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Superconducting Synchrotrons

Some topics from a Seminar, held on 26-29 April,
organized by the Rutherford Laboratory.

This ‘Seminar on Superconducting
Synchrotrons’ brought together about
forty specialists working on the pro-
blems of developing pulsed super-
conducting magnets for use in syn-
chrotrons. All the Laboratories with a
major effort in the field (Berkeley,
Brookhaven, Karlsruhe, Rutherford,
Saclay) were represented with the
exception of the Radiotechnical Insti-
tute Moscow, whose people were un-
fortunately unable to attend, and there
were a few people also from CERN
and Frascati.

With such a small knowledgeable
gathering, it was possible to get deep
into the subject from the word go.
Each session concentrated on a few
topics and was opened by one of the
participants spending a few minutes
listing the important problems. Each
group could then present their ap-
proach to the solutions. The flow of
information was fast and furious with
some stimulating conflicis. This way
of conducting the Seminar was very
successful and was helped along by
the able Chairmanship of D.A. Gray
during all the sessions.

The Seminar was held in Cozener's
House on the banks of the river
Thames in Abingdon which serves as
a hostel for the Rutherford Laboratory.
This charming, characteristically
English, setting was particularly
appreciated by the visitors from the
continent and the WUSA. Another
characteristically English feature was
the presence of a large dog which
padded occasionally into the lecture
room and barked at the more opti-
mistic statements. It was particularly
excited by speakers from Brookhaven.
No-one could discern whether the
barks denoted approval or rejection.

However, the human beings present
were confident of the future of super-
conducting synchrotrons. As usual,
this confidence is stated differently on
either side of the Atlantic. The Ameri-
cans tend first to state what can be

done and then list the problems which
remain to be swept out of the way
in order to do it. The Europeans tend
first to list the problems and then
come to what could be done when
they are solved. This subtle difference
means a lot when it comes fo the
‘public relations’ exercise of present-
ing this exciting work to others.

Nevertheless both sides, when
pushed to it, would say that super-
conducting synchrotrons can be built.
There remain many problems to come
to grips with (guite apart from the
detailed work to arrive at an optimum
magnet design, there are major items
such as the refrigeration and helium
transport systems which have had
little attention so far} but none of
them look insoluble. However, be-
cause there is much work still to do,
there is one parameter which no-one
could yet confidently feed into the
design of a superconducting synchro-
tron. To be realistic, it happens to be
the most important one... the cost. To
generalize a reaction to the Seminar,
the question is no longer whether a
superconducting synchrotron can be
built but whether the studies of the
next few years will refine all aspects
of the design so that it can be built at
an acceptable cost.

Magnet design

All Laboratories are concentrating on
the use of niobium-titanium as the
superconductor in the form of thin
filaments in a twisted composite
conductor where the filamenis are
embedded in copper and copper-
nickel matrices (see, for example,
vol. 10, page 48). For example, Ruther-
ford have built cables of 7 or 19
twisted strands, each strand being
about 0.35 mm diameter and having
up to 1045 NbTi filaments of 8um
diameter embedded (thus consisting
of around 50°% superconductor).
Other Laboratories, particularly Brook-

haven, prefer the conductor formed
inte flat braid. The aim is tc have
a maximum current density — with the
Rutherford conductor of over 20 kA/
cm’® for fields of over 45T, (Others
have rather similar aims — 30 kA/cm?
for 5T at Saclay, over 20 kA/cm?® for
5T at Berkeley.)

With cable, 'self-field’ effects have
to be watched (Rutherford once
found current running in the wrong
direction down the centre strand of
a seven strand cable) but generally
the indications are that losses due to
self-field effects will be negligeable
compared with other losses. (A
calculation from Karisruhe in one
particular conductor configuration
gave 0.1W/m as the self-field loss
compared with 4 W/m from hysterisis
and 3W/m from eddy currents.)

Befcre leaving the conductor, it is
worth reporting some promising work
at Brookhaven on another type of
superconductor — vanadium-gallium,
ViGa, which can also be produced
in thin filamentary form. }t can c¢limb
to considerably higher fields (over
20T) than NbTi before going normal
(losing its superconducting property)
and its critical temperature (the
temperature at which it goes normal)
is 145K. This could give great
savings in refrigeration costs running
V:Ga at, say, 8 K rather than NbTi at
4 to 5K. Brookhaven are having
encugh V:Ga made to build a small
magnet and Karlsruhe are also
planning to study it. However, despite
its enticing properties, it is unlikely
that Vs:Ga superconductor will be
available on a commercial scale, as
is NbTi, for many years.

There are a variety of approaches
to potting the conductor in coiis.
Berkeley are averse to potting, main-
taining that it leads to poor coil
performance since it inhibits good
cooling which they maintain is the
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Photograph of a mode! superconducting dipoie
magnet built at Brookhaven. It uses niobium-
titahium superconductor composite in braid form
with the conductor around a circular aperture

in a cos @ distribution. Laminated iron closely
surrounds the superconductor. Such magnets, 0
give 4 T in the aperture, are now being built

50 cm fong.

A rather more complex desigr is shown in the
drawing. It involves two layers of superconducting
windings so as to achieve a field of 6 T. Note
the coil spacing wedges which spread the
conductor around the aperture and the 'clean’
configuration of the conductor at the ends of
the meagnets.

more important factor. This is not
borne out by others who are trying
different materials. Rutherford, where
the appreoach is typically broadly-
based and thorough, have had many
coils through many cool-downs both
without impregnation and with impreg-
nation (using unfilled epoxy resin,
filled epoxy resin, wax, ice, oil or
nitrogen). ‘Training’ (progressive ap-
proach to the performance achieved
with short samples of the conductor)
appeared to be correlated with inter-
nal mechanical ensrgy stored in the
coil during fabrication and cooling. As
the coils settled down mechanically
their performance improved and all
the potted coils reached over 90 % of
the short sample performance.

Rutherford are going for filled epoxy
and will probably look at some
inorganic potting materials also.
Brookhaven have recently had some
good results from a thermosetting
plastic insulation (known as Poly-
bondex 180) which has excellent low
temperature properties.

Coil shapes to give the required
field configuration in the magnet
aperture come in two styles — con-
stant current density, requiring ap-
propriate distribution of the current
carrying conductor (arranged in V'
shape each side of a circular aperture
in the Saclay design and like an
elaborate ‘U’ each side of an elliptical
aperture in the Karlsruhe design) and
cos distribution, where the con-
ductor is spaced cylindrically around
the aperture with the conductor on
the median plane carrying higher
current than those above and below.
This latter is the favoured alternative
at Brookhaven illustrated in both the
photograph and sketch. [t has by no
means been proved to be the optimum
design, and needs more work before
required precisions are assured, but
it appears to have a simplicity of
construction (a 35cm long, 5cm
aperture model was completely wound
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in less than four hours) which the
design must ultimately have before
magnets are produced commercially
by the hundred for a high energy syn-
chrotron.

The question of where to place the
iron seems to be coming down in
favour of iron as close as possible
around the conductor. At Brookhaven,
it is treated as a laminated iron core
and an integrated part of the design,
its thickness being selected to mini-
mize the sextupole component of the
field and its variations. It helps to
keep stored energy down and can
add over 1T to the field in the aper-
ture. It also serves as a mechanical
clamp around the windings. The heat
losses in the iron, which is within the
cryostat, are not regarded as adding
seriously to the refrigeration pro-
blems. Dipole magnets are however
being built (e.g. at Saclay and
Karlsruhe} with the iron used as a
shield outside the cryostat to cut down

external fields. Thus both options will
be studied in the next few years.

Cryogenics, radiation problems,
power supplies

Comparatively little attention has yet
been given to the cryogenics pro-
blems on the large scale of a high
energy synchrotron — there is little
practical work to back up the calcu-
lations on the required refrigeration
and on the costs likely to be involved.
Estimates for the helium cooling
system of a 1000 GeV superconducting
machine put the total losses (the
static load from the dewars, etc. and
from the helium distribution system
plus the pulsed load from the heat
produced in the magnets) at between
25 and 100 kW (cold watts) requiring
up to 15 MW (hot watts) of refriger-
ation, which is frightening but not
prohibitive.

Associated problems — such as



that of keeping down the total volume
of helium (not the world’s cheapest
commodity), of transporting helium
around kilometres of machine (per-
haps inside a nitrogen cooled pipe,
perhaps using the magnets themselves
as the transfer line), of using one or
several refrigeration stations, of mag-
net cryostat design (Karlsruhe are
working on a plastic cryostat}, of
possibly enclosing superconducting
power leads to the magnets inside the
helium lines — all need more thought
and some practical experience.

The effects of high doses of radi-
ation on the materials likely to be
used in the magnets also need
attention. The worry about degra-
dation of the superconductor itself
which followed some measurements
at Los Alamos (vol. 10, page 184) have
been cleared but it would be comfort-
ing to have behind us some system-
atic high energy irradiations of pro-
posed magnet materials. Some beam
time at the present high energy
machines could usefully be made
available for this.

The required power supply to feed
a high energy superconducting syn-
chrotron is another frightening but
not prehibitive feature. The amount of
energy which will need to flow from
the power supply to the magnet and
back in a 1000 GeV synchrotron is
estimated at 150 MJ on the basis of
the Brookhaven magnetl design and a
factor of four higher on the basis of
present European designs (Brook-
haven plan for 20 % lower field, iron

close, lower operating temperature,
more compact magnet — smaller
aperture, less insulation). In either

case, it is a lot of joules to pass
around.

Several conventicnal motor-gener-
ator sets or static compensator sys-
tems (given a very healthy Ilocal
electricity grid) could handle the pro-
blem. More appropriate, and poten-
tially better if it can be proved in

practice, is a novel superconducting
power supply and energy store which
is being studied at the Rutherford
Laboratory. An analogue modet of
such a system is now in operation
and it was one of the highlights of
a tour of the superconducting work
at the Laboratory to see the model in
operation, with a pen recorder tracing
out magnet cycles complete with
injection pfatforms and flat-tops. An
explanatory article on this power
supply will appear in CERN COURIER
in the next few months.

Machine design studies

A vital decision, when first sitting
down to integrate individual com-
ponents as discussed above into a
machine, is to specify the required
aperture. .K. Green from Brookhaven
puts it that you first work out your
proton orbits and then put the hard-
ware around them. Obviously, the
smaller the good field aperture in the
magnets the cheaper will be the
magnets te build and to operate
{probably reducing the refrigeration
problems and certainly reducing the
power supply problems since the
stored energy goes up rapidly as the
aperture is increased).

These considerations give added
weight to the idea of building a super-
conducting synchrotren in association
with an existing high energy machine
which would serve as injector. Then
the beam could be fed to the super-
conducting synchrotron already
shrunk in size. (An interesting side-
line debate on this topic concerned
the shrinking in size of an accelerated
beam above transition. Very recent
results from the Brookhaven AGS
indicate that it continues to shrink —
they finish with a virtually circular
beam in configuration space of 1cm
diameter at 30 GeV with 2 X 10" pro-
tons. At the CERN PS5 the effect is not
clear and detection equipment is

being refined to give more precise
measurements.)

With high energy injection giving a
smaller beam, the aperture in the
superconducting ring can go down
whiie still catering comfortably for
injection and acceleration. However,
this will be to no avail if more aperture
is then needed for ejection. Work on
slow ejection so far indicates that it
might be this which dominates the
aperture decision. In designing the
machine it may be necessary to begin
at the end and define the ejection
requirements first. But if ejection does
seem to dominate the aperture de-
cision, maybe it is time to rethink
ejection schemes.

The attitudes of the different Labo-
ratories at present range from Brook-
haven maintaining that 5 cm diamester
aperture is sufficient, to Saclay now
building a magnet with 10 cm diameter
aperture, with Karlsruhe now building
a magnet with elliptical aperture
4% 7cmi

Ancther major decision is that of
pulse repetition rate. On one side
there is the philoscphy promoted by
R.L. Martin of Argonne to take the
strain off the pulsing problems by
running the machine as near d.c. as
possible {10 s rise time, 100 s flat-top)
keeping the physicists happy by ac-
celerating 10" or more protons per
pulse. On the other side, most Labora-
tories are aiming for cycle times
nearer to those to which we have
become accustomed, i.e. in the 5s
range. This could need a super-
conducting power supply when the
details of stored energy have been
clarified.

Turning now to actual design stu-
dies : Berkeley are studying a 70 GeV
machine, 160m in diameter with a
peak field of 5T pulsing at between
once every 25 and once every 10s.
The machine would be built in associ-
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ation with some existing facilities at
LRL including initially 50 MeV injec-
tion. A slow-cycling 2 GeV super-
conducting booster could be added
later. They are now designing and
building superconducting magnets
30cm to 1m long.

Brookhaven have quite a detailed
study of a ‘Cold Magnet Synchrotron
(CMSY’, already in print (BNL 15430).
They considered also the use of
‘cryogenic’ magnets (see CERN
COURIER vol. 8, page 188) but these
are now taking second place to super-
conducting magnets. They have de-
signed a superconducting conversion
of the 30 GeV AGS having another ring
near the floor in the same tunnel
Parameters are — peak energy 112
GeV, diameter 260 m, magnetic field
rising from 1 to 4 T injecting at 30 GeV
from the AGS. (If the 6 T magnets,
mentioned above, are mastered the
peak energy could be nearer 150GeV.)
The beam intensity is set at 10" pro-
tons per pulse with a repetition rate
of one pulse per 4s (1.2s acceler-
ation, 1.6 s flat-top). They have also
considered a 2000 GeV supercon-
ducting synchrotron. The immediate
effort is concentrated on building a
set of magnets 30 to 50cm long by
the end of 1971 and, on the basis of
experience with these magnets, to
come to the detailed design and
construction of magnets about 2m
long such as wouid be used in the
machine.

Karlsruhe are thinking of a 1 GeV
‘table-top’ model which could even-
tually serve as ‘meson factory’). They
are constructing 40 cm dipole magnets
and hoping to have, sometime in 1972,
a 1m magnet to give 5T with a 2s
rise-time. They also have quite a broad
programme of work on the associated
problems — cryogenics, radiation, etc.

Rutherford have studied the possi-
bility of a conversion, known as the
SCS (superconducting synchrotron),
of the 7 GeV Nimrod. Using the exist-
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ing accelerator building, a machine
with the following main parameters
could be possible — 22 GeV energy,
55 m diameter, peak field of 6T, in-
jecting at 400 MeV from a booster fed
in turn by the existing 15MeV linac,
accelerated intensity over 210" pro-
tons per pulse at a repetition rate of
6.75s. They have also considered a
50 GeV machine removing the restric-
tion of using existing buildings. Model
magnets 50 to 100cm long to give
around 4.5T are being designed and
built.

Saclay have also proposed a super-
conducting conversion of their ex-
isting machine, the 3GeV Saturne.
They maintain that before a very high
energy machine could be undertaken,
a ‘pilot’ machine of this kind should
be built (other Lahorataries might not
insist on a full pilot. machine but would
certainly want to see a machine sector
in operation). By about the end of
1971 Saclay hope to have a magnet
50 cm long, 10 cm aperture to give
about 8 T with a 1.5 s rise-time.

A great deal of the effort at the
three European Laboratories is going
into the study of a superconducting
synchrotron which might come about
at the CERN Laboratory Il. Options
with regard to the use of pulsed
superconducting magnets have been
feft open in the preliminary design of
the CERNIil machine (see, for ex-
ample, vol. 10, page 110).

One option is that having started
construction with conventional mag-
nets (to give say 200 GeV) there could
be sufficient space around the ring
to slot in superconducting magnets
to give at least double the energy.
This idea of a single ring having both
conventional and superconducting
magnets looks rather less promising
as the requirements of superconduct-
ing magnets become clearer. The
need to go for the smallest possible
aperture, for example, may prevent

integration in a conventional ring.
However, a ring in the same tunnel,
possibly fed at high energy from a
200 GeV conventional ring, is another
alternative. A possible operating
scheme which could take the pressure
off the rise time of the superconduct-
ing magnets, if need be, would be to
interleave the output pulses from the
superconducting ring (fed by the con-
ventional ring} and the conventional
ring, thus feeding physics pro-
grammes at two energy ranges. But
it is too early to pin things down.

The three European Laboratories
have formed a collaboration known as
GESSS (Group for European Super-
conducting  Synchrotron  Studies)
which is effectively carrying out
development work on behalf of
CERN Il and advising CERN [l on the
possibilities. GESSS meets at regular
intervals to discuss problems and to
pocl information on progress. They
have as their ultimate goal the design
and construction of a 1000 GeV super-
conducting machine at CERN I,

As the CERNIl people, who will
initially design a machine for several
hundred GeV using conventional
magnets, come together from the
middle of this year there will no doubt
also be close contact between them
and GESSS. Several design decisions
on the conventional machine could
go a long way towards making life
easier in any superconducting addi-
tion.

By the beginning of 1974, GESSS
predicts that several supercenducting
pulsed magnets on a scale appropri-
ate for a 1000 GeV machine will have
been built and put through their paces
over several million cycles. By then
the associated technologies will also
be better understood and it should be
possible to have a realistic stab at the
cost. This information will then be
fed into the balance pans at CERN I
in discussing the future development
of the Laboratory.



CERN News

Gargamelie inauguration
On 7 May, the heavy liquid bubble
chamber, Gargamelle, was inaugura-
ted at a ceremony held in the Gar-
gamelle hall. The chamber passed
formally from the charge of its de-
signers and builders at Saclay, to the
charge of CERN. There was a large
gathering in the hall, both of those
who had worked on the construction
and of those who are now to use the
chamber in experiments. They gave
the largest heavy liquid bubble cham-
ber in the world at appropriate send
off.

After everyone had had an oppor-
tunity to admire the huge chamber
and to see photographs of the first
neutrine tracks which it had produced,
speech-time began and R. Levy-Man-
del (Director of the Saturne depart-
ment at Saclay}, A. Lagarrigue (Di-
rector of the Linear Accelerator Labo-
ratory at Orsay) and Ch. Peyrou (Di-
rector of the Track Chambers Division
at CERN) traced the development
since 1964, when A. Lagarrigue, A.
Rousset and R. Florent first sketched
the outline of the project. Saclay (with
help from QOrsay, Ecole Polytechnique
and CERN) solved, one by one, the
difficult problems invelved in con-
structing an instrument of this size.
The most worrying times were in 1968,
when difficulties in the manufacture
of the body of the chamber {(one of
the largest, most complex pieces of
metalwork in steel ever attempted)
made it clear that the original schedule
far Gargamelle could not be met. The
decision was then taken fo assemble
component parts directly at CERN and
to omit the testing stage intended to
take place at Saclay. Great efforis
were made by the Gargamelle con-
struction team (there was a gap of
only four months between July 1970,
when the chamber body arrived at
CERN, and the first photographs of
cosmic rays) to make up a consider-

View in the Gargamelle half (the pressure tanks
of the farge heavy liquid bubble chamber can

be seen in the loreground} during the inauguration
ceremony on 7 May.

CERN 78.5.71
able part of the delay. It is sad that
one of the main architects of this
success, J. Lutz, who for five years
led the construction work, is no longer
here to see the fruits of his labour.
The Director General of CERN, W.
Jentschke, concluded wishing Gar-
gamelle well in its coming years of
physics research. Before the inaugu-
ration ceremony, the chamber had
already taken 14500 photographs of
antineutrinos and neutrinos which can
be used (together with many photo-
graphs of neutrons, muons and pro-
tons} and the quality of its per-
formance makes for an excellent start.
Gargamelle began its first sched-
uled physics experiment on 13 May.
The first was very brief (two days) and
consisted of an attempt to see new
types of leptons (stimulated by some
intriguing observations at Stanford).
For this, the shielding of the neutrino
line was directly bombarded with pro-
tons.

The next experiments will be those
scheduled long ago (see vol. 10, page
254). The first is being done by the
Aachen - Brussels - CERN - Ecole
Polytechnique - Milan - Orsay - Uni-
versity Gollege collaboration and wili
involve a tetal of 400 000 photographs
te study neutrino interactions. The
second, carried out by the Bergen -
CERN - Strasbourg collaboration, will
also involve 400000 photographs to
study neutral mesons.

Omega progress

One of the major items of the CERN |
improvement programme is the con-
struction of Omega — a large ‘uni-
versal’ detector using electronic
techniques {described in vol. 9, p. 31).
It is intended to be used in much the
same way as a bubble chamber. This
means that it will be fixed permanently
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in position in the West Hall and will
accommodate a wide variety of ex-
periments with little modification. The
variety will come from the internal
arrangement of detectors and the
peripheral triggering systems which
will vary from one experiment to
another.

Possible use of Plumbicon

The main component of Omega is a
large superconducting magnet which
will provide a field of 18 kG over a
useful volume of 14 m® It was decided
that, for initial operation at least,
optical spark chambers would fill the
magnet aperture and events would
then be photographed by cameras
similar to those of bubble chambers.
The advantage over bubble chambers
is that the system would be triggered
to phofograph only the interesting
events. Given the ‘dead time’ of at
least 50 ms for normal optical spark
chamber systems, a potential data-
taking rate of ten photographs per PS
cycle (500 ms slow ejection) would
exist, though a figure half this would
be more typical.

However, we would still be left with
the messy and time consuming busi-
ness of scanning and measuring pho-
tographs. It was suggested early on,
that, to eliminate this drawback,
television cameras could be used to
give direct readings by converting the
information in the spark chambers
into electronic form, leading to direct
processing by a computer. Vidicon
television cameras, however, are less
reliable than ‘still’ cameras and their
resolution time is 100 ms, twice as
long as an ordinary camera. Thus
the early studies were halted.

In January 1971, a team from the
University of Birmingham, Rutherford
Laboratory and Westfield College Lon-
don proposed the use of colour
television cameras of the Plumbicon
type which have recently become
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commercially available and which
have a much shorter dead time (be-
tween 5 and 10 ms). There would be
eight such cameras covering the
Omega volume. Their data taking
potential is over fifty events per PS
cycle (though, again, figures half of
this would be more realistic) implying
that figures approaching a million
events per day become possible. The
accuracy with which sparks can be
located with such a system should be
better than 0.5 mm and neighbouring
sparks should be resoclved over 10 mm.
One problem is the range of spark
intensities with which the system will
have to deal. It was known that the
Plumbicon cameras could cope with
a range of 50 to 1 but it has since
been found that for detection efficien-
cies of over 90 % the range could be
over 300 to 1 requiring uncaomfortably
large camera apertures.

People from the original proposing
group, from CERN and from Ecole
Polytechnique (where the digital elec-
tronics right through to the computer
interface is being tackled) are working
on the Plumbicon system. Two proto-
type cameras are being built and the
eight required by Omega could be
ready for operation in the first half of
1972. However, there has been delay
in the construction of one of the
support sieel plates for the magnet
and commissiening in the second half
of 1972 is likely to proceed initially
with only one coil in action.

Use of proportional chambers

Since the initiation of Omega, an
additional factor has had to be taken
into consideration — the possible
use of multiwire proportional cham-
bers (MPCs) in detection systems (see
CERN COURIER vol. 10, page 150).
Recent improvemenis have made
them particularly suitable for use in
a magnetic field where we want fo
use the volume to the full — as in

the case of the ISR split-field magnet
{see vol. 10, page 145) and Omega.
For Omega, however, a change from
optical chambers to MPC’'s has not
vet been fixed. It will probably be
when high energy beams from the
300 GeV accelerator become availa-
ble.

The advantages of MPC’s are,
firstly, that they can operate in high
magnetic fields, and secondly, and
more importantly, that they have a
very short resolution time (less than
100 ns), which means that the data
taking rate can be very high. Initially,
MPC's will be used for triggering,
where they can be more selective than
scintillators.

The associated computers

In addition to the advantage of fast
data collection, it will be possible to
trigger several experiments at the
same time in Omega. This will allow
groups to perfect their equipment
without prejudicing the main experi-
ment on hand and save valuable time.
It requires close cooperation between
the groups and the drawing up of
a programme beforehand, mainly be-
cause they must plan the use of the
two computers associated with Ome-
ga, an EMR 6130 and a CII 10070,
both of which have successfuily
passed acceptance tests at CERN.
The way in which the computers wiil
be used will evolve in the course of
operation. An experiment using the
electronic technique must be continu-
ously monitored (usually by a small
on-line computer such as a PDP 11).
In the case of Omega such computers
can be connected to the Cil 10070
for more complex monitoring pro-
grams. During the data taking phase
of the experiment, the EMR 6130 will
also come into action serving mainly
to record the data on tape. It may also
be used to process resulis and display
them on a screen, calling on the Cli



10 070 for help with any complex pro-
grams.

Direct data processing would make
it possible, primarily via display on a
screen, to know results immediately.
There are two schools of thought on
this subject. The first is the traditional
one, which considers that direct
processing provides insufficient time
for reflection and that time is needed
to digest data thoroughly. The second
is the ‘instant discovery’ school.
Certain experiments could justify such
processing but would require long
and careful preparation in advance.
In general, the lack of wvery large
computers for on-line processing, will
dictate the processing of some of the
results immediately and the bulk at
leisure.

Ancther inter-relation of the EMR
and Cli computers would be when
two experiments are carried out at the
same time (using the same incoming
beam, obviously). In such a case, the
EMR would record data from one
experiment and the Cll from the other.
The Cll is likely to be very occupied
also with postponed processing,
particularly since it will also serve for
experiments carried out with the ISR
split-field magnet, which may fake
half its time.

First scheduled experiments

The diagram shows the arrangement
of detectors for the first six experi-
ments scheduled with Omega. The
experiments will be carried out at
momenta between 5 and 15 GeV/c with
beams of about 400 000 particles per
pulse using a hydrogen target 30 cm
long and with a set of four proportion-
al wire chambers available for trigger-
ing.

The normal data collection period
will be about two weeks per experi-
ment, and all these experiments are
likely to be completed in the first year
of full operation (1973).

A possible arrangemernt of the computer system
tor the tirst experiments with Omega. The main
experiment (1) will use the EMR 6130 on-line to
the Plumbicon cameras, a iriggering system
and a small computer (PDP-11). The equipment
for experiments (2) and (3) can be tested at the
same time using a smali computer fo monitor
operation backed up, if necessary, by the C Ii
10 07Q. The C i computer will also be used for
tinal processing.

1. An EMR 6130 computer {made in the USA by

a subsidiary of Schlumberger, France) which has
just successfully complieted acceptance tests.
Two of these computers were ordered by CEAN
in 1968 — one for use with Omega and one with
the ISR split field magnet,

2. View of the C I 10 870 computer, supplied by
the Compagnie Internationale pour I'informatique
which complieted its acceplance fests in March.
The machine can now be used for compiling
programmes for-Omega and for the ISR split tield
magnet, which will be its iwo main users.
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It should be possible in every case
to obtain greater accuracy in the
experiments carried out with Omega
because of the high statistics which
will be possible by comparison with
bubble chamber experiments. In this
connection, a distinction must be
made between two classes of experi-
ment — those where the increase in
statistics is of the order of 100 (the
first three experiments below) and
those where it is around 10000 (the
second three). in the first type it is a
statistical increase relating to fre-
quently occurring events that is
sought ; in the second, the emphasis
is on events which are very rare and
therefore of special interest. Some of
them have never yet been observed !

The first six experiments scheduled
are :

1) Bari, Bonn, CERN, Milan, Liver-
pocl and Daresbury studying negative
mesons produced in the reaction
a” -+ p-—p-+ negative meson. The recoil
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protons, curving in the magnetic field,
are selected by a 2m® scintillator
which responds to a missing mass
hetween 1 and 2 GeV. As in the next
two experiments, the expected sta-
tistics (500 events per microbarn)
could resolve some of the many pro-
blems raised by mesons encountered
in this mass region (e.g. the A2}.

2) Rutherford, Birmingham and West-
field College studying neutral mesons.
This complements the experiment
above and uses a neutron detector.
3) CERN, ETH studying strange neutral
mesons K +p—K™+n. The K™ is
detected via its decay producis by
means of two multiwire proportional
chambers. Since the K* decay is of
the type K™ — K°+=*+a, and the K°
decays into a pion pair, the first
chamber detects a pion pair and the
second chamber two pion pairs. As
the K* is emitted in the forward
direction, detection efficiency is ex-
cellent.

An arrangement of the detectors to be used in
the first experiments with Omega. The positive
kaon detection system would be added if the
experiment is approved.

4) CERN, Collége de France, Ecole
Polytechnique and Crsay studying the
baryon exchange mechanism leading
to a fast proton emitted in the forward
direction. This is an extension to
inelastic interactions of an experiment
on elastic backward scattering, now
being carried out at the PS.
5) CERN, ETH, Karlsruhe and Saclay
studying the forward production of
high energy lambdas by the exchange
of strange baryons. This is a special
case of the previous experiment,
differing from it by a considerable
simplification of the triggering system,
because the lambda |eaves the target
before decaying into charged parti-
cles.
6) Glasgow and Saclay studying the
production of strange or non-strange
antibaryons. It is hoped, with this
experiment, to be able to see very
rare decay modes of heavy mesons.
Finally, a test on a positive kaon
detector is scheduled, with the aim
of subsequently carrying out an
experiment on the production of
excited baryons of double strange-
ness.

81cm
chamber pensioned off

Last month, the 81 cm hydrogen bub-
ble chamber was ‘retired’ after ten
years of operation at the 28 GeV
proton synchrotron. Though still hale
and hearty, it has been put out to
grass in some corner at Saclay where,
twelve years ago, it first saw the light
of day. The chamber has been most
productive, taking sixteen million
photographs and deserves to pass
into retirement with a suitable eulogy.

The decision to build the chamber
was taken at Saclay in 1958. For
economy and speed the plans of a
chamber already being constructed
were used (those of R. Shuit of
Brookhaven, with the measurements



extrapolated in a 5/4 ratio and with
several changes of detail). At that
time, small chambers (30cm) were
already in use, and larger ones (for
example, 1.5 m at Rutherford and 2 m
at CERN)} were planned. There ap-
peared to be advantages in the
construction of a chamber of inter-
mediate size which could be com-
missioned before the larger ones. The
construction, led by B. Gregory
and R. Florent, was completed in a
littte over two vyears. The first tests
began at Saclay in January 1959 and
six months later the chamber was
commissionad at CERN.

Almost all of the physics labora-
tories and universities in the Member
States of CERN have been involved
in experiments with this chamber, as
well as users from USA, India, Israel,
Spain, Czechoslovakia and Poland. lts
contributicn to particle physics has
been considerable — for example, the
number of particles identified and
studied for the first time in this
chamber has been assessed at ten,
while many more may well have been
‘first-timers’.

The experiments which have led to
important results may be divided into
six categories :

1. The measurement of the relative
parity of sigma and lambda, which
was found to be ‘even’ in a study of
the invariant mass spectrum of Dalitz
pairs in the decay of unpolarized
neutral sigma hyperons produced by
negative kaons at rest in hydrogen.

2. The discovery of the antiparticle
of the negative psi hyperon in anti-
proton-proton interactions at 3 GeV/c
(simultaneously with Brockhaven).

3. Boson resonances. This i3 a
specialized field of the chamber,
using antiproton-proton annihilations
either stopped or at very low energy.
For this purpose, a very pure anti-
proton beam was used from 1961
onwards, the achievement of such a
beam being itself regarded at the

time as an outstanding success. Two
electrostatic separators supplied by
the University of Padua made it
possible to select antiprotons from a
secondary beam of the proton syn-
chrotron. It has been possible, be-
cause of the systematic nature of the
experiments, to study a large range
of these annihilations and, in particu-
lar, to study boson resonances. The
short-lived resonances can be recog-
nized only by a study of their decay
products. The foliowing were identi-
fied :

— C meson: found in proton-anti-
proton annihilations which give KK
plus two pions and appears as a
K nn resonance with a mass of 1280
MeV ;

— E meson:

observed in stopped

proton-antiproton annihilations which
give KK plus.three pions and appears
as a KK« resanance with 'a mass of
1420 MeV ;

— D meson : observed in low-energy

One of the last photographs taken in the 81 cm
hydrogen bubble chamber during an experiment
searching for ‘exotic’ resonances. The event
recorded /s of the elastic scattering of a positive
kaon on a proton. The kaon subsequently decays
into three charged pions and one of the pions
goes fo a muon which in turn goes to an electron.

proton-antiproton  annihilations (1.2
GeV/c) according to the reaction
where D° is produced together with
an omega meson ;

— F meson : observed in low-energy
antiproton-proton annihilations ap-
pearing as a KK* resonance with a
mass of 8380 MeV ;

— K** meson : observed in kaon-pro-
ton interactiens at 3.5 GeV/c incident
momentum appearing as a K°n re-
sonance with a mass of 1420 MeV.

4. Strange hyperon resonances: A
series of experiments has been made
in hydrogen and deuterium to study
systematically the formation of strange
hypercons in the collision of a negative
kaon with a nucleon. This method
has been used very successfully in
picn nucleon interactions for many
years and has provided almost all
our knowledge of the excited states
of the nucleon. The study consisted
in progressively varying the incident
kaon momentum (between 430 and
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1400 MeV/c) in 20 MeV/c steps and
observing the consequent variations
in the cross-section and angular
distribution of the diiferent reactions
produced.

Peaks in the cross-section appear
at certain energies, denoting the
existence of resonances, the masses
of which are determined from the
momentum of the incident Ks. A series
of resonances with masses from 1540
to 1970 MeV were thus demonstrated.
It has been shown, in particular, that
the considerable peak repeatedly
found around 1800 MeV is in fact due
to the combination &f two resonances,
one of 1765 MeV and the other of 1815
MeV, the spin and parity of which (5/2)
and (5/2)* have been determined. In
addition, three new resonances were
identified (1670, 1690 and 1830 MeV).
5. Exolic resonances: An important
programme of research has recently
been undertaken to find out whether
there exist baryons of positive strange-
ness, known as ‘exotic states’. A set
of experiments similar to the K'N set
mentioned above was organized to
study their possible existence and the
results are being analysed.

6. Weak interactions : The properties
of the main decay modes of hyperons
into particles sensitive to the strong
interactions are well known. However,
certain decay modes of the hyperons
involve the production of particles
sensitive to the weak interaction and
had not previously been studied be-
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cause of their rarity. These modes
were studied during an extended
series of experiments with stopped
negative kaons. Precise values were
obtained for the frequency of the rare
lepton decay modes, while the study
of the angular correlations between
the particles from the decay and their
momentum distribution made it possi-
ble to determine the hadron and
lepton couplings which were found to
be in accordance with Cabibbo’s
theoretical model.

The career of a chamber which has
contributed much to our knowledge
of the behaviour of particles is thus
over, It could continue to render solid
service for years to come but, in a
period of tightening budgets, it gives
way to the superior quality offered
by the CERN 2m chamber and
the coming 3.7m chamber, BEBC.

ERASME
Computer ordered

To cope with part of the output of
the experiments to be done in the
3.7m European hydrogen bubble
chamber, a new data handling system
is to be established at CERN. It has
come to be known as ERASME, an
abbreviation of Electron RAy Scanning
and Measuring Equipment,. and will
be described in more detail in a later
issue. Here we report an important
step in the project which has been

The body of the large European Bubble
Chamber (BEBC), constructed by Mannesmann
(Thyssen), pictured shortly after its arrival at
CERN on 23 Aprii. The body has 6 windows
through which the beam particles will pass,

4 apertures for laser beams and 5 aperiuras for
lenses. It weighs 26 fons, measures 3.85 m high
by 3.84 m in diameter, and in parls js 80 rmm
thick. The body will be instaiied af the end of
August in its final position inside the vacuum
enciosure after compligtion of pressure tests,
instailation of external heat exchangers and
titting of an inner lining of Scotchfite,

taken in the signing of a contract
with Digital Equipment Corporation
for a PDP-10 computer.

The design of ERASME has been
based on the experience gained by
the Data Handling and Track Chamber
Divisions in the construction and
operation of systems for handling
bubble chamber film. It will consist of
a number (there is potential for five)
of scanning and measuring units (S/M
units) linked to a central computer
(the PDP-10}. Each S/M unit will have
its own precision cathode ray tube
scanner {see vol. 10, page 9) to make
the measurements, and the film image
will be projected optically so that the
operator will be able to find the events
to be measured and to guide the
system during the measuring pro-
cedure. Immediately after the measure-
ment of an event the computer can
reconstruct it in three dimensions. If
problems arise during the measure-
ment or in the reconstruction, the
operator can provide extra guidance
by means of a digital display and the
projected images of the events.

The role of the PDP-10 {which will
have 96 000 words of core memory,
two large disk packs, two magnetic
tape units and a line printer) is to
provide to each of the S/M units, in a
time-sharing manner, the necessary
computing capability to control the
measuring process, filter the measure-
ments, reconstruct events, output the
data on measured events, and com-
municate with the operators.




Radiation Protection Congress

Report on the International Congress on
Protection against Acceleralor and Space
Radiation held at CERN on 26-30 April

In comparisen with the problems
posed by the installation of nuclear
power stations or the testing of
nuclear weapons, the protection of
people in and around high energy
physics laboratories appears relatively
straight forward, and there are few of
us who are worried about the radi-
ation risks associated with cosmic
rays. This is no doubt due, on the
one hand, to the adequacy of radiation
protection measures in and around
accelerator laboratories and, on the
other, to the fact that we live under
a protective screen eguivalent to
about 10m of water which has
ensured the survival of the human
race even under the worst solar flare
conditions.

The trend in high energy physics is
towards higher energies and intensi-
ties ; the trend in travel is towards
higher altitudes with the risk of ex-
posure to greater fluxes of natural
high energy radiation. 1t was logical
therefore that the groups thinking
about safety and protection in the
two fields should come together.
Organized by CERN, the Sociélé
Francaise de Radioprotection and the
Fachverband fiir Strahlenschutz of the
Federal Republic of Germany and
Switzerland (represented by J. Baarli,
M. Avargues and G. Poretti), an
International Congress was held from
26 to 30 April at CERN on 'Protection
against Accelerator and Space Radi-
ation’. More than 200 people partici-
pated from some 20 countries, in-
cluding all those with a significant
space or high energy physics pro-
gramme.

The presence of biologists ensured
that one was always aware of the
fact that the subject under discussion
concerned primarily human beings,
although several aspects could be
discerned — the academic {con-
cerned with the fundamental charac-
teristics of energy transfer and bio-
logical damage); the instrumental

(concerned with measuring the de-
sired quantities) ; the organizational
(concerned with translating the known
information into practical design data
and providing the necessary pro-
tection service in an economic way).

Atomic energy developments have
stimulated an enormous amount of
work at low energies on the somatic
and genetic effects of radiation and
the recommendations of the Inter-
national Committee for Radiological
Protection are virtually universally
accepted. Moreover they are explicit
and relatively straightforward in inter-
pretation. Extrapolaticn to high ener-
gies, however, is open to various
interpretations and there is, as yet,
almost no direct biclegical evidence.

One of the problems in establishing
new norms is to get agreement on the
quantities that should be measured.
The rad is still a perfecily réspectable
unit which describes the energy de-
posited macroscopically in a volume
of one gram of matter. The LET (linear
energy transfer} may mean something
different to the physicist and the
biologist. The physicist tends fo think
in terms of the microscopic energy
foss from the incident particle, the
biologist of the local energy depo-
sition in the tissue.

Confusion also arises in the differ-
ence between RBE (relative biological
effectiveness) and QF (quality factor),
the former is a quantity determined
from radiobiclogical experiments and
depends on exposure and biological
conditions, while the latter is used
exclusively for estimating dose-equiva-
lent for radiation protection purposes.
Dose-equivalent, which is rad X QF,
has units of rem {Rontgen equivalent
man) and is the unit in which radiation
effect on you and me is measured.
Ambiguities in the interpretation of the
units stimulated a special meeting
prior to the Congress sponscred by
the International Atomic Energy
Agency and the World Health Organi-

zation both of whom have an interest
in putling a little more order into the
situation.

From the point of view of practical
politics however, even if there are still
no perfect mathematical models
finking dose and damage, there is
good evidence for basing protection
systems on the assumption that the
flux and the® LET are the important
quantities which take adequately into
account the number of the incident
particles and the density of energy
deposition. At the dose rates [ikely
to be encountered, damage is pro-
portional to total dose.

Te put a few numbers down : the
ICRP recommends that exposures to
the population should not exceed 5
rem in 30 years equal to a constant
rate of 170 mrem per year (19 mrem
per hour). The design of the new large
accelerator at CERN specifies that, on
the basis of present evidence, with a
1000 GeV beam and a loss in the ring
of less than 5 % with 6 X 10° pulses
per year, the surface dose should be
only 1/5 of this figure. (The ring is
actually 3 m deeper than is necessary
giving an additional factor of 80.) The
protection at the Batavia accelerator,
NAL, is designed so that even with a
catastrophic beam loss the maximum
possible dose on a public road would
not exceed 85 mrem. Papers from the
USSR (quoting also data from other
sources) gave the equivalent dose in
rems from incident protons or neu-
trons in the range 0.4 to 2GeV as 6
to 20 rem for an incident radiation of
10° particles per cm?® Zond-5 on its
moon trip recorded a total proton
incidence of 3.2 X 10° per cm’ giving
a calculated dose of less than 1 rem.

In a violent solar flare Concorde
could encounter doses of up to 1 rem
per hour so that on-board warning is
needed and the aircraft will need to
dive to maintain the dose-rate below
100 mrem/h. (It is expected that the
frequency of the need for evasive
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action about equals that of an engine
failure — if that’s any comfort.)
With the growth of the subject of

radiation protection, considerable
effort has been put into the develop-
ment of instrumentation which can
distinguish the LET as well as the
rad, particularly for higher energy
radiation. There is an everyday need
for field instruments and personal do-
simeters which give resuits which are
unequivocal and ‘good enough’. Set
against these last criteria, the speaker
from NAL hailed the lithium fluoride
in polythene detector, M3, as the
greatest breakthrough in  health
physics instrumentation in ten years.

During the Congress, a number of
approaches to the detailed calculation
of shielding values were presented.
The problem at high energies is com-
plicated by the production of second-
aries of high penetration, spallation
effects and the production of stars
and showers, as well as by the sheer
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scale (a muon shield may involve a
thickness of several hundred metres
of earth). In spite of these difficulties,
there is reasonable confidence that
the sums wiil not be far wrong. The
evidence for this is the satisfactory
agreement at Serpukhov and the ISR
between the radiation levels experi-
enced and those which had been
predicted. But there are still some
surprises — such as the fact that the
production of N13 does not seem to
be a principal source of activity
around points on the accelerator
where beam losses are significant, as
was once assumed.

Radiation protection is however a
rather bigger job than simply doing
the sums and putting in concrete to
fit. Of crucial importance is the crgani-
zation of protection and the education
of staff. It was clear that in many
instances the experts felt it was not
just the manual! workers in radiation
areas who needed the education but

The mobile larget positioning trolfey at NAL. The
target, surrounded by stee! shielding, can be
placed in the beam line with high precision. The
steel Iimits the activation of the soil in the
surrounding area.

(Photo NAL)

also laboratory managements and
experimenters. There was also a
universal wish that the radiation pro-
tection service be called in when new
facilities are designed rather than
after they have been built and proved
to he inadequately shielded.

There was still, however, room for
different philosophies of approach. At
NAL, the tight budget and schedule
has meant that capital installations
have been reduced to a minimum.
Shielding has been calculated on the
basis of 0.1 % beam loss but more
could be added if it proved inade-
quate. Target installations are de-
signed to be removable for easy
disposal. Remote handling techniques
within the ring and service areas are
reduced to a minimum and no hot
labs are installed. The beam dumps
are of aluminium surrounded by steel
in a water tank and during operation
rely on the heat capacity of the
system. The water is only sent through
the heat exchangers when the ac-
celerator shuts down, to avoid the
problems associated with short-lived
activity in water circuits.

The main ring at NAL, like the 1SR
at CERN, is provided with a multiplex
coupled system of monitors since
automation has to be used when the
areas involved become so large. Such
systems have an additional value in
giving information to the machine
operators on beam loss. But they do
not dispense with detailed surveys.

A warning of things to come was
the heart-rending story of the fight to
save the local children from self
destruction (aided and abetted by the
local cathedral authorities) in the
precints of the Liverpool cyclotron
and then the problem posed by the
need to dispose of this gallant
machine now condemned to oblivion.
Is there no one with a requirement
for a 300ton steel muon shield who
is not allergic to an odd residual
gamma or two ?



Around the Laboratories

VANDERBILT
Sorting things out

Ideas on sorting non-ferrous metals
by means of asymmetric magnetic
fieids have been successfully tested
in pilot mocdels at Vanderbilt Uni-
versity, USA. If these ideas can be
carried through to machines operating
on a commercial scale, the benefits,
in terms of recycling resources and
of the recuperated cost of materials
normatly thrown away, could be
€normous.

It was at Vanderbilt that the super-
conducting magnet for HYBUC, the
hyperon bubble chamber, was de-
signed (see the March issue, page 64}
and it was while working on a
National Science Foundation grant
for research on hyperon magnetic
moments that Ch. Roos side-tracked
io ook at the metal sorting problem.

A majer application would almost
certainly be in the disposal of used
cars. At present about 6.5 millicn tons
per year is handled by about a
hundred car ‘shredder’ plants in the
USA. There they are chewed into
lumps of metal about the size of a
fist. It is easy to pick out the ferrous
materials with a magnet but the
remainder, including other metals
{copper, stainless steel, aluminium,
brass, etc.), can only be sorted by
hand or expensive chemical pro-
cesses. It is thus usually dumped
since to separate these metals from
the fibre, rubber, glass etc. and to sort
them one from another is not a com-
mercial proposition.

The solution which is being de-
veloped is to feed the mixiure
including the shredded metals (nor-
mally with a simple gravity feed)
through a strong asymmetric magnetic
field. The different conduclivities of
the metals give different flux pene-
trations and with appropriate field
configurations the different metals can

be deflected by different amounts and
thus separated. The HYBUC magnet
was also used to demonstrate that
large magnetic effects can be ob-
tained in high magnetic fields with
materials normally listed as non-
magnetic, such as stainless steel.
Several pilot models have been
built at Vanderbilt each with different
features — for example, a travelling
wave device for the sorting of large
pieces of non-ferrous metal, a device

One of the pitor modeis at Vanderbilt University
where ideas on sorting non-ferrous metals are
being tesled. This type is known as CZAR
(Cylindrical Z-Axis Rotator) and hag a circufar
arrangement of magnets which is rotated.
Numerous materials can be sorted. They are
dropped into the device from the top and emerge
sarted down the tubes near the bottom.

{Photo J. Corn, Nashvilie Tennesseon)

called ‘Popper’ to get at smaller
pieces, ‘DICUS’ which uses d.c. fieid
gradients, ‘CZAR’ which uses a

rotating field. The results of the tests
have been very encouraging and
devices on a scale compatible with
commercial operations are being built.

The development is now suppoited
by the US Environmental Protection
Agency and is led by Ch. Roos, J.P.
Barach and D.S. Loebbaka. About
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sixty commercial firms have already
expressed interest in the work.

Quite apart from its contribution
to the environment pollution problem,
the widespread application of metal
separation in this way could save the
USA economy encugh money o com-
fortably cover the high energy physics
budget !

RUTHERFORD
Superconducting lead
cavities

Several Laboratories are irying to
reap the benefits of superconductivity
in r.f. cavities. The main potential
advantages are high savings in power
(which also make it possible to have
much longer duty cycles) and much
higher accelerating, or deflecting,
field gradients. These properties are
of interest for linear accelerators (un-
der investigation, for example, at
Stanford HEPL, Illincis University,
Karlsruhe and Stanford SLAC) and
for r.f. separators (under investigation,
for example, at Brookhaven, Karlsruhe
and Rutheriord).

The investigations have almost
everywhere swung to the use of
niobium as the superconducting
material for the accelerator or sepa-
rator structure. This is because the
potential properties of superconduct-
ing niobium could yield very high
performance figures, and tests on
small niobium cavities a few years
ago gave very encouraging resulis.
However it is proving difficult to reach
these figures or to repeat the simple
cavity results in large structures and
niobium cavities are not out of the
wood vyet.

At the Rutherford Laboratory the
work was directed towards achieving
a superconducting r.f. separator to
operate with an average deflecting
field gradient of 3.6 MV/m. In the
structure the peak electric and mag-
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netic fields at the surface of the
superconductor would be 13.8 MV/m
and 0.054 T. These figures are within
the performance characteristics which
can be expected from superconduct-
ing lead. At the design operating
temperature of 1.85 K the critical mag-
netic field for lead (the field above
which the lead would lose its super-
conducting property) is 0.075T. It was
therefore decided not to follow the
trend to niobium but to concentrate
the research on to a lead-lined super-
conducting separator. An additional
reason for the decision was that a
25 9% duty cycle could be required
from the separator and there is some
doubt as to whether the poorer heat
conduction in niobium would make
this possible.

A full scale structure with two cells
was operated by the team at the
Rutherford Laboratory — A. Carne,
R.G. Bendall, B.G. Brady, R. Sidlow
and R.L. Kustom (Argonne) -— in April.
The structure was a single electro-
formed copper unit (to avoid problems
with joints) lead-plated. Great care
was taken during the plating process
to avoid ‘staining' of the lead and
the cool down was done slowly to
avoid mechanical stresses. It was
powered at the design operating fre-
quency of 1.3 GHz and the following
performance figures were achieved: —
At a temperature of 4.2 K a Q-value of
1.6 X 10° was recorded (84 % of the
theoretical maximumy} ; at 2.08K a Q
of 55X 10° was recorded at low
power falling to 3.4 X 10° at high
power. The peak field was 0.051T
carresponding to a peak field gradient
of 12.35 MV/m. Some readings 10 %
in excess of these values were ob-
tained and the performance seemed
to be limited mainly by heating of the
coupling loeps which will be cured.
Mean radiation from the model during
the tests was less than 6 mR.

These results are comparable to or
better than the best results obtained

1. The 3 /2 niohium injector section of the
ltiincis superconducting finac being prepared
for the tests with an eleciron beam which were
carried cul early this year.

2. Photograph laken looking from the output end
of the cryostat in which the niobium section was
instalted during cperation with the electron beam.
As the beam smerges from the cryosiat it passes
by an ion pump to beam observation stations

(a removable screen viewed from ihe side by

a lelevision camera and thén a beam analyzing
magnet which deflected the beam across a wirg).

{Photos Universily of ltiinois)

so far from large hiobium structures
{though figures at least a factor of
two better are ultimately expected
from niobium structures). The next
step is to build a full size lead-plated
structure which will be ready in about
a year,

ILLINOIS
Superconducting linac
first tests

Following on from the Rutherford
operation of superconducting lead
cavities we can report the first tests
with a large scale niobium structure
at the University of lllinois. The
ultimate aim is to build a 30 MeV
superconducting linac which will be
the accelerating unit in a 600 MeV
microtron (see CERN COURIER vol. 9,
page 78). A linac section was oper-
ated with an electron beam early in
the year. On the one hand, it suc-
cessfully accelerated an electron
beam of good, controllable, quality
and cleared several problems con-
cerning vacuum seals, microwave
control and cryogenics ; on the other,
it has not yet approached the full
potential of superconducting niobium
cavities.

A 34/2 section of the linac struc-
ture was installed in a liquid helium
cryostat, operated at a temperature
of 4.2 K and powered at 1.3 GHz. All
other components of the linac, with
the exception of a 13 1/2 section of
the structure, were ready for action.
The eleciron gun is designed to
supply 5mA at 300kV with energy
spread with 0.1 %. For the tests it was
operated at 270 kV and the current
was limited to B0wMA since some
beam-line components were not then
capable of handling higher currents.

The superconducting section was
assembled from irises and end pieces
machined from solid niobium disks
which had been forged and annealed



to achieve a fine grain composition so
that abrasive polishing would not be
needed after machining. Some ab-
rasive polishing did however prove
necessary and an initial chemical
polishing was done. The Q-value was
expected to be high with the niobium
surfaces in this state and the structure
was assembled without further treat-
ment. A Q of 1.4 X 10° was measured
with the temperature in the cryostat at
4.2 K. Following the tests, the section
is receiving its final chemical cleaning
and high vacuum baking at 2070 K.
After this it will be reinstalled and is
expected to give higher performance.

The 270 keV beam was accelerated
to 1.05 MeV with 30 W of rf. power
into the structure. This corresponds
to an accelerating field gradient of
about 2.7 MV/m. The bheam was 2 mm
in diameter 3 m beyond the acceler-
ating section and had an energy
spread of less than 1%. There was
no difficulty in controlling the beam
characteristics and all the special
aspects of the supporting technolo-
gies in use in conjunction with super-
conductivity (vacuum, rf. system,
cryogenics) gave no problems.

The limitation on performance is
almost certainly due to field emission
from the superconducting surfaces.
Effort is therefore moving particularly
onto the improvement of surface
quality in large structures. After the
beam test a second light chemical
polish of the 3%/2 section improved

the Q up to 2.7 X 10° at 4.2 K when
the section was tested in a vertical
dewar.

Electron beams from the linac are
scheduled to be used for research
towards the end of this year. The
100 % duty cycle will be particularly
useful in the production of tagged
photons in the lllingis photon mono-
chromator facility.

STANFORD
Ideas on upgrading
20 GeV linac

The 20 GeV electron linac at the
Stanford Linear Accelerator Centre
completes its first five years of
operation next month. Its performance
has been steadily improved (touching
peak figures of 22.1GeV energy,
82mA current with a 1.8us pulse
length and B880kV average beam
power) and it is supporting a vigorous
research programme, supplying as
many as six interlaced beams of
different characteristics.

Thoughts on further developing the
research possibilities at the linac were
summarized in a paper by R.H. Miller,
R.H. Helm, W.B. Herrmannsfeldt, J.V.
Lebacgz, G.A. Loew, R.B. Neal, C.W.
Olson and J.R. Rees at the USA
Particle Accelerator Conference in
March.

The first possibility is to up the
energy to 35 GeV by installing more

and higher power Kklystrons. The
present 20MW klystrons will be
progressively replaced as they fail by
30 MW Kklystrons. After about 2 /2 years
the peak energy should then climb to
25 GeV. Adding more klystrons (as
was always envisaged in the machine
design) sc that two 30 MW tubes
operate in parallel, and reducing the
repetition rate to 180 Hz rather than
360 Hz, would give 35 GeV without
significantly higher running costs.
Alternatively 80 MW Kklystrons, if they
are developed to a reliable state, might
replace the 30 MW tubes. Schemes to
improve the duty cycle, which would be
an advantage in many experiments, are
also being studied. Reducing the
beam energy during such operation
would keep the running costs the
same.

Another possible refinement is a
‘monochromatizer’ — a travelling
wave r.f. separator which would im-
prove the energy spectrum of the
available beams by a factor of thirty
compared with the present energy
defining slits in the beam switchyard.

Major energy increases could be
obtained by storing the accelerated
electron beam during the time (2.8 ms)
between machine pulses and sending
it back for acceleration through the
linac. This could be achieved by
having a loop of magnet at each enc
of the accelerator to turn the beamr
back into a long straight drift line
parallei to the linac. Between linac
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pulses, the beam would be stored in
the loops and drift line. Such a stored
beam could also be used for long
duty cycle experiments.

The alternative path to very high
energies for experiments is, of course,
the colliding beam technique. There
is already the storage ring SPEAR
under construction at Stanford (see
vol. 10, page 357) and a new possi-
bility would be to collide a 20 GeV
beam from the linac with the stored
beam (the energy of the beam in the
ring being in the 2 GeV region) in one
of the long straight sections of SPEAR.
There are also possibilities of colliding
20 GeV beams into one another by
sending them opposite ways around
one of the magnet loops in the
recirculating scheme described above.

Finally there is the hope that super-
conducting finacs will be mastered in
the near future leading to the cption
of converting the Stanford machine
into a 100 GeV accelerator with a 6 %
duty cycle (as described in vol. 10,
page 284). ‘Project Leapfrog’, which is
to study some of the problems in the
application of superconductivity, is
due for first operation this Summer.

CORNELL
Spectrometer Uses
MPCs

The first year of operation of a high
resolution spectrometer at the Cornell
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10 GeV electron synchrotron has
ended with the publication of some
of the data obtained on rho electro-
preduction in deep inelastic electron
scattering (Phys. Rev. Letters 26, 864
(1971})). The spectrometer is a rather
conventional looking combination of
two half-quadrupoles and a vertical
bend ; however, what is novel is that
the particle trajectories are deter-
mined by eight planes of multiwire
proportional chambers (MPCs) instead
of the more wusual scintillator
hodoscope system.

A moimentum resolution of 0.3 % is
achieved not by having a large
bending angle (the angle is in fact
only 7°) but by taking advantage of
the very small vertical spread (about
1t mm) in the Cornell ejected electron
beam and of the accuracy given by a
wire spacing of 2mm in the pro-
portional chambers. The smaller
bending angle also makes it possible
to accept a 30 % range in momenta.

Each chamber plane has 256 wires,
making 2048 in all. The wires are
made of 20 um gold-plated tungsten ;
the gas is 70% argon, 30% n-
pentane. Four of the planes have
vertical wires and four horizontal. The
voltage puise on each wire is sepa-
rately amplified by a three-stage
linear amplifier and pulse shaper
circuit with 1 mV input sensitivity and
4k Q input impedance.

When a ‘clock’” pulse is received
frem the fast logic trigger, each pulse

T T T
e+p—= et anything
00 E=5.0 GeV -
#:=65° o
ot
o R i j;
300 ) L‘ -
L Elastic Peuk\‘
c
a
[=3
5]
200 — —
100+ -
] 1 | 1 ] _I
44 48 4.8

Scattered Momentum, GeV/c

shaper output is stored in a TTL D-
flip-flop until read into the computer
(initially an I1BM 1800, now PDP-11 on-
line to a PDP-10}. The circuitry is
relatively simple and cheap {(about
$ 10 per wire). Since there is no pro-
vision for delaying the voltage pulses
from the wires, the clock pulse must
arrive within 120 ns of the passage of
the particle ; it is provided by a
coincidence of two scintillation coun-
ters immediately downstream. The
data are read into the computer only
if all the trigger logic requirements of
the particular experiment are met. The
sensitive time under the usual oper-
ating conditicns is 70 ns.

The chambers have operated very
reliably for a year including about
2000 hours of running time. Approxi-
mately three million evenis have been
analyzed. Typical plane efficiencies
are at least 989%, and since the
analysis requires only three out of
four planes in each projection, the
track finding efficiency is always
greater than 99.5 %. This is probably
the first multiwire proportional cham-
ber system of its size to be used in
a physics experiment.

PRINCETON
Accelerating nitrogen
ions

The Princeton Pennsylvania Acceler-
ator which, as reported in the January



A view of the back end of the Cornell high
resolution spectrometer showing the muitiwire
proportional chambers.

(Photo Cornell}

A momentum specfrum of acatiered electrons
obtained from a single setting of the spectrometer.
The peaks, reading right to Ieft, correspond to
efastic scattering and the excitation of the first
wo nuclecn resonances.

issue page 16, was scheduled to close
down on 1 July, has won at least a
temporary respite. A grant of § 230 000
has been made to Princeton University
by the Rippel Foundation to enable
the PPA to continue in operation until
31 August. The weeks which have
been snatched from the jaws of death
will be used to achieve acceleration
of nitrogen ions 1o GeV energies and
to study the use of high energy heavy
ions in cancer therapy.

A nitrogen ion source has been
installed and ions carrying three or
four positive charges will be ac-
celerated to 4 MV in the Van de Graaff
injector. The emerging ions will then
be further stripped to N* or N™ in a

carbon foil and, hopefully, pulsed cur-
rents of around 100 A of such ions
will be fed to the main ring for ac-
celeration to a peak energy of about
16 GeV. (A pressure of 107 torr can
be achieved with the existing vacuum
chamber.) Research with the ac-
celerated ions is likely to concentrate
in the 3 to 6 GeV region which is best
suited to cancer treatment.
Theoretical comparisons of X ray,
neutron, negative pion and nitrogen
ion therapy, carried out by P. Todd,
indicate that nitrogen ions and pions
will both deliver about a fortieth of
the skin dose delivered by X rays
while destroying a given tumour. To
kill a tumour with a volume of 100 cm®

would require about 10 nitrogen ions
or 10" pions. The ion method could
prove easier, cheaper and more con-
trollable — hence the interest of the
work at Princeton.

While these tests are being carried
out, the indefatigable director of PPA,
M.G. White, is continuing his efforts
to secure the longer term future of
the accelerator. The National Cancer
Institute is being approached for funds
to operate the accelerator for cancer
studies. The staff is being reduced to
26 people and it is estimated that they
could keep the machine ticking over
for about 250 hours per month with
an annual budget of around a million
dollars.

below.

Feedthrus and windows feature high-reliability
ceramic-metal seals made with refractory and
active-metal processes. Withstand standard hak-
ing temps.

Ffanges and flange-mounted units available in
General Electric or Varian Associates designs.
Tube and adapter units installable by brazing,
soldering, heli-arc welding. Feedthru ratings to
100 KV peak operating, hi-current units to 1000
amp. Many connector feedthru styles. Standards
and specials. Request Cat. HVF (feedthrus), W
(windows), and/or VFF (flanges & fittings).

Ceramaseal, Inc.

TERPACE

CUORPORATION

A SUBSIDIARY OF L

GERAMASEAL
VACUUM FLANGES
AND FITTINGS

{litra-High-Yaceum
Bakeahls

NEW LEBANON CENTER, NEW YORK 12126 « 518 794-6101 « TELEX 145442

HI-VACUUM BAKEABLE HARDWARE FROM CERAMASEAL

o Hi-Voltage & Hi-Current Feedthrus
o Sapphire-, Quartz-, & Glass-Metal Windows
o Flanges, Mini-Flanges, and Fittings

Maintain ultra-high-vacuum seals at 107" torr or

JHGH-YACUUM
B 11 FEEDTHRUS
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CERAMASEAL

CATALOS T108W
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HIGH-VACUUM
WINDOWS

Sapphire
Quartz
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EEV know how many nano-
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How ean yuw DV.M. SOLARTRON
be A data logger?  Admmberserompany

Throw your notes away. Connect
Solartron’s new Data Transfer Unit
to any source of digital data and
you can log your readings automati-
cally. For under SFr. 7000.— you
now have all the benefits of a data
logger. It can take up to 20 chan-
nels and wiil scan them at pre-set
time intervals. Recording can be
made on printers, typewriters,
punched tape or magnetic tape. It's
up to you. For technical data write
to the address below.

i

Just by using cur new DTU (Data Transfer Unit)

1211 Genéve 6
15, Jeu-de-I'Arc, tél. (022) 359950

Schlumberger ) 8040 Zurich

Badenerstr. 333, tél. (01) 52 88 80
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seconds make 10,000 hours.

In maclear physics you need absolute accuracy and
leng-term reliability from your electronic tubes. Espe-
cially thyratrons. EEV thyratrons can be fired with
nano-second precision, with repetition rates of up to 50
kHz due to very rapid deicnisation characteristics.
Longlife — 10,000 hours can be achieved - enables EEV
ceramic thyratrons to be bolted into the circuit as with
passive components.

EEV thyratrons meet the demands of major nuclear
physics applications:

In linear accelerators they can withstand peak in-
verse vollages up to 20 kV following a pulse, and they
give trouble-free operation in ¢il-filled equipment.

Inparticle accelerator work missed pulses are.rare.
Annular current-flow means rapid peak-current

switching, too, without risk of arc extinetion,

In spark chambers EEV thyratrons will eliminate
spurlous firing, and jitter can be kept as low as 1 ns.
The CX1154 for example operates over a wide range
of HT. voltages at currents up to 10 kA without signi-
ficant change In characteristics, so drive units can be
used with different chambers — and the low trigger
voltage means that simple firing circuits are possible,

So, whether you're concerned about nano-seconds
or thousands of hours, specify EEV thyratrons. And
remember that EEV also make ignitrons, photo tubes,
storage tubes, image intensifiers, vacuum capacitors,
spark gaps, RF tubes (like tetrodes for driving RF
separators) and magnetrons especially @
for linear accelerators. Send for details.

EEV know how.

ENGLISH ELECTRIC VALVE CO, LTD., Chelmsford, Essex, England, CM1 2QU. Tel: 0245 61777, Telex: 99103, Grams ; Enelectico Chelmsford.

CRC33

SAPHYMO-SRAT

DEPARTEMENT ALIMENTATIONS

SAPHYMO-SRAT

SERVICES COMMERCIAUX

51, rue de I’Amiral Mouchez - Paris 13° - FRANCE
Tél. 588.16.39, 588.45.39

7 Le pionnier

dans les alimentations
Standard « CAMAC »

RPI 953 B

C7ALJ13D

200 Watts disponibles
+ 6v 25 A
— B v 10 A
+ 12 v JA
— 12 v 3 A
+ 24 v 3 A
— 24 v 3 A

AUTRES FABRICATIONS

Blocs BSI

Blocs type CEA

Alimentations variables de laboratoire
Alimentations haute tension
Alimentation multi-sorties
Alimentations sur mesure

1
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ward Woo has dore i again.

1250 mm* area Si (Li) detectors!

1250 mm??., . That's right...1250 mm? sensitive area by
2 and 3 mm sensitive depths. These ultra high resolution
devices exhibit better than 20 keV FWHM {or 624 keV elec-
trons at 20°C. Alpha resolution (5 MeV} about 70 keV
FWHM at 20°C.

Edward Woo has also just made some high resolution con-
centric detectors (two detectors on the same silicon wafer)
with negligible crosstalk between active zones,

Kevex Si [Li) X-ray detectors are gaining wide acceptance
among experimentalists. Ask about KEVEX-KITS for low
cost X-ray systems and KEVEX-RAY for state-of-the-art
X-ray system capabilities.

S

<

Nuclear Physics Division, Kevex Corporation
898 Mahler Road, Burlingame, California 94010/ Phone (415) 697-6901
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VTELTE

Tips + Topics

PERFORMANCE SPECIFICATIONS

FET-input differential

Amplifier

(Typical @ 25°C and +15 V supply unless otherwise noted)
RATED QUTPUT

+10V @ 7 mA, min,
+10V @ 10 mA, typ.

OPEN LOOP GAIN

@ de, 1.4k load 10%, min. 500K, typ.

FREQUENCY RESPONSE

@ unity gain 4 MHz
@ full power output 100 kHz, min., 200 typ.
slew rate 6 V/us, min., 12 V/us, typ.

INPUT VOLTAGE OFFSET
adjust to zero {5 k)
with fixed 1.5 k{2 trim
average vs. temp. (—25 to B5°C)

ZA 801 M1

10 mV, max.
50 uV/°C, max.

average vs. temp.

Fr.47.80 (100-unit level)

average vs. time 75 uV/day

average vs. supply 10 uV/%
INPUT CURRENT

initial 25 pA, max,

doubles every 10°C

INPUT IMPEDANCE

CASE STYLE M — Model ZAB01M1

differential 1011//6 pF

common mode 10"'//5 pF
INPUT VOLTAGE

overvoltage, differential +15 V, max.

commaon mode voltage +10 V, min.

common mode rejection ratio

p1.00 5Q--1 . (dec to 400 Hz)

10,0001 @ £ 10V

INPUT NOISE, VOLTAGE

.01to1 Hz 4 uV, pp
A - 10 Hz to 10 kHz 3 uV, rms
Bia’ $%
INPUT NOISE, CURRENT
B+ 011e1Hz 0.1 pA, pp
com
RiY o OUTPUT IMPEDANGE
TRM open loop @ dc 1 k&2
g.clr:l:': view e [j TR TEMPERATURE RANGE
operating —25°C to +85°C
storage —65°C to +125°C

POWER SUPPLY
voltage, nominal
voltage range
current (guiescent)

zZielfex-

+15V
+6V1o 1BV
3 mA

POSTFACH 485, 8021 ZURICH ¢ 429900

baerlocher
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randenburg

high voltage engineers

Spotlight on the new
Alpha range of all solid state

stabilised high voltage supplies
-500V to 60kV.

(40 parts per million for 15 minutes - guaranteed)

Now-the famous Brandenburg Beta range goes into its second Note the prices |

generation. We have called it Alpha. Alpha stabilised d.c. high voltage MODEL 507R (Reversible)

supplies are all solid state. Qutputs, ranging from 500V to 60kV, from 500V to 5kV, 5mA, d.c. Price £ 195
0.4mA to 5mA, are continuously variable and polarity reversal is MODEL 707R (Reversible)

1.5kV to 15kV, 2mA, d.c. Price € 195
MODEL 807R (Reversible}
3kV to 30kV, 1mA, d.c.  Price £ 195

achieved within seconds. Solid state inverters, operating at high
frequency tnto a ferrite cored transformer, provide the required

voltage, which is rectified by a Cockeroft Walton multiplier. The Alpha MODEL 907P (Positive*}
range is light and compact, designed for rack mounting or bench use, 6kV to 60KV, 0.4mA, d.c. Price £ 205
and its performance meets the requirements of booth industrial and MCDEL 907N (Negative®)
laboratory duties. BKkV to 60kV, 0.4mA, d.c. Price £ 295

* with respect to ground
Qutput Voltage Conirol  Continuocusly variable by coarse and fine
potentiometers on front panel
Output Voltage Indication 4.5 in scaie tength meter

For full detalls of the complete Alpha range
ask for Publication No : 100/A

Qutput Current Control Current metering jack located on rear panel 1mi

Output Paiarity Reversible {Except on Mode! 907) Brandenburg lelted
Output Plug and Socket  Brandenburg design moulded in polythene %354'%%?0];‘";2%’ Thomton Health, Surrey,
Output Ripple 0.01 % Tel.: 01-689 0441  Telex : 9461 49.
Source Impedance 2000 ohms worst case Sole Agents -

Stability 0.01 % (against = 7 /2 % mains change) o'8 Ademis - .

Drift 40 parts per million per 15 minutes B1on Prafihadsen. Zuricn, Telelon - (11 B 44 44,

Germany : Mauler-Nukleonik GmbH, 565 Sclingen 1,
FPostfach 10 12 88. Telefon : (02122) 25682.
P 3630



Procedings of the BANFF
Summer School

PROCEEDINGS OF THE BANFF SUMMER SCHOOL ON
INTERMEDIATE ENERGY NUCLEAR PHYSICS, August 1970.

Main contributors :

C. WILKIN (Intermediate Energy Scattering
Theory)

J.E. ROTHBERG (Muon Physics)

T.E.O. ERICSON {Pions-Nucleus Interactions)

H. PALEVSKY {Experiments with 1 GeV Protons)

R.J. SUTTER (Wire Spark Chamber Techniques)

Price (postage included): §$ 7.00; soft cover, 440pp.
Available from : The Nuclear Research Centre, University
of Alberta, Edmonton, Alberta, Canada. Attention: Miss
G. Tratt.

Size of advertisement :

For a 3" wide column, allow approximately 3/4" length.

QUARTZ FIBRE POCKET DOSIMETER

the unfailingly reliable radiation measuring instrument.
Recharging is efiected easily and quickiy with the

STEPHEN BENCH TYPE CHARGING UNIT

Robust and practical, it is energised by a U2 (1.5V)
flashlamp battery. Will charge all standard quartz fibre
pocket dosimeters.

Ask for literature

R.A. STEPHEN & CO. LTD,,
MILES ROAD, MITCHAM CR4 3YP ENGLAND

PLUG - IN
CONNECTION FOR
PRINTED
CIRCUIT BOARDS

« HIGH QUALITY »

Type STV 32, 64, 96 pins

Temperature range: —55°..+125°C

Resistance against shock and vibration:

no contact failure > 1 ms at 50 g between
10 and 2000 c/s

Designed according to: VG 0095324
Tested according to:
CEl and DIN standards

Application:
Space research, aviation, military
equipment, general electronic
equipment of high quality

Suitable for single - double - or multilayer -
prints.

ERNI+Co. Elektro-Industrie
CH-8306 Briittisellen-Ziurich

Telephon 051/931212
Telex 53 699
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convert with

LABEN
fo convert bes

the ADC that opened a new era

In data conversion techniques
LABEN FC 60/4096

utilizes the sliding scale method to achieve a
unique combination of high speed conversion
and excellent differential linearity for any type
of input signal
12 psec fixed conversion time
0.1 % differential linearity
0.04 % integral linearity
3 input modes: AC or DC coupled, DC restorer
used everywhere with any computer or pulse
. = height analyzer
Patents: Laben 745348 ﬁg:;pr;\nﬂidd mgtshe;ll solid state Spectrum Stabi-
Cise 699271 ’

the newest

B #42 A00 mod.n2i8 I

LABEN SERIES 8000
WILKINSON TYPE ADC’s
now available
in a DOUBLE-WIDTH NIM MODULE
with good differential linearity at a
100 MHz CLOCK RATE

0.7 %o differential linearity
0.04 %/ integral linearity
4 input modes: AC or DC coupled,
DC restorer, sampling
easily us_ed with any computer or If you need several
pulse height analyzer and cost is a problem
Mod. 8213
256-channel ADC
8210 8211 _i5 ideal for_ your muitipara-
8192 4096 ) meter experiments
channels W highly versatile
B low-priced

~NOTOOSO GBI+

divisione della (LT 2. Montecatini Edison Elettranica Sp.A
resmenmemee MIIAND - Vi Edoardo Bassini, 15 - telefono, 2365351 - telex, 33451




VAT

Bellows-sealed Valves for
High Vacuum Applications

® 10, 20, 32
with quick connection flanges

® 10,35
with CF flanges

® manual and
electro-pneumatic operation

@ right angle valves and
through-way valves

® leak rate: less than 1 x10-¢ Torr [/sec

VAT AKTIENGESELLSCHAFT
fir Vakuum-Apparate-Technik

CH - 9499 HAAG
Tel 085.71585 Telex 74162
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THE
PHYSICS
COMPUTER

The PDP-15 from DIGITAL handles physics research preblems like no other
computer around. Take a tough pulse-neight analysis. Or a rugged time-of-
flight. A difficult accelerator control and monitoring problem. A gamma
spectral analysis. Demanding NMR. Sticky problems in spark chamber data
retrieval. Spiral reader control. And more.

T

1
i
§
4
3

The PDP-151is a hardware and scflware
giant in high and low PDP-1 5 energy physics. Five
PHA systems. A new CAMAC interface.

A special on-line spark chamber software package. Gamma spectral analysis
programs. A big 18 -hit word. 800 nanosecond cycie time. New lab automation
system. Special [/O facilities so operations occur concurrently in overlapping
cycles, Many physics oriented peripherals. A super advanced monitar for
program preparation. A new floating pointprocessor. Background/foreground
systems. A Real-Time System Executive for concurrent real-time tasks. Muiti-
processor systems. An unmatched price/performance ratio. More than 1200
DIGITAL computers -already werking in physics, And that's not all,

Write or call

dlilliltiall

DIGITAL EQUIPMENT CORPORATION [INTERNATIONAL EUROPE

81, route de 1'Aire, 1227 Carouge/Geneva, Tel. (022) 42 79 50, Reading (0734) 85131, London
(01) 5792334, Manchester (061) 7908411, Munich (0811) 35031, Frankfurt (06102} 5526,
Cologne (0221) 522181, Hannover {0511) 897095, Stockholm {08) 98 1390, Brussels (02)
1392 54, The Hague (070) 89 51 60, Geneva (022) 42 79 50, Zurich{051)36 76 23, Milan, (02)
87 27 48, Paris {01) 344 76 07, and Maynard, Mass. USA. (617) 897-5111.



8al DUAL DIGITAL 190 MH: SGALER

Scaling Rate: DC to 150 MHz

Negative NIM Input, 50 chms and High Impedance
Manual and Pulse Control (Reset, Input Gate)
Autonomous Power Supply (110/220 V AC)

Digital Display, separate for both Scalers

BCD Output, can be parallel connected

Low Price

Module 851 TTY 33 Controller provides Direct Output for
Teletype

Y 33
CONTROLLER

Outstanding Features

Control Logic with Scaler Selection and Serializer for
ASCII Code

Parity Track can be programmed odd, even. always or
never '

Scalers are stopped automatically during Recording Cycle
Scaler Reset is possible after each Recording Cycle
Manual or Pulse Start for Recording

Output Format and desired Scalers can be preselected

Powered by the Scaler

,,,,
Yoty

Start Delay for Teletype motor on request

S|E|N

ELECTRONIQUE

For Europe, write to:
31, avenue Ernest-Pictet - 1211 GENEVA 13 / Switzerland - Tel. (022) 44 29 40

in US.A.: ORTEC Incorporated - 100 Midland Road - QOak Ridge, Tennessee 37830
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Abstond Quelle -PM

NE 110 has outstanding light transmission with
effective light attenuation of approximately
0.003/cm in large blocks corresponding to an
attenuation length of over 3 metres. Its
superiority over other plastic scintillators from 3
manufacturers.is once again clearly demonstrated
in a new report by DESY, Hamburg, from

which the graph (above) is taken.

Distance: Source-PM

NE 110 plastic scintillator is especially recommended for
use in large area sheets, and large volume scintillators. It
is now in wide use in research establishments such as
CERN, Rutherford and Daresbury for applications in
nuclear physics, cosmic ray investigations etc.

Plastic Scintillator

Counter fabricated at CERN to measure total cross section.

For example, the above photograph shows a counter

of NE 110 plastic scintillator with its light guides. This
counter has a diameter of approximately 1 metre, and has
been assembled at CERN in preparation for total cross-
section measurements to be carried out by a group from
Pisa, using the new ISR facilities. Several much larger
assemblies up to 2.6 metres in diameter have now
been manufactured at Edinburgh for Pisa University forthe
same project. Over 70 square metres of NE110 sheet
were used for the 328 pieces required.

For full technical data and references request Bulletin b8.
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Quand un céble de télévision est-il parfait ?
Lorsque vous oubliez qu'il existe!

Les cables de télevision Datwyler garantissent une transmission parfaitement fidéle des signaux de télé-
vision, de la caméra a I’émetteur, et de I'antenne au récepteur. Dans le domaine de la télévision industrielle,
le nombre des possibilités et applications des cables a haute frequence Datwyler est impressionnant. Le
probléme de la surveillance des endroits éloignés ou inaccessibles est ainsi facilement résolu. Selon I'uti-
lisation, les cables peuvent étre combinés avec un nombre quelconque de fils de commande et de signa-
lisation, de telle sorte qu'un seul cable d’un encombrement réduit, vient & bout de nombreuses missions.
Sur demande, tous les cables coaxiaux et de télévision industrielle Datwyler sont livrables en exécution
«|soport» ; la corde d’acier insérée dans la gaine donne a ce cable la qualité d’autoporteur. Nos tech-
niciens sont préts a tout moment pour résoudre avec vous vos problémes de cables, s'il s'agit d’exécution
spéciale de cables a hautes fréquences ou a fréquences audibles, radar, radio, télévision, électronique, re-
cherche et application médicales, industrielles ou nucléaires !

Cables pour hautes fréquences Latwyler
et fréquences audibles

Détwyler SA, Manufacture Suisse de Cables, Caoutchouc et Plastique Industriels, Altdorf-Uri
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triggered spark gaps

They can switch to a foad, in afraction
of a micrasecond, the enérgy stored in a circuit
(up to several thousands joules). They require a
very low trigger sngnal

FEATURES APPLICATIONS

'Instantaneous Operation {cold cathode) [ 1 Circuit protection {crow-bar)
Fast switching [} 1 Very short pulses (mlcrosecond)
High peak currents [ generators
L.ow inductance (0 [J High speed cameras
Any mounting position [ [ Rocket firing, stage separation...
Reliable under severe environmental T [ Kerr cells, spark chambers
_ conditions [1 Plasma confinement
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