
steckbarer Europaplatine

Universelle Montage durch Trennung von
Sollwerteinsteller und Reglerplatine.

M. K. JUCHHEIM GMBH & CO - D-64 FULDA

AJ 19-73

Telefon 0661/831 Telex 04-9701




RADIO

PROTECTION

POLYRADIAMETRE PORTATIF

IPAB 71 Réf. 500
Autonome, étanche, alarme

CARACTERISTIQUES ELECTRIQUES

- Haute tension: variable de + 200 a + 2200 volts
sur sonde 1 et sonde 2
- Echelle de mesure: 10 - 100 - 1000 - 10000 c/s
- Précision: meilleure que 5%
- Limites de température: - 10°C + 50°C
- Seuil du discriminateur: 1 volt
- Capacités équivalentes: GM - PM: 0,6 pF
CPA - BF3-diodes 0,04 pF

COMPTAGE

ECHELLE DE COMPTAGE SIMPLIFIEE

E.C.S. 1 Réf. E. 521
Portative, autonome, 6 décades

CARACTERISTIQUES ELECTRIQUES

- Prétemps: 1- 10 - 100 - 1000 s (précision 10-3)

- Temps de résolution:{5ps (fréquence 200 KHz)

- Impulsions a I'entrée: polarité positive ou néga-
tive durée»100ns

- Réglage du seuil: 0,1 210V

- Impédance d'entrée : 1000N

- Température de fonctionnement: -10°C + 50°C

"Output: 2 to 5 kV — 1mA

O NARDEUX

85 Bd Gabriel Péri 92240 MALAKOFF - 656-65-35+
Usine: 37600 Loches - FRANCE

10PPM MODEL RHSR20PN60

Voltage: 0-20 kvde
Current 0-3 mA
Regulation and Ripple: 10 PPM
Polarity: Reversible
ELECTROSTATIC MODEL

DYNAMIC FocUs ~ RMDSPSD
SUPPLY FOR CRT

Input: 28 Vdc

Dynamic

Focus

Capability: Programmable
200 volts peak to
peak output with
4 pusec response

Frequency

Response: DC to 60 kHz

MINI-MODULES 2” x 2" x 2” RMX SERIES

Input: 28 Vdc
Output Voltages: from 400 Vdc
to 4000 Vdc

Output Power: 200 milliwatts

Regulation: 0.05% (Line)-
0.5% (Load)
Ripple: 0.01%

FOR PHOTOMULTIPLIERS
GEIGER-MULLER TUBES
IONIZATION GAGES

MULTIPLE OUTPUT CRT SUPPLY
Anode: 10-15 kv, 200 xA

G-2: 400 V, 1.0 mA

G-1: —100 Vv, N
1.0 mA

Regulation: 0.1%

Ripple: 0.1%
MODEL
RMC15PX

FREE!

Bulletin 7210, first of
a series of application
notes on RF/HV tech-

niques. ‘
o .
O I'.I RPURAITIU

SPELLMAN FOREIGN
REPRESENTATIVES

AUSTRALIR

ANAC LTD.

Box 102

Sutherland, N.S.W. 2232
Sidney, Australia

CANADA

Componetics Ltd.
6420 Victoria Avenue
Montreal 252, Quebec

ENGLAND

Hartley

Measurements Ltd.
Kent House, High Street
Hartley Wintney,
Hampshire

England

FRANCE

Globe Electronique
34 rue Condorcet
75 Paris IX, France

GERMANY

Dipl-Ing Ernst Fey
8000 Munchen 19
Horemans Strasse 28
Germany

JAPAN

Kansai Electronics
Co., Ltd.

8 Toganocho, Kitaku
Osaka 530, Japan
Kansai Electronics
Co., Ltd.

24-17 Sendagaya
4-chome
Shibuya-ku, Tokyo

NETHERLANDS,
BELGIUM, LUXEMBURG
Airparts International
P.0. Box 1094

Ryswyk (Z.H.)

Haagweg 149

Holland

NEW ZEALAND

ANAC LTD.

P. 0. Box 16066
Auckland 3, New Zealand

SWEDEN

Mr. Robert E.O. Olsson AB
Box 165

S-591 Motala, Sweden

SWITZERLAND

Mr. Fritz Weber

In der Rehweid 8

8122 Pfaffhausen-Zurich
Switzerland
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Controle d'étanchéité des 1500 traversées étanches équipant les
anneaux de stockage. Service ISR.

FABRICATIONS DE LA DIVISION *“OXYDES FRITTES

ARTICLES DE LABORATOIRE en oxydes frittés
GUIDE FILS «ZIRTEX »

BUSES DE PULVERISATION « ALBUZ »
PASSAGES ELECTRIQUES ETANCHES
Céramiques métallisées et brasées
PIECES pour MECANIQUE, NUCLEAIRE,
ELECTROMECANIQUE
Tubes, barreaux, plagues, disques en AF 997
Revétements céramiques par projection
Piéces usinées rectifices
PIECES pour ELECTRONIQUE
Radomes, fenétres électromagnétiques
Piéces en oxyde de Bérylium « BEROXYD »
POUDRES abrasives et pour projection
POSTE pour projection plasma « PLANCER »

Desmarquest .. C.E.C. ..

...DIVISION ‘‘OXYDES _FRITTES"
Zone Industrielle N° 1
27000 -EVREUX - France

Téléphone : 33.05.95
Télex : 18.5673 F - DESCERAM - EVREUX

@
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The tapered slabbing and reaming drill is
economical and very useful

DRILLFILE

special drill

for the economical mounting of car aerials and car
radios, car calling units as well as telecommunication
devices DRILLFILE is recommended by leading firms
all over the world. In its measurements DRILLFILE
accommodates all requirements.

TIPSWITOOL
1564 DOMDIDIER/Switzerland

TECNIDATA

Quality, Design and Performances are
exclusive and so are the prices !

Sfrs. 1380.—
V=,Vac,I=,lac, @

Our best reference :
more than 230 instruments sold in Switzerland, in
1972, and dozens of them being in use at the CERN !

— 2000 measuring points

— large display, lisible at more than 10 m
— very easy operating

— modular construction with metal housing
— accuracy 0,1 p.c.

— BCD-output in standard version

— 24-hours-service.

Technique Moderne Electronique S.A.
1844 Villeneuve Tel. 021/6022 41

ine




For Neutron Flux Measurement

For Neutron Flux Scanning
ForGammaand Area Monitoring
For lodine & Effluent Sampling
For Chemical Analysis

For Temperature Monitoring
For Mechanical Assemblies
For Gas Gircuit Instrumentation

For Complete System Engineering
Development

Design

Manufacture

Installation

Commissioning



.5.h. -
INTERSEGTIN

OF THE GERN - EUR
FOR NUGLEAR RE

;

SOGENE
ROMA - piazzale agricoltura 24 -t. 5904
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